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fortunei in the Upper Paraná River Basin. - An assessment based on the Spatial

Distribution Models
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Abstract: The introduction of the golden mussel, Limnoperna fortunei (Dunker, 1857) in South America was
related to the discharge of ballast water, with its first record in 1991 in the La Plata River estuary. Since then,
the species is spreading throughout the continent, with several economic and ecological negative consequences.
Aim: To model, in the headwaters of Parana River, the spatial distribution of L. fortunei and to understand the
determinants of the current pattern of species distribution and the risk of invasion of areas not yet colonized.
Methods: The ecological niche of L. fortunei was modeled using the algorithm MAXENT (Maximum Entropy
Method) combined with records of occurrence of the bivalve, limnological data and the shear force measured
by the index Hack (SL). The evaluation of the performance of different models was based on AUC (Area
Under the Curve).The analysis of each variable’s contribution to the responses of the models was made based
on the Jackknife test, available in the Maxent program. The models were validated with real absence data
collected between 2006 and 2007. Based on the limnological characterization of the area and on outputs
of the models, this analysis sought to understand the contributing aspects to the current and potential
spatial distribution and to verify the risk of invasion of environments not yet colonized by the species.
Results/Conclusion: The limnological characterization showed that the ecological requirements for the species
as, pH, calcium, oxygen and chlorophyll a, were appropriate in both the connected stretches, invaded and non-
invaded. Turbidity showed significant spatial differences which proved to be higher in environments with
higher levels of Hack (SL), i.e. higher energy fluvial. In addition, the algorithm showed the importance of
hydrodynamical aspects expressed by Hack index (SL) to the spatial distribution of species, since the models
with the best performances were those that considered the Hack index (SL) as one of the environmental layers
of the mussel’s niche. All models indicated a high risk of invasion into the reservoir of São Simão.
Keywords: invasive species, biological invasions, niche modeling, Maxent, ecological requirements.
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Resumo: A introdução do mexilhão dourado, Limnoperna fortunei (Dunker, 1857) na América do Sul
esteve relacionada às descargas de água de lastro, com seu primeiro registro em 1991, no estuário do rio
da Prata. Desde então a espécie vai adentrando o continente – com várias consequências negativas em
âmbitos econômicos e ecológicos. Objetivo: modelar em escala local a distribuição espacial de L. fortunei
buscando melhor entender os fatores determinantes do padrão atual de distribuição da espécie e estimar
o risco de invasão de áreas ainda não colonizadas. Métodos: A modelagem do nicho de L. fortunei foi
realizada por meio do algoritmo MAXENT (Maximum Entropy Method) aliado a registros de
ocorrência do bivalve, à dados limnológicos e à força de cisalhamento medida pelo ı́ndice de Hack (SL).
A avaliação do desempenho dos diferentes modelos foi feita com base na AUC (Área sob a Curva). A
análise da contribuição isolada das diferentes variáveis para as respostas dos modelos foi feita com base
no teste Jackknife disponı́vel no programa Maxent. Os modelos gerados foram validados com dados
reais de ausência coletados entre 2006 e 2007. Com base na caracterização limnológica da área e nas
respostas geradas pelos modelos de distribuição potencial, buscou-se entender quais aspectos estariam
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Abstract: The main aim of this study was to assess the diversity of four stream algal divisions

(Cyanobacteria, Chlorophyta, Ochrophyta and Rhodophyta) by comparing results obtained with

taxonomic distinctness index and diversity patterns of previous studies. The data were obtained from a

study made in 1000 stream segments in North American biomes. The taxonomic arrangement of the taxa

was created from species to division level in order to obtain the taxonomic tree, which is used in taxonomic

distinctness index. The results of taxonomic distinctness index showed that stream macroalgal diversity

was different from that commonly found. Herein, Ochrophyta was the division with the highest diversity,

whereas in previous studies Chlorophyta has been in the first position. Cyanobacteria also presented

different results, showing the lowest diversity with taxonomic distinctness index, but it is often one of the

most diverse divisions in previous studies. The application of statistical methods should match the research

aims and be appropriate to the data set collected. However, different methods can complement ecological

analyzes, taking into account what aspect of the community the statistical measure better explains.

Keywords: Biodiversity, taxonomic distinctness, macroalgae.
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Resumo: O objetivo deste estudo foi avaliar a diversidade de quatro divisões de algas de riachos

(Cyanobacteria, Chlorophyta, Ochrophyta e Rhodophyta), comparando os resultados obtidos com o

ı́ndice de distintividade taxonômica com os padrões de diversidade encontrados em trabalhos anteriores.

Os dados foram coletados a partir de um estudo feito em 1000 segmentos de riachos em biomas da

América do Norte. O arranjo taxonômico dos táxons foi criado a partir do nı́vel de espécies até o nı́vel de

divisão, a fim de se obter a árvore taxonômica, que é utilizada no ı́ndice de distintividade taxonômica.

Os resultados do ı́ndice de distintividade taxonômica mostraram que a diversidade de macroalgas de

riachos foi diferente do que é comumente encontrado. Aqui, Ochrophyta foi a divisão com a maior

diversidade, enquanto que no estudo original foi a divisão Chlorophyta. Cianobactérias também

revelaram resultados diferentes, mostrando a menor diversidade com o ı́ndice de distintividade

taxonômica, enquanto é frequentemente uma das mais diversas em trabalhos anteriores. A aplicação de

métodos estatı́sticos deve coincidir com os objetivos da pesquisa e ser apropriada para o conjunto de

dados coletados. No entanto, diferentes métodos podem complementar análises ecológicas, levando em

consideração o aspecto da comunidade que a medida estatı́stica melhor explica.

Palavras-chave: Biodiversidade, distintividade taxonômica, macroalgas.

Introduction

In many parts of the world, the scientific community has

been producing studies about community ecology of lotic

environments (Allan 1995). Stream macroalgae have raised

interest because of their important role in the primary pro-

duction of such environments (Sheath & Burkholder 1985,

Entwisle 1990, Sheath & Cole 1992, Hu & Xie 2006). In previous

studies, diversity measures have been used as an important tool

for a better understanding of the ecology of such organisms.

An example of such approach is the biogeographical distribution

of lotic macroalgae. In such studies, researchers relate the

diversity of several algal groups to the environmental conditions

where they are. Hence, these organisms are mapped in relation to

the environmental conditions (Sheath & Cole 1992, Necchi 1989).

However, the diversity measures used in most of these studies

may bring different results depending on the method or sampling

used (Warwick & Clarke 1991). More recently, the taxonomic

distinctiness index (TDI) has been used as a measurement of

diversity for several communities (Clarke & Warwick 1995, 2001).
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A positive characteristic of such index is its independence of the

sampling effort, which facilitates the use and comparison of

different data types (Clarke &Warwick 1998). Moreover, another

aspect emphasized by TDI (and not raised by preceding models)

is assigning weight to the taxonomic organization in the statistical

analysis, which provides more detailed information about the

diversity of communities.

So far, the application of this index has been limited to the

assessment of fish biodiversity (Hall & Greenstreet 1998), coral

reefs and macrozoobenthos (Piepenburg et al. 1997, Mistri

et al. 2000). Therefore, this statistical tool has been little used

for algal flora. For instance, Ceschia et al. (2007) is the only

study of this nature regarding seaweeds from marine environ-

ments. This study has assessed and compared the biodiversity

of macroalgae in the Gulf of Trieste at two different times. The

main aim of the authors was to assess the possible alterations in

community structure owing to changes in environment,

particularly those caused by human activities. The results of

this study suggest that the level of TDI may have more general

validity and, therefore, deserves to be further investigated.

Thus, we aimed to assess the diversity of lotic macroalgal

communities in a wide region, applying the TDI, what was

never used to assess the diversity of these organisms. Hence, we

used data obtained from the taxonomic survey from 1,000 U.S.

streams (Sheath & Cole 1992) for the major biomes of North

America. We expected that the application of TDI would reveal

a different relationship between macroalgal diversity and the

North America biomes.

Materials and methods

Investigations on diversity of lotic macroalgae using the

TDI, and the reliability of the results of this study, were carried

out based on data published in the study by Sheath & Cole

(1992). In this study, macroalgae were collected in 1,000

streams of North America, from latitude 73° N to 10° N. The

taxonomic survey of this study showed the presence of 259

species of macroalgae, grouped into four divisions (Cyanobac-

teria, Chlorophyta, Rhodophyta and Ochrophyta) and accord-

ing to their occurrence in each biome. The list of species

recorded by Sheath & Cole (1992) was implemented in

Microsofts Office Excel program, in the form of two tables,

namely: i) a table of presence/absence of species in each biome

(Tundra, Boreal Forest, Conifers Forest, Hardwood-Hemlock

Forest, Desert Chaparral, Deciduous Forest, Tropical Rain-

forest and Coastal Plain), and ii) a table with the systematic

arrangement of the species up to division level. The systematic

arrangement used to make this table was based on Wehr &

Sheath (2003). For the green algae (Chlorophyta), the taxo-

nomic level family was taken away from analysis, since,

according to Wehr & Sheath (2003), this taxonomic level is

not clearly defined.

The evaluation of diversity of each algal division (Cyano-

bacteria, Chlorophyta, Rhodophyta and Ochrophyta) by

biome was carried out through the indices of taxonomic

distinctness (Dþ ) and variation in taxonomic distinctness (Lþ )
based on qualitative data, as proposed by Warwick & Clarke

(1995) and Clarke & Warwick (2001). The assessment of

distinctness was performed using equal weights among

hierarchical taxonomic levels (W: 111111). The values of Dþ

and Lþ were graphed in accordance with the biomes. This

procedure allowed the comparison of the diversity of each algal

division in the habitats studied and also the verification of a

possible correlation between Dþ and Lþ .
Expected distinctness tests were applied in order to

compare the results obtained from the TDI for each algal

division and biome with expected values (Warwick & Clarke

1998, Clarke & Warwick 1998, 2001). This index is divided in

two analyzes: Average Taxonomic Distinctness (AvTD or Dþ )
and Variation in Taxonomic Distinctness (VarTD or Lþ ). The
value of Dþ is simply calculated by adding the paths that

connect each pair of species in a taxonomic tree divided by the

number of paths (Warwick & Clarke 1995). Such paths are

assumed to be the steps between each hierarchical level: species

to genus, the genus to family, up to the same level of the species

pair (Figure 1).

However, Clarke & Warwick (2001) realized that it would

be feasible to observe equal values of Dþ to communities that

possess a distinct taxonomic structure, although with the same

number of species. The example in Figure 2 suggests that a

community with species belonging to several genera and one

family may have Dþ equal to another community with the

same number of species, but belonging to a few genera and

more families. Such differences in taxonomic structures can be

observed by the variability of the distances between pairs in

relation to the mean value, which is calculated by Dþ . The
change in the taxonomic distinctness (Lþ ) is simply the

variance of the path traveled between the pairs of a taxonomic

tree species.

The taxonomic distinctness observed (Dþ and Lþ ) was

compared with a reliance interval of 95%, based on random

testing (5,000 randomizations) of the list of species of each algal

division. The representation of results from this test can be

represented by a funnel-shaped or ellipse chart. Such graphs

describe a reliance interval (95%) calculated from the mean

values of the index for each subgroup size within the total pool of

species of each algal division. In this sense, the actual values of

Dþ and Lþ in the funnel/ellipse will be in the expected diversity

limits for that species pool and, as a consequence, the values

being positioned below or above the limits of the funnel/ellipse

Figure 1. Example of Taxonomic tree with a sample of 7 species
showing the definition for steps (p1 - p6) traveled through hierarchical
levels between a pair of species (in this case 3 and 6). A simple average
for these paths defines the index of taxonomic distinctness (Dþ or
AvTD). Figure extracted from Clarck & Warwick (1998).
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will be understood to have respectively higher and lower than

expected range.

All analyses were carried out using PRIMER 5.0 for

Windows.

Results

The results showing the numbers of species and the values

of Dþ and Lþ for algal division by biome/region are shown in

Tables 1-2 and Figures 3-4.

Cyanobacteria exhibited the highest value of Dþ (AvTD) in

the Tundra biome and the lowest value for Coastal Plain (Table 1,

Figure 3). The comparison between observed Dþ and the expected

limits based on randomization of subsets from the overall species

pool (Figure 4) showed that only Coastal Plain biome recorded

values outside the reliance interval of 95%. Furthermore, it was

clear that although only the Coastal Plain biome was below the

lower limit of the funnel, the index values for the Deciduous

Forest, Coniferous Forest and Hemlock-Hardwood Forest were

positioned below the global mean of division, while the biomes of

Tropical Rainforest and Boreal Forest recorded values near the

global average.

Considering the division Rhodophyta, the TDI values

showed that Desert Chaparral has the highest diversity for this

algal group, whereas Tundra showed the lowest (Table 1,

Figure 3). The analysis of the funnel for this algal division

showed that, while no biome was outside the limits of the

reliance interval, the index values were below the overall

average, except for Tropical Rainforest and Desert Chaparral

(Figure 4).

Values of Dþ for Chlorophyta division showed that

maximum diversity of green algae was found in the Tropical

Rainforest biome and the lowest one was observed in the

Boreal Forest biome (Table 1, Figure 3). Index values were

relatively heterogeneous among biomes, which led to an

obvious scattering of biomes within and outside the limits of

the reliance interval (Figure 4). The biomes of Conifers Forest,

Deciduous Forest and Boreal Forest were positioned below the

expected limit for the division. Other biomes lie within the

funnel, some positioned above the global average and others

close to it.

Finally, for Ochrophyta division, the TDI values for all

biomes were high. The Tropical Rainforest biome was the one

which recorded the highest Dþ , whereas the Deciduous Forest

biome the lowest (Table 1, Figure 3). The high values of Dþ

showed for this division were reflected in the positioning of all

biomes above the global average of species, although included

within the limits of reliance interval (Figure 4).

The TDI values for lotic macroalgae communities from the

studied biomes in North America showed that the Tropical

Rainforest recorded the greatest diversities for two algal

divisions (Chlorophyta and Ochrophyta) and also high values

for the two other divisions (Table 1). On the other hand, Coastal

Plain reported the lowest value of TDI (Cyanobacteria).

Table 3 shows the comparison between algal division

diversity found here (using TDI) and the diversity found in

previous studies. It is clear that Ochrophyta and Cyanobacteria

changed their position among algal group diversity. While TDI

revealed that Ochrophyta exhibited the highest diversity, in

previous studies it was typically found as one of the lowest

diverse group. Similarly, Cyanobacteria exhibited the lowest

diversity regarding TDI analyses, but previously it was the

opposite.

Discussion

The results of diversity from TDI found in this study will be

discussed considering the main general patterns of stream

macroalgal diversity reported in previous studies, including

Sheath & Cole (1992) (e.g., Sheath & Burkholder 1985, Branco

et al. 2009, Peres et al. 2010).

In general, Chlorophyta is reported as the most diverse

division of algae in lotic macroalgae communities around

the world (Sheath & Burkholder 1985, Sheath & Cole 1992,

Figure 2. Two examples of taxonomic trees (a and b) in which the index
of taxonomic distinctness (Dþ ) is identical, but the variation in
taxonomic distinctness (Lþ ) differs substantially, reflecting a large gap
between the structure of trees. Figure extracted from Clarck &
Warwick (1998).

Table 1. Values of Dþ and the number of species sampled for each
algal division by biome. TU – Tundra, BF – Boreal Forest, CF –
Conifers Forest, HH – Hemlock-Hardwood Forest, DF – Deciduous
Forest, CP – Coastal Plain, TR – Tropical Rainforest and DC – Desert-
Chaparral.

Cyanobacteria Chlorophyta Rhodophyta Ochrophyta

TU 59,16 (16) 69,66 (26) 50,66 (6) 82,22 (6)

BF 56,66 (20) 64,89 (40) 56,36 (11) 80,07 (28)

CF 54,94 (14) 67,37 (34) 52,16 (16) 80,17 (20)

HH 55,07 (21) 69,93 (30) 56,04 (14) 79,92 (19)

DF 52,38 (7) 67,47 (39) 53,52 (15) 79,33 (19)

CP 45,45 (12) 71,20 (38) 54,61 (19) 81,83 (13)

TR 56,71 (26) 72,86 (26) 67,09 (22) 85,11 (8)

DC 57,77 (6) 71,89 (18) 68,33 (9) 82,53 (7)

Table 2. Values of Lþ for each algal division by biome. TU – Tundra,
BF – Boreal Forest, CF – Conifers Forest, HH – Hemlock-Hardwood
Forest, DF – Deciduous Forest, CP – Coastal Plain, TR – Tropical
Rainforest and DC – Desert-Chaparral.

Cyanobacteria Chlorophyta Rhodophyta Ochrophyta

TU 179,86 282,03 686,22 795,06

BF 221,63 321,14 524,95 631,62

CF 259,42 297,05 628,63 650,84

HH 254,62 285,74 590,94 626,76

DF 325,01 312,79 613,29 771,88

CP 215,02 265,82 771,05 820,41

TR 203,58 200,11 576,43 344,03

DC 291,35 221,89 583,88 594,60
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Branco et al. 2009, Peres et al. 2010). The same tendency was

observed in Sheath & Cole (1992). However, using the TDI, the

most diverse algal division was the brown algae. According to

several studies involving classic measures of macroalgal diver-

sity, Ochrophyta consistently appears as a group with low

values of diversity (e.g. Krupek & Branco 2012, Necchi

et al. 2003). In this context, our findings suggest that there is

a high dispersion of their species along the taxonomic gradient,

despite the brown macroalgae of lotic systems, which showed a

limited occurrence and distribution.

Similar to Chlorophyta, Cyanobacteria has been considered

as one of the most diverse algal group showing recurrently high

specific richness (Krupek et al. 2007, Necchi et al. 2003).

However, the diversity of Cyanobacteria of North American

streams, when applied the TDI, was the lowest among the four

algal divisions analyzed. Although commonly exhibiting high

occurrence, the species of this taxonomic group show low

taxonomic dispersion, which means that the species found in

the study area belong to few taxonomic groups.

Using TDI to investigate the latitudinal distribution of stream

macroalgal groups, we observed that the green algae showed a

clear latitudinal tendency, with values of diversity increasing from

the Arctic to the tropics. This biogeographycal trend shown by

Dþ could not be recognized from the species richness data alone,

and it is in complete accordance with increment in irradiance

toward the tropics (Hut et al. 2013) and with the preference for a

larger quantity of light typically observed for Chlorophyta

(Richardson et al. 1983, Necchi Jr. 2004). Furthermore, pigment

Figure 3. Values of Dþ (~) and Lþ (’) for algal divisions according to the biomes. TU – tundra, BF – Boreal Forest, CF – Conifers Forest,
HH – Hemlock-Hardwood Forest, DF – Deciduous Forest, CP – Coastal Plain, TR – Tropical Rainforest, and DC – Desert-Chaparral.

Figure 4. Graphical representation of the values of average taxonomic distinctness (Dþ ) observed in each algal division by biome investigated.
These values are compared with expected diversity values represented by the funnel. A – Chlorophyta; B – Ochrophyta; C – Rhodophyta;
D – Cyanobacteria.
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contents of the green algae exhibit more efficient physiological

activity under high irradiance (DeNicola & Hoagland 1992).

Considering the values of the TDI, we found that the most

diverse biome was the Tropical Rainforest, with the highest

values for Chlorophyta and Ochrophyta, and very high values

for Rhodophyta and Cyanobacteria. This is a relevant result,

mainly when confronted with data from species richness, a very

common type of information used to describe and discuss

stream macroalgal community structure and biogeography

(see, for instance, the discussion presented by Sheath & Cole

1992). If only the species richness is considered, Boreal Forest

was the North American biome with highest diversity in stream

macroalgal communities. It is known that the characteristics of

biomes are relevant in determining patterns of diversity and

distribution of macroalgae communities (McGregor et al. 2006,

Oliveira et al. 2013), but depending on the information used in

these analyzes we can end up in different conclusions, even

contradictory, as shown in the comparison presented above.

Regarding all results and discussion made herein, we

showed that using TDI, algal groups contribute differently on

stream macroalgal diversity than showed by previous studies.

However, TDI cannot substitute other diversity measurements

such as number of species or Shannon diversity (Ceschia et al.

2007). Instead of this, it is important to combine the statistical

analyses to the project goals. Warwick & Clarke (2001) made a

comparison among statistical analyses, and they found that

some methods are more sensitive than others. Thus, in general,

the data must be analyzed properly and in consonance to

researcher’s questions, what may help to improve the inter-

pretation of the information.

More specifically, traditional diversity measures based on

species richness and evenness exhibit disadvantages regarding

the assessment of biodiversity change on wide spatial and

temporal scales (Warwick & Clarke 2001). Hence, measures

based on species relatedness (e.g. taxonomic distinctness) rose

to overcome these problems and they have been used widely for

conservation purposes. Herein, we showed the differences

between TDI results and typical lotic macroalgal diversity

found previously. So, we suggest that TDI should be used as a

complementary measure to species richness, which would

favors a more accurate definition of biodiversity conservation

priorities (Loidi et al. 2015). For instance, a species without

close relations to any others would have higher priority for

conservation than a species with many close relatives (Warwick

& Clarke 2001).

In this context, it is possible to observe that the application

of different diversity measures may reveal different results and

conclusions, even based on the same data set. Although species

richness have been used to assess the diversity in conservation

programs, the taxonomic indices as TDI would help to

understand better the general diversity patterns and to improve

strategies of biodiversity conservation (Loidi et al. 2015), not

only for stream macroalgae. Furthermore, TDI could be used

in broad scale geographical comparisons of biodiversity,

regarding more ecological questions, mainly those related to

contrasting habitats. Finally, we expect that TDI must be

further investigated to find application in a broad sense.
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Abstract: This is the first study to address the dung beetle (Coleoptera: Scarabaeidae: Scarabaeinae)

diversity in intra-Amazonian savannahs in the state of Roraima, Brazil. Our aim was to survey the dung

beetle fauna associated with these savannahs (regionally called ‘lavrado’), since little is known about the

dung beetles from this environment. We conducted three field samples using pitfall traps baited with

human dung in savannah areas near the city of Boa Vista during the rainy seasons of 1996, 1997, and 2008.

We collected 383 individuals from ten species, wherein six have no previous record in intra-Amazonian

savannahs. The most abundant species were Ontherus appendiculatus (Mannerheim, 1829), Canthidium aff.

humerale (Germar, 1813), Dichotomius nisus (Olivier, 1789), and Pseudocanthon aff. xanthurus (Blanchard,

1846). We believe that knowing the dung beetles diversity associated with the intra-Amazonian savannahs

is ideal for understanding the occurrence and distribution of these organisms in a highly threatened

environment, it thus being the first step towards conservation strategy development.

Keywords: Tropical environments, new species occurrence, ‘lavrado’, Scarabaeinae.

FRANC¸A, F.M., KORASAKI, V., LOUZADA, J., VAZ-DE-MELLO, F.Z. Primeiro registro de

besouros rola-bosta em savanas intra-amazônicas de Roraima, Brasil. Biota Neotropica. 16(1): e0034.

http://dx.doi.org/10.1590/1676-0611-BN-2015-0034

Resumo: Este é o primeiro estudo da diversidade de besouros rola-bosta (Coleoptera: Scarabaeidae:

Scarabaeinae) nas savanas intra-amazônicas de Roraima, Brasil. Nosso objetivo foi inventariar a fauna de

besouros associada com savanas (conhecidas regionalmente como ‘lavrado’), uma vez que pouco se sabe

sobre esses besouros nesse ambiente. Nós amostramos em savanas próximas a cidade de Boa Vista durante

a estação chuvosa nos anos 1996, 1997 e 2008, utilizando armadilhas pitfall iscadas com fezes humanas.

Coletamos 383 indivı́duos de dez espécies, das quais seis não haviam ocorrência prévia para savanas intra-

amazônicas. As espécies mais abundantes foram Ontherus appendiculatus (Mannerheim, 1829), Canthidium

aff. humerale (Germar, 1813), Dichotomius nisus (Olivier, 1789) e Pseudocanthon aff. xanthurus (Blanchard,

1846). Nós acreditamos que conhecendo a diversidade de besouros associada às savanas intra-Amazônicas

se torna ideal para o entendimento da ocorrência e distribuição desses organismos em um ambiente

altamente ameaçado, sendo o primeiro passo para a tomada de estratégias de conservação.

Palavras-chave: Ambientes tropicais, nova ocorrência de espécies, lavrado, Scarabaeinae.

Introduction

The Amazon environment comprises a mosaic of ecosystems,

including deciduous forests, ‘campinaramas’ (meadows), semi-

deciduous seasonal forests, rain and montane forests, dry land

forests, floodplain forests, woodlands and intra-Amazonian

savannahs (Junk 1983, Ribeiro et al. 1999). The Brazilian intra-

Amazonian savannah landscape encompasses a predominantly

grassy-woody vegetation (e.g. grasses, sedges, and small herbs),

with low arboreal-shrub density (Barbosa et al. 2007, Sarmiento

1984) and specific edaphic characteristics (Cavalcante et al. 2014,

Sanaiotti et al. 2002). These savannahs are located in the extreme

north of the Brazilian Amazon forest, mainly in the triple border

between Venezuela, Brazil and Guyana (Barbosa et al. 2007,

Barbosa & Fearnside 2005, Prance 1996). This eco-region known

as Guyana’s shield (Hubber 2006) comprises the largest con-

tiguous area of intra-Amazonian savannah (around 54.000 km2),

of which approximately 72% are located in the northeastern

region of the Roraima State in Brazil (Barbosa & Fearnside 2005,

Barbosa & Campos 2011, Copobianco et al. 2001, Ferreira 2001).
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Furthermore, those savannahs are regionally known as ‘lavrado’

(Barbosa et al. 2007, Sanaiotti 1997), which means ‘place where

the trees are absent’ (Vanzolini & Carvalho 1991) and reflects its

typical non-forest vegetation.

Despite a review about the Phanaeini tribe (Pacheco & Vaz-de-

Mello 2015), no work to our knowledge has reported the dung

beetle fauna from the intra-Amazonian savannahs in Roraima.

The dung beetles are a responsive taxonomic group (Bicknell et al.

2014), with more than 600 species recorded in Brazil (Vaz-de-Mello

2000) and distributed throughout all Brazilian terrestrial ecosys-

tems. Regarding their diversity within Brazilian opened areas,

studies have recorded between 13 and 66 species from the Brazilian

southeastern savannahs (known as ‘cerrado’) and pasturelands

(Abot et al. 2012, Almeida et al. 2011, Durães et al. 2005, Gries

et al. 2012, Milhomem et al. 2003, Silva & Audino 2011, Silva et al.

2010, Vieira & Silva 2012). Furthermore, 15 dung beetle species

were reported from the intra-Amazonian savannahs near to Alter

do Chão village, state of Pará, Brazil (Louzada et al. 2010,

Matavelli & Louzada 2008). Hence, considering the dung beetles’

ecological importance in many ecosystem processes (Nichols et al.

2008) and the poor knowledge about their fauna from the largest

intra-Amazonian savannah area in Brazil, here we aimed to

present the dung beetle species that were sampled within three

lavrado savannahs of Roraima state, Brazil.

Materials and Methods

The city of Boa Vista in the state of Roraima has a humid

tropical climate, characterized as a rainy summer, which extends

from April to September, and a dry season from October to

March. The average annual rainfall and temperature are

respectively 1612 ± 400 mm and 27.4 °C (Barbosa & Fearnside

2005, Meneses et al. 2007). We used dung-baited pitfall traps

to sample dung beetles during September 1996, July 1997,

and November 2008 in three savannah areas near Boa Vista,

Roraima, Brazil.

The first sampling period (1996) was carried out in a small

savannah area in the municipality of Cantá (2°46’ N 60° 38’ W)

located on the margin of the ‘Rio Branco’ river. The region is a

large lavrado area continuous with small anthropogenic areas and

subjected to floods during the rainy season. We installed five pitfall

traps in this area, separated at least 50 m apart from each other,

baited with human dung and exposed for 48 h to the dung beetle

community. In the second sampling period (1997), a large area of

lavrado in the ‘Serra da Moça’ region (north of Boa Vista, approx.

6°12’ N 60°41’ W) was sampled. We placed seven pitfall traps,

located at least 50 m apart, baited with human dung and collected

daily during five days with two exchanges of bait during the

sampling period. In the third sampling period (2008), we sampled a

large area of lavrado located on the opposite side of the Rio Branco

river (02°62’ N 60°72’ W). We used seven pitfall traps, separated at

least 50 m apart from each other, baited with human dung and left

in the field for 48 h.

Pitfall traps were plastic containers (14 cm in diameter;

9 cm deep) buried in the ground with the opening at ground

level, and with approximately 30 g of bait. We covered each

pitfall with a lid to protect it from the rain and filled each one

with 250 ml of a saline solution and detergent. After the

exposition in the field, we collected, sorted, mounted and

identified all dung beetles to the lowest possible taxonomic

level. All voucher specimens were deposited in the Reference

Collection of Neotropical Scarabaeinae in the Insect Ecology

and Conservation Laboratory, Universidade Federal de Lavras

and in the Entomology section of the Zoological Collection

at Universidade Federal de Mato Grosso, Brazil. To further

discussions about the geographical distribution and feeding

habits of each genera and species here collected, we reviewed

published and unpublished bibliographical references about the

species ecology and distribution. Furthermore, we present an

illustrated guide from each identified species we have found.

Results and Discussion

We collected 383 dung beetles belonging to ten species

and eight genera (Table 1). From the collected species, only

Canthidium sp. could not be identified and it is a possible

new species. Ontherus appendiculatus, Canthidium aff. humerale,

Dichotomius nisus, and Pseudocanthon aff. xanthurus were the

most abundant species. As such, we have sampled six species

without any previous occurrence from intra-Amazonian savan-

nahs, as only the dung beetle species O. appendiculatus, D. nisus,

P. aff. xanthurus and C. mutabilis have been previously recorded

in these environments (Génier 1996, Louzada et al. 2010,

Matavelli & Louzada 2008).

Most species we found belong to species-clusters that have

been collected within dry, open and highly disturbed environ-

ments on the American continent, some of them with records

from Argentina (Damborsky et al. 2015), Mexico (Novelo et al.

2007), Ecuador (Carpio et al. 2009), Venezuela (Lozano 2010),

Colombia (Noriega et al. 2007) and Costa Rica (Padilla-Gil &

Table 1. Dung beetle species collected in three intra-Amazonian savannahs close to Boa Vista, Roraima, Brazil. In each sampling period, we
sampled a different area.

Sampling period
Total

Species 1996 1997 2008 individuals

Canthidium aff. humerale (Germar, 1813) 1 10 50 61

Canthidium sp. 5 0 0 5

Canthon (Canthon) aff. scrutator Balthasar, 1939 0 2 0 2

Canthon (Canthon) aff. mutabilis Lucas, 1959 0 5 0 5

Malagoniella astyanax (Oliver, 1789) 0 0 1 1

Pseudocanthon aff. xanthurus (Blanchard, 1846) 4 21 22 47

Dichotomius nisus (Olivier, 1789) 13 22 14 49

Ontherus appendiculatus (Mannerheim, 1829) 161 0 3 164

Onthophagus aff. hirculus Mannerheim, 1829 10 0 0 10

Coprophanaeus gamezi Arnaud, 2002 0 39 0 39
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Halffter 2007). In Brazil, those have been registered within the

semi-arid scrub forest (known as ‘caatinga’) (Hernandéz 2007,

Lopes et al. 2006, Silva et al. 2007), coastal sandy vegetation

(‘restinga’) (Costa et al. 2014), coastal low land forests

(‘Tabuleiro’ forests) (Endres et al. 2007) and native and exotic

pasturelands (Almeida et al. 2011, Costa et al. 2009, 2013, Silva

et al. 2010, Silva et al. 2011, 2014). In addition, the species

reported here were also found within highly impacted Brazilian

forests, such as northeastern fragments of Atlantic forest

(Salomão & Iannuzzi 2015, Viegas et al. 2014), planted

Eucalyptus sp. forests (Audino et al. 2011) and Amazonian

secondary forests, savannahs and agricultural areas (Korasaki

et al. 2012, Louzada et al. 2010, Matavelli & Louzada 2008).

The number of dung beetle species and individuals reported

here was lower than in other intra-Amazonian savannahs

(Louzada et al. 2010, Matavelli & Louzada 2008), southern

cerrado (Abot et al. 2012, Almeida et al. 2011, Durães et al.

2005, Gries et al. 2012, Silva et al. 2010, Vieira & Silva 2012)

and native grasslands of the ‘Pampa’ region (Silva et al. 2011).

We believe this lower species-rich sample can be due the

historical isolation of the intra-Amazonian from the cerrado

savannahs in central Brazil during the Pleistocene period

(Sanaiotti et al. 2002), besides some natural specific habitat

characteristics, such as edaphic factors, vegetation structure

and fire occurrence (Barbosa & Fearnside 2005, Louzada et al.

2010). Henceforward, we will discuss the knowledge concerning

the distribution and ecology of each identified species.

Canthidium Erichson (1847): Considered as one of the most

diverse dung beetle groups (Halffter & Martı́nez 1966), this

genus needs urgent revision, which may result in the creation of

new genera. It currently includes about 170 described species,

mainly recorded with dung-baited pitfalls in Neotropical forests

and savannahs (Gill 1991, Silva et al. 2014, Vaz-de-Mello &

Louzada 1997, Vaz-de-Mello et al. 1998). There are also some

records of species sampled with carrion-baited pitfalls or

consuming rooting fruit, fungi and dead insects (Medri & Lopes

2001, Silva & Audino 2011, Silva et al. 2014). Hence, species

have been suggested as myrmecophilous associated with nests of

Atta ants Fabricius, 1804, probably exploiting rotting fungi

(Falqueto et al. 2005). Canthidium aff. humerale (Figure 1A)

belongs to a species-cluster that contains species considered as

coprophagous (Silva et al. 2007) and distributed within many

opened environments. Species in this cluster have been recorded

in northeastern Brazilian grassland areas (Almeida et al. 2011,

Costa et al. 2009, Silva et al. 2007), Tabuleiro forests (Endres

et al. 2007), secondary regeneration zones between caatinga and

cerrado (Lopes et al. 2006) and transitional regions between the

Amazon forest and cerrado (Andrade et al. 2011). The other

Canthidium species we found could not be identified accurately,

thus no further comments are possible about its ecology and

distribution.

Canthon Hoffmannsegg (1817): Featuring approximately 200

species, this genus has been studied at a supraspecific level,

except for some species that are not yet grouped into any

subgenera. It is an American group, with species mainly found

from Argentina to Canada (Vaz-de-Mello 2000). Although most

species are considered as copro-necrophagous, other feeding

habits, including fungi and debris feeders (Vaz-de-Mello 1999b)

and ant predation (Hertel & Colli 1998, Vaz-de-Mello et al. 1998,

Villalobos et al. 1998) were also recorded. The subgenus Canthon

(Canthon) Hoffmannsegg, 1817 includes mainly coprophagous or

necrophagous dung beetles, despite species preying on ants

(Cantil et al. 2014, Forti et al. 2012, Villalobos et al. 1998) and

feeding on dead insects and millipedes (Villalobos et al. 1998).

Canthon (Canthon) aff. scrutator Balthasar, 1939 (Figure 1B)

belongs to the Canthon virens species-group (Halffter & Martı́nez

1977), which is distributed throughout the northern Amazon

Basin, Guyana and Atlantic Forest region. This species-group

comprises copro-necrophagous dung beetles, also recorded con-

suming insect carcasses (Forti et al. 2012) or sampled with

carrion-baited pitfall traps (Salomão & Iannuzzi 2015). We

believe the species Canthon (Canthon) aff. mutabilis Lucas, 1859

(Figure 1C) needs urgent revision, given that individuals iden-

tified as C. mutabilis may comprise a complex group of different

species. This species-group have been recorded within open

environments in America, such as Colombia (Noriega et al.

2007), Costa Rica (Padilla-Gil & Halffter 2007), Argentina

(Boito et al, 2009) and primary forests from Suriname (Larsen

2011). In Brazil, there are samples from flight intercept traps

(Audino et al. 2011, Costa et al. 2009) and pitfalls baited with

dung and carrion (Costa et al. 2013, 2014, Silva et al. 2007, 2014,

Silva & Audino 2011).

Malagoniella Martı́nez, 1961: Halffter & Martı́nez (1966)

reviewed this genus, which includes nine colorful metallic dung

beetle species distributed across the Neotropical region, from

USA (Texas) to Argentina (Padilla-Gil & Halffter 2007).

Malagoniella astyanax (Oliver 1789) (Figure 1D) belongs to a

species complex that is currently being revised. It has been

found in the Brazilian caatinga (Hernandéz, 2007, Silva et al.

2007, Vieira & Silva 2012), Ecuadorian Amazon (Carpio et al.

2009), Colombia (Escobar 1997), Costa Rica (Padilla-Gil &

Halffter 2007), Mexico (Novelo et al. 2007), Venezuela (Ferrer-

Paris et al. 2013), Bolivia (Vidaurre et al. 2008) and Guyana

(F.Z. Vaz-de-Mello, unpublished data). Species in this group

have been considered as nocturnal (Hernandéz 2007), sampled

by pitfall traps baited with dung and carrion (Carpio et al.

2009, Hernandéz 2007, Novelo et al. 2007, Silva et al. 2007).

Pseudocanthon Bates, 1887: This genus is small, including nine

species distributed from the USA to Argentina and Antilles

(Halffter & Matthews 1966, Padilla-Gil & Halffter 2007).

Although small, it urgently needs taxonomic revision, at least

for the continental species. The species Pseudocanthon aff.

xanthurus (Figure 1E) is a complex of species, which is difficult

to identify (Korasaki et al. 2012) and, as the genus, it needs

taxonomic revision. Although extensively sampled with dung

baited pitfalls, the species have been considered as generalist

(Andrade et al. 2011), with records from open habitats in

Colombia and Venezuela (Ferrer-Paris et al. 2013). In Brazil

they have been reported within pastures and grasslands (Costa

et al. 2009, Schiffler et al. 2015, Silva et al. 2014), caatinga (Lopes

et al. 2006), degraded restinga (Costa et al. 2014), northeastern

Atlantic forest (Costa et al. 2013, Salomão & Iannuzzi 2015),

intra-Amazonian savannahs (Matavelli & Louzada 2008) and

Amazonian agricultural areas (Korasaki et al. 2012).

Dichotomius Hope (1838): According to the last taxonomic

revision, this genus features approximately 165 valid species widely

distributed from the USA to Argentina (Luederwaldt 1929),
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especially in Neotropical forest and savannah areas (Vaz-de-Mello

1999b, 2000). Although most species are coprophagous, we believe

there are some exceptions. Dichotomius nisus (Olivier 1789) (Figure

1F) is considered a nocturnal coprophagous-generalist species

(Hernandéz 2007, Silva et al. 2007, Vieira et al. 2008), commonly

occurring within opened and/or disturbed environments (Filgueiras

et al. 2015, Nunes et al. 2012). It is widely distributed, with records

from Guyana (Boilly & Vaz-de-Mello 2014), Argentinian Chaco

(Damborsky et al. 2015), transitional forests in Bolivia (Vidaurre

et al. 2008), Colombia Andes (Putumayo region) (Escobar et al.

2005) and Venezuelan dry forests and pastures (Ferrer-Paris et al.

2013, Lozano 2010). In Brazil, it has been sampled with both

dung and carrion-baited pitfall traps within more than 17 states

(Louzada et al. 2007). Accordingly, it has been extensively

collected from the northern intra-Amazonian savannahs (Koller

et al. 1999, Matavelli & Louzada 2008) to southern Campanha

region (Silva et al. 2008), within non-native forests of Eucalyptus

sp. (Audino et al. 2011). Furthermore, there are records from

restinga (Costa et al. 2014, Schiffler et al. 2015, Vieira et al. 2008),

Tabuleiro forest (Endres et al. 2007), caatinga (Hernandéz 2007,

Medina & Lopes 2014, Santos et al. 2014, Vieira & Silva 2012),

Atlantic forest fragments (Costa et al. 2013, Flechtmann et al.

2009, Salomão & Iannuzzi 2015, Silva et al. 2015, Viegas

et al. 2014), cerrado (Almeida et al. 2011, Rodrigues et al. 2010)

and many pasturelands and altered grasslands (Costa et al. 2009,

Filgueiras et al. 2015, Louzada & Silva 2009, Louzada et al.

2007, Puker et al. 2013, Scheffler 2005, Silva et al. 2011).

Ontherus Erichson, 1847: This genus is distributed from Mexico

to Argentina and was recently reviewed by Génier (1996), which

resulted in 56 species divided into three subgenera. We believe that

most of the species are coprophagous; however, there

are some species associated with sediment deposits within ant

colonies of Atta Fabricius, 1804 and Acromyrmex Mayr, 1865

(Halffter & Halffter 2009). Ontherus appendiculatus (Mannerhein,

1829) (Figure 1G), although considered as typically copropha-

gous, has been collected also with carrion (Flechtmann et al. 2009,

Rosa et al. 2011, Silva et al. 2007). Widely distributed in South

America (Génier 1996), O. appendiculatus has been reported in

Argentina, Bolivia, Brazil, Colombia, Ecuador, French Guyana,

Figure 1. Dung beetle species sampled from intra-Amazonian savannahs in the state of Roraima: (A) Canthidium aff. humerale; (B) Canthon aff.
scrutator; (C) Canthon aff. mutabilis; (D) Malagoniella astyanax (extracted from Vieira & Silva, 2012); (E) Pseudocanthon aff. xanthurus;
(F) Dichotomius nisus; (G) Ontherus appendiculatus (extracted from Vidaurre et al., 2008); (H) Onthophagus aff. hirculus; (I) Coprophanaeus gamezi

(extracted from Pacheco & Vaz-de-Mello, 2015).

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2015-0034

4 Biota Neotrop., 16(1): e0034, 2016

França, F.M. et al.

www.scielo.br/bn
http://dx.doi.org/10.1590/1676-0611-BN-2015-0034


Guyana, Paraguay, Uruguay and Venezuela (Génier 1996, Louzada

et al. 2007, Vidaurre et al. 2008, Ferrer-Paris et al. 2013). In Brazil,

it has a broad distribution, with records from intra-Amazonian

savannahs (Matavelli & Louzada 2008), Tabuleiro forest (Lima

et al. 2013) and Atlantic forest fragments (Silva et al. 2015).

Furthermore, it has been recorded in transitional forests between

cerrado and Amazon forest (Andrade et al. 2011), and cerrado

within Pantanal regions (Louzada et al. 2007, Puker et al. 2013,

Rodrigues et al. 2010).

Onthophagus Latreille, 1802: It is a very diverse and cosmo-

politan genus with more than 2000 species (Tarasov &

Kabakov 2010). Although considered as coprophagous, there

are species attracted by the defense secretions from millipedes

(Brühl & Krell 2003, Schmitt et al. 2004) or associated with

caves (Slay et al. 2012), bird nests (Kristofı́k et al. 2003) and

rodents (Sánchez-Huerta et al. 2015). Onthophagus aff. hirculus

Mannerheim, 1829 (Figure 1H) belongs to a complex of species

that is taxonomically close to O. hirculus and needs urgent

taxonomic revision. Those species have been considered as

coprophagous and generalist (Hernandéz 2007, Silva et al.

2011), collected by pitfall traps baited with different types

of dung, rotting fruits and carcass (Audino et al. 2011,

Flechtmann et al. 2009, Puker et al. 2013, Rosa et al. 2011,

Silva & Audino 2011, Silva et al. 2008). This species-complex

have been recorded in South American open areas at altitudes

o1000 m, such as Argentinian Chaco (Damborsky et al. 2015),

Colombian secondary dry forests (Noriega et al. 2007) and

Bolivian transitional forests (Vidaurre et al. 2008). In Brazil,

they have been collected within pasturelands (Puker et al. 2013,

Silva et al. 2010, Silva et al. 2014), caatinga (Hernandéz 2007,

Santos et al. 2014, Silva et al. 2007, Vieira & Silva 2012) and

restinga areas (Costa et al. 2014, Vieira et al. 2008). In addition,

they have been recorded in Atlantic forest fragments (Silva

et al. 2015) and transitional areas between the Amazon forest

and cerrado (Andrade et al. 2011).

Coprophanaeus d’Olsoufieff, 1924: Reviewed by Edmonds &

Zidek (2010), this genus includes 38 species distributed among

three subgenera and eight species recorded from Texas to

Argentina. Coprophanaeus gamezi Arnaud, 2002 (Figure 1I)

has been found in tropical dry forests in Colombia (Solı́s et al.

2011), the coast and provinces in Venezuela (Ferrer-Paris et al.

2013, Lozano 2010) and adjacent Amazon regions of Brazil,

Colombia and Guyana (Edmonds & Zidek 2010). Accordingly,

it has been suggested as preferring open habitats and readily

invading pasturelands (Edmonds & Zidek 2010), and has

already been reported in introduced pastures and banana

plantations (Gámez & Acconcia 2009, Gámez 2010).

Here we reinforce the unique botanical and faunal character-

istics that Amazonian savannahs exhibit, which are considered an

important area of endemism within South America (Barbosa et al.

2007). Hence, the studies concerning the fauna of this region

should aim to establish conservation strategies associated with this

important environment. Our study was the first to document the

dung beetle fauna from Roraima savannahs and we believe that

knowing the biodiversity is the first step in developing conservation

strategies. Thus, since human disturbances threaten these environ-

ments (Barbosa et al. 2007, 2011), what leads to biodiversity

loss, we reinforce that efforts should be undertaken towards

the conservation of intra-Amazonian savannahs. Furthermore, we

suggest further studies aiming to understand the effects of human

disturbances on the dung beetle diversity in the Brazilian intra-

Amazonian savannahs.
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Guyane: clé illustrée des genres. ACOREP-France Coléoptères
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Brasileira: Avaliação de Ações Prioritárias para a Conservação, Uso
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entre Mata Atlântica e Tabuleiro Nordestino. Rev. Bras. Entomol.

51:67–71, http://dx.doi.org/10.1590/S0085-56262007000100012.

ESCOBAR, F. 1997. Estudio de la comunidad de coleópteros copró-
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HALFFTER, G. & MARTÍNEZ, A. 1977: Revision monografi ca de

los Canthonina Americanos, IV parte. Clava parageneros y sub-

generos. Folia Entomológica Mex. 38:29–107

HALFFTER, G. & MATTHEWS, E.G. 1966. The natural history of dung

beetles of the subfamily Scarabaeinae (Coleoptera: Scarabaeidae). Folia

Entomológica Mex. 12:1–312.
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o forrageio arbóreo por Scarabaeidae (Coleoptera, Scarabaeoidea)

e dados sobre sua ocorrência em floresta tropical do Brasil. Acta Zool.

Mex. Nueva Ser. 72:55–61.

VAZ-DE-MELLO, F.Z., LOUZADA, J.N.C. & SCHOEREDER, J.H.

1998. New data and comments on Scarabaeidae (Coleoptera:

Scarabaeoidea) associated with Atini (Hymenoptera: Formicidae).

Coleopt. Bull. 52:209–216.

VAZ-DE-MELLO, F.Z. 1999a. Scarabaeidae do Estado de Roraima.
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do Acre, Brasil. 1. Taxocenose. An. da Soc. Entomológica do Bras.

28:439–446, http://dx.doi.org/10.1590/S0301-80591999000300009.

VAZ-DE-MELLO, F.Z. 2000. Estado Atual de conhecimentos dos

Scarabaeidae s. str. (Coleoptera: Scarabaeoidea) do Brasil. In: Hacia

Un Proyecto CYTED Para El Inventario Y Estimación de La Diver-
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abajos coprófagos (Scarabaeidae: Scarabaeinae) del Palmar de las

Islas, Santa Cruz, Bolı́via. Kempffiana 4:3–20.

VIEGAS, G., STENERT, C., SCHULZ, U.H. &MALTCHIK, L. 2014.

Dung beetle communities as biological indicators of riparian forest

widths in southern Brazil. Ecol. Indic. 36:703–710, http://dx.doi.org/

10.1016/j.ecolind.2013.09.036.

VIEIRA, L., LOUZADA, J.N.C. & SPECTOR, S. 2008. Effects of degra-

dation and replacement of Southern Brazilian Coastal Sandy Vegetation

on the dung beetles (Coleoptera: Scarabaeidae). Biotropica 40:719–727,

http://dx.doi.org/10.1111/j.1744-7429.2008.00432.x.

VIEIRA, L. & SILVA, F.A.B. 2012. List Dung beetles (Coleoptera:

Scarabaeidae: Scarabaeinae) of the Floresta Nacional Contendas
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Márlon Paluch1,3, Olaf Hermann Hendrik Mielke2, Lucı́lio Matos Linhares1 & Diego Carvalho da Silva1
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Abstract: The Private Reserve of Natural Heritage Fazenda Lontra/Saudade (FLS), located in the

Northern Coast of Bahia state, Brazil, is the largest (1,377.33 ha) preserved Atlantic Forest area between

Paraguaçu and São Francisco rivers in Bahia and Sergipe, respectively. A list of 260 species belonging to

six families of butterflies is presented herein, being recorded 4 species of Papilionidae, 16 of Pieridae,

29 of Lycaenidae, 41 of Riodinidae, 87 of Nymphalidae and 83 of Hesperiidae. The butterfly community

was composed mainly by widespread species commonly found in open habitats. There were also many

species typical of forested areas, as such Morpho telemachus richardus Fruhstorfer, 1898 (Nymphalidae:

Morphini), a new record to the Northeastern Brazil.

Keywords: Inventory, Conservation, Species richness, Atlantic Forest.

PALUCH, M., MIELKE, O.H.H., LINHARES, L.M., SILVA, D.C. As borboletas (Lepidoptera:

Papilionoidea e Hesperioidea) da Reserva Particular do Patrimônio Natural Fazenda Lontra/Saudade,

Itanagra, Litoral Norte da Bahia, Brasil. Biota Neotropica. 16(1): e20140085. http://dx.doi.org/10.1590/

1676-0611-BN-2014-0085

Resumo: A Reserva Particular do Patrimônio Natural Fazenda Lontra/Saudade (FLS), localizada no

litoral norte do estado Bahia, Brasil, corresponde a maior área (1.377,33 ha) preservada de Mata

Atlântica entre os rios Paraguaçu (Bahia) e São Francisco (Sergipe). Uma lista com 260 espécies de

borboletas pertencentes a seis famı́lias é apresentada, sendo 4 espécies de Papilionidae, 16 de Pieridae,

29 de Lycaenidae, 41 de Riodinidae, 87 de Nymphalidae e 83 de Hesperiidae. A fauna foi composta

principalmente por espécies de áreas abertas com ampla distribuição geográfica. Espécies tı́picas de áreas

florestadas também estão presentes, uma delas, Morpho telemachus richardus Fruhstorfer, 1898

(Nymphalidae: Morphini), é um registro novo para a fauna de borboletas do nordeste do Brasil.

Palavras-chave: Inventário, Conservação, Riqueza de espécies, Mata Atlântica.

Introduction

The butterfly fauna of Northeastern Brazil was considered

recently as largely unknown (Santos et al. 2008, Freitas &

Marini-Filho 2011). However, important areas of the biome

Caatinga have been studied in the last years, mainly in

Pernambuco (PE) and Bahia (BA). The Catimbau National

Park (PE) (Nobre et al. 2008); the Ecological Park João

Vasconcelos Sobrinho (PE), "Brejo de Altitude" enclave of

Atlantic Forest inserted in the semi-arid (Paluch et al. 2011);

northern portion of the ‘‘Chapada Diamantina’’ (BA) (Zacca &

Bravo 2012) and the ‘‘Serra da Fumaça’’ (BA) (Lima & Zacca

2014), together represent a significant inventory of butterflies

for the Brazilian semi-arid region.

To Atlantic Forest of Northeastern Brazil, recently was

published a list of 140 species of butterflies of the ‘‘Serra da

Jibóia’’, a mountainous complex in the ‘‘Recôncavo’’ region of

Bahia (Zacca et al. 2011). But, more significant data for this

biome are quite old and were obtained during more than five

years of collecting by Cardoso (1949), who listed 218 species of

butterflies in urban areas of Maceió, Alagoas (AL). Additionally,

Kesselring & Ebert (1982) surveyed the urban fragment ‘‘Mata

do Buraquinho’’ in João Pessoa, Paraı́ba (PB), and recorded 291

species. In this context, the present paper provides the first list of

butterflies recorded in Itanagra, Northern Coast of Bahia, Brazil.

It is expected that this list may offer subsidies for future

conservation strategies in the region.

Material and methods

The study was conducted in the Private Reserve of Natural

Heritage (Portuguese acronym, RPPN) ‘‘Fazenda Lontra/
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Saudade’’ (FLS), Itanagra, located at the Northern Coast of

Bahia (38o 0.00’ W and 12o 15.00’ S). According Birdlife

International (2014) FLS is the largest particular protected area

of Atlantic Forest with extension of 1,377.33 ha, located

between the Paraguaçu (BA) and São Francisco (SE) rivers,

with possibility of reconnection with others forest fragments of

the region. In this area, 183 species of plants from 56 families

already were recorded, mostly of Myrtaceae, Fabaceae,

Rubiaceae, Melastomataceae, Mimosaceae, Sapotaceae and

Flacourtiaceae. The local economy is based on forestry (pine

and eucalypt), subsistence agriculture and extensive cattle. The

region has undulating relief, and is drained by a complex

network of aquifers. The average annual rainfall is 1,800 mm.

The FLS is an example of environmental protection in the

region, representing one of the most significant remnants of

Atlantic Forest of Northern Coast of Bahia.

Butterflies were sampled between January to December

2012 (dry and wet seasons), totaling 12 field trips. Fieldwork

was conducted from 9:00 to 15:00 h, during two days per

month, with a total sampling effort of 288 hours. The

samplings were carried out by two collectors along all habitats

of the occidental side FLS.

The collected material was deposited in the entomological

collections of the following institutions brazilian: Universidade

Federal do Recôncavo da Bahia, Cruz das Almas (Laboratório de

Sistemática e Conservação de Insetos - LASCI) and Departamento

de Zoologia, Universidade Federal do Paraná, Curitiba (DZUP).

Nomenclature follows Mielke (2005) (Hesperioidea) and Lamas

(2004) (Papilionoidea), except for the genus Morpho Fabricius,

1807 (Morphini) according to Blandin (2007), and suprageneric

categories of Nymphalidae modified after Wahlberg et al. (2009).

Results and discussion

A total of 260 butterfly species were recorded in the

FLS. Of these, 177 (68%) are Papilionoidea and 83 (32%)

Hesperioidea, with the following distribution: Papilionidae

(4 spp., 1,5%), Pieridae (16 spp., 6%), Lycaenidae (29 spp.,

11%), Riodinidae (41 spp., 16%), Nymphalidae (87 spp.,

33,5%), and Hesperiidae (83 spp., 32% of the total) (Appendix 1).

The butterfly fauna is composed by species commonly found in

open areas and widely distributed in Brazil, and species more

frequent in humid forests as well.

Four species of Papilionidae were recorded, and three of

them were already expected for the area, Heraclides anchisiades

capys (Hübner, [1809]), Heraclides thoas brasiliensis (Rothschild

& Jordan, 1906) and Battus polydamas polydamas (Linnaeus,

1758) because they are very common and occur throughout the

Brazilian coast, Caatinga, and also in the "Brejos de Altitude"

(Tyler et al. 1994, Nobre et al. 2008, Paluch et al. 2011, Zacca &

Bravo 2012). Parides zacynthus (Fabricius, 1793) has been

considered restricted to the coastal plains, including ‘‘restingas’’

and lowland forests areas (Tyler et al. 1994). However, the

subspecies P. zacynthus polymetus (Godart, 1819) was recently

recorded in the Ecological Park João Vasconcelos Sobrinho, PE,

about 100 km far from the coast (Paluch et al. 2011). In Bahia,

this subspecies has been recorded to Salvador (Zacca 2009), but

it was also collected in 15 km east of Lençóis, Bahia, about 300

km west from Salvador.

All sixteen species of Pieridae collected in FLS already were

recorded in previous studies performed in Northeastern Brazil,

and most of them are typically founded in open secondary

forests, grasslands and more disturbed areas (Brown 1992).

Only Leucidia elvina (Godart, 1819) (Coliadinae) and Enantia

lina versicolora (Fruhstorfer, 1912) (Dismorphiinae) were

collected in transects inside the forest.

Lycaenidae totaled 29 species in the FLS, same richness

recorded for the Atlantic Forest of Maceió (AL) by Cardoso

(1949). Kesselring & Ebert (1982) recorded 46 species in João

Pessoa, in a forest fragment along the Atlantic coastline.

However, data were gathered during more than five years of

observations.

The Riodinidae richness of FLS was surprising similar to

the number of species found by Kesselring & Ebert (1982). The

presence of two sympatric subspecies of Stalachtis phlegia

(Cramer, 1779), Stalachtis phlegia phlegetontia (Perty, 1833)

and Stalachtis phlegia susanna (Fabricius, 1787) reveals an

unusual taxonomic situation. Some authors consider Stalachtis

susanna (Fabricius, 1787) as a valid species, for example Brown

& Freitas (2000b). Both taxa are very common, and were

observed in all months flying at the same time in FLS. This

situation can be best elucidated by a review on the status of all

five subspecies (Lamas 2004).

Nymphalidae and Hesperiidae were the richest families,

with similar numbers reported in other important forest areas

in Northeastern Brazil (Cardoso 1949, Kesselring & Ebert

1982). In general, Nymphalidae was represented by species

widely distributed in different Brazilian biomes (from Amazo-

nian borders to South Brazil).

Danaini (Danainae) is represented by two widespread

species, previously mentioned for Bahia by Zacca et al.

(2011) in the Atlantic Forest and Zacca & Bravo (2012), Lima

& Zacca (2014) in the biome Caatinga. Ithomiini (Danainae) is

represented by 7 species, same number recorded by Kesselring

& Ebert (1982), and includes common species which may be

found throughout the year, for example, Mechanitis lysimnia

nesaea Hübner, [1820] and Mechanitis polymnia casabranca

Haensch, 1905.

Haeterini and Satyrini (Satyrinae) represent 23 species; the

other inventoried areas in Northeastern Brazil have on average

13 species. The Neotropical genus Pierella Westwood, 1851, so

far, with four species in northeastern Brazil in the states

Alagoas, Paraı́ba, Bahia and Pernambuco (Cardoso 1949;

Kesselring & Ebert 1982; Zacca 2009; Paluch et al. 2011; Zacca

et al. 2011), has revealed new taxa to the Northeastern Atlantic

Forest, as Pierella sp. nov. in FLS described in Zacca et al. (in

press) (Taxonomic revision of the ‘‘Pierella lamia species

group’’), as well as, Pierella lena atlantica Paluch, Zacca &

Siewert, 2015 in Paluch et al. (2015).

Brassolini (Satyrinae) is represented by five common and

widespread species and Morphini (Satyrinae) by three species.

Morpho helenor bahiana Fruhstorfer, 1897 (Blandin 2007) was

recently mentioned by Zacca et al. (2011) as Morpho helenor

achillaena (Hübner, 1823]) from Serra da Jiboia. The record of

Morpho telemachus richardus Fruhstorfer, 1898 in FLS was

important to enlarge 700km to the east in the geographical

distribution of this subspecies. The first and only known record

is from southeastern Brazil, Minas Gerais, Teófilo Otoni.

Seven mature larvae were collected in March on its hostplant –

Abuta sp. (Menispermaceae), a rare plant in the region. The

genus Abuta Aubl. is also known as hostplant of Morpho

telemachus martini Niepelt, 1933 in San Martı́n, Peru (Gallusser

et al. 2010). In a greenhouse, five specimens of M. telemachus

richardus emerged in April.
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Anaeini (Charaxinae) is represented by five species, Hypna

clytemnestra forbesi Godman & Salvin, 1884 is a typical

subspecies of the Caatinga biome (Nobre et al., 2008), however,

also known in the Atlantic Forest remnants of the "Recôncavo"

and southern coast of Bahia (Zacca 2009; M. Paluch, pers. obs.).

Biblidinae and Cyrestinae are represented by 16 species, the

tribes Coeini, Kallimini and Melitaeini (Nymphalinae) are

represented by three, four and two common and widespread

species, respectively. Anartia amathea amathea (Linnaeus, 1758)

(Kallimini) generally restricted in rainforests of Northeastern

region (Cardoso 1949; Kesselring & Ebert 1982; Paluch et al.

2011), while Anartia jatrophae jatrophae (Linnaeus, 1763) is

common in dry Caatinga, and also humid Atlantic Forest (Nobre

et al. 2008; Zacca 2009; Zacca et al. 2011; Zacca & Bravo 2012).

Limenitidinae is represented by four species: Adelpha

cytherea cytherea (Linnaeus, 1758), also reported in Maceió,

Alagoas (Cardoso 1949) and seems to be restricted to the

Atlantic Forest biome, while Adelpha cytherea aea (C. Felder &

R. Felder, 1867) to the Semiarid region (Paluch et al. 2011, Zacca

& Bravo 2012); Adelpha leucates iphicleola Fruhstorfer, 1915 was

recently recorded in two areas of Caatinga: Catimbau National

Park and the northern portion of the Chapada Diamantina

(Nobre et al. 2008, Zacca & Bravo 2012). Adelpha melona melona

(Hewitson, 1847) and Adelpha plesaure plesaure Hübner, 1823

are known from the Northeastern Atlantic Forest in Brazil

(Cardoso 1949, Kesselring & Ebert 1982, Zacca et al. 2011).

Heliconiinae is represented by thirteen taxa widely distributed

in all extension of the Atlantic Forest. The northern border of the

distribution ofHeliconius ethilla narcaeaGodart, 1819 (Heliconiini)

seems to be Maceió, Alagoas Cardoso (1949); this subspecies was

also collected at the ‘‘Serra da Jiboia’’ (Zacca et al. 2011), northern

part of the ‘‘Chapada Diamantina’’ and at FLS. Heliconius ethilla

flavomaculatus Weymer, 1894 is endemic to Pernambuco and

Paraiba. Heliconius numata ethra (Hübner, [1831]) was re-collected

in Northeastern Brazil, after 63 years since its unique record to

Maceió, Alagoas (Cardoso 1949). However, this subspecies was

cited by Brown & Freitas (2000b) in Santa Teresa, Espı́rito Santo,

near to the southern limits of Bahia. Actinote pellenea pellenea

Hübner, [1821] (Acraeini) was previously recorded in southern

Bahia (Jitaúna, Itanhém and Itamaraju); its northern subspecies

Actinote pellenea aulodea Oberthür, 1917 is distributed in the

Atlantic Forest of Alagoas, Pernambuco and Paraiba (Cardoso

1949, Paluch et al. 2011, Kesselring & Ebert 1982).

Hesperiidae is considered the dominant family of butterflies

in most well sampled Brazilian sites (C. Mielke 1994, Brown

2005, Morais et al. 2007, Francini et al. 2011, Dolibaina et al.

2011). In FLS skippers represented 32% of all butterflies species,

with 83 recorded species. FLS corresponds to the second largest

richness of Hesperiidae in the Northeastern Brazil, close to the

110 species recorded by Kesselring & Ebert (1982).

Future studies can greatly enhance the richness of butterflies

of the FLS, with sampling on the eastern side of the reserve,

using "The Ahrenholz Technique", to attract species of skippers,

Nymphalidae, Riodinidae and Pieridae (Lamas et al. 1993),

together with "Van Someren-Rydon" traps, to capture others

species of frugivorous butterflies, mainly of the subfamilies

Satyrinae, Charaxinae and Biblidinae.

The FLS may be considered very important because it is one

of the largest and best preserved remnants of Atlantic Forest in

northeastern Brazil, this region is part of a biome with more than

95% of its original vegetation destroyed by human activities

(Galindo-Leal & Câmara 2003, Tabarelli et al. 2005). Considering

Nymphalidae as a surrogate (25-29%) of the total butterfly fauna

(Brown & Freitas 2000a), the total richness in the FLS could reach

300 to 350 species, equivalent or higher to the total richness of

‘‘Mata do Buraquinho’’, João Pessoa, Paraiba, with a sampling

effort of five years (Kesselring & Ebert 1982). Based on the

present data and other inventories performed in this area, FLS

should be considered as a priority area for biodiversity conserva-

tion in the Atlantic Forest. Among the priority actions for the

FLS, ecological monitoring and management of the surrounding

environments should be included, so the area can keep sustaining

health forests.

Appendix I.Butterflies (Papilionoidea and Hesperioidea) from

the Private Reserve of Natural Heritage Fazenda Lontra/Saudade,

Itanagra, Northern Coast, Bahia, Brazil. Number of species are

provided within parenthesis for higher taxa. Species recorded in

other areas of Atlantic Forest Northeastern: 1 ¼ Maceió, AL

(Cardoso 1942); 2 ¼ Mata do Buraquinho, João Pessoa, PB

(Kesselring & Ebert 1982); 3 ¼ Ecological Park João Vasconcelos

Sobrinho (Enclave of Atlantic Forest), Caruaru, PE (Paluch et al.

2011); 4 ¼ Serra da Jibóia, Santa Terezinha, BA (Zacca et al. 2011).

PAPILIONOIDEA (177)

Papilionidae (4)

Papilioninae (4)

Troidini (2)

Battus polydamas polydamas (Linnaeus, 1758)1,2,3,4

Parides zacynthus polymetus (Godart, 1819)2,3

Papilionini (2)

Heraclides anchisiades capys (Hübner, [1809])1,2,3

Heraclides thoas brasiliensis (Rothschild & Jordan,

1906)1,2,3,4

Pieridae (16)

Dismorphiinae (1)

Enantia lina versicolora (Fruhstorfer, 1912)3

Coliadinae (12)

Anteos clorinde (Godart, [1824])1,2,3,4

Aphrissa statira statira (Cramer, 1777)1,3

Eurema agave pallida (Chavannes, 1850)3

Eurema albula albula (Cramer, 1775)1,3,4

Eurema elathea flavescens (Chavannes, 1850)3,4

Eurema phiale paula (Röber, 1909)3, 4

Leucidia elvina (Godart, 1819)1,3,4

Phoebis argante argante (Fabricius, 1775)1,2,4

Phoebis philea philea (Linnaeus, 1763)1,2,3,4

Phoebis sennae marcellina (Cramer, 1777)3,4

Pyrisitia nise tenella (Boisduval, 1836)1,2,3,4

Rhabdodryas trite banksi (Breyer, 1939)

Pierinae (3)

Ascia monuste orseis (Godart, 1819)1,2,3,4

Glutophrissa drusilla drusilla (Cramer, 1777)1,4

Itaballia demophile nimietes (Fruhstorfer, 1907)3

Lycaenidae (29)

Polyommatinae (3)

Hemiargus hanno hanno (Stoll, 1790)2,3,4

Leptotes cassius cassius (Cramer, 1775)3,4

Zizula cyna (W.H. Edwards, 1881)2,3

Theclinae (26)

Arawacus ellida (Hewitson, 1867)2

Calycopis caulonia (Hewitson, 1877)3

Calycopis vesulus (Stoll, 1781)1,2

Celmia celmus (Cramer, 1775)2
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Evenus satyroides (Hewitson, 1865)1

Evenus sp.

Gargina gnosia (Hewitson, 1868)

Lamprospilus badaca (Hewitson, 1868)4

Ministrymon una (Hewitson, 1873)1

Ostrinotes tympania (Hewitson, 1869)

Panthiades hebraeus (Hewitson, 1867)2

Panthiades phaleros (Linnaeus, 1767)1,2

Pseudolycaena marsyas (Linnaeus, 1758)1,2

Rekoa meton (Cramer, 1779)

Rekoa palegon (Cramer, 1780)2,3,4

Strephonota ambrax (Westwood, 1852)1

Strephonota tephraeus (Geyer, 1837)2

Strymon bazochii (Godart, [1824])2,4

Strymon mulucha (Hewitson, 1867)1,2,3,4

Theclopsis gargara (Hewitson, 1868)

Theclopsis sp.

Theritas hemon (Cramer, 1775)1,2,3,4

Theritas lisus (Stoll, 1790)

Theritas triquetra (Hewitson, 1865)1,2,4

Tmolus echion (Linnaeus, 1767)1,2

Ziegleria syllis (Godman & Salvin, 1887)3

Riodinidae (41)

Euselasiinae (1)

Euselasiini (1)

Euselasia opalescens opalescens (Hewitson, [1855])

Riodininae (40)

Mesosemiini (7)

Hyphilaria parthenis (Westwood, 1851)

Leucochimona icare matatha (Hewitson, 1873)1,4

Mesosemia hesperina Buttler, 1874

Mesosemia methion methion Hewitson, 1860

Mesosemia nyctea lato Stichel, 1910

Perophthalma tullius (Fabricius, 1787)2,3

Semomesia geminus (Fabricius, 1793)

Eurybiini (2)

Eurybia halimede halimede (Hübner, [1807])4

Eurybia molochina hyacinthina Stichel, 1910

Riodinini (10)

Baeotis euprepes H.W. Bates, 1868

Calephelis braziliensis McAlpine, 19712,3

Cyrenia martia androgyne Stichel, 1910

Isapis agyrtus sestus (Stichel, 1909)1

Melanis smithiae smithiae (Westwood, 1851)1,2,3

Metacharis ptolomaeus (Fabricius, 1793)

Panara jarbas jarbas (Drury, 1782)2

Rhetus periander (Cramer, 1777)

Syrmatia nyx (Hübner, [1817])

Themone pais pais (Hübner, [1820])

Symmachiini (6)

Mesene florus (Fabricius, 1793)2

Mesene phareus (Cramer, 1777)1,2

Mesene philonis Hewitson, 1874

Panaropsis inaria (Westwood, 1851)1

Pirascca sagaris satnius (Dalman, 1823)1,2,4

Symmachia menetas menetas (Drury, 1782)

Helicopini (1)

Anteros formosus (Cramer, 1777)2

Nymphidiini (8)

Calospila lucianus lucianus (Fabricius, 1793)1,2

Calospila parthaon (Dalman, 1823)

Juditha caucana (Stichel, 1911)

Nymphidium acherois erymanthus (Ménétriés, 1855)

Nymphidium lisimon attenuatum Stichel, 1929

Synargis calyce (C. Felder & R. Felder, 1862)2,3

Synargis gela (Hewitson, [1853])1,2

Synargis paulistina (Stichel, 1910)

Stalachtini (2)

Stalachtis phlegia phlegetontia (Perty, 1833)

Stalachtis phlegia susanna (Fabricius, 1787)

Incertae sedis (4)

Astraeodes areuta (Westwood, 1851)1,2

Calydna hiria (Godart, [1824])2

Calydna sturnula (Geyer, 1837)

Emesis fatimella fatimella Westwood, 18511

Nymphalidae (87)

Danainae (9)

Danaini (2)

Danaus eresimus plexaure (Godart, 1819)3

Lycorea halia discreta Haensch, 19093,4

Ithomiini (7)

Hypothyris euclea laphria (Doubleday, 1847)1,2,4

Hypothyris ninonia daetina (Weymer, 1899)1,2,3

Ithomia agnosia zikani d’Almeida, 19404

Mechanitis lysimnia nesaea Hübner, [1820]1,2,3

Mechanitis polymnia casabranca Haensch, 1905

Oleria astrea thiemei (Oberthür, 1879)

Scada reckia reckia (Hübner, [1808])3,4

Satyrinae (31)

Morphini (3)

Antirrhea archaea Hübner, [1822]4

Morpho helenor bahiana Fruhstorfer, 18974

Morpho telemachus richardus Fruhstorfer, 1898

Brassolini (5)

Brassolis sophorae laurentii Stichel, 1925

Caligo idomeneus ariphron Fruhstorfer, 1910

Caligo illioneus illioneus (Cramer, 1775)2,3,4

Eryphanis automedon (Cramer, 1775)2,3

Opsiphanes quiteria meridionalis Staudinger, 18872

Haeterini (4)

Haetera piera diaphana Lucas, 1857

Pierella sp. nov.

Pierella lena atlantica Paluch, Zacca & Siewert, 2015

Pierella hyalinus (Gmelin, [1790])

Satyrini (19)

Caeruleuptychia brixius (Godart, [1824])

Chloreuptychia arnaca (Fabricius, 1776)3

Chloreuptychia chlorimene (Hübner, [1819])1

Chloreuptychia herseis (Godart, [1824])

Cissia myncea (Cramer, 1780)3

Erichthodes antonina (C. Felder & R. Felder, 1867)1

Godartiana sp.

Hermeuptychia hermes (Fabricius, 1775)1,2,4

Magneuptychia lea (Cramer, 1777)

Magneuptychia libye (Linnaeus, 1767)2,3

Pareuptychia ocirrhoe interjecta (d’ Almeida, 1952)1,3

Paryphthimoides poltys (Prittwitz, 1865)3

Pharneuptychia romanina (Bryk, 1953)

Pharneuptychia sp.

Taygetis echo (Cramer, 1775)2

Taygetis laches laches (Fabricius, 1793)1,3

Yphthimoides affinis (Butler, 1867)3
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Yphthimoides manasses (C. Felder & R. Felder, 1867)1,3

Yphthimoides renata (Stoll, 1780)1,2,3,4

Charaxinae (5)

Anaeini (5)

Fountainea glycerium cratais (Hewitson, 1874)2

Fountainea ryphea phidile (Geyer, 1837)3

Hypna clytemnestra forbesi Godman & Salvin, 1884

Memphis acidalia victoria (H. Druce, 1877)

Memphis moruus stheno (Prittwitz, 1865)

Biblidinae (14)

Biblis hyperia nectanabis (Fruhstorfer, 1909)4

Callicore astarte codomannus (Fabricius, 1781)

Dynamine agacles agacles (Dalman, 1823)1,3,4

Dynamine athemon athemaena (Hübner, [1824])3

Dynamine postverta postverta (Cramer, 1779)1,2,3

Ectima thecla thecla (Fabricius, 1796)1,3

Hamadryas amphinome amphinome (Linnaeus, 1767)1,3,4

Hamadryas arete (Doubleday, 1847)1,2,3

Hamadryas februa februa (Hübner, [1823])3

Hamadryas feronia feronia (Linnaeus, 1758)1,3

Mestra dorcas hypermestra Hübner, [1825]1,2,3,4

Myscelia orsis (Drury, 1782)1,2,3

Nica flavilla flavilla (Godart, [1824])4

Pyrrhogyra neaerea ophni Butler, 1870

Cyrestinae (2)

Marpesia chiron marius (Cramer, 1779)3,4

Marpesia petreus petreus (Cramer, 1776)

Nymphalinae (9)

Coeini (3)

Colobura dirce dirce (Linnaeus, 1758)1,2,3

Historis acheronta acheronta (Fabricius, 1775)1,2

Historis odius dious Lamas, 19953

Kallimini (4)

Anartia amathea amathea (Linnaeus, 1758)1,2,3

Anartia jatrophae jatrophae (Linnaeus, 1763)1,2,3,4

Junonia evarete evarete (Cramer, 1779)1,2,3,4

Siproeta stelenes meridionalis (Fruhstorfer, 1909)1,3,4

Melitaeini (2)

Ortilia ithra (W.F. Kirby, 1900)2,3

Tegosa claudina (Eschscholtz, 1821)3,4

Limenitidinae (4)

Adelpha cytherea cytherea (Linnaeus, 1758)1

Adelpha iphicleola leucates Fruhstorfer, 19151

Adelpha melona melona (Hewitson, 1847)1,2,4

Adelpha plesaure plesaure Hübner, 18231,4

Heliconiinae (13)

Argynnini (1)

Euptoieta hegesia meridiania Stichel, 19383

Acraeini (1)

Actinote pellenea pellenea Hübner, [1821]

Heliconiini (11)

Agraulis vanillae maculosa (Stichel, [1908])2,3,4

Dione juno juno (Cramer, 1779)1,2,3,4

Dryadula phaetusa (Linnaeus, 1758)2,3

Dryas iulia alcionea (Cramer, 1779)2,3,4

Eueides aliphera (Godart, 1819)1,4

Eueides isabella dianasa (Hübner, [1806])1,2,3,4

Heliconius erato phyllis (Fabricius, 1775)1,2,3,4

Heliconius ethilla narcaea Godart, 1819 4

Heliconius numata ethra (Hübner, [1831])1

Heliconius sara apseudes (Hübner, [1813])2,3,4

Philaethria wernickei (Röber, 1906)1,4

HESPERIOIDEA (83)

Hesperiidae (83)

Eudaminae (25)

Aguna asander asander (Hewitson, 1867)1,2,3,4

Aguna aurunce aurunce (Hewitson, 1867)

Astraptes anaphus anaphus (Cramer, 1777)1,2,3

Astraptes janeira (Schaus, 1902)1

Augiades crinisus (Cramer, 1780)2

Autochton neis (Geyer, 1832)2,3

Autochton zarex (Hübner, 1818)1,2,3,4

Chioides catillus catillus (Cramer, 1779)2,3

Drephalys oriander (Hewitson, 1867)

Entheus priassus pralina Evans, 19521

Euriphellus euribates polygius (Latreille, [1824])

Phanus australis L. D. Miller, 19653

Phanus marshalli (W.F. Kirby, 1880)

Phocides distans distans (Herrich-Schäffer, 1869)

Salatis salatis (Stoll, 1782)2

Typhedanus crameri McHenry, 19601

Typhedanus undulatus (Hewitson, 1867)2

Udranomia kikkawai (A.G. Weeks, 1906)2

Udranomia orcinus (C. Felder & R. Felder, 1867)2

Urbanus cindra Evans, 1952

Urbanus dorantes dorantes (Stoll, 1790)1,2,3,4

Urbanus esta Evans, 1952

Urbanus proteus proteus (Linnaeus, 1758)1,2,3,4

Urbanus simplicius (Stoll, 1790)2,3,4

Urbanus virescens (Mabille, 1877)2,4

Pyrginae (24)

Achlyodes busirus rioja Evans, 19531

Anastrus neaeris narva Evans, 1953

Antigonus erosus (Hübner, [1812])2

Camptopleura janthinus (Capronnier, 1874)

Chiomara basigutta (Plötz, 1884)1,2

Cogia calchas (Herrich-Schäffer, 1869)2,3

Gesta gesta (Herrich-Schäffer, 1863)2,4

Helias phalaenoides palpalis (Latreille, [1824])3

Heliopetes alana (Reakirt, 1868)3,4

Heliopetes arsalte (Linnaeus, 1758)2,3,4

Heliopetes omrina (Butler, 1870)3,4

Mylon ander ander Evans, 1953

Nisoniades macarius (Herrich-Schäffer, 1870)2,3,4

Ouleus fridericus riona Evans, 1953

Pachyneuria duidae duidae (Bell, 1932)

Pyrgus orcus (Stoll, 1780)2,3,4

Pyrgus veturius Plötz, 18842

Pythonides herennius lusorius Mabille, 1891

Pythonides limaea (Hewitson, 1868)2

Quadrus sp.

Sostrata festiva (Erichson, [1849])

Telemiades antiope (Plötz, 1882)2

Timochreon doria (Plötz, 1884)2

Xenophanes tryxus (Stoll, 1780)1,2

Hesperiinae (33)

Anthoptus insignis (Plötz, 1882)

Artines sp.

Callimormus corades (C. Felder, 1862)2

Cobalus virbius hersilia (Plötz, 1882)

Corticea corticea (Plötz, 1882)3

Cymaenes distigma (Plötz, 1882)

Cymaenes tripunctus theogenis (Capronnier, 1874)4

Hylephila phyleus phyleus (Drury, 1773)1,2,3,4
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Justinia justinianus justinianus (Latreille, [1824])2,4

Mnaseas bicolor inca Bell, 1930

Mnasilus allubita (Butler, 1877)2,3

Morys compta compta (Butler, 1877)

Nyctelius nyctelius nyctelius (Latreille, [1824])2,3

Onophas columbaria (Herrich-Schäffer, 1870)2

Orses cynisca (Swainson, 1821)

Panoquina hecebolus (Scudder, 1872)

Paracarystus menestries menestries (Latreille, [1824])4

Perichares philetes adela (Hewitson, 1867)2,3

Phanes aletes (Geyer, 1832)2

Phanes almoda (Hewitson, 1866)

Pompeius pompeius (Latreille, [1824])1,2

Radiatus bradus Mielke, 1968

Saliana morsa Evans, 1955

Saturnus reticulata meton (Mabille, 1891)

Sodalia sodalis (Butler, 1877)

Talides sergestus (Cramer, 1775)1,2

Vacerra bonfilius bonfilius (Latreille, [1824])

Vehilius stictomenes stictomenes (Butler, 1877)2,3

Vettius artona (Hewitson, 1868)2,3,4

Vettius fantasos (Cramer, 1780)1,2

Vettius lafrenaye lafrenaye (Latreille, [1824])

Vettius phyllus prona Evans, 19551,3

Zariaspes mys (Hübner, [1808])2

Pyrrhopyginae (1)

Pyrrhopyge phidias (Linnaeus, 1758)
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de Lepidópteros’’ SISBIOTA-Brasil/CNPq (563332/2010-7).

References

BIRDLIFE INTERNATIONAL 2014 Important Bird Areas factsheet:

Itanagra. Downloaded from http://www.birdlife.org on 11/03/2014.

BLANDIN, P. 2007. The Systematics of the Genus Morpho, Lepi-

doptera Nymphalidae. Hillside Books, Canterbury, 227 pp.

BROWN Jr., K.S. 1992. Borboletas da Serra do Japi: diversidade,
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Abstract: In this study, we report the temporal occurrence and habitat and microhabitat use by anurans in two

areas located in one highland marsh (brejo-de-altitude) in northeastern Brazil. Fieldwork was carried out between

September 2011 and September 2012. The recorded anurans belong to 14 species distributed in five families:

Hylidae (six), Leptodactylidae (five), Bufonidae, Odontophrynidae and Pipidae (one each). Vocalization activity

was seasonal and concentrated in the wetter and warmer months, but correlated to rainfall only in the top in the

Chapada do Araripe. Richness and abundance of calling anurans were lower in the humid forest of the slope

than in Cerradão area in the top of the Chapada do Araripe. Scinax x-signatus vocalized during nine months,

and along with Dendropsophus soaresi, Phyllomedusa nordestina and Physalaemus cuvieri presented the longest

periods of vocalization with the highest number of species vocalizing in at the height of the rainy season. Males

were recorded vocalizing in nine different microhabitats, Adenomera sp. uses leaf litter and P. cuvieri the edge of

water bodies as calling site both two sampled areas. Differences in richness and abundance of anurans between

the two habitats are probably due to physical characteristics, such as presence of lentic environments.

Keywords: Anurofauna, microhabitat use, seasonality.
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Resumo: Neste estudo são descritas a ocorrência temporal e o uso de habitat e microhabitat dos anuros de

duas localidades em uma área de brejo de altitude no nordeste do Brasil. As amostragens foram realizadas

entre setembro de 2011 e setembro de 2012. Foram registrados anuros pertencentes a 14 espécies

distribuı́das em cinco famı́lias: Hylidae (seis), Leptodactylidae (cinco), Bufonidae, Odontophrynidae

e Pipidae (uma cada). A atividade de vocalização foi sazonal e concentrada nos meses mais úmidos e

quentes, mas correlacionada somente com as chuvas no topo da Chapada do Araripe. A riqueza

e abundância de anuros vocalizando foram menores na floresta úmida da encosta que na área de Cerradão

do topo da Chapada do Araripe. Scinax x-signatus vocalizou durante nove meses, e juntamente com

Dendropsophus minutus, D. soaresi, Phyllomedusa nordestina e Physalaemus cuvieri apresentou os perı́odos

de vocalização mais prolongados, com maior abundancia de indivı́duos vocalizando no ápice do perı́odo

chuvoso. Machos de anuros foram registrados vocalizando em nove microhabitats diferentes, Adenomera

sp. utiliza serrapilheira e P. cuvieri a margem dos corpos d’água como sı́tios de vocalização em ambas

áreas amostradas. Diferenças na riqueza e abundância de anuros entre os dois habitats estudados estão

associadas às caracterı́sticas estruturais dos mesmos, como a presença de ambientes lênticos.

Palavras-chave: Anurofauna, uso do micro-habitat, sazonalidade.

Introduction

Anurans have a high diversity of species and life strategies

(Wells 2007). This variety has stirred the attention of researchers

in the field of anuran ecology with regard to the factors that

structure their communities, especially patterns of spatial and

temporal distribution (Toledo et al. 2003, Ponssa 2004, Conte &

Machado 2005).
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The use of different microhabitats, such as reproductive sites,

facilitates spatial partitioning by anurans (Duellman & Trueb 1994).

Temporal distribution, on the other hand, is directly related to the

physical conditions of the region, such as environment temperature

and availability of temporary water bodies (Bernarde & Anjos

1999). Besides these factors, risk of predation and competition

between species are also determinant in the composition of anuran

communities (Wellborn et al. 1996, Morin 1983, 2011).

The reproductive activity of anurans is strongly influenced by

the availability of water bodies and mild temperatures (Vieira et al.

2009). In Brazil, the annual rainfall and structural complexity of

vegetation are strong predictors of the richness of both species and

reproductive modes (Vasconcelos et al. 2010, Xavier & Napoli

2011, Silva et al. 2012). Thus, species demonstrate behavioral

strategies to avoid (or at least minimize) the adverse events of

drought and high temperatures, and their reproductive periods

coincide with the rainy period (Bertoluci & Rodrigues 2002).

In the Caatinga of Northeast Brazil, there are the so-called

‘‘brejos-de-altitude’’ (highland marshes), wetlands on the top of

mountains over 600 m with humid forest remnants of the Atlantic

Forest surrounded by the xeric Caatinga vegetation (Andrade-

Lima 1982, Borges-Nojosa & Caramaschi 2003). According to

Vasconcelos-Sobrinho (1971), there are 43 of these highland

marshes (sensu Andrade- Lima 1982) distributed in the states of

Ceará, Rio Grande do Norte, Paraı́ba and Pernambuco. The

‘‘brejos-de-altitude’’ occurs in plateaus and tablelands between 500

and 1.100 m (e.g., Planalto da Borborema, Chapada do Araripe and

Planalto da Ibiapaba), where the orographic rains provide pre-

cipitation levels over 1.200 mm/year (Andrade-Lima 1960, 1961).

Only nine of the ‘‘brejos-de-altitude’’ located in the states of

Ceará and Pernambuco have available data of anuran richness:

RESEC Serra Negra, Brejo dos Cavalos, Triunfo, Fazenda

Buriti, PARNA Catimbau (Moura et al. 2011), Planalto da

Ibiapaba (Loebmann & Haddad 2010), Serra do Baturité

(Borges-Nojosa 2007), Chapada do Araripe (Ribeiro et al.

2015), and Serra da Aratanha (I.J. Roberto, unpublished data).

Moreover data on temporal and spatial use by anurans for

these highland marshes are absent.

The Chapada do Araripe region, located in the southern

region of the Ceará state, is considered of high priority for

conservation because of its faunistic and floristic diversity and

level of vulnerability (MMA 2002). Our objective was to

investigate the reproductive modes and patterns of spatial-

temporal distribution by anurans of the Chapada do Araripe.

Furthermore we compare the Chapada do Araripe anuran

species composition with that of other brejos-de-altitude.

Methods

The present study was carried out in the Chapada do

Araripe, which occupies an area of approximately 972.000 ha,

over three states (Ceará, Piauı́ and Pernambuco) in Northeast

Brazil (Campello et al. 2000, ICMBio 2015). The vegetation is

composed of humid forest (semi-evergreen tropical cloud forest)

and dry forest (semideciduous forest) on the slope, and Cerrado,

Cerradão (xeromorphe semideciduous forest), and Carrasco

(high dense shrubby xerophytic vegetation) areas at the top

(Araújo et al. 1999, Borges-Nojosa & Caramaschi 2003).

Two areas were sampled: Trilha Ecológica do Clube

Grangeiro (TECG, 07°16'47.0'' S; 39°26'17.7'' W, Alt. 691 m),

Crato Municipality, located at the foothill of the Chapada and

characterized by humid forest, and low soil permeability, and

Fazenda Malhada Bonita (FMB, 7°21'55.55'' S; 39°26'26.23'' W,

Alt. 912 m), Barbalha, located at the top of the Chapada do

Araripe in the ‘‘cerradão’’ area, and exhibiting an table-like

topography with accentuated drainage, due to sandy soil (Ribeiro

et al. 2012) (Figure 1a). The mean annual precipitation of the

region is 1121.25 mm, and the air temperature varies between

24 to 26° C, with the rainy season occurring from January to May

(IPECE 2011). The rainfall data were obtained in a station at

Lameiro, Crato (07°14'00'' S; 39°25'00'' W) within 10 km of the

two localities (FUNCEME 2012).

Estimates of richness and abundance of the adult anuran

species were carried out from September 2011 to August 2012 in

TECG, and from October 2011 to September 2012 in FMB.

Visual and acoustic encounter surveys were performed monthly,

with one collection day for each sampled community. In the dry

period (September to December 2011 and June to September

2012) recordings were made during shorter periods, approxi-

mately two to three hours sample effort, but in the rainy season

(January to May 2012) they started approximately at 17:00 h

and lasted until the end of vocalizations, with a total effort of

110 observer-hours. Three short-term samplings (one in TECG

and two in FMB) were made on nights after heavy rains (Heyer

et al. 1994), being added to the total sampling effort.

At FMB there were three water bodies, a permanent artificial

pond with 1726.6 m2 and depth up to 5 m in the rainy period and

two temporary ponds: P1 with approximately 36 m2 and 28 cm

depth and P2 with approximately 18 m2 and 39 cm depth. In

FMB, the active search of anurans was performed in the margin of

the permanent pond and adjacent vegetation during the sampling

period. The same sampling was carried in the temporary ponds

only during the rainy season, due to the short hydroperiod of these

bodies of water. At TECG one perennial stream belonging to the

Basin of Grangeiro River was sampled, with depth ranging from

20 cm to 85 cm. In TECG, four listening points were established,

each consisting of a quadrant of 10 m, approximately 50 m from

each other, with transect totaling 230 m (Figure 1b).

The abundance of species was estimated by acoustic records

with the index adopted by the North American Amphibian

Monitoring Program NAAMP (Royle 2004): (0) no individual

vocalizing; (1) vocalizations sparse, without overlapping,

and number of individuals estimated between 1 and 10;

(2) vocalizations overlap, but it is still possible to individualize

them and to estimate the number of individuals (11 -

35 individuals); and (3) formation of chorus in which the

individual vocalizations are indistinguishable and the number

of individuals cannot be determined (4 35) (Crouch & Paton

2002). Moreover total abundance was considered equal to that

of the month with the highest abundance (Bertoluci &

Rodrigues 2002, Vasconcelos & Rossa-Feres 2005).

In relation to seasonality, species were classified into three

groups according to their reproductive pattern (vocalization

activity) (sensu Wells 1977): (I) species that showed a prolonged

reproductive period, with vocalization activity for more than five

months; (II) species that displayed an intermediate reproductive

period, with vocalization activity lasting three to four months;

and (III) species with an explosive reproductive pattern, showing

vocalization activity for some nights to two months.

The microhabitats and substrates utilized for the vocalizations

were classified as: vegetation, on the ground, water, rocks and

leaflitter. The reproductive modes were determined on the basis of

the observation of the type of oviposition and amplexus, and

classified according to Haddad & Prado (2005). For those species
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whose reproductive modes could not be determined by field

observations, it was used literature data. Monthly rainfall was

obtained at FUNCEME (2012) and the temperature and humidity

were obtained periodically during the collection of data through a

digital termohygrometer.

Voucher specimens were collected manually, euthanized

with 2% lidocaine solution, fixed in 10% formalin and later

preserved in 70% ethanol (Auricchio & Salomão 2002). They

are deposited in Coleção Herpetológica da Universidade

Regional do Cariri - URCA-H (Appendix 1).

The relationship between the abundance of individuals vocaliz-

ing in the sampled months and the abiotic variables (temperature,

humidity and rainfall) was tested with the Generalized Least Squares

(GLS) test using the programGretl (version 1.9.92). To compare the

similarity of the Chapada do Araripe species composition with that

of other ‘‘brejos-de-altitude’’ a cluster analysis was performed with

1.26 PAST software (Hammer et al. 2001), using a matrix of

presence/absence of species per area and the Jaccard similarity index.

To complement the matrix about the studied region, data on

‘‘Cerradão’’ and ‘‘humid forest’’ areas of Chapada do Araripe

(CAR), present in Ribeiro et al. (2015), were added. For this analysis

the following locations were used: RESEC Serra Negra (SNE),

Brejo dos Cavalos (BCA), Triunfo (TRI), Fazenda Buriti (FBU),

PARNA Catimbau (CAT), Planalto da Ibiapaba (PIB), Serrado

Baturité (SBA), and Serra da Aratanha (SAR).

Results

1. Richness

Anurans of 14 species distributed in five families were found

(Table 1). Hylidae presented the highest richness (six species,

42.86%), followed by Leptodactylidae (five species, 35.71%) and

Bufonidae, Odontophrynidae and Pipidae, each one with one

species (7.14%) Thirteen species were observed at TECG, while

eleven species were recorded at FMB. Ten species were common

to both environments whereas Pipa carvalhoi was only found in

the FMB and Corythomantis greeningi, Hypsiboas raniceps and

Leptodactylus vastus were found only in TECG.

The anurofauna of the Chapada do Araripe showed a

higher similarity with the one from Planalto da Ibiapaba (0.59)

and the "Brejos-de-altitude" of Ceará state formed a cluster

distinct from the one formed by the ‘‘Brejos-de-Altitude’’ of

Pernambuco. The coefficient of cophenetic correlation for the

cluster analysis was 0.95 (Figure 2).

2. Spatial distribution

In FMB, nine species were registered in calling activity, four

with terrestrial habits (Adenomera sp., L. troglodytes, P. cuvieri,

and R. jimi), four with arboreal habits (D. minutus, D. soaresi,

and P. nordestina, S. x-signatus) and one with aquatic habits

Figure 1. Schematic representation, observation without scale, of areas sampled in the Chapada do Araripe, Ceará. 1A) Representation of the two
study areas: 1 – Foothills – Trilha Ecológica do Clube Grangeiro (TECG), 2 – Top – Fazenda Malhada Bonita (FMB); 1B) Representation of the
collection points: LP – Listening points in TECG, AP – Artificial Pond, P1 and P2 – Temporary ponds in FMB.
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(P. carvalhoi). The microhabitats used as vocalization sites were:

a) leaf litter, under dead leaves generally in the forest at a distance

over 15 m from streams for Adenomera sp.; b) subterranean holes

by L. troglodytes; c) ground, generally associated with grass, by

S. x-signatus; d) edges of water bodies, by P. cuvieri and also

D. minutus (deptho1 cm); e) water, with the members underwater

by R. jimi (depth 23 to 80 cm); f) marginal vegetation, perched at

a height varying from 2 cm to 2.04 m from the ground with

a distance of approximately 5 m from the water edges, utilized by

arboreal species (height from the ground: D. minutus 30 cm to

2.04 m, D. soaresi 40 cm to 1.5 m, P. nordestina 10 cm to 1.93 m);

and g) water with depth o1 m used by P. carvalhoi (Figure 3).

Table 1. Anuran species recorded in foothill (Trilha Ecológica do Clube Grangeiro – TECG) and top (Fazenda Malhada Bonita – FMB) of the
Chapada do Araripe, Ceará state, from September 2011 to September 2012, with the relative abundance of the families. Reproductive modes sensu
Haddad & Prado (2005). – ¼ Reproductive mode no determined. Source of reproductive modes: * ¼ this study, a ¼ Arzabe 1999, b ¼ Provete
et al. 2011.

Relative abundance/

Families (%)

Species TECG FMB Reproductive mode Source

Bufonidae (7.14) Rhinella jimi (Stevaux, 2002) x x 1 *

Hylidae (42.86) Corythomantis greeningi Boulenger, 1896 x 1 *

Dendropsophus minutus (Peters, 1872) x x 1 *

Dendropsophus soaresi (Caramaschi & Jim, 1983) x x 1 *

Hypsiboas raniceps (Cope, 1862) x 1 a

Phyllomedusa nordestina Caramaschi, 2006 x x 24 *

Scinax x-signatus (Spix, 1824) x x 1 *

Leptodactylidae (35.71) Adenomera sp. x x – –

Physalaemus cuvieri Fitzinger, 1826 x x 11 *

Leptodactylus mystaceus (Spix, 1824) x x 13 b

Leptodactylus troglodytes A. Lutz, 1926 x x 30 *

Leptodactylus vastus A. Lutz, 1930 x 11 *

Odontophrynidae (7.14) Proceratophrys aridus Cruz,

Nunes & Juncá, 2012

x x 1 *

Pipidae (7.14) Pipa carvalhoi (Miranda-Ribeiro, 1937) x 15 *

Figure 2. Dendrogram of similarity in anuran composition between the Chapada do Araripe with areas of ‘‘Brejos-de-altitude’’, based on the
Jaccard index. Chapada do Araripe ¼ CAR, RESEC Serra Negra ¼ SNE, Brejo dos Cavalos ¼ BCA, Triunfo ¼ TRI, Fazenda Buriti ¼ FBU,
PARNA Catimbau ¼ CAT, Planalto da Ibiapaba ¼ PIB, Serra de Baturité ¼ SBA, and Serra da Aratanha ¼ SAR.
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In TECG, five species were registered in calling activity

(Adenomera sp., L. vastus, P.aridus, and P. cuvieri of terrestrial

habits and the arboreal species C. greeningi). The substrates utilized

by these were the following: a) ground, with a distance of 30 cm

from streams, by P. aridus; b) leaflitter, under dead leaves generally

in the forest at a distance over 15 m from streams by Adenomera

sp.; c) rocks, inside cracks, forC. greeningi; d) and water margins of

small running streams utilized by P. cuvieri and L. vastus (Figure 4).

Six reproductive modes were recorded, according to field

observations and literature data (Table 1): Mode 1, with egg laying

Figure 3. Schematic representation (without scale) of anuran spatial distribution at Fazenda Malhada Bonita, Chapada do Araripe:
1) Leptodactylus troglodytes; 2) Physalaemus cuvieri; 3) Rhinella jimi; 4) Scinax x-signatus; 5) Dendropsophus minutus; 6) Dendropsophus soaresi;
7) Phyllomedusa nordestina; 8) Pipa carvalhoi; 9) Adenomera sp.; AP ¼ Artificial Pond; P1, P2 ¼ Temporary ponds.

Figure 4. Schematic representation (without scale) of anuran spatial distribution at Trilha Ecológica do Clube Grangeiro, Chapada do Araripe:
1) Proceratophrys aridus; 2) Corytomantis greeningi; 3) Adenomera sp.; 4) Physalaemus cuvieri; 5) Leptodactylus vastus.
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and development of tadpoles in lentic water, was the most common,

occurring in seven species of the families Bufonidae, Odonto-

phrynidae and Hylidae; Mode 11, where there is the construction of

foam nests on the water surface and the development of the

tadpoles in lentic water, was the second most representative with

two Leptodactylidae species; Mode 13, foam nest floating on water

accumulated in constructed basins, exotrophic tadpoles in ponds

(one Leptodactylidae species); Mode 15, with eggs deposited in

depressions on the dorsum of the female with indirect development

in the water, (one Pipidae species); Mode 24, with egg laying on the

vegetation above the water and aquatic larval development (one

Hylidae species); Mode 30, with spawning in foam nests in

subterranean chambers, (one Leptodactylidae species).

The terrestrial species exhibited four reproductive modes

(modes 1, 11, 13 and 30), the arboreal species two (1 and 24)

and the aquatic species one (mode 15). For Adenomera sp. no

oviposition, amplexus, tadpoles or recently metamorphosed

juveniles were observed. The reproductive modes of H. raniceps

and L. mystaceus were identified from the literature.

3. Temporal distribution

Nine species were observed in calling activity in FMB

(Adenomera sp., D. minutus, D. soaresi, L. troglodytes,

P. carvalhoi, P. cuvieri, P. nordestina R. jimi and S. x-signatus),

while, five species vocalized in TECG (Adenomera sp., C. greeningi,

L. vastus, P. aridus, P. cuvieri). Two species (H. raniceps and

L. mystaceus) vocalized outside the sampled water bodies and thus

their reproductive period was not determined. Pipa carvalhoi

presents aquatic vocalization activity (Weygoldt 1976), which

prevents the determination of its reproductive period.

The majority of the species showed vocalization activity

during the most humid and warm months of the year (October

to March; Table 2). However, R. jimi was found in vocalization

activity during the driest months. Males of S. x-signatus

vocalized for ten months in the dry as well as in rainy season,

and P. nordestina and D. minutus showed a period of

vocalization that started at the end of the dry season and

continued throughout the rainy season.

The abundance of vocalizing anurans was greater in FMB

than in TECG. In TECG, there was a maximum of three species

per night of observation, with an estimated number of individuals

between 1 and 10. Meanwhile in FMB, there was up to seven

species per night of observation in March, and great abundance,

specially of D. soaresi, P. nordestina, P. cuvieri and S. x-signatus,

with more than 35 calling individuals during some nights.

Despite the greater number of species vocalizing from

October to March in TECG, corresponding to rainy season,

there was no correlation between the abundance of individuals

vocalizing and the abiotic variables. At FMB, on the other

hand, the monthly abundance of individuals vocalizing was

influenced only by rainfall (Table 3).

In the studied areas, many species vocalized at the same

time (Table 4), and it was possible to identify two temporal

vocalization patterns: (a) dusk until midnight (C. greeningi,

P. aridus, Adenomera sp., L. troglodytes); (b) dusk until dawn

(D. minutus, D. soaresi, P. nordestina, P. cuvieri, R. jimi, and

S. x-signatus).

Discussion

1. Richness

In the past few years, the number of studies focusing

anuran species composition in the Caatinga domain has

increased (Rodrigues 2003, Albuquerque 2012). Even so, there

is still a need for information about natural history and

ecology, scant for the majority of Neotropical species,

especially in Caatinga (Borges-Nojosa & Caramaschi 2003).

The richness of anurans in the southern region of Ceará state is

well inventoried. Ribeiro et al (2012) pointed 31 species of anurans

for the Bioregion of Araripe, which includes the Chapada do

Locality Species S O N D J F M A M JJ A S Category

FMB

Temperature (°C)
Humidity (%)

TECG

Temperature (°C)
Humidity (%)
Rainfall (mm)

Rhinella jimi
Dendropsophus minutus
Dendropsophus soaresi
Phyllomedusa nordestina
Scinax x-signatus
Adenomera sp.
Physalaemus cuvieri
Leptodactylus troglodytes

Corythomantis greeningi

Adenomera

Physalaemus cuvieri

Leptodactylus vastus

Proceratophrys aridus

III
I

III
I
I
II
III
II

III

II

II

III

III

8.425.914.811.916.327.021.225.221.024.225.322.32
8.63643.067.786.568.851.37469.081.462.264.36

6.221.422.526.425.328.321.322.426.428.423272
945.162.168.469596077.96455.362662.1

000514491196288177121385910

Table 2. Anuran calling patterns, categories of seasonal distribution (I ¼ Extended, II ¼ Intermediate, III ¼ Explosive), Trilha Ecológica do
Clube Grangeiro (TECG) from September 2011 to August 2012 and top Fazenda Malhada Bonita (FMB) from October 2011 to September 2012, at
Chapada do Araripe, Ceará.
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Araripe and regions of adjacent Caatinga. This same author and

collaborators (Ribeiro et al. 2015), in a recent study recorded

25 species of anurans only for the Chapada do Araripe.

The composition of the Chapada do Araripe anuran commu-

nity was similar to that of the Planalto da Ibiapaba, both being

‘‘brejos’’ that receive strong influence of xeric environments

(Loebmann & Haddad 2010). This influence is related to historical

processes of forest decline occurred in the Quaternary, which

promoted the existence of these islands of rainforest surrounded by

the xeric Caatinga vegetation (Ribeiro et al. 2015).

The clustering of the ‘‘brejos-de-altitude’’ of Ceará, in a group

apart from those of Pernambuco, suggests that, as stated by

Santos et al. (2007) based on analysis of floral composition the

‘‘brejos-de-altitude’’ did not comprise a single biogeographical

entity. It is possible that the ‘‘brejos-de-altitude’’ of Ceará form a

particular center of endemism (I. J. Roberto, unpublished data).

2. Spatial distribution

The coexistence of several anuran species is possible due to

the exploitation of microhabitats with distinct characteristics

(Cardoso et al. 1989, Pombal Jr. 1997, Vasconcelos & Rossa-

Feres 2005, Kopp & Eterovick 2006, Maffei & Jim 2011), where

the occupation of different sites of reproduction by synchro-

nopatric species of anurans can function as a mechanism of

isolation (Andrade 1994, Ávila & Ferreira 2004, Vieira et al.

2007). However, other factors may have an influence in species

segregation, such as differentiation in advertisement calls

(Pombal Jr. 1997), morphological and behavioral features

(Crump 1974, Toft 1985), historical factors (Eterovick &

Fernandes 2001), seasonality, habitat and predation (Eterovick

& Sazima 2000) and stochastic processes (Bonner et al. 1997).

The number of microhabitats used was greater in FMB

than in TECG, and the majority of species utilized terrestrial

microhabitats as vocalization sites. It was also observed the

vertical stratification of the hylids, which utilized the same

substrate (vegetation) at different heights (Prado & Pombal Jr.

2005). Dendropsophus soaresi, P. nordestina, L. troglodytes and

P. cuvieri utilized the artificial lake as well as the temporary

ponds for call and oviposition, indicating their plasticity with

respect to the type of habitat utilized in reproduction. Scinax

x-signatus and P. nordestina were the most abundant species in

FMB, and are considered common species to the Caatinga.

A higher diversity of reproductive modes can be found in

environments with complex vegetation structure, which pro-

vides moist microhabitats necessary to reproduction (Xavier &

Napoli 2011). In the present study, we found few reproductive

modes at the two sites, being species with the mode 15

exclusively found at FMB. The majority of the species observed

laid their eggs directly in the water, one of the more primitive

strategies utilized by anurans. Arzabe (1999) when studied the

anurans in Maturéia, a high altitude region, found similar

results about the reproductive modes, with greater number of

species utilizing mode 1.

Some species presented reproductive modes where the eggs

are deposited in foam nests. The maintenance of eggs or larvae

in development inside foam nests increases their protection

against predators and desiccation (Heyer 1969). Nests in

subterranean chambers usually constructed by males, can be

a refuge also for adults, besides serving as a place for

oviposition (Arzabe & Almeida 1997, Arzabe & Prado 2006).

3. Temporal distribution

Reproduction in anurans is commonly limited to certain

periods of the year, and this reproductive seasonality is mainly

conditioned by rain precipitation and temperature (Cardoso &

Martins 1987). The Caatinga is an environment with high

temperatures, low relative humidity levels, low cloudiness and

mainly low and irregular rainfall, limited in most of the area to

Table 3. Correlation of the abundance of anurans of two locations (TECG and FMB) in Chapada do Araripe with abiotic data.

Localities R2
GLS AICc p Rainfall Temperature Humidity

Std. Error p Std. Error p Std. Error p

TECG -0.09 60.54 0.04 0.009 0.09 0.44 0.43 0.14 0.60

FMB 0.27 135.69 0.23 0.25 0.05 4.27 0.29 0.56 0.89

Table 4. Turn of vocalization (17:00 to 06:00) of anuran species at Chapada do Araripe, from September 2011 to September 2012. NAAMP: 0 (no
individual vocalizing); 1 (1 – 10 individuals vocalizing); 2 (11 – 35 individuals vocalizing); 3 (4 35 individuals vocalizing).

Species 17:00 18:01 19:01 20:01 21:01 22:01 23:01 00:01 01:01 02:01 03:01 04:01 05:01

18:00 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 03:00 04:00 05:00 06:00

R. jimi 1 1 1 1 1 1 1 1

C. greeningi 1 1 1

D. minutus 1 1 1 1 1 1 1 1

D. soaresi 1 3 3 3 3 3 3 3 3 3 3 2 1

P. nordestina 1 3 3 3 3 3 3 3 3 2 2 2 1

S. x-signatus 1 2 2 3 3 3 3 3 3 3 2 1 1

Adenomera sp. 1 1 1 1

P. cuvieri 1 3 3 3 3 3 3 3 3 3 3 2 1

L. troglodytes 1 1 1 1

L. vastus 1 1 1

P. aridus 1 1 1 1
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a very short period of the year (Reis 1976). Accordingly, the

majority of species reproduce in restricted periods of the year

(Arzabe 1999, Vieira et al. 2007), since the larvae need an

aquatic environment to develop.

In FMB, there was greater abundance of vocalizing anurans

compared with TECG, possibly due to the presence of lentic

water bodies, such as the artificial reservoir and temporary

ponds, which shows greater stability, thereby providing higher

richness of species and greater abundance of individuals

(Vasconcelos & Rossa-Feres 2005). On the other hand, in

TECG the presence of lotic water body, forming streams, are

subject to abrupt changes in water regime in the rainy period,

which can represent risk to the integrity of egg clutches and

tadpoles that can be carried away by strong flows to places not

suitable to their development (Grandinetti & Jacobi 2005).

In TECG, anuran reproductive activity was recorded only

during the rainy season, because in this period there is the

formation of small flooded areas where the anurans can deposit

their eggs. However, March, the month with the greatest

volume of rainfall (269 mm), did not presented the highest

number of species vocalizing. According to Moreira & Barreto

(1997), climatic effects on anurans are known in various

populations, where annual variations in precipitation generally

affect the hydroperiod of the ponds, influencing the number of

individuals that reproduce there.

The species C. greeningi, P. aridus, Adenomera sp. and

L. troglodytes displayed relatively short periods of diel calling

activity, which end up to 22:00 h, probably due to the small

number of males vocalizing, because according to Cardoso &

Haddad (1992) the greater the number of active individuals the

greater would be the shift time. Although some species had

demonstrated vocalization throughout the night, all species

showed a vocalization peak in the first half of the night (earlier

in the cold months and later in the warm months). This pattern,

which appears to be common, remains without adequate

explanation (Cardoso & Martins 1987). Perhaps this pattern

occurs because females approach reproduction sites in the

beginning of the night, since they would have more time for

spawning in them, avoiding predation by visually oriented

animals (Pombal Jr. 1997). Another factor that can have an

influence is temperature, which is higher in the first half of the

night, thereby being more suitable for vocalization, while in the

second half of the night, the temperature decreases, which can

limit the activity of the anurans (Cardoso & Martins 1987,

Cardoso & Haddad 1992, Pombal Jr. 1997).

The composition of anurans of Chapada do Araripe showed

greater similarity to the Planalto da Ibiapaba and the number of

reproductive modes was similar to the study conducted in the

municipality of Maturéia (a high altitude area). The majority of

species vocalized on the ground and the reproductive period was

relatively short, coinciding with the rainy period.
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5:305–341.

ANDRADE-LIMA, D. 1961. Tipos de floresta de Pernambuco. An.
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Herpetol. 18:5–18.

PRADO, G.M. & POMBAL JR., J.P. 2005. Distribução espacial e

temporal dos anuros em um brejo da Reserva Biológica de Duas

Bocas, sudeste do Brasil. Arq. Mus. Nac. 63(4):685–705.

PROVETE, D.B., GAREY, M.V., SILVA, F.R., ROSSA-FERES, D.C.

2011. Anurofauna do noroeste paulista: lista de espécies e chave
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Abstract: Studies on floristic and structural variations of forests in relation to altitude have contributed

to the knowledge of patterns and causes of spatial distribution of plants in the Atlantic Forest.

Geographical variables such as latitude, longitude and altitude result in different vegetation types, which

limits newly established are not consensus. In the north coast of São Paulo state altitudes vary from the

Restinga Forest, near the sea level, to the vegetation at the top of Cuscuzeiro Mountain at 1,279 m

altitude. In order to evaluate the richness, taxonomic diversity, floristic similarity and the potential

indicator of Leguminosae in the characterization of different vegetation types of Atlantic Forest on the

northern coast of São Paulo, a matrix with the presence and absence of 142 species, in 15 different

altitudinal belts was built. The greatest species richness was observed in the Restinga Forest (0-10 m),

with 84 species, and in Montane Forest (500-1,200 m), with 69 species. The altitudinal belt with the

highest number of tree species was 10-50 m, with 34 species. In the higher altitudes that number was

significantly lower with six species of 1,100-1,200 m, and no species above this quota. The cluster analysis

(Jaccard index) showed dissimilarity of the belts 0-10 m and 1,100-1,200 m in relation to the intermediate

belts. The Lowland Forest and Submontane share the largest number of species (25). Some species

characterize certain formations or have their preferred environment located at a specific elevation, as is

the case of Abarema brachystachya and Inga subnuda (0-20 m), Inga lanceifolia, Inga mendoncaei and

Ormosia minor (800-1,200 m). Distinguished for occupying all the phytophysiognomies: Abarema

langsdorffii and Senna macranthera. Leguminosae, although well adapted to the first colonization and

exploration of diverse environment, was poorly represented above 1,100 m altitude.

Keywords: Ombrophilous Dense Forest, Fabaceae, phytophysiognomies, vegetation types.

SILVA, E.D., TOZZI, A.M.G.A., MEIRELES, L.D. Leguminosae em um gradiente altitudinal na

Floresta Atlântica do Parque Estadual da Serra do Mar, São Paulo, Brasil. Biota Neotropica. 16(1):

e20140130. http://dx.doi.org/10.1590/1676-0611-BN-2014-0130

Resumo: Estudos sobre variações florı́sticas e estruturais da floresta em relação à altitude têm

contribuı́do para o conhecimento dos padrões e causas da distribuição espacial de plantas na Floresta

Atlântica. Variáveis geográficas como latitude, longitude e altitude resultam em diferentes fitofisiono-

mias, cujos limites recentemente estabelecidos não são um consenso. No litoral norte do estado de São

Paulo as altitudes variam desde a Floresta de Restinga, próximo ao nı́vel do mar, até a vegetação do

topo do morro do Cuscuzeiro a 1.279 m de altitude. Para avaliar a riqueza, a diversidade taxonômica,

similaridade florı́stica e o potencial indicador de Leguminosae na caracterização das diferentes

fitofisionomias da Floresta Ombrófila Densa no litoral norte de São Paulo foi construı́da uma matriz

com a presença e ausência de 142 espécies em 15 diferentes faixas altitudinais. A maior riqueza de

espécies foi observada na Floresta de Restinga (0-10 m), com 84 espécies, e na Floresta Montana (500-

1.200 m), com 69 espécies. A faixa altitudinal com maior número de espécies arbóreas foi a de 10-50 m,

com 34 espécies. Nas maiores altitudes esse número foi expressivamente menor, seis espécies de 1.100-

1.200 m e nenhuma acima dessa cota. A análise de agrupamento (ı́ndice de Jaccard) revelou

dissimilaridade das faixas 0-10 m e 1.100-1.200 m em relação às faixas intermediárias. A Floresta de

Terras baixas e a Submontana compartilham o maior número de espécies (25). Algumas espécies

caracterizam certas formações ou têm o seu ambiente preferencial localizado em uma altitude especı́fica,

como é o caso de Abarema brachystachya e Inga subnuda (0-20 m), Inga lanceifolia, Inga mendoncaei e

Ormosia minor (800-1.200 m). Destacam-se por ocupar todas as fitofisionomias: Abarema langsdorffii e
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Senna macranthera. Leguminosae, embora bem adaptada à primeira colonização e exploração de

diversos ambientes, está pobremente representada acima de 1.100 m de altitude.

Palavras-chave: Floresta Ombrófila Densa, Fabaceae, fitofisionomias, tipos de vegetação.

Introduction

The Atlantic Forest, the second largest rain forest in South

America and one of the world’s richest in biodiversity and

endemism (Mori et al. 1981, Joly et al. 1999, Myers et al. 2000),

is located along the Brazilian coast occupying approximately

16,377,472 ha or 11.7% of its original formation, which was 150

million hectares (Ribeiro et al. 2009). Most continuous

remnants of Atlantic Forest are located primarily in the state

of São Paulo and Paraná coast in southeastern Brazil. In São

Paulo, where there is only 5% of native forests with little

anthropic action, the mountainous regions stand out, especially

the facade of the Serra do Mar (Kronka et al. 2003). The Serra

do Mar is a set of festooned scarps with about 1,000 km

stretching from Rio de Janeiro to the north of Santa Catarina,

where it ceases to exist as an orographic unit of scaped rim

plateau and falls apart in strands of parallel mountain ranges

and isolated mountains drained directly into the sea, especially

by the basin of Itajaı́ River (Almeida & Carneiro, 1998).The

flora of the Atlantic Forest have been inventoried and patterns

of richness and diversity described and interpreted, especially at

the level of communities. Distribution patterns of the most

representative families, however, have been little explored.

The Leguminosae (or Fabaceae) is the second largest family

of eudicotyledons and is comprised of approximately 727

genera and 19,327 species (Lewis et al. 2005). It presents a wide

geographical distribution and is characterized by high species

richness in various vegetation types in different regions of the

world, from peaks of high mountains to the sandy coastline,

tropical rainforest to deserts. There are even aquatic species

(Lewis 1987). In Brazil about 212 genera and 2,722 species

(Lima et al. 2012) were cataloged, which occurrence is very

significant in most vegetation types, especially the Atlantic

Forest, where the family has high representation among the

elements of the tree layer (Lima 2000). Recent estimates of

Lima et al. (2009) lists 945 species of Leguminosae for the

Atlantic Forest, and 391 would be unique to that phytogeo-

graphic domain.

Floristic inventories and phytosociological studies con-

ducted in various regions of the Atlantic Forest from Bahia to

Paraná (Mantovani 1991, Marques et al. 1997, Silva 1998,

Assis 1999, Tabarelli & Mantovani 1999, Oliveira Filho &

Fontes 2000, Pereira & Assis 2000, Scudeller et al. 2001,

Lacerda 2001, Borém & Oliveira-Filho 2002, Mamede et al.

2004, Peixoto et al. 2005, Schmidlin 2005, Amorim et al. 2009,

Meireles 2009, Assis et al. 2011) are already providing evidence

of the importance of the Leguminosae family in the composi-

tion and structure of this forest. For the Atlantic Forest of São

Paulo, however, where there is an expressive representativity of

the family, floristic surveys in different remaining areas are

scarce, especially surveys on the Caesalpinioideae and Mimo-

soideae subfamilies.

Analysis of plant diversity in tropical forest altitudinal

gradients (Richards 1996, Gentry 1988, Kitayama 1992,

Vasquez & Givnish 1998) suggest that the main trend observed

with increasing altitude is the decrease in number of species,

mostly trees. Rich families in trees as Leguminosae, Sapotaceae,

Myristicaceae, Meliaceae, Sapindaceae, Burseraceae and Chry-

sobalanaceae are poorly represented in neotropical montane

forests (Gentry 1988). Factors such as altitude and topography

create different microsites, causing heterogeneous distribution of

species and structural differences in communities (Whitmore

1984). In most studies in gradients this heterogeneity is

associated with precipitation levels, soil physicochemical char-

acteristics, differences in temperature, changes in air humidity,

wind speed, fog and luminosity.

Research on floristic and structural changes in arboreal

vegetation in relation to elevation performed in the Atlantic

Forest (Rodrigues & Shepherd 1992, Roderjan 1994, Lacerda

2001, Custódio Filho 2002, Blum & Roderjan 2007, Berton-

cello 2009) have contributed to the knowledge of patterns and

causes of spatial variability of plants in Brazilian forests.

However, there is not sufficient information on how the main

families of angiosperms are distributed in relation to altitude.

Studies conducted in altitudinal gradients in Serra do Mar

(Roderjan 1994, Lacerda 2001, Custódio Filho 2002, Berton-

cello 2009) have shown that species richness decreases at higher

altitudes, however, due to the small number of studies and

differences among methods of analysis and sampling area,

these issues are not fully understood yet.

The main objectives of this study were to investigate: which

altitudinal zones present higher riches for the species of

Leguminosae; if the genera, tribes or subfamilies of Legumi-

nosae are equally distributed along the gradient or if there is an

evident differentiation within these groups; what is the

altitudinal amplitude of each species along the found phyto-

physiognomies; if there are species that could be indicators of

local vegetation formations in this part of Serra do Mar; if

substitution of species occurs along the gradient; what are the

altitudinal zones with higher floristic similarity within the

studied range.

Material and methods

The study area is located in the northeastern region of São

Paulo state, in Picinguaba and Santa Virgı́nia Nucleus, Serra

do Mar State Park (Figure 1). The Picinguaba Nucleus is

located in Ubatuba and Santa Virgı́nia Nucleus covers the

municipalities of São Luis do Paraitinga (70%), Cunha (20%)

and Ubatuba (10%).

In the Picinguaba Nucleus three areas of study were

utilized. The first is located near the headquarters of the

Nucleus, in the single portion of the Serra do Mar State Park

that reaches the coastline, where we can find the Restinga

Forest. Restinga, considering here the botanical (Rizzini 1997,

Assis et al. 2004) and geomorphological (Suguio & Tessler

1984) concepts, is a vegetation complex with strong marine

influence which develops in Quaternary sandy sediments

resulting from variations in sea level that occurred during the

Holocene. The second, is located to the west of the headquarter

of the Nucleus where the Ombrophilous Dense Forest prevails

(according to Veloso et al. 1991, recently updated et IBGE

2012). The third is located near the central-south headquarter

in the city of Ubatuba where the Ombrophilous Dense Forest

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2014-0130
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also occurs. The climate in Picinguaba is tropical humid (Setzer

1966), with no dry season, with average annual precipitation

exceeding 2,200 mm. The soils, in a study conducted by

Lacerda (2001) on the coastal plain up to 1,000 m altitude,

showed up acid, poor in nutrients, with high levels of aluminum

and organic matter and low fertility.

In the surrounding areas of the Picinguaba Nucleus

collections were carried out at altitudes that range from the

Restinga Forest, near the sea level up to the vegetation at the

top of Cuscuzeiro Mountain at 1,279 m altitude (Figure 1). The

areas near the south-central base comprise the ones located at

altitudes ranging from 25 m near the Capricórnio Farm to the

top of the Seringa Mountain at 1,090 m altitude. In Santa

Virgı́nia Nucleus collections were also carried out in two areas

of the Ombrophilous Dense Forest. The first, located near the

headquarter of the nucleus at altitudes which vary from 850-

1,100 m, and the second near the Vargem Grande headquarter

from 819 m altitude up to the vegetation at the top of

Corcovado Mountain at 1,168 m altitude. Collections along

highway Oswaldo Cruz, which connects the city of Ubatuba to

the head office in Santa Virgı́nia Nucleus at the top of Serra do

Mar were also carried out. The weather in the region of Santa

Virgı́nia is tropical temperate (Setzer 1966) with no dry season,

with average annual precipitation greater than 2,000 mm.

The floristic survey involved the collection of shrubs

(including vine), trees and lianas. Herbaceous plants were not

found. The classification as for the habit followed the model

proposed by Whittaker (1975). The trips to the study area were

taken monthly between 2006 and 2009 going through trails in

different vegetation types. All material collected is incorpo-

rated into the collection of the UEC Herbarium. Voucher

material was selected and the name and number of the

collector, followed by the herbarium acronym, was inserted

after the name of the species (Table 1). The terminology used to

indicate the native, alien or naturalized species is the one

proposed by Pysek et al. (2004). Information concerning the

origin of these taxa were obtained in the List of Species of

Brazilian Flora (2015). In the same table, codes were inserted

concerning the environment in which each species was found in

the study area (native forest, anthropized forest or both). The

final list was complemented with other botanists collections

previously conducted in the study area and deposited in

herbaria. The identification of specimens was based on

literature consultation and on the comparison of materials

deposited in the herbaria in São Paulo state (UEC, SP, SPF,

ESA and HRCB, which acquis has the Flórula Picinguaba

collection) in herbaria from other states (HB, MBM, R and

RB) and foreign herbaria (US and NY).

Distribution data used in the discussion is the result of the

collected information on reviews and theses, herbarium

material and geographical distribution sites (ILDS Legume

Database 2012, Species link 2013 and List of Species of

Brazilian Flora 2015). To verify the distribuition of taxa of

Leguminosae along a gradient, a matrix of presence and

absence of species was elaborated and applied to 15 different

belts. The altitudinal amplitude of each belt, just after

Lowland, is 100 m and have as its main objective to find out

the extent of altitudinal variation of each specie along the

phytophysiognomies. The data relating to location and altitude

was obtained through the use of GPS. In some cases, when the

altitude reading by the GPS was impossible, estimates from

known points were made. These phytophysiognomies were

adapted from the classification system proposed by Veloso et

al. (1991) and adopted by IBGE (Brazilian Institute of

Geography and Statistics), recently updated et IBGE 2012, in

which the Ombrophilous Dense Forest, in the domain area of

the Atlantic Forest, has been subdivided into four zones

ordered according to the latitudinal and altimetric variations.

The Restinga-Lowland transition, which occurs up to five

meters in the IBGE system, was extended to 10 meters in this

study as we observed that many known species of Restinga

occur beyond five meters.

To study the distribution of species along the altitudinal

gradient, cluster analysis and ordination with all tree species

were conducted. With a matrix of presence and absence of each

specie per altitudinal belts a similarity matrix between

altitudinal belts using the Jaccard index was calculated. It

was used the hierarchical clustering method - UPGMA to

produce a dendrogram with the similarity matrix to verify if the

forest formations would form well established groups. To

check for substitution of species along the altitudinal belts we

carried out a correspondence analysis (CA). An analysis using

Figure 1. Location of the study area in Picinguaba and Santa Virgı́nia Nucleus, Serra do Mar State Park. (adapted from MMA/IBGE 2004, SOS
Mata Atlântica/INPE 2010, MMA 2012).

http://dx.doi.org/10.1590/1676-0611-BN-2014-0130 http://www.scielo.br/bn

Biota Neotrop., 16(1): e20140130, 2016 3

Leguminosae in Atlantic Forest of Serra do Mar

http://dx.doi.org/10.1590/1676-0611-BN-2014-0130
www.scielo.br/bn


T
a
b
le

1
.
S
p
ec
ie
s
o
f
L
eg
u
m
in
o
sa
e
fo
u
n
d
in

a
lt
it
u
d
in
a
l
g
ra
d
ie
n
t
(f
ro
m

se
a
le
v
el

to
1
,2
7
9
m

a
lt
it
u
d
e)

in
th
e
A
tl
a
n
ti
c
F
o
re
st

o
f
th
e
P
ic
in
g
u
a
b
a
a
n
d
S
a
n
ta

V
ir
g
ı́n
ia

N
u
cl
eu
s.
N
o
sp
ec
ie
s
w
er
e
fo
u
n
d
a
b
o
v
e

1
,2
0
0
m

a
lt
it
u
d
e.

n
o
n
b
o
ld
:
n
a
ti
v
e
sp
ec
ie
s,

in
b
o
ld
:
a
li
en

sp
ec
ie
s,

u
n
d
er
li
n
ed
:
n
a
tu
ra
li
ze
d
sp
ec
ie
s,

&
n
a
ti
v
e
fo
re
st
,
J

a
n
th
ro
p
iz
ed

fo
re
st

(f
o
re
st

ed
g
e,

ro
a
d
s
o
r
tr
a
ck
s
w
it
h
lo
w

to
m
o
d
er
a
te

h
u
m
a
n

im
p
a
ct
),
B

b
o
th

fo
re
st
s.

R
es
ti
n
g
a

L
o
w
la
n
d

S
u
b
m
o
n
ta
n
e

M
o
n
ta
n
e

S
p
ec
ie
s
n
a
m
es
/c
o
ll
ec
ti
n
g
d
a
ta

H
a
b
it

0
-1
0
m

1
0
-5
0
m

5
0
-

1
0
0

m

10
0-

20
0
m

2
0
0
-

3
0
0
m

3
0
0
-

4
0
0
m

4
0
0
-

5
0
0
m

5
0
0
-

6
0
0
m

6
0
0
-

7
0
0
m

7
0
0
-

8
0
0
m

8
0
0
-

9
0
0
m

9
0
0
-

1
,0
0
0
m

1
,0
0
0
-

1
,1
0
0
m

1
,1
0
0
-

1
,2
0
0
m

1
,2
0
0
-

1
,2
7
9
m

C
a
es
a
lp
in
io
id
ea
e

B
a
u
h
in
ia

fo
rf
ic
a
ta

L
in
k
(S
il
v
a
9
8
9
U
E
C
)
J

tr
ee

x
x

x
x

x
x

x
x

x
x

x
C
h
a
m
a
ec
ri
st
a
d
es
va
u
x
ii
(C

o
ll
a
d
.)
K
il
li
p

(S
il
v
a
1
1
0
9
U
E
C
)
J

sh
ru

x
x

x

C
h
a
m
a
ec
ri
st
a
g
la
n
d
u
lo
sa

G
re
en

e
(S
il
v
a
1
0
6
8
U
E
C
)
J

sh
ru

x
x

x
C
h
a
m
a
ec
ri
st
a
n
ic
ti
ta
n
s
M
o
en

ch
(S
il
v
a
7
4
4
U
E
C
)
J

sh
ru

x
C
h
a
m
a
ec
ri
st
a
ro
tu
n
d
if
o
li
a
(P
er
s.
)
G
re
en

e
(S
il
v
a
8
1
8
U
E
C
)
J

sh
ru

x
x

x

C
o
p
a
if
er
a
la
n
g
sd
o
rf
fi
i
D
es
f.
(S
il
v
a
1
0
3
0
U
E
C
)
&

tr
ee

x
x

x
x

x
x

x
x

x
x

x
C
o
p
a
if
er
a
tr
a
p
ez
if
o
li
a
H
a
y
n
e
(S
il
v
a
8
8
3
U
E
C
)
&

tr
ee

x
x

x
x

x
x

x
x

H
y
m
en
a
ea

co
u
rb
a
ri
l
L
.
(C

a
m
p
o
s
9
7
4
U
E
C
)
&

tr
ee

x
x

x
x

x
P
h
a
n
er
a
a
n
g
u
lo
sa

(V
o
g
el
)
V
a
z
(S
il
v
a
6
4
7
U
E
C
)
&

li
a
n

x
x

x
x

x
x

x
x

x
x

x
x

P
h
a
n
er
a
m
ic
ro
st
a
ch
y
a
(R

a
d
d
i)
L
.P
.
Q
u
ei
ro
z

(S
il
v
a
1
0
3
5
U
E
C
)
&

li
a
n

x
x

x
x

x
x

x
x

P
o
in
ci
a
n
el
la

p
lu
vi
o
sa

D
C
.
(S
il
v
a
7
6
9
U
E
C
)
J

tr
ee

x
x

S
ch
iz
o
lo
b
iu
m

p
a
ra
h
y
b
a
(V

el
l.
)
S
.F
.
B
la
k
e
(S
il
v
a
1
0
2
8

U
E
C
)
B

tr
ee

x
x

S
en
n
a
m
a
cr
a
n
th
er
a
(D

C
.
ex

C
o
ll
a
d
.)

H
.S
.
Ir
w
in

&
B
a
rn
eb
y
(S
il
v
a
7
0
9
U
E
C
)
B

tr
ee

x
x

x
x

x
x

x
x

x
x

x
x

S
en
n
a
m
u
lt
ij
u
g
a
(R

ic
h
.)
H
.S
.
Ir
w
in

&
B
a
rn
eb

y
(S
il
v
a
7
1
2
U
E
C
)
B

tr
ee

x
x

x
x

x

S
en
n
a
p
en
d
u
la

(H
u
m
b
.
&

B
o
n
p
l.
ex

W
il
ld
.)

H
.S
.
Ir
w
in

&
B
a
rn
eb
y
(S
il
v
a
7
2
6
U
E
C
)
&

sh
ru

x

S
en
n
a
tr
o
p
ic
a
(V

el
l.
)
H
.S
.
Ir
w
in

&
B
a
rn
eb
y

(S
il
v
a
9
8
7
U
E
C
)
&

sh
ru

x
x

T
a
ch
ig
a
li
d
en
u
d
a
ta

(V
o
g
el
)
O
li
v
ei
ra
-F
il
h
o

(S
il
v
a
8
5
0
U
E
C
)
&

tr
ee

x
x

x
x

T
a
ch
ig
a
li
fr
ib
u
rg
en
si
s
(H

a
rm

s)
L
.F
.G

.S
il
v
a

&
H
.C

.L
im

a
(P
a
d
g
u
rs
ch

i
3
5
9
U
E
C
)
&

tr
ee

x

T
a
ch
ig
a
li
m
u
lt
ij
u
g
a
B
en
th
.
(S
il
v
a
6
5
5
U
E
C
)
&

tr
ee

x
x

x
M
im

o
so
id
ea
e

A
b
a
re
m
a
b
ra
ch
y
st
a
ch
y
a
(D

C
.)
B
a
rn
eb

y
&

J.
W

.
G
ri
m
es

(S
il
v
a
7
3
2
U
E
C
)
&

tr
ee

x

A
b
a
re
m
a
la
n
g
sd
o
rf
fi
i
(B
en

th
.)
B
a
rn
eb
y

&
J.
W

.
G
ri
m
es

(S
il
v
a
9
9
0
U
E
C
)
&

tr
ee

x
x

x
x

x
x

x
x

x

A
lb
iz
ia

pe
di
ce
ll
ar
is
(D

C
.)
K
le
in
h
.
(S
ilv
a
31
5
U
E
C
)
B

tr
ee

x
A
n
a
d
en
a
n
th
er
a
co
lu
b
ri
n
a
(V

el
l.
)
B
re
n
a
n

(S
il
v
a
1
1
5
5
U
E
C
)
B

tr
ee

x
x

x

A
n
a
d
en
a
n
th
er
a
p
er
eg
ri
n
a
(L
.)
S
p
eg
.

(S
il
v
a
3
9
0
U
E
C
)
J

tr
ee

x

In
g
a
b
a
rb
a
ta

B
en
th
.
(S
il
v
a
9
8
5
U
E
C
)
&

tr
ee

x
x

In
g
a
ca
p
it
a
ta

D
es
v
.
(S
il
v
a
8
8
2
U
E
C
)
B

tr
ee

x
x

x
x

x
In
g
a
ca
u
li
fl
o
ra

W
il
ld
.
(P
ra
ta

4
5
0
U
E
C
)
&

tr
ee

x
x

x
In
g
a
ed
u
li
s
M
a
rt
.
(S
il
v
a
3
5
6
U
E
C
)
B

tr
ee

x
x

x
x

In
g
a
fl
a
g
el
li
fo
rm

is
(V

el
l.
)
M
a
rt
.
(S
il
v
a
6
0
4
U
E
C
)
&

tr
ee

x
In
g
a
h
is
p
id
a
S
ch
o
tt

ex
B
en
th
.
(S
il
v
a
1
1
6
9
U
E
C
)
&

tr
ee

x
x

x
x

x
x

x
x

x
x

x
x

x
In
g
a
la
n
ce
if
o
li
a
B
en
th
.
(S
il
v
a
1
1
7
0
U
E
C
)
&

tr
ee

x
x

x
x

In
g
a
m
a
rg
in
a
ta

W
il
ld
.
(S
il
v
a
7
1
1
U
E
C
)
B

tr
ee

x
x

x
x

x
x

x
x

In
g
a
m
en
d
o
n
ca
ei

H
a
rm

s
(S
il
v
a
9
5
1
U
E
C
)
&

tr
ee

x
x

x
x

In
g
a
sc
h
in
if
o
li
a
B
en
th
.
(S
il
v
a
8
7
7
U
E
C
)
&

tr
ee

x
x

x
x

x
x

x
x

In
g
a
se
ss
il
is

(V
el
l.
)
M
a
rt
.
(S
il
v
a
3
6
6
U
E
C
)
B

tr
ee

x
x

x
x

C
o
n
ti
n
u
ed

o
n
n
ex
t
p
a
g
e

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2014-0130

4 Biota Neotrop., 16(1): e20140130, 2016

Silva, E.D. et al.

www.scielo.br/bn
http://dx.doi.org/10.1590/1676-0611-BN-2014-0130


T
a
b
le

1
.
C
o
n
ti
n
u
ed
.

R
es
ti
n
g
a

L
o
w
la
n
d

S
u
b
m
o
n
ta
n
e

M
o
n
ta
n
e

S
p
ec
ie
s
n
a
m
es
/c
o
ll
ec
ti
n
g
d
a
ta

H
a
b
it

0
-1
0
m

1
0
-5
0
m

5
0
-

1
0
0

m

10
0-

20
0
m

2
0
0
-

3
0
0
m

3
0
0
-

4
0
0
m

4
0
0
-

5
0
0
m

5
0
0
-

6
0
0
m

6
0
0
-

7
0
0
m

7
0
0
-

8
0
0
m

8
0
0
-

9
0
0
m

9
0
0
-

1
,0
0
0
m

1
,0
0
0
-

1
,1
0
0
m

1
,1
0
0
-

1
,2
0
0
m

1
,2
0
0
-

1
,2
7
9
m

In
g
a
st
ri
a
ta

B
en
th
.
(S
il
v
a
9
6
7
U
E
C
)
B

tr
ee

x
x

x
x

x
x

In
g
a
su
b
n
u
d
a
S
a
lz
m
.
ex

B
en
th
.
(S
il
v
a
6
8
5
U
E
C
)
B

tr
ee

x
In
g
a
ve
ra

W
il
ld
.
(S
il
v
a
7
2
3
U
E
C
)
J

tr
ee

x
In
g
a
vu
lp
in
a
M
a
rt
.
ex

B
en
th
.
(S
il
v
a
1
1
7
8
U
E
C
)
J

tr
ee

x
x

M
im

o
sa

b
im

u
cr
o
n
a
ta

(D
C
.)
K
u
n
tz
e
(S
il
v
a
3
1
1
U
E
C
)
B

tr
ee

x
M
im

o
sa

d
eb
il
is
H
u
m
b
.
&

B
o
n
p
l.
ex

W
il
ld
.

(S
il
v
a
5
7
1
U
E
C
)
J

sh
ru

x

M
im

o
sa

d
ip
lo
tr
ic
h
a
C
.
W
ri
g
h
t
ex

S
a
u
v
a
ll
e

(S
il
v
a
1
1
1
1
U
E
C
)
J

sh
ru

x
x

M
im

o
sa

el
li
p
ti
ca

B
en
th
.
(S
il
v
a
4
0
9
U
E
C
)
J

sh
ru

x
M
im

o
sa

in
vi
sa

M
a
rt
.
ex

C
o
ll
a
(S
il
v
a
1
1
9
2
U
E
C
)
J

sh
ru

x
M
im

o
sa

p
u
d
ic
a
L
.
(S
il
v
a
5
0
6
U
E
C
)
J

sh
ru

x
M
im

o
sa

q
u
a
d
ri
va
lv
is

L
.
(S
il
v
a
7
9
9
U
E
C
)
J

sh
ru

x
M
im

o
sa

ra
m
o
si
ss
im

a
B
en
th
.
(S
il
v
a
3
9
2
U
E
C
)
J

sh
ru

x
M
im

o
sa

sc
a
b
re
ll
a
B
en
th
.
(S
il
v
a
3
6
4
U
E
C
)
B

tr
ee

x
x

x
M
im

o
sa

ve
ll
o
zi
a
n
a
M
a
rt
.
(S
il
v
a
7
4
1
U
E
C
)
J

sh
ru

x
M
im

o
sa

sp
1
(S
il
v
a
3
6
9
(U

E
C
)
J

tr
ee

x
P
ip
ta
d
en
ia

a
d
ia
n
to
id
es

(S
p
re
n
g
.)
J.

F
.
M
a
cb

r.
(S
il
v
a
1
1
4
6
U
E
C
)
J

li
a
n

x
x

x
x

x
x

x

P
ip
ta
d
en
ia

g
o
n
o
a
ca
n
th
a
(M

a
rt
.)
J.
F
.
M
a
cb

r.
(S
il
v
a
6
5
3
U
E
C
)
B

tr
ee

x
x

P
ip
ta
d
en
ia

p
a
n
ic
u
la
ta

B
en

th
.
(S
il
v
a
6
3
1
U
E
C
)
B

tr
ee

x
x

x
x

x
x

x
x

x
x

x
x

P
se
u
d
o
p
ip
ta
d
en
ia

le
p
to
st
a
ch
y
a
(B
en

th
.)
R
a
u
sc
h
er
t

(S
il
v
a
1
1
5
8
U
E
C
)
&

tr
ee

x
x

x
x

x
x

x
x

x
x

x
x

P
se
u
d
o
p
ip
ta
d
en
ia

w
a
rm

in
g
ii
(B
en

th
.)
G
.P
.
L
ew

is
&

M
.P
.
L
im

a
(S
il
v
a
1
1
3
8
U
E
C
)
&

tr
ee

x
x

x
x

x

S
en
eg
a
li
a
g
ra
n
d
is
ti
p
u
la

(B
en
th
.)
S
ei
g
le
r
&

E
b
in
g
er

(S
il
v
a
5
5
5
U
E
C
)
B

sh
ru

x

S
en
eg
a
li
a
la
ce
ra
n
s
(B
en

th
.)
S
ei
g
le
r
&

E
b
in
g
er

(S
il
v
a
6
2
9
U
E
C
)
B

li
a
n

x
x

x
x

S
en
eg
a
li
a
m
a
rt
iu
si
a
n
a
(S
te
u
d
.)
S
ei
g
le
r
&

E
b
in
g
er

(S
il
v
a
7
7
5
U
E
C
)
B

li
a
n

x

S
en
eg
a
li
a
m
ie
rs
ii
(
B
en
th
.)

S
ei
g
le
r
&

E
b
in
g
er

(S
il
v
a
8
9
1
U
E
C
)
&

li
a
n

x

S
en
eg
a
li
a
p
a
n
ic
u
la
ta

(W
il
ld
.)
K
il
li
p
(S
il
v
a
1
0
8
4
U
E
C
)

J
li
a
n

x
x

x
x

x
x

S
en
eg
a
li
a
sp
1
(S
il
v
a
3
6
5
U
E
C
)
J

li
a
n

x
x

x
P
a
p
il
io
n
o
id
ea
e

A
es
ch
y
n
o
m
en
e
b
ra
si
li
a
n
n
a
(P
o
ir
.)
D
C
.
(S
il
v
a
7
3
6
U
E
C
)

J
sh
ru

x

A
es
ch
y
n
o
m
en
e
el
eg
a
n
s
S
ch
lt
d
l.
&

C
h
a
m
.

(S
il
v
a
3
9
9
U
E
C
)
J

sh
ru

x

A
es
ch
y
n
o
m
en
e
fa
lc
a
ta

(P
o
ir
.)
D
C
.,
P
ro
d
r.

(S
il
v
a
8
0
3
U
E
C
)
J

sh
ru

x

A
es
ch
y
n
o
m
en
e
p
a
n
ic
u
la
ta

W
il
ld
.
ex

V
o
g
.,
L
in
n
a
ea

(S
il
v
a
7
3
9
U
E
C
)
J

sh
ru

x

A
es
ch
y
n
o
m
en
e
se
n
si
ti
va

S
w

(S
il
v
a
5
3
9
U
E
C
)
J

sh
ru

x
A
n
d
ir
a
fr
a
x
in
if
o
li
a
B
en
th
.
(S
il
v
a
6
6
7
(U

E
C
)
&

tr
ee

x
x

A
n
d
ir
a
o
rm

o
si
o
id
es

B
en
th
.
(G

a
rc
ia

et
a
l.
4
9
0
H
R
C
B
)
&

tr
ee

x
x

x
x

x
x

C
a
ja
n
u
s
ca
ja
n
(L
.)
M
il
ls
p
.
(S
il
v
a
1
1
1
8
U
E
C
)
J

sh
ru

x
C
a
lo
p
o
g
o
n
iu
m

m
u
cu
n
o
id
es

D
es
v
.
(S
il
v
a
7
8
0
U
E
C
)
J

sh
ru

x
C
en
tr
o
se
m
a
a
re
n
a
ri
u
m

B
en
th
.
(S
il
v
a
4
2
7
U
E
C
)
J

sh
ru

x
sh
ru

x

C
o
n
ti
n
u
ed

o
n
n
ex
t
p
a
g
e

http://dx.doi.org/10.1590/1676-0611-BN-2014-0130 http://www.scielo.br/bn

Biota Neotrop., 16(1): e20140130, 2016 5

Leguminosae in Atlantic Forest of Serra do Mar

http://dx.doi.org/10.1590/1676-0611-BN-2014-0130
www.scielo.br/bn


T
a
b
le

1
.
C
o
n
ti
n
u
ed
.

R
es
ti
n
g
a

L
o
w
la
n
d

S
u
b
m
o
n
ta
n
e

M
o
n
ta
n
e

S
p
ec
ie
s
n
a
m
es
/c
o
ll
ec
ti
n
g
d
a
ta

H
a
b
it

0
-1
0
m

1
0
-5
0
m

5
0
-

1
0
0

m

10
0-

20
0
m

2
0
0
-

3
0
0
m

3
0
0
-

4
0
0
m

4
0
0
-

5
0
0
m

5
0
0
-

6
0
0
m

6
0
0
-

7
0
0
m

7
0
0
-

8
0
0
m

8
0
0
-

9
0
0
m

9
0
0
-

1
,0
0
0
m

1
,0
0
0
-

1
,1
0
0
m

1
,1
0
0
-

1
,2
0
0
m

1
,2
0
0
-

1
,2
7
9
m

C
en
tr
o
se
m
a
vi
rg
in
ia
n
u
m

(L
.)
B
en
th
.
(S
il
v
a
5
9
3
U
E
C
)

J C
li
to
ri
a
fa
ir
ch
il
d
ia
n
a
H
o
w
a
rd

(S
il
v
a
5
8
4
U
E
C
)
J

tr
ee

x
C
li
to
ri
a
fa
lc
a
ta

L
a
m
.
(S
il
v
a
6
7
2
U
E
C
)
J

sh
ru

x
C
li
to
ri
a
la
u
ri
fo
li
a
P
o
ir
.
(S
il
v
a
5
6
4
U
E
C
)
B

sh
ru

x
C
ro
ta
la
ri
a
b
re
vi
fl
o
ra

D
C
.
(S
il
v
a
3
7
5
U
E
C
)
J

sh
ru

x
x

C
ro
ta
la
ri
a
in
ca
n
a
L
.
(S
il
v
a
7
7
3
U
E
C
)
J

sh
ru

x
C
ro
ta
la
ri
a
ju
n
ce
a
L
.
(S
il
v
a
1
1
4
8
U
E
C
)
J

sh
ru

x
x

C
ro
ta
la
ri
a
la
n
ce
o
la
ta

E
.
M
ey
.
(S
il
v
a
1
0
7
1
U
E
C
)
J

sh
ru

x
x

C
ro
ta
la
ri
a
m
ic
a
n
s
L
in
k
(S
il
v
a
6
1
0
U
E
C
)
J

sh
ru

x
x

C
ro
ta
la
ri
a
p
a
ll
id
a
A
it
o
n
(S
il
v
a
5
6
3
U
E
C
)
J

sh
ru

x
C
ro
ta
la
ri
a
st
ip
u
la
ri
a
D
es
v
.
(S
il
v
a
4
7
3
U
E
C
)
J

sh
ru

x
C
ro
ta
la
ri
a
ve
lu
ti
n
a
B
en
th
.
(S
il
v
a
1
0
8
3
U
E
C
)
J

sh
ru

x
C
ro
ta
la
ri
a
vi
te
ll
in
a
K
er

G
a
w
l.
(S
il
v
a
3
1
2
U
E
C
)
J

sh
ru

x
x

x
x

x
C
ro
ta
la
ri
a
sp
1
(S
il
v
a
1
0
6
9
U
E
C
)
J

sh
ru

x
D
a
h
ls
te
d
ti
a
p
in
n
a
ta

(B
en

th
.)
M
a
lm

e
(S
il
v
a
7
0
8
U
E
C
)

&
tr
ee

x
x

x
x

x
x

x
x

x
x

x
x

x

D
a
lb
er
g
ia

b
ra
si
li
en
si
s
V
o
g
el

(S
il
v
a
1
0
5
4
U
E
C
)
&

tr
ee

x
x

D
a
lb
er
g
ia

ec
a
st
a
p
h
y
ll
u
m

(L
.)
T
a
u
b
.
(S
il
v
a
5
9
6
U
E
C
)
&

sh
ru

x
D
a
lb
er
g
ia

fr
u
te
sc
en
s
(V

el
l.
)
B
ri
tt
o
n
(S
il
v
a
1
1
1
0
U
E
C
)

B
li
a
n

x
x

x
x

x
x

x
x

x
x

x
x

x
x

D
a
lb
er
g
ia

la
te
ri
fl
o
ra

B
en
th
.
(S
il
v
a
8
7
6
U
E
C
)
&

li
a
n

x
x

x
x

x
x

x
x

x
x

D
es
m
o
d
iu
m

a
d
sc
en
d
en
s
(S
w
.)
D
C
.
(S
il
v
a
6
1
5
U
E
C
)
J

sh
ru

x
x

D
es
m
o
d
iu
m

a
ff
in
e
S
ch
lt
d
l.
(S
il
v
a
6
1
6
U
E
C
)
J

sh
ru

x
D
es
m
o
d
iu
m

a
x
il
la
re

(S
w
.)
D
C
.
(S
il
v
a
9
7
6
U
E
C
)
J

sh
ru

x
D
es
m
o
d
iu
m

b
a
rb
a
tu
m

(L
.)
B
en
th
.
&

O
er
st
.

(S
il
v
a
5
4
3
U
E
C
)
J

sh
ru

x

D
es
m
o
d
iu
m

in
ca
n
u
m

D
C
.,
P
ro
d
r.
(S
il
v
a
4
1
5
U
E
C
)
J

sh
ru

x
D
es
m
o
d
iu
m

le
io
ca
rp
u
m

(S
p
re
n
g
.)
G
.
D
o
n

(S
il
v
a
3
4
0
U
E
C
)
J

sh
ru

x

D
es
m
o
d
iu
m

u
n
ci
n
a
tu
m

(J
a
cq

.)
D
C
.
(S
il
v
a
7
1
9
U
E
C
)
J

sh
ru

x
D
io
cl
ea

g
ra
n
d
is
ti
p
u
la

L
.P
.
Q
u
ei
ro
z
(S
il
v
a
1
1
6
6
U
E
C
)

&
li
a
n

x
x

x
x

x

D
io
cl
ea

ru
fe
sc
en
s
B
en
th
.(
S
il
v
a
1
1
1
7
U
E
C
)
B

li
a
n

x
x

D
io
cl
ea

w
il
so
n
ii
S
ta
n
d
l.
(S
il
v
a
3
8
2
U
E
C
)
B

li
a
n

x
E
ry
th
ri
n
a
sp
ec
io
sa

A
n
d
re
w
s
(S
il
v
a
3
1
8
U
E
C
)
B

tr
ee

x
G
a
la
ct
ia

la
ti
si
li
q
u
a
D
es
v
.
(S
il
v
a
4
6
5
U
E
C
)
J

sh
ru

x
In
d
ig
o
fe
ra

su
ff
ru
ti
co
sa

M
il
l.
(S
il
v
a
5
4
1
U
E
C
)
J

sh
ru

x
x

L
o
n
ch
o
ca
rp
u
s
cu
lt
ra
tu
s
(V

el
l.
)
A
.M

.G
.
A
ze
v
ed
o
&

H
.C
.

L
im

a
(S
il
v
a
1
0
3
3
U
E
C
)
B

tr
ee

x
x

x
x

x
x

x
x

M
a
ch
a
er
iu
m

a
cu
le
a
tu
m

R
a
d
d
i
(S
il
v
a
6
5
6
U
E
C
)
&

li
a
n

x
x

x
x

x
x

x
x

x
x

M
ac
ha
er
iu
m

de
bi
le
(V

el
l.
)
S
te
ll
fe
ld

(S
il
v
a
1
1
4
5
U
E
C
)
B

li
a
n

x
x

x
x

x
x

x
x

x
x

x
x

x
M
a
ch
a
er
iu
m

d
ec
li
n
a
tu
m

(V
el
l.
)
S
te
ll
fe
ld

(S
il
v
a
3
1
6

U
E
C
)
B

li
a
n

x
x

x
x

x
x

M
a
ch
a
er
iu
m

la
n
ce
o
la
tu
m

(V
el
l.
)
J.
F
.
M
a
cb

r.
(S
il
v
a
9
1
8
U
E
C
)
&

li
a
n

x
x

x
x

x

M
a
ch
a
er
iu
m

n
ic
ti
ta
n
s
(V

el
l.
)
B
en
th
.
(S
il
v
a
1
0
1
9
U
E
C
)

B
tr
ee

x
x

x
x

x
x

x
x

x
x

x

M
a
ch
a
er
iu
m

o
b
lo
n
g
if
o
li
u
m

V
o
g
el
(G

a
rc
ia

1
9
7
U
E
C
)
&

tr
ee

x
M
a
ch
a
er
iu
m

sc
le
ro
x
y
lo
n
T
u
l.
(S
il
v
a
1
1
5
6
U
E
C
)
B

tr
ee

x
x

x
M
a
ch
a
er
iu
m

tr
is
te

V
o
g
el

(S
il
v
a
6
8
7
U
E
C
)
J

tr
ee

x
M
a
ch
a
er
iu
m

u
n
ci
n
a
tu
m

(V
el
l.
)
B
en
th
.
(S
il
v
a
6
8
6
U
E
C
)

B
li
a
n

x
x

x
x

x
x

x
x

x
x

x
x

C
o
n
ti
n
u
ed

o
n
n
ex
t
p
a
g
e

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2014-0130

6 Biota Neotrop., 16(1): e20140130, 2016

Silva, E.D. et al.

www.scielo.br/bn
http://dx.doi.org/10.1590/1676-0611-BN-2014-0130


T
a
b
le

1
.
C
o
n
ti
n
u
ed
.

R
es
ti
n
g
a

L
o
w
la
n
d

S
u
b
m
o
n
ta
n
e

M
o
n
ta
n
e

S
p
ec
ie
s
n
a
m
es
/c
o
ll
ec
ti
n
g
d
a
ta

H
a
b
it

0
-1
0
m

1
0
-5
0
m

5
0
-

1
0
0

m

10
0-

20
0
m

2
0
0
-

3
0
0
m

3
0
0
-

4
0
0
m

4
0
0
-

5
0
0
m

5
0
0
-

6
0
0
m

6
0
0
-

7
0
0
m

7
0
0
-

8
0
0
m

8
0
0
-

9
0
0
m

9
0
0
-

1
,0
0
0
m

1
,0
0
0
-

1
,1
0
0
m

1
,1
0
0
-

1
,2
0
0
m

1
,2
0
0
-

1
,2
7
9
m

M
a
ch
a
er
iu
m

ve
ll
o
si
a
n
u
m

B
en
th
.
(S
il
v
a
1
0
2
7
U
E
C
)
J

li
a
n

x
M
a
cr
o
p
ti
li
u
m

a
tr
o
p
u
rp
u
re
u
m

(D
C
.)
U
rb
.

(S
il
v
a
1
1
8
6
U
E
C
)
J

sh
ru

x

M
a
cr
o
p
ti
li
u
m

la
th
y
ro
id
es

(L
.)
U
rb
.
(S
il
v
a
7
4
3
U
E
C
)
J

sh
ru

x
M
u
cu
n
a
ja
p
ir
a
A
.
M
.
G
.
A
ze
v
ed
o
,
A
g
o
st
in
i
&

S
a
zi
m
a

(S
il
v
a
7
7
4
U
E
C
)
B

li
a
n

x

M
u
cu
n
a
u
re
n
s
(L
.)
M
ed

ik
.
(S
il
v
a
6
0
5
U
E
C
)
B

li
a
n

x
x

M
y
ro
ca
rp
u
s
fr
o
n
d
o
su
s
A
ll
em

ã
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divisive clustering - TWINSPAN was carried out with the tree

species to verify which species could be indicators of these

forest formations. These analyses were performed using

Fitopac 1.6.4 program (Shepherd 2006).

Results

A total of 142 species of Leguminosae belonging to 45 genera

were found in the studied altitudinal gradient (0-1,279 m), being

62 trees, 58 shrubs and 22 lianas (Table 1). No species were

found above 1,200 m of altitude. The Papilionoideae subfamily

showed higher species richness (81 spp), followed by Mimosoi-

deae with 42 species (Table 1). Considering the tree species only,

Mimosoideae appears with the greatest number of species being

the best represented group inside the Forest.

Restinga Forest showed higher species richness (84), being

23 trees, 48 shrubs and 13 lianas. From the total of species, 52

were exclusive to Restinga Forest (Table 2). The Montane

Forest was the second formation greater in number of species

(69, being 25 exclusive). It is noteworthy that the high number

of species found in Montane Forest is due to the presence of

shrubs and even lianas that grow in open areas. In the Low-

land Forest, 48 species were found, being 3 exclusive. The

phytophysiognomy with the lowest number of species was the

Submontane Forest, where 43 species were found, it was not

registered the presence of any exclusive species. The absence of

exclusive species in the Submontane Forest may be associated

to the fact that, in general, these species also occur below the

established quota for this phytophysiognomy in the Lowland,

or immediately above, in Montane Forest. It is worth

considering that, despite the fact that the Montane Forest

appears second in total number of species, the Leguminosae

family is best represented in this phytophysiognomy only from

800-1,000 m altitude. There is a clear decrease in the number of

species in the higher quotas of this formation, from 1,000-1,279

m (Table 1).

The analysis of the distribution of the habits of Legumi-

nosae species in relation to altitude (Figure 2) revealed a higher

richness tree species in the quota that represents the Lowland

(10-50 m) with 34 species. The shrubs were more abundant in

the Restinga Forest (48 spp.), completely disappearing from

300 to 700 returning to occur from 800-1,100 m in open areas.

The increase in the number of species in Montane Forest (69

spp.) is mainly due to the reappearance of shrub species, but

also due to a significant number of tree species that occur only

in those quotas. The number of lianas remained constant in

almost all quotas, with a significant reduction between 1,100-

1,279 m. The number of species and their respective altitudinal

quotas by habits are shown in Table 2.

Analyzing the occurrence of species of Leguminosae in

different altitudes (Table 1), we can see that no specie of the

Caesalpinioideae subfamily was found occupying all phytophy-

siognomies. However, Bauhinia forficata, Copaifera langsdorffii,

Copaifera trapezifolia, Phanera angular and Senna macranthera,

only are not present at Restinga (0-10 m) and can be found very

often in other formations, mainly between 50 and 1,100 m

altitude. Bauhinia forficata, however, was not found inside the

forest, but only at the edge of forests, along roads and highways or

in other altered areas. Bauhinia microstachya, frequently found in

the Lowland (10-50 m) and Submontane (50-500 m), was not

found above 700 m. Some Caesalpinioideae characterize certain

formations or have their preferred environment located at a

specific altitude, as is the case of Schizolobium parahyba, which

was only found between 0-100 m, Tachigali denudata and

Tachigali multijuga that reach up to 200 m altitude andHymenaea

courbaril found in Lowland and Submontane Forest (10-500 m).

For the Mimosoideae subfamily, we observed that only two

species were found in all phytophysiognomies (Inga marginata and

Piptadenia adiantoides). The two species, however, are not equally

Table 2. Number of species, genera, tribes and habits of Leguminosae by phytophysiognomies of the Atlantic Forest in Picinguaba and Santa
Virgı́nia Nucleus.

Taxa (exclusive) Habits (exclusive)

Phytophysiognomies Species Genera Tribes Tree Shrubs Lianas

Caesalpinioideae Restinga (0-10 m) 8 (2) 3 (0) 2 (0) 3 (0) 5 (0) 0

Lowland (10-50 m) 11 (0) 6 (0) 4 (0) 9 (0) 0 2 (0)

Submontane (50-500 m) 10 (0) 5 (0) 4 (0) 7 (0) 1 (0) 2 (0)

Montane (500-1,200 m) 14 (2) 7 (1) 4 (0) 8 (2) 4 (0) 2 (0)

total 19 8 4 11 6 2

Mimosoideae Restinga (0-10 m) 19 (13) 6 (1) 3 (0) 8 (5) 8(7) 3 (0)

Lowland (10-50 m) 16 (2) 5 (0) 3 (0) 13 (2) 0 3 (0)

Submontane (50-500 m) 13 (0) 5 (0) 3 (0) 11 (0) 0 2 (0)

Montane (500-1,200 m) 19 (10) 7 (0) 3 (0) 14 (7) 2 (1) 3 (1)

total 42 8 3 27 9 6

Papilionoideae Restinga (0-10 m) 57 (37) 26 (10) 8 (0) 12 (5) 35 (29) 10 (3)

Lowland (10-50 m) 21 (1) 14 (1) 6 (0) 12 (1) 1 (0) 8 (0)

Submontane (50-500 m) 20 (0) 12 (0) 6 (0) 11 (0) 1 (0) 8 (0)

Montane (500-1,200 m) 36 (13) 16 (1) 8 (0) 13 (5) 14 (4) 9 (1)

total 81 29 8 24 43 15

Leguminosae Restinga (0-10 m) 84 (52) 35 (1) 13 (0) 23 (10) 48 (35) 13 (3)

Lowland (10-50 m) 48 (3) 25 (1) 13 (0) 34 (3) 1 (0) 13 (0)

Submontane (50-500 m) 43 (0) 22 (0) 13 (0) 29 (0) 2 (0) 12(0)

Montane (500-1,200 m) 69 (25) 30 (2) 15 (0) 35 (14) 20 (5) 14 (2)

Total 142 45 15 62 58 23
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distributed, since P. adiantoides occurs almost continuously

throughout the gradient, while I. marginata is present in abundance

only within the Restinga and Lowland Forest, being little found in

the Submontane and Montane Forest, where it was found only in

open areas, along rivers and forest edges. Thirteen species were

found only in the Restinga Forest (Table 2), standing out Abarema

brachystachya, Balizia pedicellaris and Inga subnuda that were

found most frequently. Also well represented in Restinga,

extending to the Lowland, were found Inga edulis and Piptadenia

gonoacantha; from Restinga to Submontane (Inga striata, Pseudo-

piptadenia warmingii and Senegalia paniculata) and from the

Lowland to Montane (Inga hispida and Pseudopiptadenia leptos-

tachya). In the Montane Forest, 10 exclusive species were found,

occurring more precisely from 700 to 1,100 m (Inga barbata, Inga

lanceifolia, Inga mendoncaei, Inga sessilis, Inga vulpina, Mimosa

ramosissima, Mimosa scabrella, Mimosa sp1, Senegalia lacerans

and Senegalia sp1). At that altitude we highlight the presence of

Inga lanceifolia and Inga sessilis by the large number of individuals

inside the forest. It is also important to emphasize the presence of

Abarema langsdorffii that although also present in the Submontane

Forest, is very well represented in Montane as well as Inga hispida

and Pseudopiptadenia leptostachya, species that are not exclusive to

Montane, but are well represented in number of individuals in this

phytophysiognomy.

Six species of Papilionoideae were found in all phytophysiog-

nomies, from the sea level to about 1,000 m. Four are lianas

(Dalbergia frutescens, Machaerium aculeatum, Machaerium dimor-

phandrum and Machaerium uncinatum) and two are trees

(Dahlstedtia pinnata and Pterocarpus rohrii). All these species grow

inside the forest, where they are well represented in number of

individuals, or on forest edges and areas where the forest is

reestablishing. In Restinga Forest, 37 exclusive species were found

(Table 2). Abundant in the Restinga Forest, but extending to the

Lowland, include: Andira fraxinifolia, Mucuna urens, Platymiscium

floribundum and Swartzia simplex. Six species are present from the

Restinga to the Submontane Forest, one of them occurring up to

200 m (Swartzia oblata) and the remaining from the sea level to

about 500 m altitude (Andira ormosioides, Lonchocarpus cultratus,

Machaerium declinatum, Ormosia arborea and Zollernia ilicifolia).

In the Montane Forest, 13 species were found. The species of

Dalbergia brasiliensis, Machaerium scleroxylon, Ormosia minor,

Ormosia monosperma, Swartzia acutifolia and Swartzia flaemingii

stand out for occurring only in this formation mainly above 800 m

altitude. Standing out by the large number of individuals, found

between 900 and 1,000 m, are the species of Machaerium

scleroxylon and Ormosia minor, and by its rarity, the specie of

Swartzia flaemingii found just above this quota.

Cluster analysis (UPGMA), which included here only tree

species of Leguminosae, revealed some relations for the sample

units (phytophysiognomies), highlighting the dissimilarity

between the Restinga Forest (0-10 m) and Montane Forest

(1,100-1,200 m) in relation to the others (Figure 3). At least

three distinct groups showed greater similarity between quotas,

one of 10-400 m, which corresponds to the Lowland þ
Submontane; another 400-800 m which encompasses the

Submontane þ Montane Forest, and another of 800-1,100

m, which corresponds to Montane. The lower altitude quotas

of Montane Forest (600-800 m) showed greater similarity with

Figure 2. Distribution of habits of Leguminosae species in relation to
altitude in Atlantic Forest of Serra do Mar State Park.

Figure 3. Similarity analysis among different altitudes in Atlantic Forest of Serra do Mar State Park using Jaccard index with Group Average
Clustering (UPGMA). Only tree species.
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higher quotas of Submontane (400-500 m) than with the higher

altitudinal quotas. This can be happening due to a restricted set

of species restricted to higher altitudes of Montane Forest.

Correspondence analysis (CA) of the tree species (Figure 4)

suggested a high turnover of species along the gradient, with

51.6% of inertia. The analysis also showed that there is greater

similarity between the higher quotas of Montane Forest (800-

1,000 m) and that the lower quotas of this formation (600-800

m) are more related to those higher of Submontane (400-500 m)

as evidenced in the previous analysis (UPGMA).

The largest share of species (Figure 5) occurred between

Lowland Forest and Submontane (25 spp.) and the lowest

between the Restinga Forest and Montane Forest (5 spp.).

The TWINSPAN showed a similar grouping to that obtained

by UPGMA. In the first division there was a separation of

altitudes quotas of 800-1,200 m (Montane Forest) from the

remaining quotas being Inga lanceifolia, Inga sessilis and

Ormosia minor species indicated for this track separation

(eigenvalue 0.520). The second division separated the Restinga

Forest from other quotas of 10-800 m, with an eigenvalue of

0.501, being Abarema brachystachya, Inga subnuda and Inga vera,

indicated species for this separation. A third division of low

eigenvalue was also obtained in Lowland and in the beginning of

the Submontane Forest, with different groups of 10 to 200 m

(Inga cauliflora, Inga edulis, Swartzia oblate, Tachigali denudata,

Tachigali multijuga) and 200-800 m (Abarema langsdorffii, Inga

mendoncaei, Inga schinifolia, Swartzia langsdorffii).

Discussion

Among the vegetation types that comprise the Atlantic

Forest domain on the northern coast of São Paulo, the Restinga

Forest has been the poorest in numbers of tree species, especially

when compared to the Lowland (Lacerda 2001, Assis et al. 2011).

Specifically for the Leguminosae family, this trend was also

observed in the study area, with 34 tree species present in the

Lowland and only 23 in Restinga (Table 2). The physico-

chemical differences of soil, temperature and precipitation have

been identified as the main causes of lower tree species richness in

Restinga. Lacerda (2001) suggests that, in the plain, different

patterns of precipitation and temperature, the water excess,

during periods of upwelling of groundwater, and consequent

salinity salt spray carried by breezes and deposited in the soil by

rain are factors that can be limiting the establishment of many

slope species at Restinga. Despite the lower tree species richness

in Restinga, some species are well represented in number of

individuals on this formation. In a survey conducted in a block

of 1 ha (100 � 100 m) in Restinga in Picinguaba (Assis et al.

2011), which included trees with diameter at breast height Z 4.8

cm, 22 individuals of the Andira fraxinifolia and 29 of Inga

subnuda were found.

This formation, however, is richer than the Lowland when

considering all the habits of the Leguminosae family. Some

species of shrubs seem well adapted to the environmental

conditions present in Restinga, as they also occur in other areas

of such formation in São Paulo coast, as Dalbergia ecastaphyl-

lum, Senna pendula, Sophora tomentosa and Vigna luteola. Data

Figure 4. Ordination analyses among different altitudes in Atlantic Forest of Serra do Mar State Park using Correspondence Analysis (CA). Only
tree species.

Figure 5. Sharing of species among phytophysiognomies in Atlantic
Forest of Serra do Mar State Park using Venn Diagram. Only tree
species.
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comparing the species richness of the Lowland with the other

formations are scarce and hampered by differences in the

methodology used in the studies.

Phytosociological studies carried out in altitudinal gradients

in Serra do Mar (Roderjan 1994, Lacerda 2001, Custodio Filho

2002, Bertoncello 2009) have shown that species richness

decreases at higher altitudes. To Leguminosae, however, the

data from these studies show that the percentual of species is very

similar up to 1,000 m altitude and only decreases considerably

after this quota (Table 3), except for the differences that hinder

comparisons between areas, such as the methodology used in the

study, size of the sample area, preserving levels of each area,

difficult access to collection sites, delimitation of the parameters

to include the individual in the sample.

In the study area, excluding the Restinga Forest (0-10 m),

which is a distinctive vegetation type, we realize that up to

1,000 m the tree species of the Leguminosae family is very

similar, taking into account the full amplitude established for

each formation. In the Lowland (10-50 m) 34 species were

found, in the Submontane (100-500 m) 29 were found and in

Montane (500-1,200 m) 35 species occurred (Table 2). It is

interesting to note that this similar number is maintained by

different species and more evident when we look at the

distribution by belt (Table 1). It seems, therefore, to occur

species replacement along the gradient as shown in CA

analysis. Legume species would then be occupying specific

altitudinal zones within the forest. Genera well represented in

our sample such as Inga,Machaerium and Swartzia, are present

throughout the whole gradient by species that are occupying

different altitudes. Many species of Leguminosae, therefore,

characterize certain formations or have their preferred envir-

onment located at a specific altitude and thus being species

indicator of phytophysiognomies.

The analysis of data by established quota shows that there

are differences in the number of tree species, being the belt of

transition between the plain and the slope represented by

Lowland Forest (10-50 m), the richest in number of species (34)

and the belt of 1,100-1,200 m, which is Montane Forest, the

one that has the lowest number of species (6) showing the most

commonly observed tendency in studies involving the distribu-

tion of species in altitudinal gradients.

The distribution of Leguminosae species at different altitudes

may be related to environmental variables such as nutrient

availability and soil depth, luminosity, temperature, precipitation

and humidity. The interaction between increased precipitation

and the decreasing of temperature with altitude has been

associated with the reducing on the number of species in

altitudinal gradients (Gentry 1982, Richards 1996, Gentry 1988).

The decreasing of temperature with altitude may also be

influencing a decrease in the rates of decomposition of organic

matter preventing some nutrients from being returned to the soil.

Ashton (1977) and Gartlan et al. (1986) suggested that

phosphorus, magnesium and potassium are among the nutrients

which levels are more related to diversity in the tropic plant

community. To Grubb (1977), the slow rate of decomposition

caused by the decrease in temperature at higher altitudes makes

the soils of montane forests poor in nitrogen and phosphorus.

These variables would be exerting a selection of species per

altitudinal belts since there are few species of the family that are

adapted to a broader range of these environmental variables

occurring in all altitudinal groups studied (two Mimosoideae

and seven Papilionoideae).

For Lacerda (2001), the decrease of the richness presented

above 1,100 m in Picinguaba can be related to the decrease in

temperature and the presence almost daily of haze, which can

interfere in other variables such as insolation and air humidity.

According to Rambo (1953), the worsening of environmental

conditions above 1,000 m of altitude, mainly due to edaphic

and climatic aspects, dramatically affects the forest vegetation.

Above this altitude the trees reduce in height and diameter and

the vegetation becomes dense with floristic structure extremely

impoverished. These formations are common and very similar

to all the coastal mountains from the Brazilian southeast,

defined by the same author as "matinhas nebulares" for being

constantly submitted to dense fogs (Rambo 1953).

In the study area, these and other variables may be

influencing the distribution of species of Leguminosae. The fact

that no species of Caesalpinioideae have been found occupying

all phytophysiognomies, but some of them (Bauhinia forficata,

Copaifera langsdorffii, Copaifera trapezifolia, Phanera angulosa

and Senna macranthera) are not present only in the Restinga

(0-10 m) and above 1,100 m, may indicate that these two

formations would somehow be limiting the development of these

species. The absence of Bauhinia microstachya above 700 m, as

shown in our results, however, should be viewed with caution,

because data in the literature (Vaz 1993) and herbarium material

showed that these species may occur up to 1,000 m altitude.

Poincianella pluviosa, which according to Ulibarri (1996), is a

specie that occupies areas inside forests, was only found in open

areas of the Santa Virgı́nia Nucleus which may mean that this

plant is disappearing from the Atlantic Forest on the north coast

of São Paulo. Found only in the Restinga Forest, Senna pendula

is a typical specie of this vegetation type as found in herbarium

specimens and data from other studies conducted in São Paulo

coast (Barros et al. 1991, Mamede et al. 2004).

The Mimosoideae subfamily, by having only two species

present throughout the gradient, seems not to respond to different

environmental conditions imposed by the different altitudes. In

the study area, as elsewhere in the Atlantic Forest in the states of

São Paulo, Paraná, Rio de Janeiro and Espı́rito Santo, Abarema

brachystachya, Balizia pedicellaris and Inga subnuda seem well

adapted to the Restinga Forest where they are found very often.

Nonetheless, Inga subnuda also occurs in the Lowland (Garcia

1998) and Balizia pedicellaris is not restricted to Restinga

vegetation, occupying areas of other vegetation types in the

‘‘Chapada Diamantina’’ and the Amazon region (Barneby &

Grimes 1996). As for other species found in the Restinga Forest,

there are records that indicate their occurrence in different

vegetation types and altitudes, not only in the state of São Paulo,

but also in areas of the central plateau in the states of Minas

Gerais, Goiás and Bahia. Of the 11 exclusive species of Montane

Forest (Table 1), except Senegalia lacerans, in that herbarium

material was recorded to occur at lower altitudes (30 m) and

Abarema langsdorffii which can also occur in the Restinga Forest

at sea level (Barneby & Grimes 1996) it can be stated that these

species characterize well this formation in Picinguaba and Santa

Virgı́nia. Still on the species that clearly represent the Montane

Forest it is also important to clarify that those belonging to the

genera Mimosa occur only in open areas, often disturbed.

The number of species of Papilionoideae occurring in all

vegetation types (6 spp.) corroborates the hypothesis that the taxa

of this subfamily are more adapted to a wider range of

environmental variations in the gradient studied. These species,

however, do not occur over 1,000 m in Montane Forest. The high
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number of exclusive species of Restinga Forest (Table 1) does not

necessarily mean an affinity with this vegetation type since most of

these species are shrubby, have a wide geographical distribution and

occupy different altitudes, among which the species of the genera

Vigna (3 spp.), Zornia (3 spp.), Crotalaria (4 spp.), Desmodium

(4 spp.) and Aeschynomene (5 spp.) are outstanding. Of the

38 species of Papilionoideae exclusive to Restinga, only five are

really restricted to this formation and do not develop into other

phytophysiognomies in the Atlantic Forest (Centrosema virginia-

num, Dalbergia ecastaphyllum, Machaerium vellosianum, Mucuna

japira and Sophora tomentosa). Besides these five species, we could

say that also characterize the vegetation of Restinga, by the number

of individuals present and their occurrence in other areas of the

Atlantic Coast (Dioclea wilsonii, Erythrina speciosa and Vigna

luteola). Some genera of Papilinoideae contribute significantly to

the diversity of the species distributed in the different levels along

the gradient, among which are Andira, Dalbergia, Machaerium,

Ormosia and Swartzia species, showing a good ability of these taxa

to adapt to changes imposed by altitude. The presence of

Machaerium and Swartzia in the list of genera with highest number

of species in a survey conducted by Oliveira Filho & Fontes (2000)

on the tree flora of 102 areas of Atlantic Forest corroborates the

statement that the contribution of these genres for diversity in

tropical forests is quite significant.

Regarding habits, shrubby legume species were not found

within the forest. The predominance of arboreal habit within the

forest was also demonstrated in a study by Guilherme et al. (2004)

in Lowland Forest (86-130 m) in Intervales, São Paulo. In this

study, the Leguminosae family contributed with four species

(Copaifera trapezifolia, Pseudopiptadenia warmingii, Pterocarpus

rohrii, Schizolobium parahyba) of the 12 with the highest

importance (VI) in a vertical strata with trees Z 26 m tall. In

the vertical strata with plantsr 8 m tall, Leguminosae species were

not found, being Arecaceae, Lauraceae, Myrtaceae, Rubiaceae,

Monimiaceae the richest families.

For Richards (1996), tropical forests exhibit a vertical

stratification. These strata are composed of various species of

plants with different occupation capacities resulting from an

adaptive response to the different light conditions. Legumino-

sae probably should not be adapted to the low incidence of

lighting in the lower strata of the forest. The presence of many

species of the family at the edges of forest formations is

possibly related to high rates of luminosity present in these

areas.

The participation of subfamily Mimosoideae as the best

represented in tree species in most altitudes (Table 2) is mainly

due to the presence of many species of the genera Inga,

neotropical group of expressive representation in Ombrophi-

lous Forests.

The dissimilarity of Restinga Forest (0-10 m) and Montane

Forest (1,100-1,200 m), relative to other phytophysiognomies

highlighted in the results of the cluster analysis (Figure 3), can

be explained by the large number of species restricted to these

vegetation types. The greatest similarity found between the sets

10-400 m (Lowland þ Submontane), 400-800 m (Submontane

þ Montane) and 800-1,100 m (Montane) indicates that closer

altitudes share a certain number of species. This sharing,

however, does not occur significantly at the extremes of the

gradient as evidenced in CA, where the lower altitudes of

Montane Forest (600-800 m, for example) showed greater

similarity with higher quotas of Submontane (400-500 m) than

with the immediately higher (900-1,000 m), due to a number of

restricted species of these higher altitudes. The notable species

replacement along the altitudinal gradient, with 51.6% of

inertia shown in CA, suggests that there are other ecological

variables influencing the distribution of Leguminosae species in

the study area. The largest share of species that occur between

Lowland Forest and Submontane, evidenced in the Venn

diagram, may be linked to the fact that the Lowland presented

higher tree species richness, and part of these species still occur

just above the altitude established to this formation and, with

increasing altitude, these taxa are gradually being replaced by

others. The lowest share observed between the Restinga Forest

and Montane was expected, because these phytophysiognomies

hold a large number of restricted species.

Although the data presented in this study may add

information about the distribution of legumes species in an

altitudinal gradient, it is important to note that the richness of

species can also change with latitudinal variation, which is a

well known ecological pattern. The increase or decrease in

temperature towards the lower or higher latitudes may be able

to change the vegetation types due to the appearance and

disappearance of some species.

The altitudinal limits of the phytophysiognomies that

comprise the Atlantic Forest present in the current official

Brazilian vegetation classification system (Veloso et al. 1991)

should also be seen with reservations. According to Joly et al.

(1999), there is an academic debate about the limits of the

forest subtypes of the Atlantic Forest complex. For Legumi-

nosae, the boundaries between the lower and upper Montane

Forest, in the study area, also indicate that those limits may not

be well established. Maybe there are numerous small areas with

clear floristic differentiation occurring throughout the whole

forest that do not allow a very precise separation of these

limits. The separation of the highest part of Montane (1,100-

1,200 m), in the study area, seem to coincide with the data

obtained by Bertoncello et al. (2011). These authors admit the

existence of a different vegetation type in the highest part of

Cuscuzeiro Mountain (1,120-1,270 m). This vegetation type,

called cloud forests, was also found in the southern region by

Rambo (1953) and Klein (1980).

Despite the many efforts made in recent decades to

understand how plant species are distributed along the surface

of the earth, the almost continental dimensions of some

phytogeographic areas make it considerably difficult the

obtainment of data that can contribute to this understanding.

The study of specific plant groups, conducted in smaller areas,

may be a way to make this understanding possible. The

biodiversity knowledge, allied to the knowledge of how these

organisms are distributed, can be an important tool for the

conservation of these environments and the organisms that live

in them.
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espécies ocorrentes. Instituto de Botância, São Paulo. v.1.
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BORÉM, R.A.T. & OLIVEIRA-FILHO, A.T. 2002. Fitossociologia
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esta Atlântica. Jardim Botânico do Rio de Janeiro, Rio de Janeiro,

p.259-283.

LIMA, H.C., QUEIROZ, L.P., MORIM, M.P., SOUZA, V.C.,

DUTRA, V.F., BORTOLUZZI, R.L.C., IGANCI, J.R.V., FOR-

TUNATO, R.H., VAZ, A.M.S.F., SOUZA, E.R., FILARDI, F.L.R.,

VALLS, J.F.M., GARCIA, F.C.P., FERNANDES, J.M., MAR-

TINS-DA-SILVA, R.C.V., PEREZ, A.P.F., MANSANO, V.F.,

MIOTTO, S.T.S., TOZZI, A.M.G.A., MEIRELES, J.E., LIMA,

L.C.P., OLIVEIRA, M.L.A.A., FLORES, A.S., TORKE, B.M.,

PINTO, R.B., LEWIS, G.P., BARROS, M.J.F., SCHÜTZ, R.,
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2004. Mapa de Biomas do Brasil: primeira aproximação. IBGE.
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Paulo, p.111-117.

MARQUES, M.C.M., Vaz, A.S.F. & Marquete, R. 1997. Flórula da
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lógicos e fitossociológicos. Tese de Doutorado. Universidade Federal
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Abstract: The introduction of exotic mollusk species has resulted in loss of biodiversity in semi-arid

neotropical aquatic ecosystems. This study aims to relate the presence and density of Corbicula largillierti

species to human disturbance, providing data for the conservation and management of aquatic

ecosystems. Specimens were collected at Epitácio Pessoa reservoir in December 2011 and June 2012,

presenting densities of 20.96 and 62.89 individuals per square meter, respectively. Anthropic disturbance

metrics were calculated considering the presence, type and intensity of disturbance in littoral, riparian

and flood zones. The occurrence of C. largillierti was mainly associated to the variables total phosphorus

(261.05 ± 342.22 mg/L) and total nitrogen (440.79 ± 103.77 mg/L), near to tributaries. The occurrence

of exotic mollusk species is evidence of the need for freshwater ecosystem conservation and management,

particularly in reservoirs used for water supply.

Keywords: Corbiculidae, anthropic disturbance, environmental quality.
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Resumo: A introdução de espécies exóticas de moluscos resulta em perda de biodiversidade em ecossistemas

aquáticos semiáridos neotropicais. Este estudo tem o objetivo de relacionar a presença e densidade da

espécie Corbicula largillierti ao distúrbio humano, fornecendo dados para a conservação e manejo

de ecossistemas aquáticos. Os espécimes foram coletados no reservatório Epitácio Pessoa em dezembro de

2011 e junho de 2012, com densidades de 20,96 e 62,89 indivı́duos por metro quadrado, respectivamente.

Métricas de perturbação antrópica foram calculadas considerando a presença, tipo e intensidade de

perturbação nas zonas litorânea, ribeirinha e de inundação. A ocorrência de C. largillerti esteve associada

às variáveis fósforo total (261,05 ± 342,22 mg/L) e nitrogênio total (440,79 ± 103,77 mg/L), em locais

próximos aos afluentes. A ocorrência de espécies exóticas de moluscos evidencia a necessidade de

conservação e manejo de ecossistemas de água doce, principalmente em reservatórios utilizados para

abastecimento de água.

Palavras-chave: Corbiculidae, distúrbio antrópico, qualidade ambiental.
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Introduction

Biological invasions threaten native species, as they modify

interspecific interactions, community structure and ecosystems’

natural processes (Emer & Fonseca 2011), and thus are

considered the second main cause of biodiversity loss on a

global scale (Darrigran et al. 2011).

Potentially invasive exotic species typically present high

growth rates, ability to develop in a wide range of habitats and

high ecological plasticity (Darrigran & Damborenea 2011).

Considering that 10 to 20% of exotic species become invasive

(Mcclaughlin 2002), the development of better tools for

determining in advance where introduced species might become

a threat is of the utmost importance. Identifying geographical

distribution and the environmental factors which determine the

occurrence of exotic species and forecasting species expansion

are important conservation strategies (Oliveira et al. 2010,

Jackson & Britton 2013).

Freshwater bivalves are among the exotic species with high

invasion potential. They have been found in ecosystems

worldwide (Darrigran et al. 2011, Franco et al. 2012, Wittmann

et al. 2012). Three species of such bivalves from south-eastern

Asia reached the neotropic ecozone during the 1960s: Corbicula

fluminea (Muller 1774), Limnoperna fortunei (Dunker 1857)

and Corbicula largillierti (Philippi 1844) (Darrigran 2002).

Since then, these species have invaded several aquatic eco-

systems in South America. C. largillierti belongs to the Cor-

biculidae family (Bivalvia, Heterodonta, Veneroida), originary

to China’s Yangtze Kiang lake system (Mansur et al., 2004). In

South America, it was recorded for the first time on the La

Plata River, on the outskirts of Buenos Aires, during the 1960s

(Ituarte 1981). In Brazil, it was initially recorded on the Mato

Grosso Pantanal (wetlands) (Callil & Mansur 2002), and on the

Sinos River basin at Rio Grande do Sul (Mansur & Pereira

2006), followed by recordings in hydrographical basins at

Minas Gerais, Espı́rito Santo, Santa Catarina and north-

eastern Brazil (Ceará) (Silva & Barros 2011, Santos et al. 2012)

and Paraı́ba (Azevêdo et al. 2014).

Stronger presence of exotic species in aquatic ecosystems is

usually associated with human disturbance and lower environ-

mental quality (Olenin et al. 2007). Some species are highly

tolerant to physical and chemical variations, and colonize new

habitats in reservoirs as they present high reproduction rates

and adapt easily to different types of environment (Ruse 2010).

In this semi-arid region, aquatic ecosystems present particular

dynamics because of the following features: (1) distinct climatic

and geomorphological characteristics; (2) highly variable

precipitation both in time and in space; (3) low temperature

variation (temperatures above 25°C); (4) high potential evapo-

transpiration, which promotes hydric deficit for about nine

months per year; (5) shallow soil; (6) hydrographic basins with

intermittent flow; and (7) deciduous vegetation coverage at the

Caatinga biome (Barbosa et al. 2012).

Another issue that threatens conservation is the emerging

diversion of water from the São Francisco River (born in

Minas Gerais and extends by the states of Bahia, Sergipe,

Alagoas and Pernambuco) to Paraı́ba River (state of Paraı́ba),

a project by the Federal Government. Local ecological impacts,

such as increased total phosphorus concentrations and

proliferation of green algae are imminent (Li et al. 2013). In

addition, the change of direction of the water will change the

regime of flooding of the Paraı́ba River, from flood periods

variables to permanent flooding, potentially causing loss of

habitat and native fauna (Kingsford 2000), such as fish, birds

and benthic macroinvertebrates.

These features strongly influence aquatic ecosystems,

adding to the anthropic effect, which needs the development

of management plans accommodating the human use of the

watershed (Pereira et al. 2013). In order to assess the

interaction between human activities and the characteristics

of habitats on the littoral zone of reservoirs, the United States

Environmental Protection Agency (US-EPA) has developed a

protocol for evaluating physical habitats (US-EPA 2011, 2012).

This protocol enables the calculation of disturbance metrics for

reservoirs’ riparian and flood zones by considering both the

extension and the intensity of anthropic disturbances (Kauf-

mann et al. 2014a, Kaufmann et al. 2014b).

This study relates to the presence and density of C. largillierti

in Paraı́ba River’s hydrographic basin with human disturbances,

thus providing information that can be used in other reservoirs to

establish management and conservation programs.

Material and Methods

The study area comprised the Epitácio Pessoa reservoir in

the Paraı́ba River hydrographic basin, part of the Brazilian

semi-arid region. This region’s annual pluviometric index is

typically lower than 400 mm, with an aridity index of up to 0.5

and a drought risk over 60%. Also, the Brazilian semi-arid

region has an area of 969.589.4 km2 and a population of over

22 million people, and is the world’s most populated semi-arid

region (Pereira-Junior 2007). The Epitácio Pessoa reservoir

(7° 28’4’’- 7° 33’ 32’’ S, 36° 8’23’’ - 36° 16’51’’ W) was built in

1956 and has a hydric capacity of over 418 million m3, its

residence time is three to five years (AESA 2013) because of

long dry periods, which favours the retention of nutrients and

sediments from its drainage basin (Freitas et al. 2011).

C. lagillierti specimens were collected in sediment samples

from 20 sampling sites in the reservoir’s littoral zone with a

Van Veen grab sampler (477 cm2) in December 2011 and June

2012, periods with higher and lower water volume, respectively.

Taxonomic identification was performed according to shell

characterization provided by Mansur et al. (2004) and Pereira

et al. (2012). Identified material was later stored at the

Laboratory of Malacology and Molecular Systematics at

Universidade Federal de Minas Gerais (lots 3582 and 3583).

In order to apply the physical habitat characterization

protocol, the methodology provided by Kauffman et al.

(2014a, 2014b) was used. For each of the 20 sampling sites,

the protocol was applied along 150 meters of the river bank, on

ten consecutive 15 meter wide transects, thus adding up to

200 applied protocols, 10 for each site. Each sampling unit was

composed of continuous littoral (15 x 10 m), riparian (15 x 15 m)

and flood (15 x Y m) zone sections, where Y stands for flood zone

length, which varied according to the bank angle at each site

(Figure 1). Disturbance metrics were calculated according to the

method applied by the US Environmental Protection Agency

(Kaufmann et al. 2014a, Kaufmann et al. 2014b). For this study,

human disturbance extension and intensity indices were calculated

for the riparian zone (RDix_IX, Riparian human disturbance

index) and the flood zone (RDix_IX inund). Twelve types of

disturbance or human activities were considered for the riparian

disturbance index (RDix_IX). Four of these were related to

agriculture (plantation, pasture, orchard, parks/grasslands) and
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eight represented other activities which cause disturbance (build-

ings, commerce, ramp/artificial beach, docks/boats, walls/dams,

garbage/debris, roads/railways, transmission lines). Disturbance

metrics weighted disturbance according to its location in relation

to the site as follows: absent disturbance had weight 0.0, dis-

turbance inside the site had weight 1.0 and disturbance adjacent to

the site had weight 0.5. The obtained values were then used for

calculating a weighted mean. Metric indices presented final values

which ranged from zero to one, with lower values representing

low disturbance and higher values pointing to more intense

disturbance. Flood zone metrics were calculated in the same

manner. As there were two values for each site (riparian and flood

zones), an arithmetical mean was calculated in order to obtain

a single value using each zone’s index (riparian zone and flood

zone indexes).

Some variables were measured to assess water quality:

temperature, pH, electrical conductivity, turbidity, oxygen, total

dissolved solids, and salinity, these measurements were performed

with the aid of a multi-analyzer Horiba/U-50 and water trans-

parency using the Secchi disk. Nutrient concentration, total phos-

phorus (P-total), orthophosphate (PO4), total nitrogen (N-total),

nitrate (NO3), nitrite (NO2), ammonia (NH4) and alkalinity were

analysed according to the Standard Methods for the Examination

of Water and Wastewater (APHA 2005). Granulometric composi-

tion was assessed by sieving, according to the methodology pro-

vided by Suguio (1973) and modified by Callisto & Esteves (1995).

Sediment organic matter percentages were determined by gravi-

metric analysis.

Using the disturbance metrics of riparian and flood zones was

performed a cluster analysis by using Euclidean distance. The

metric values were the same for December 2011 and June 2012,

because the evaluated human disturbances not show significant

changes in such/short period of time, different from the physical

and chemical parameters. After the formation of sampling site

groups composed of disturbance metrics, a PERMANOVA

(Dissimilarity/distance-based analysis of univariate or multivariate

data in response to ANOVA experimental/sampling designs;

Anderson 2001, Anderson & Braak 2003) was performed.

Another PERMANOVA analysis was used to evaluate the

differences between environmental variables between the years

2011 and 2012. This analysis assesses whether formed groups

differ significantly. A single factor was selected: anthropogenic

disturbance (with two levels: greater disturbance and lesser

disturbance); with 999 permutations and a significance level

(a r 0.05). In order to identify which environmental variables

influenced C. largillierti distribution, distance-based linear

models were applied (DistLM) (Legendre & Anderson 1999).

This analysis assesses the relation between one or more

predictive variables for a group of biological data from a

dissimilarity matrix. To determine variables, the ‘‘Best’’ test

was performed. This test relates environmental variables to

community structure by eliminating spatial effects; thus, the

method searches for the best subgroup of environmental

variables capable of explaining the community structure. The

‘‘Best’’ test was associated with the AIC criterion, as better AIC

values indicate better models. Also, for assessing the occur-

rence of C. largillierti, anthropogenic disturbance levels for

each site and site locations where the bivalve was found were

organized in a bar-line combination chart (Legendre &

Anderson 1999). All statistical tests were performed with

PRIMER-6 þ PERMANOVA softwares, Systat Software,

Cranes Software International Ltd. (Ansderson et al. 2008).

Results

In 2011, C. largillierti was observed on a single location

close to a tributary’s confluence, presenting a density of 20.96

ind/m2. In June 2012, specimens were recorded in six locations

with densities of 62.89 ind/m2 (sites 16 and 19); 41.92 ind/m2

(sites 17 and 20); 20.96 ind/m2 (sites 10 and 18), also close

tributaries (Figure 2).

Average values for disturbance metrics in flood and

riparian zones were separated into two main groups: the first

one contained the lowest values, indicating areas with lower

disturbance, and the second group contained the highest values

(Figure 3), indicating more disturbance sites. Sites with lowest

and highest disturbance values were significantly different

(PERMANOVA: Pseudo-F1.19 ¼ 52.61; p¼ 0.001). Sites with

less anthropogenic disturbance presented values ranging from

0.0 to 0.3, whereas more disturbance sites presented values over

0.3. Accordingly, 20% of the sites were classified as having

lesser anthropogenic disturbance, and the remaining 80% as

Figure 1. Outline of the observation area for application of the protocol characterization of physical habitat (US-EPA 2011.2012).
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having greater disturbance. Of these last, 25 % showed

C. largillierti occurrence. As regards sites close to tributaries,

two sites (17 and 20), although classified as having low

disturbance (disturbanceo 0.3), showed C. largillierti (Figure 4).

DistLM analysis indicated that P-total and organic matter

have determined C. largillierti distribution with a higher

percentage (71%) on the sampling sites (Table 1). The model

has also shown that P-total values significantly influenced the

Figure 2. Distribution of Corbicula largillierti Epitácio Pessoa reservoir.
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Figure 3. Dendrogram showing the clustering of the average values of the metrics of human disturbance on the sampling sites in the Epitácio Pessoa
reservoir. (A) sites with lower values of metric disturbance and (B) places with higher metric disturbance.

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2015-0109

4 Biota Neotrop., 16(1): e0109, 2016
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bivalve distribution (49%) when it was related to other

environmental variables (Table 1).

The averages calculated for environmental variables

demonstrated that groups classified as being of lesser dis-

turbance by cluster analysis also presented lower nutrient

concentration averages between the years, such as orthopho-

sphate, total nitrogen, nitrate and nitrite (PERMANOVA:

Pseudo-F1,39 ¼ 23.05; p¼ 0.001) (Table 2).

Discussion

The occurrence of exotic species has increased over time

because of habitat degradation and changes caused by human

action (Sargent et al. 2011). C. largillierti recordings have

shown that this mollusk species has reached reservoirs through

tributaries, as most of the specimens were observed near

confluences.

Recordings of increase in density and in the number of

sampling sites with C. largillierti showed colonization progres-

sion in only six months (December 2011 to June 2012).

Differently from other freshwater bivalve genera, Corbiculidae

present high ecological and physiological plasticity, enabling

their survival in a wide range of habitat conditions (Lucy et al.

2012), particularly in disturbed environments. Colonization

progress in a short time is a cause for concern, as mollusks may

impact the local benthic community (Santos et al. 2012, Torre

& Reyna 2013), affecting different trophic levels (Jackson &

Britton 2013) and provoking algae proliferation and substrate

alteration (Everaert et al. 2011).

The C. largillierti prefers sites with sandy sediments, as

observed in this study and also by Darrigran (2002) in studies

performed on La Plata River. C. largillierti was mainly

recorded on sites with thick sand sediments, indicating that

the mollusk is still at an early stage of colonization; this can be

inferred from the fact that interspecific competition will

increase together with population and individuals will move

to sites where the bottom is muddy (Torre & Reyna 2013).

Species colonization is favoured by resource availability, such

as high nutrient concentration (which is generally better for

exotic species) (Darrigran et al. 2011, Darrigran 2002) given

that C. largillierti is a filter feeder species. This hypothesis is

supported by higher concentrations of nutrients in sites with

greater disturbance, and in 2012, including some sites near the

tributaries. These regions showed variables that facilitate the

emergence of mollusk (total N and organic matter), these

variables indicate disturbance together explained 71% of

species distribution along the reservoir.

In studies performed in reservoirs located in tropical

climate regions in Brazil, the presence of the exotic species

Melanoides tuberculata (Müller 1774) (Caenogastropoda,

Thiaridae) has been recorded in sites which presented maxi-

mum ecological potential (Molozzi et al. 2013). However,

affected sites have near 97% more M. tuberculata individuals

(Schirmel & Buchholz 2013). A similar observation was made

in this work, whereby the exotic species C. largillierti was found

in sites with good environmental conditions.

Sites with higher anthropogenic disturbance levels favour

exotic species (Sargent et al. 2011). Apart from altering abiotic

conditions and taxonomic composition, invasive species modify

functional diversity, which is reflected in alterations of ecosystem

functions and changes in productivity. These have consequences

for ecosystem services (Schirmel & Buchholz 2013) such as

hindering water self-purification capacity (Lorenz & Pusch 2013).

The occurrence of this mollusk makes it difficult to devise

conservation efforts, especially given the transfer of water from the

São Francisco River and the history of environmental degradation

of the Caatinga biome (Oliveira et al. 2012). Transposition can

bring new exotic species and promote the spread of C. largillierti

to other ecosystems (Brasil 2004). A study conducted by Oliveira

et al. (2010) predicted risk of exotic mollusk L. fortunei range the

basin of the Rio São Francisco. In October 2015 the forecast has

been confirmed, with record mollusk in the low-medium São

Francisco river and transposition channel (north axis), according

to Centro de Bioengenharia de Espécies Invasoras de Hidrelétricas

(CBEIH 2015). This study provides an important methodology

that should be considered for the management of the watershed

studied, considering that the clam can reach other reservoirs in the

basin, as well as natural ecosystems.

Niche modelling studies (Peterson & Vieglais 2001),

assessment of limiting factors, predicting the potential risk of

introducing exotic species (Darrigran et al. 2011, Oliveira et al.

2010), and management and handling to reduce impacts caused

by invasive species should be conducted to support manage-

ment measures and conservation of aquatic ecosystems. It is

important to know when an invader has higher odds of
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Figure 4. Sampling sites and occurrence of C. largillierti. Places near
tributaries have a higher number of occurrences (T represents the
nearby tributaries).

Table 1. Results of the DistLM (distance-based linear models) analysis, and the environmental variables which contributed to the distribution of
C. largillierti). Df (degree of freedom), P (p-value, significance), R2 (total percentage variation).

Variables Df p R2

Total phosphorus 5 0.04 0.49

Total phosphorus / Organic matter 5 0.04 / 0.13 0.71

Total phosphorus / Nitrate / Gravel 5 0.04 / 0.05 / 0.15 0.82

Temperature / Oxi-redox potential / Organic matter / Grit 5 0.45 / 0.004 / 0.13 / 0.01 0.90

Turbidity / Alkalinity / Total nitrogen / Organic matter / Grit 5 0.37 / 0.08 / 0.20 /0.13 / 0.01 0.96
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reaching a new environment and which places have favourable

conditions for housing invasive species in order to facilitate

management and conservation (Ferrari et al. 2014). Biomoni-

toring programs should include metrics of human disturbance,

as performed in this study, and functional metrics, given that

exotic species promote changes in ecosystem functioning

(Lopes-Lima et al. 2014, Silva et al. 2014).
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*Oxi-redox potential (mV) 185.50 ± 34.81 203.50 ± 19.16 86.50 ± 28.54 113.68 ± 19.83
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Azevêdo, E.L. et al.

http://www.aesa.pb.gov.br/comites/paraiba/2013
http://www.aesa.pb.gov.br/comites/paraiba/2013
http://dx.doi.org/10.1080/00949650215733
http://dx.doi.org/10.1111/j.1442-9993.2001.01070.pp.x
http://dx.doi.org/10.1111/j.1442-9993.2001.01070.pp.x
http://dx.doi.org/10.1590/S2179-975X2012005000030
http://dx.doi.org/10.13140/RG.2.1.3814.3440
http://dx.doi.org/10.2108/zsj.28.1
http://dx.doi.org/10.1051/limn/2011025
http://dx.doi.org/10.1023/A:1020521811416
http://dx.doi.org/10.1007/s10530-010-9801-0
http://www.scielo.br/bn
http://dx.doi.org/10.1590/1676-0611-BN-2015-0109


exotic species on the ecological assessment of ploder lakes in

Flanders, Belgium. Ecol. Model. 222(14):2202–2212, http://dx.doi.

org/10.1016/j.ecolmodel.2010.08.013.

FERRARI, J.R., PREISSER, E.L. & FITZPATRICK, M.C. 2014.

Modeling the spreas of invasive species using dynamics network

models. Biol. invasions 16(4):949–960, http://dx.doi.org/10.1007/

s10530-013-0552-6.

FRANCO, J.N., CEIA, F.R., PATRICIO, J., MODESTO, V., THOMP-

SON, J MARQUES, J C. & NETO, J.M. 2012. Population dynamics

of Corbicula fluminea (Muller, 1774) in mesohaline and oligohaline

habitats: Invasion success in Southern Europe estuary. Estuar. Coast.

Shelf S. 112:31–39, http://dx.doi.org/10.1016/j.ecss.2011.07.014.

FREITAS, F.R.S., RIGHETTO, A.M. & ATTAYDE, J.L. 2011.

Cargas de fósforo total e material em suspensão em um reserva-
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OLIVEIRA, G., ARAÚJO, M.B., RANGEL, T.F., ALAGADOR, D.

& DINIZ-FILHO, J.A.F. 2012. Conserving the Brazilian semiarid

(Caatinga) biome under climate change. Biodivers. Conserv. 21(11):

2913–2926, http://dx.doi.org/10.1007/s10531-012-0346-7.

OLIVEIRA, M.D., HAMILTON, S.K. & JACOBI, C.M. 2010. Fore-

casting the expansion of the invasive golden mussel Limnoperna

fortunei in Brazilian and North American rivers based on its occur-

rence in the Paraguay River and Pantanal wetland of Brazil. Aquat.

Invasions 5(1):59–73, http://dx.doi.org/10.1007/s10530-012-0373-z.

PEREIRA, D., MANSUR, M.C.D., DUARTE, L.D.S., OLIVEIRA,
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Abstract: In the present paper, 27 chromatic patterns of the specie Pachycoris torridus (Scopoli, 1772)

were grouped and three new patterns are described. Because of this high phenotypic polymorphism,

P. torridus already been registered eight times as a new specie, highlighting the importance of the

application of different tools to assist in taxonomy of this hemipterous of economic importance.

Keywords: Insect, Heteroptera, polymorphism, agricultural pest.
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Resumo: No presente artigo, 27 padrões cromáticos da espécie Pachycoris torridus (Scopoli, 1772) são

agrupados e três novos padrões são descritos. Devido a esse grande polimorfismo fenotı́pico, P. torridus

já foi registrado oito vezes como espécie nova, o que ressalta a importância da aplicação de diferentes

ferramentas para auxiliar na taxonomia desse hemı́ptero de importância econômica.

Palavras-chave: Insecta, Heteroptera, polimorfismo, peste agrı́cola.

Introduction

The insects of the Scutelleridae family are popularly known as

shield-backed bug, due to its scutellum which covers the whole body

(Grazia & Schwertner 2011). A striking feature of Scutelleridae is

intraspecific phenotypic variability, as can be observed in the species

Poecilocoris lewisi (Distant, 1883), Pachycoris klugii (Burmeister,

1835) and Pachycoris torridus (Scopoli, 1772) (Miyamoto & Kosaku

2002, Peredo 2002). Pachycoris species are very similar to each other,

although few differences exist among their genitalia and measure of

scutellum and head (Peredo, 2002).

The stink bug P. torridus is phytophagous and polyphagous

that has great prominence as an agricultural pest, with records of

their attacks in 16 vegetable crops (Marques et al., 2012), with

emphasis on the cultures of physic nut (Jatropha curcas Linnaeus

1753), raw material for the production of biodiesel (Borges Filho et

al. 2013). This hemipterous is longevous and can live out to 600

days (Gabriel & Franco, 2012), with wide distribution in the

Neotropical region. Shows a wide variation in chromatic patterns,

characteristic that made P. torridus be registered several times as a

new species (Costa Lima 1940), getting names like: Tetyra

schousboei (Fabricius, 1803), Pentatoma fabricii (Tigny 1801),

Scutellera decorate (Perty, 1833), Pachycoris Klungii (Burmeister,

1835), Pachycoris linaei (Westwood in F. W. Hope 183), Pachycoris

Aquila (Herrich-S. 1839), Pachycoris stallii (Uhler 186) and

Poecilocoris aeneiventris (Vollenhoven, 1863) (Maes 1994).

Monte (1937) initiated the descriptions of stains patterns of

this stink bug and registered 13 different patterns, terming

standard 1 to 13. The author highlights the pattern 13 (Figure 1)

as the basic for P. torridus. Currently, there are 27 chromatic

patterns described for this hemipterous in different scientific

articles (Monte 1937, Sanchez-Soto 2004, Santos et al. 2005,

Pikart 2011, Souza et al. 2012). Thus, in this study we performed

a checklist of all the patterns of stains described in the literature

for P. torridus and we describe three new (Figure 2).

Material and Methods

The checklist of twenty-seven chromatic patterns described for

P. torridus was compiled from the literature (Monte 1937, Sanchez-

Soto 2004, Santos et al 2005, Pikart 2011, Souza et al. 2012). For

description of three new patterns, specimens of P. torridus were

collected in Brotas, Sao Paulo, Brazil (22°14'17.6" S, 48°07'56.0" W)

in Jatropha curcas Linnaeus (1753). The description was based on
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basic pattern of spots described by Monte (1937). Vouchers were

deposited in the collection of the Laboratory of Cytogenetics and

Molecular of Insects, of Institute of Biosciences, letters and the

Exact Sciences (UNESP/IBILCE), Sao Jose do Rio Preto, Sao

Paulo, Brazil.

Results

The stink bugs of the specie Pachycoris torridus are globular,

with scutellum very developed, showing different patterns of

stains and colors of its body, the coloring of the spots vary of

yellow to red. In this checklist, 27 chromatic patterns identified

for this species are detailed and ilustrated (Figure 3), according

to the information of its publication, classified with pattern 1 to

27th in the order which they were reported. Three new chromatic

patterns are described on this paper, totalizing one list with

30 chromatic patterns for this insect.

Pattern 1. Features 15 spots. Pronotum with six, being two

near the head, two on the sides and two in the posterior region,

and scutellum with nine, arranged in four rows, respectively 2, 4,

2 and 1 spots starting from the base to the apex (Monte 1937).

Pattern 2. Features 4 spots. Pronotum and scutellum with

two spots, both of paired (Monte 1937).

Pattern 3. Features 8 spots. Pronotum with four, being two

in the middle region disposed in parallel and two on the sides,

and scutellum with four, arranged in three rows, being the last

with two spots (Monte 1937).

Pattern 4. Features 16 spots. Pronotum with six, arranged

in two rows with 2 and 4 stains, respectively, and scutellum

with ten spots, arranged in four rows of 2, 2, 4 and 2 spots each,

starting from the base to the apex (Monte 1937).

Pattern 5. Features 14 spots. Pronotum with four, being

two rows with two spots each, and scutellum with ten, arranged

in four rows of 2, 2, 4 and 2 spots, respectively, from base to

apex (Monte 1937).

Pattern 6. Features 12 spots. Pronotum with six, being two

near the head, two on the sides and two in the posterior region,

and scutellum with six, arranged in three rows of 1, 4, 1 stains,

being one big spot next to the base region (Monte 1937).

Pattern 7. Features 15 spots. Pronotum with six, being two

near the head, two on the sides and two in the posterior region,

and scutellum with nine, arranged in four rows with 2, 4, 2 and

1 spots, respectively, from base to apex (Monte 1937).

Pattern 8. Features 7 spots. Pronotum with two big spots,

and scutellum with five, being one big in the region near the

base, two on the sides and two near the apex (Monte 1937).

Pattern 9. Features 2 spots. Pronotum and scutellum with

one big spot on each, featuring the spaces that would be the

spots on basic pattern (Figure 1) (Monte 1937).

Figure 1. Basic pattern of P. torridus described by Monte (1937), with
22 spots, being 8 on pronotum and 14 on scutellum.

Figure 2. New chromatics patterns observed in the present work. a) Pattern 28; b) Pattern 29; c) Pattern 30.
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Pattern 10. Features 12 spots. Pronotum with four, being

two in the middle, and two on the sides, and scutellum

with eight, arranged in three rows with 2, 4 and 2 spots each

(Monte 1937).

Pattern 11. Features 13 spots. Pronotum with six, being two

near the base, two near the apex and two on the sides, and

scutellum with seven, arranged in four rows with 2, 2, 2 and 1

spots respectively from base to apex (Monte 1937).

Pattern 12. Features 16 spots. Pronotum with six, being two

near the base, two near the apex and 2 on the sides, and

scutellum with ten, arranged in three rows of 4, 4 and 2 spots,

respectively, from the base to the apex (Monte 1937).

Pattern 13. Features 22 spots. Pronotum with eight spots,

and scutellum with fourteen, neatly arranged in four rows,

respectively of 5, 4, 3 and 2 spots from base to apex (Monte

1937).

Pattern 14. Features 22 spots. Pronotum with eight spots,

and scutellum with fourteen, with the spots 10, 11 and 12

higher than the basic pattern (Figure 1) and very close together

(Sanchez-Soto et al. 2004).

Pattern 15. Features 6 spots. Pronotum with a single spot,

the eight spots of the basic pattern (Figure 1) joined from

lateral and anterior margins, and scutellum with five spots, the

spots 1, 6, 7, 8, 9 and 5, joined and formed a continuous strip,

and spots 10, 11, 12, 13 and 14 joined leaving a small space near

the apex (Sanchez-Soto et al. 2004).

Pattern 16. Features 3 spots. Pronotum with one spot,

formed by the union of the eight spots of the basic pattern

(Figure 1), and scutellum with two spots, one is the spot 2 of

the basic pattern (Figure 1), and the other formed by the union

of spots 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 and 14 (Sanchez-Soto

et al. 2004).

Pattern 17. Features 3 spots. Pronotum with one spot,

formed by the union of the 8 spots of the basic pattern (Figure

1), and scutellum with two spots formed by the union of spots

1, 2, 3, 4, 5, 6, 7, 8 and 9, near the base, and spots 10, 11, 12, 13

and 14 near the apex (Sanchez-Soto et al. 2004).

Pattern 18. Features 8 spots. Pronotum with two near the

head, and scutellum with six, being two near the base, two on

median region, and two on the sides (Santos et al. 2005).

Figure 3. Schemes of 30 chromatic patterns of P. torridus. In black the spots.
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Pattern 19. Features 4 spots. Pronotum with two near the

head, and scutellum with two on the medium region (Santos

et al., 2005).

Pattern 20. Without spots (Santos et al., 2005).

Pattern 21. Features 21 spots. Pronotum with eight spots,

and scutellum thirteen, with the spots 7 and 8 of the basic

pattern joined (Figure 1) and the spots 10 and 12 larger than

the basic pattern (Pikart et al. 2011).

Pattern 22. Features 17 spots. Pronotum with six, being

spots 1 and 8 of the basic pattern (Figure 1) joined,

respectively, with the spots 3 and 7, and scutellum with eleven,

presented the spots 7 and 8 united, and spots 10, 11 and 12

joined forming a continuous strip (Souza et al. 2012).

Pattern 23. Features 20 spots. Pronotum with eight, and

scutellum with twelve, the spots 10, 11 and 12 of the basic

pattern (Figure 1) joined forming a continuous strip (Souza

et al. 2012).

Pattern 24. Features 19 spots. Pronotum with eight spots,

and scutellum with eleven, the spots 7 and 8 of the basic pattern

joined (Figure 1) and spots 10, 11 and 12 grouped forming a

continuous strip (Souza et al. 2012).

Pattern 25. Features 20 spots. Pronotum with eight spots,

being the spots 4 and 5 very close together, and scutellum with

12, being the spots 6 and 9 joined, respectively, with spots 7 and

8 (Souza et al. 2012).

Pattern 26. Features 20 spots. Pronotum with eight spots,

and scutellum with twelve, the spots 6 and 7 joined, as well as

the spots 8 and 9, and the spots 10, 11 and 12 are larger and

closer together (Souza et al. 2012).

Pattern 27. Features 17 spots. Pronotum with seven, the

spots 4 and 5of basic pattern joined (Figure 1), and scutellum

with ten, the spots 2, 3 and 4 grouped near the base forming a

continuous strip and spots 6 and 9 joined, respectively, with

spots 7 and 8 (Souza et al. 2012).

Pattern 28. Features 23 spots. Pronotum with eight spots,

and scutellum fifteen, with one additional spot between the

spots 7 and 8 of the basic pattern (Figure 1). (This paper)

(Figure 2a).

Pattern 29. Features 21 spots. Pronotum with eight spots,

and scutellum with thirteen, the spots 7 and 8 of the basic

pattern joined (Figure 1) (This paper) (Figure 2b).

Pattern 30. Features 22 spots. Pronotum with eight spots,

and scutellum with fourteen, the spots 7 and 8 are larger and

closer together, that the basic pattern (Figure 1) (This paper)

(Figure 2c).

Discussion

The stink bug P. torridus shows different phenotypes with

several variations in the pattern of spots and colors of your

body, however, all their phenotypic diversity had not been

described. Monte (1937) iniciated the disciption of this species

and recorded 13 different patterns in 13 of 16 specimens

collected on an unidentified plant. He depicted the basic

chromatic patterns of this stink bug as being one that presents

22 spots, being eight in the pronotum and 14 in the scutellum,

neatly arranged in the scutellum where present in four rows

respectively of 5, 4, 3 and 2 spots, starting from the base to the

apex. The color of the spots is diversified, varying of red to

yellow (Monte, 1937). Years later, Sanchez-Soto et al. (2004)

recorded in Schinus terebinthifolius Raddi (1820) more four

patterns; Santos et al. (2005) more three in Cnidoscolus

pubescens Pohl (1827); Pikart et al. (2011) described a new

pattern in Coffea arabica Linnaeus (1737) and, Souza et al.

(2012) described six patterns with specimens collected in

Jatropha curcas Linnaeus (1753). In this article we performed

a checklist of the 27 color patterns described and we describe

three new patterns, completing a list of 30 color patterns

described for P. torridus.

The high polymorphism of P. torridus already led to great

taxonomic mistakes, with this species described eight time as

new (Costa Lima 1940). According to Monte (1937), the color

variations of P. torridus are not hereditary and the factors that

may contribute to the differentiation of a color are diverse and

complex, however the factors involved in the polychromatism

of P. torridus have not yet been identified.

Grazia & Schwertner (2011) in a checklist about biodiver-

sity of the State of Sao Paulo, Brazil, emphasized that the

Scutelleridae family needs of taxonomic revision and high-

lighted the importance of the developing of tools to identifica-

tion and dissemination of the knowledge of the group. Souza

et al. (2012) also emphasize that the high chromatic variation of

P. torridus makes necessary to describe new phenotypes to assure

its correct taxonomic identification. Souza-Firmino et al. (2014)

described the presence of P. torridus in 15 Brazilian states and

emphasized their infestations in the culture of physic nut and they

highlight the characteristic of polyphagous of P. torridus, which

allows this insect can colonize and mainly become an agricultural

pest to other crops of economic importance.

Thus, because of this great importance as agricultural pest,

this great phenotypic variability and due the scarcity of

information about this insect, the checklist and description of

three new chromatic patterns of P. Torridus, is a new tool for

taxonomy of this stink bug, synthesizing all the chromatic

patterns described for the specie.

Conclusion

This article makes, for the first time, one checklist of all the

chromatic patterns described for the specie P. torridus and

fundament the patterns already described in descriptions initial

contained in scientific articles. Thus, this study enabled us to

identified the high chromatic polymorphism of this stink bug.
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