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Abstract: The aim of this study is to survey the angiosperms of two montane forest remnants in the

southern Bahia, Brazil: Corcovado (SCO) and Pedra Lascada (SPL). Both fragments are located in the

municipality of Almadina and Barro Preto, respectively, and are 18 km distant from each other. We

sampled 899 species of angiosperms distributed in 437 genera and 116 families. The SCO was the richest

area with 678 species, distributed in 367 genera and 100 families. SPL showed 466 species in 269 genera

and 88 families. The percentage of species identified was 85.8% and of this total, 37.7% are endemic to the

Atlantic Forest, 11.2% are endemic to southern Bahia and northern Espı́rito Santo and 7% are disjunct

between the Atlantic Forest and Amazon. The remaining percentages (44.3%) were of species widely

distributed. The richest families in the two areas were Orchidaceae (10%), Rubiaceae (7%), Bromeliaceae

(5.5%), Melastomataceae (4.2%) and Poaceae (4%). The richest genera were Psychotria (2%), Piper

(1.8%), Ocotea (1.6%), Vriesea (1.5%) and Peperomia (1.4%). More than half of the recorded species

showed non-arboreal habit, regarding life forms documented. That comes against the assertion that many

authors in the tropical forests, where species richness in angiosperms is expected for non-woody species,

especially in montane forests. Twelve species have been identified as new, but seven others already

described from collections previously obtained in these two areas. Orchidaceae, Rubiaceae, Poaceae and

Bromeliaceae showed significant richness in this study these families are commonly reported as the richest

in other inventories in the Atlantic Forest in southern Bahia reinforcing their importance to the regional

flora. The high levels of richness, endemism, and the growing numbers of new taxonomic discoveries

from the SPL and SCO sites indicate the biological importance of these two forest remnants. The

implementation of parks or other protected environmental reserves would be essential to the conservation

of its species.
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Resumo: O presente estudo objetivou inventariar as angiospermas de dois remanescentes florestais no sul

da Bahia, Brasil. Os remanescentes se encontram nas Serras do Corcovado (SCO) e da Pedra Lascada

(SPL), situados nos municı́pios de Almadina e Barro Preto, respectivamente, e distantes 18 km um do

outro. Foram registradas 899 espécies de angiospermas distribuı́das em 437 gêneros e 116 famı́lias. A

SCO foi a área mais rica em espécies, com um total de 678 espécies distribuı́das em 367 gêneros e 100

famı́lias, enquanto a SPL apresentou 466 espécies em 269 gêneros e 88 famı́lias. O percentual de espécies

identificadas foi de 85,8%. Desse total, 37,7% são endêmicas da Floresta Atlântica e 11,2% são endêmicas

do sul da Bahia e norte do Espı́rito Santo. A distribuição disjunta entre Florestas Atlântica e Amazônica

foi constatada em 7% das espécies inventariadas. O percentual restante (44,3%) foi de espécies

amplamente distribuı́das no Brasil. As famı́lias mais ricas nas duas áreas foram Orchidaceae (com 10%),

Rubiaceae (7%), Bromeliaceae (5,5%), Melastomataceae (4,2%) e Poaceae (4%). Já os gêneros mais ricos

foram Psychotria, (com 2%), Piper (1,8%), Ocotea (1,6%), Vriesea (1,5%) e Peperomia (1,4%). Mais de
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metade das espécies registradas apresentaram hábito não-arbóreo com relação às formas de vida

documentadas. Isso vem de encontro com a afirmativa de diversos autores de que em florestas tropicais a

grande riqueza nas angiospermas é esperada para as espécies não-lenhosas, especialmente na Floresta

Montana. Até o momento, doze espécies foram apontadas como novas, além de outras sete já descritas a

partir das coleções obtidas anteriormente nessas duas áreas. Orchidaceae, Rubiaceae, Bromeliaceae e

Poaceae apresentaram significativa riqueza nesse estudo e são famı́lias comumente reportadas como as

mais ricas em outros inventários na Floresta Atlântica no sul da Bahia comprovando sua importância na

flora local. Os altos ı́ndices de riqueza, endemismo e o crescente número de novidades taxonômicas

provenientes de ambas as áreas indicam a importância biológica desses dois remanescentes. A

implementação de parques ou demais reservas ambientais protegidas seriam essenciais para a

conservação de suas espécies.

Palavras-chave: Floresta Atlântica, Conservação da biodiversidade, Documentação florı́stica e

Remanescentes florestais.

Introduction

The Atlantic Forest covers the east coast of Brazil and is the

second largest tropical rainforest on the American continent. It

comprises 1% to 8% of the world’s biodiversity (Silva and

Casteleti 2005) and is the largest hotspot in the country,

comprising 17,691 plant species, including algae, bryophytes,

ferns, lycophytes, gymnosperms, and angiosperms, 40% of

which are endemic (Forzza et al. 2012). The Atlantic Forest is

considered one of the most important phytogeographic

domains for biodiversity preservation worldwide because it is

extremely diversified, covering regions with various levels of

species abundance, composition, and endemism (Silva and

Casteleti 2005).

The abundance and diversity are thought to have resulted in

the isolation of two large South American forest blocks: the

Amazonian Forest and the Andean Forests (Silva and Casteleti

2005). The Atlantic Forest and the vast Amazonian domain are

separated by an open corridor formed by seasonal vegetation,

including the Caatinga in the northeast semi-arid region of

Brazil; the Cerrado in the midwest; and the Chaco, a region of

dry vegetation located in the central lowlands of South America

(Argentia, Bolivia, and Paraguay), which separates the Atlantic

domain from the Andean forests (Rizzini 1997, Silva and

Casteleti 2005). The transition from the Atlantic Forest to the

Caatinga in the semi-arid regions is relatively abrupt and occurs

in northeastern Brazil, where a narrow strip of coastal forests

(less than 50 km) is delimited by an equally narrow strip of

seasonal semi-deciduous forests (Oliveira-Filho and Fontes

2000). In southeastern Brazil, the transition from coastal forests

to the Cerrado biome involves a much larger extension of semi-

deciduous forests, which extends southward and forms complex

mosaics with the Cerrado vegetation to the west. In the south,

these semi-deciduous forests also extend along the Paraná river

basin in eastern Paraguay and northeastern Argentina, where

they make a transition to the Chaco biome (Oliveira-Filho and

Fontes 2000).

The isolation of the South American forest blocks has

resulted in consistent demographic changes in forest popula-

tions during the Pleistocene and Holocene eras, followed by

climate changes during the late Quarternary era (Carnaval and

Moritz 2008). These changes have had a greater impact on the

southern portion of the Atlantic Forest and resulted in the

evolution of a unique biota (Oliveira-Filho and Ratter 1995,

Carnaval and Moritz 2008). The Atlantic Forest is considered

one of the most unique biogeographical zones in South

America. It shows great variations in topography, pluviometric

regimes, and phytogeographic units because of its wide latitude

(approximately 276), longitude (from the coast to the interior),

and altitude (from the sea level to altitudes of approximately

2700 m) (Silva and Casteleti 2005). These elements have led to

the floristic and physiognomic heterogeneity present across the

entire area (Pinto et al. 1996, Oliveira-Filho and Fontes 2000).

Special importance should be given to the forest altitude,

which accounts for several environmental factors, including

variations in the availability of solar energy, resources, and the

forest’s potential to serve as refuge for immigrant species; this

potential may be higher in the lowlands and lower in the more

isolated montane areas (Lomolino 2001). In addition, higher

altitudes lead to a reduction in the number of species because of

the occurrence of more severe environmental conditions with

an increase in the altitude (e.g., edaphic factors, temperature,

wind speed, and rainfall) (Lieberman et al. 1996, Pendry and

Proctor 1996).

Taken together, these factors result in a wide variation in

the species composition of the Atlantic Forest and make this

area a heterogeneous unit with regard to studies on biodiversity

conservation (Silva and Casteleti 2005). The difference between

ombrophilous and semi-deciduous forests is consistent from a

floristic point of view and is closely correlated with the rainfall

(Oliveira-Filho and Fontes 2000). In this respect, the arboreal

flora of semi-deciduous forests is largely a subset of the flora of

ombrophilous forests and probably gives rise to species capable

of withstanding more prolonged dry seasons (Oliveira-Filho

and Fontes 2000, Oliveira-Filho et al. 2005). In addition,

changes in the flora of semi-deciduous forests are associated

with an increase in length of the dry season, which is caused by

an increase in the distance from the ocean. Furthermore,

altitude variations and the corresponding temperature varia-

tions are closely correlated with the internal floristic differ-

entiation in both ombrophilous and semi-deciduous forests

(Oliveira-Filho and Fontes 2000). Notably, the difference

between deciduous and semi-deciduous forests is probably

linked to a combination of chemical properties of the soil,

rainfall, and variations in the altitude and latitude (Oliveira-

Filho and Ratter 1995). Therefore, the definition of the Atlantic

Forest should be as broad as that of the Amazonian formations

(Oliveira-Filho and Fontes 2000).

In this context, the Atlantic Forest of southern Bahia can be

included among the wet forests of the Northeast, which extend

from Pernambuco to northern Espı́rito Santo. It is represented

by coastal forests that cover an area of approximately 100––200

km in width along the east coast of Brazil and by forests that

become increasingly drier toward the interior. Therefore, open
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formations gradually change to ombrophilous forests, semi-

deciduous forests, and seasonally dry deciduous forest as one

moves from east to west (Gouvêa et al. 1976, Silva and Casteleti

2005). In these forests, the minimum annual rainfall of 1600

mm and a dry period of not more than 2 months per year reflect

the separation between wet and seasonal forests, with wet

forests being essentially evergreen and comprising less than 20%

of deciduous trees (Thomas and Barbosa 2008). In addition,

wet forests can be classified according to the altitude as follows:

lowland (20––100 m), submontane (100––600 m), and montane

(600––800 m) (Thomas and Barbosa 2008). However, Veloso

(1992) defined other altitude ranges for these areas, with

montane forests occurring at altitudes between 500 and 1500 m.

The coastal forests of southern Bahia may have provided

refuge for the biodiversity present during the Pleistocene era.

The continual identification of new species and the high level of

endemism detected in other studies reinforce the evidence of the

uniqueness of this relatively unexplored region (Mori et al.

1981, Thomas et al. 1998, Carnaval and Moritz 2008, Amorim

et al. 2009). Of all the coastal areas of Brazil, coastal forests

contain the highest number of endemic species of Myrtaceae (15

species), which are threatened with extinction (Carnaval and

Moritz 2008, Murray-Smith et al. 2008).

To investigate the flora of the Montane Forest in southern

Bahia, the present study aimed to produce an inventory of

angiosperms in two vestigial areas of the Montane Forest

located on the Almadina––Barro Preto axis in the cocoa-

growing region of southern Bahia. Moreover, the present study

aimed to investigate whether these vestigial areas differ in terms

of abundance from other areas of vestigial forests located in

nearby regions, for which floristic documentation exists. In

southern Bahia, the abundance and endemism of vascular

plants reportedly yields high levels of diversity (Thomas et al.

1998, Martini et al. 2007, Thomas et al. 2009, Amorim et al.

2009, Murray-Smith et al. 2008). Importantly, this floristic

documentation provides more detailed information on the

endemism, abundance, areas of occurrence of taxa, and

identification of new species and may serve as the foundation

for future studies on biome similarities, biogeography, and

community structure (Giulietti et al. 2005, Funk 2006).

Material and Methods

Study areas

The study areas are located in the Montane Forest (Veloso,

1992) in the cocoa-growing region of the State of Bahia

(Gouvêa, 1976), in the cities of Barro Preto [Serra da Pedra

Lascada (SPL)] and Almadina [Serra do Corcovado (SCO)],

which are approximately 18-km apart (Figure 1). The floristic

richness of SLP has been reported previously (Amorim et al.

2009) and has been revised and extended in the present study.

SPL (146469S and 396329W) is a vestigial forest of

approximately 300 ha that lies approximately 56 km from the

coast, with altitudes ranging from 600 to 950 m above the sea

level (Amorim et al. 2009). There is a rocky outcrop of the

‘‘inselberg’’ type on the eastern side of the slope. This outcrop is

formed by granites and gnaisses from the Precambrian era,

comprising ancient elements of the landscape (Porembski et al.

1998). SPL is primarily populated by rupicolous monocotyledons

and exhibits particular edaphic and microclimatic conditions,

revealing its importance from a geomorphological and topogra-

phical perspective (Figures 2B, C and D). This forest has some

well-preserved areas, with trees 20 to 30 m in height, and a dense

subforest. There is an abundance of epiphytes, particularly

mosses, ferns, and lycophytes, which sometimes give the

appearance of cloud forests as the altitude increases. The forest

fragment surveyed has an irregular area and is sharply demarked

by the adjacent cocoa plantations (Theobroma cacao L.) where

the trees are cultivated under the cabruca system. This fragment

also comprises regeneration areas and pasture lands (Amorim et

al. 2009).

SCO (146429S and 396369W) is located at altitudes ranging

from 400 to 1040 m above the sea level. It comprises an area of

approximately 2500 ha and is located at a distance of 65 km

from the coast; its slopes contain springs that form part of the

river basin of Almada, the main river in the region. These

springs ultimately provide water supply to the city of Almadina

(Figure 2A). A part of the slope of SCO comprises a steep rocky

outcrop of the ‘‘inselberg’’ type, which gives it a unique

geomorphology. This outcrop is populated by a large number

of vascular plants, particularly rupicolous flora such as

Bromeliaceae and Orchidaceae (Figure 2E) (Porembski et al.

1998). The forest contains dense subforests, trees up to 35 m in

height, and an abundance of epiphytes, giving it the appearance

of a cloud forest at altitudes of 800 m above the sea level. There

is an abundance of rupicolous species, particularly mosses, and

the presence of various species of Cyatheaceae. Cocoa

plantations, with trees cultivated under the cabruca system,

and pasture lands are also common around SCO.

The climate of the region is warm and wet, with a dry

season of the Af (Köppen) type (Peel et al. 2007). The average

annual rainfall ranges between 1500 and 1750 mm, and the

average daily rainfall varies between 50 and 100 mm. The

average annual temperature varies between 236C and 246C,

with a thermal range of 106C to 146C. The annual total

potential evapotranspiration varies from 1200 to 1300, mm and

the relative humidity is less than 80%.

Floristic Surveys

Eight field trips were conducted between July 2011 and June

2012, each lasting for 2 to 3 days. The surveys prioritized SCO

because it is an area with large gaps in floristic documentation.

These field trips, when added to the 12 previous trips (five in

SCO and seven in SPL) conducted by various collaborators

between 2004 and 2010, enabled the collections to be

distributed throughout the year and increased the documenta-

tion of fertile specimens. Preliminary data from SPL used in

this study had been previously published by Amorim et al.

(2009).

The documentation of angiosperms was conducted through

collection along the trails and access roads by careful visual

examination with the aid of binoculars, with the aim of

collecting the largest number of fertile species possible. Some

trees were surveyed using climbing techniques to collect

arboreal specimens and document the epiphytic flora. In

addition, fallen trees and canopy branches were examined in

detail. Sterile specimens were collected whenever their identi-

fication in the field was possible.

The material collected was prepared according to Fidalgo

and Bononi (1989) and deposited in the CEPEC Herbarium.

Duplicates were sent to the HUEFS and RB archives. Species

were identified by literature search, comparison with the material

deposited in the CEPEC, and consultation with specialists. The

material identified was standardized in morphotypes and
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Figure 1. Location of Serra da Pedra Lascada (SPL) and Serra do Corcovado (SCO) regions and their respective cities (Barro Preto and Almadina)
in southern Bahia, Brazil.
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classified as proposed by APG III (2009). The specific epithets

and citations of the authors of the species were standardized on

the basis of the Lista de Espécies da Flora do Brasil (2012) [List

of Species of the Brazilian Flora (2012)] and on the website The

Plant List (2012). The occurrence of species and endemism were

verified in the Lista de Espécies da Flora do Brasil (2012),

Amorim et al. (2009), Thomas et al. (2003), and Stehmann et al.

(2009). Endangered species were searched in the lists of

Biodiversitas (2009) and MMA (2008).

Classification of life forms into arboreal, arbustive,

epiphytic, hemiepiphytic, parasitic, and hemiparasitic followed

the standard used by Amorim et al. (2009) and was obtained by

field observation and, in some cases, from exsiccate labels of

each taxon. Rupicolous speces are indicated in Table 1 with an

asterisk (*). The percentage of contribution of these species was

calculated and compared with that obtained in previous survey

(Amorim et al. 2009) conducted in the Atlantic Forest in

southern Bahia, which used a similar methodology and for

which sample material is accessible in scientific archives such as

CEPEC and RB.

Results

Floristic Survey

In the SCO and SPL areas, a total of 899 species of

angiosperms, distributed in 437 genera and 116 families, was

documented (Table 1). SCO was the area with a greater

abundance, with 678 species distributed in 367 genera and 100

families. SPL comprised 466 species in 269 genera and 88

families. The percentage of species identified was 85.8% (772

species), 14% (124 species) and 0.5% (5 species) of which were

identified only at the genus and family level, respectively.

Of the total species documented, 37.7% (291 species) are

endemic to the Atlantic Forest and 11.2% (101 species)

are endemic to southern Bahia and northern Espı́rito Santo

(Figure 3). The remaining 44.3% species are widely distributed

in Brazil. Most endemic species were arboreal (36%), followed

by epiphytic (23.3%), arbustive (11%), climbing (10.7%), and

herbaceous (7.6%) species. In total, 81 species (7%) had a

disjunct distribution between the Atlantic and Amazonian

forests.

In SCO and SPL, the five most abundant families were

Orchidaceae (10%; 91 species), Rubiaceae (7%; 63 species),

Bromeliaceae (5.5%; 50 species), Melastomataceae (4.2%; 38

species), and Poaceae (4%; 37 species). These families

accounted for 30.7% of the documented species (Figure 4). In

terms of the number of species, the five most abundant families

in SCO were Orchidaceae (69 species), Rubiaceae (46 species),

Bromeliaceae (33 species), Fabaceae (30 species), and

Melastomataceae (28 species). In SPL, the families with the

largest number of species were Orchidaceae (42 species),

Rubiaceae (41 species), Bromeliaceae (30 species),

Melastomataceae (27 species), and Poaceae (23 species).

In these two areas, the most abundant genera were

Psychotria (18 species), Piper (17 species), Ocotea (15 species),

Vriesea (14 species), and Peperomia (13 species) (Figure 5). In

SCO, the number of genera represented by a single species

totaled 34.2% (233 genera), and in SPL, it totaled 40% (185

genera). When both the areas were analyzed together, the

percentage was only 29.4% (265 genera). In terms of the

number of species, the most abundant genera in SCO were

Psychotria (16 species), Piper (13 species), Peperomia and

Solanum (11 species each), and Anthurium, Ocotea, and Vriesea

(10 species each), whereas the most abundant genera in SPL

were Psychotria (12 species), Piper (11 species), Ocotea and

Peperomia (9 species each), and Aechmea, Leandra, Miconia,

and Vriesea (8 species each).

Among the life forms documented in SCO, 35.2% of the

species were arboreal, 21% were epiphytic/hemiepiphytic, 16.5%

were arbustive/subarbustive, 14,6% were herbaceous, 11.5%

were climbing, and 1.3% were hemiparasitic (Figure 6). In SPL,

33.7% of the species were arboreal, 23.8% were epiphytic/

hemiepiphytic, 18,5% were arbustive/subarbustive, 13.4% were

herbaceous, 10% were climbing, and 0.6% were hemiparasitic.

In total, 17 species were rupicolous, and most of them belonged

to the family Piperaceae. More than 50% of the species

recorded were nonarboreal (64.8% in SCO and 66.3% in

SPL). These values were similar to those found in previous

studies performed in the same region (Figure 6, Table 2).

In SCO and SPL, the most abundant families in terms of

liana species were Malpighiaceae (13 species), Asteraceae (12

species), Sapindaceae (9 species), Celastraceae (8 species), and

Bignoniaceae, Fabaceae, and Cucurbitaceae (7 species each),

Figure 2. Serra do Corcovado (SCO) and Serra da Pedra Lascada (SPL)
in the Montane Forest, southern Bahia, Brazil
A: General view of SCO from the urban center of Almadina. B: General
view of SPL from the access road. C: Secondary vegetation on one of
the slopes of SPL.
D: Interior of a mature forest in SPL showing the base of the inselberg.
E: Vegetation at the top of the slope showing one of the exposed sides
of the inselberg in SCO. Photos A and E were taken by André Paviotti.
Photos B, C, and D were taken by André Amorim.
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short communication

‘‘Swallowing it all’’ –– Extreme ingestion capability of juvenile reef fish
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Abstract: During a predation event a juvenile grouper, rock hind Epinephelus adscensionis, fed upon the

redlip blenny Ophioblennius trinitatis. It is important to highlight that both individuals had pretty much

the same size during the predation event (around 5 cm); however, the grouper ingested the whole prey.

Keywords: Feeding behavior, Piscivory, Reef Fish, Atlantic Ocean.

PEREIRA, P.H.C. ‘‘Engolindo inteiro’’ –– Extrema capacidade de ingestão de peixes recifais juvenis. Biota

www.biotaneotropica.org.br/v14n1/PT/abstract?short-communication+

bn00914012014

Resumo: Durante um evento de predação um indivı́duo juvenil de Epinephelus adscensionis (peixe-gato)

alimentou-se de Ophioblennius trinitatis (macaquinho). É importante destacar que ambos os peixes

apresentavam praticamente o mesmo tamanho (aproximadamente 5 cm); no entanto, a garoupa engoliu a

presa inteira.

Palavras-chave: Comportamento alimentar, Piscivoria, Peixes recifais, Oceano Atlântico.

Introduction

A reduced number of animals have the ingestion capability

to swallow a whole prey, in just one trial, during their juvenile

life phase (Hampton 2014). This behaviour needs to be

associated with a series of morphological and anatomical

features such as gape size, stomach dilatation, quantity and

quality of digestive enzymes (Richard & Wainwright 1995).

Despite the fact that this behaviour can be considered rare for

juveniles, it has already been recorded for reptiles, birds and

fishes (Rodriguez-Robles 2002).

Piscivorous reef fishes are defined as the ones that feed most

on live fishes. This trophic guild is proportionally better

represented in high latitudes due to a decrease in the abundance

of other groups such as herbivores and planktivores (Ferreira et

al. 2004). Moreover, their life cycle characteristics (e.g. long life

span, ontogenetic migrations) and reproduction (e.g. sex

inversion) make them highly vulnerable to even low levels of

exploitation (Sadovy 2001).

Epinephelus adscensionis, rock hind, is a solitary grouper

(Family Epinephelidae) that inhabits rocky reefs in the Western

Atlantic Ocean (Nelson 2006). It is characterized by a medium

body size grouper (maximum 50.0 cm total length) with bases

of soft dorsal and anal fins covered with scales and thick skin.

Also, 2 or 3 dark saddles along base of dorsal fin and another

on top of caudal peduncle and red spots on head, body and

fins, spots becoming larger ventrally (Smith 1997; Nelson 2006).

Ontogenetic diet changes have been already recorded for

piscivorous fish and also for the Epinephelus genus (Machado et

al. 2008), such as for another reef fishes trophic guilds (Pereira

& Ferreira 2013). These diet changes according to ontogeny are

normally useful to minimize energetic coast, predation risk and

diet overlap; in contrast, increase species growth rates.

Material and Methods

The predation event recorded herein was observed in

Northeast Brazil macroalgal beds adjacent to coral reefs

(Tamandaré municipality –– 86449260 S and 356059110 W)

during the summer of 2011. These macroalgae beds are mainly

composed by Sargassum polyceratium, Dictyopteris delicatula

and Canistrocarpus cervicornis and are recognised nursery and

feeding grounds for different reef fishes (Chaves et al. 2013).

The observation was performed by snorkelling during the

morning (09:00 –– 11:00) in depth average of 2 m.

Results and Discussion

During the observation, a juvenile grouper, rock hind

Epinephelus adscensionis, fed upon the redlip blenny

Ophioblennius trinitatis (endemic Brazilian cryptobenthic spe-

cies). The ingestion process was observed and took approxi-

mately 5 minutes from the first strike until the final tail

ingestion. Before the attack, the prey was observed swimming

close to the predator without any sign of debilitation what

emphasise the predator hunting skills. The rock hind,

Epinephelus adscensionis, was camouflaged around an algae

bottom and attacked the redlip blenny Ophioblennius trinitatis

in an extremely fast movement once it approached. It is

important to highlight that both individuals had pretty much

the same size during the predation event (around 5 cm);
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however, the juvenile grouper ingested the whole prey. The

feeding behaviour started from the head (Figure 1A) contin-

uous towards the body (Figure 1B) and then the grouper

swallowed the whole fish (Figure 1 C).

Epinephelus adscensionis individuals are characterized as an

ambush predator, displaying a ‘‘sit and wait’’ feeding beha-

viour. This behaviour is normally associated with low mobility

and high camouflage capability. Therefore, the predation event

observed herein supports this behaviour for the Epinephelus

genus also during juvenile life phase when the rock hind

ingested the whole redlip blenny in just one trial.

The rock hind diet is composed mainly by crabs (66.70%)

and fishes (20.1%); and they can also include young sea turtles

in their diet (Randall 1967, Coelho 2012). Nevertheless, the diet

of E. adscensionis during juvenile life phase is still unclear,

despite the fact that crabs are normally found on their stomachs

(Randall 1967).

Ontogenetic changes in habitat use are also known for E.

adscensionis. Juveniles are more abundant associated with

macroalgal beds (Chaves et al. 2013); in contrast adults are

common in deeper waters connected with coral reefs (author

personal observation). Therefore, these habitat use modifica-

tion according to ontogeny can also be relevant for E.

adscensionis and other reef fishes, reducing their predation risk

and also increasing feeding rates (Brown et al. 2002).

The plasticity of the feeding event reported herein highlight

ontogenetic diet changes on piscivorous reef fishes as well as

already observed for the Epinephelus genus (López & Orvay

2005, Machado et al. 2008, Coelho 2012). Furthermore, the

extreme ingestion capability of juvenile piscivorous reef fish

needs to be better investigated regarding its anatomical and

morphological characteristics.
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Figure 1. Predation event recorded on Northeast Brazil macroalgal beds
when a juvenile grouper (around 5.0 cm), Epinephelus adscensionis,
ingested the whole redlip blenny (around 4.5 cm), Ophioblennius

trinitatis in just one trial. The feeding behaviour started from the head
(Figure 1A) continuous towards the body (Figure 1B) and then the
grouper swallowed the whole fish (Figure 1 C). Size scales are presented
in the figure.
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Abstract: The Parnaı́ba River is the largest hydrographic basin with its limits entirely within the

northeastern region of Brazil. It is one of the few perennial rivers in the Brazilian Northeastern Region,

running predominantly in the area of Caatinga on the eastern portion (with intermittent drainages

associated to this type of environment), and partly extending into the Cerrado region on the western

portion. The objective of this study was to describe the diversity of freshwater fishes of the Parnaı́ba

River basin by conducting a comprehensive ichthyofauna inventory of the basin. The sampling design of

this study was based on the placement of (1) Fixed Sites for seasonal collection (dry and wet season, two

years) in the three portions of the main course of the Parnaı́ba River, and (2) ‘‘Aquarap’’ protocol

collections which covered the entire basin. The collection effort consisted of 244 sampling sites surveyed

along the entire basin between the years 2004 and 2011. Fish were collected with the use of seines, cast

nets, gill nets and dip nets; only the first two fishing gears were used in Fixed Sites. As a result, 146 species

of freshwater fish were recorded in the Parnaı́ba River basin, distributed in 103 genera, 36 families and 11

orders. The registered endemism reached a total of 54 species.

Keywords: Parnaı́ba River, Ichthyofauna, Northeastern Brazil, Neotropical Region.
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y+bn01014012014

Resumo: O rio Parnaı́ba é o maior rio cuja bacia hidrográfica está inteiramente situada na região

Nordeste do Brasil. É um dos poucos rios perenes do Nordeste e encontra-se sob domı́nio predominante

de Caatinga (com drenagens intermitentes associadas a este tipo de ambiente), uma parte estendendo-se

em região de Cerrado. Este estudo descreveu a diversidade da ictiofauna de água doce da bacia do rio

Parnaı́ba através da realização de um amplo inventário. O desenho amostral baseou-se no

estabelecimento de (1) Pontos Fixos de coleta sazonal (seca e cheia, dois anos de coleta) nas três

porções do curso principal do rio Parnaı́ba, e (2) coletas do tipo ‘‘AquaRap’’, que cobriram toda a bacia.

O esforço de coleta somou 244 pontos visitados ao longo da bacia entre os anos de 2004 e 2011. Os peixes

foram coletados com o uso de redes de arrasto, tarrafas, esperas e puçás; apenas os dois primeiros tipos

de apetrechos foram utilizados nos Pontos Fixos. Como resultado, foram registradas 146 espécies de

peixes de água doce na bacia do rio Parnaı́ba, distribuı́das em 103 gêneros, 36 famı́lias e 11 ordens; o

endemismo registrado foi de 54 espécies.

Palavras-chave: Rio Parnaı́ba, Ictiofauna, Nordeste brasileiro, região Neotropical..

Introduction

Most basins in Northeastern Brazil are under the influence

of the Caatinga. This biome is characterized by low rainfall,

high evaporation rate and hence intermittent rivers, except for

the main course of the São Francisco and Parnaı́ba rivers,

which are perennials (Rosa et al. 2003). The Parnaı́ba River,

object of this study, is the largest river in Northeastern Brazil

among those whose drainage extends completely into this

region, running on the north-western portion of the Caatinga,

and is part of the Maranhão-Piauı́ ecoregion. Only a small part

of its drainage is associated with the Cerrado area (Rosa et al.

2003).

The volume of information related to the fish fauna of the

Parnaı́ba River basin is limited, although its exploration has

begun in the nineteenth century, with Johan von Spix and Karl

von Martius (Ramos 2012). This basin was included in the

‘‘Thayer Expedition’’, lead by Louis Agassiz. The collection at

the Parnaı́ba basin, however, was done by Orestes St. John.

After studying Parnaiba’s specimens Agassiz focused on the

similarities between the ichthyofauna of this basin and that of

the Amazon basin, being the first author to state that the
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Parnaı́ba basin, under the geological and zoological viewpoints

seems to be part of the Amazon basin (Agassiz & Agassiz,

1875). Géry (1969) agreed with the preceding authors in

considering the Parnaı́ba basin as part of the ‘‘Amazon

faunistic region’’, and Paiva (1978) followed this statement

adding that its ichthyofauna was impoverished. Rosa et al.

(2003) refuted this last statement, referring to a higher number

of species and endemism, and also highlighted that the

Parnaı́ba river basin shares some similar species with the

Amazonian basin. Vari (1989) cited some examples of the close

relationship between the ichthyofauna of these two basins, such

as the genus Psectrogaster, whose species occurring at the

Parnaı́ba River is the sister-taxon of a species occurring at the

Amazon basin.

Fowler (1941, 1954), Menezes (1955), Roberts (1968), Paiva

(1973), Fontanele & Farias (1979), Barbosa (1981) and Soares

(1987) compiled lists of freshwater fish species of the Parnaı́ba

River; and fisheries at the Parnaı́ba River were addressed

during the 60’s and 70’s by Menezes (1964, 1973) and Paiva

(1973, 1976). These papers provided lists of the freshwater fish

species occurring in the basin in which 50-80 species were cited.

These lists were biased on citing mostly middle to large-sized

species (i.e., those targeted by the fishermen) and are now also

largely outdated with respect to the taxonomy (Ramos 2012).

In the last decade were described nine new species of freshwater

fish of the Parnaı́ba River basin. This scenario shows that the

Parnaı́ba River basin is still poorly known ichthyologically. A

more in-depth analysis currently in preparation by the authors

point that the level of endemism of the Parnaı́ba River basin is

even higher than the present estimate indicates. Other recent

studies have demonstrated a low level of knowledge on the

taxonomy of the Parnaı́ba River ichthyofauna. For example,

Staeck & Shindler (2006) described Geophagus parnaibae based

on specimens traditionally identified as G. surinamensis; Piorski

et al. (2008) described Platydoras brachylecis based on speci-

mens identified as P. costatus. The aim of this study was to

describe the diversity of freshwater fishes of the Parnaı́ba River

basin through an extensive inventory.

Material and Methods

1. Study area

The main course of the Parnaı́ba River (Figure 1) has a

south-north direction, with large meanders along its course.

The low water period spans from June to October, the raining

season from November to May; and large floods occur in

January and February (SEMAR-PI; SRH/MMA. 2008). The

main river course has a length of 1400 km, with the entire basin

covering an area of 344.112 km2 (3.9% of Brazilian territory)

and draining nearly the entire Piauı́ State (99% of the territory),

part of Maranhão (19%) and Ceará (10%) States. The main

channel extends between Maranhão and Piauı́ States, defining

the border between them in its entire length. The Parnaı́ba

River basin includes 143 tributaries on the Piauı́ side, and 74 on

the Maranhão side; part of tributaries on the east margin have

their headwaters in Ceará State. The main tributaries of the

Figure 1. Map of the Parnaı́ba River basin showing the geographical location of the study’s sampling sites (see Sample Design). The marks on the
map may represent more than one collection site.
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Parnaı́ba river are: the Balsas River (Maranhão side); Poti and

Portinho Rivers (Piauı́ side, with headwaters in Ceará State);

Caninde, Piauı́, Gurguéia, and Longá Rivers running exclu-

sively in Piauı́ State. The Parnaı́ba River has a perennial

regime, despite of intermittent tributaries, and represents the

transition zone between the Caatinga’s semi-arid land in the

east area of the basin, and the more humid climate of Cerrado,

in the west (Rosa et al. 2003, Ramos 2012).

2. Sampling Design

The sampling design of this study was based on the

establishment of (1) Fixed Sites for seasonal collection (nine

groups of three sites, totalizing 27 collection sites, dry and wet

season, from 2009 to 2011), restricted to the main course of the

river through its three sections: high, medium and low regions;

and (2) AquaRap collections performed between 2004 and

2011, which covered the entire basin. The collection effort

conducted in this study consisted in 244 sampling sites along

the entire river basin (Figure 1). As a freshwater fish study, it

has excluded the area of the basin under marine influence.

Additionally, reliable data from the literature were also

considered for the compilation of the present list.

3. Collection and identification of specimens

Fishes were collected with seines (seines 20m long, 2.5m

high, mesh size 10mm; seines 4m long, 2m height, mesh size

5mm), castnets (2m height, mesh size 15mm), gillnets of various

mesh sizes (15, 25, 35, 45 and 55mm), and dip nets (mesh size 5

and 10mm). The ichthyological material obtained in the

samples was fixed in the field into a 10% formalin solution

neutralized with sodium tetraborate. Some specimens were

photographed alive in order to obtain records of natural

coloration. Specimens were treated according to the rules of

scientific curation following Malabarba & Reis (1987). Sorting

and identification of specimens were carried out at the

Laboratório de Sistemática e Morfologia de Peixes of

Universidade Federal da Paraı́ba. This ichthyological material

was deposited into the Ichthyological Collection of the

Departamento de Sistemática e Ecologia of the same university.

Meristic and morphometric data were taken according to

Hubbs & Lagler (2006). The systematic list follows Nelson

(2006).

Results and Discussion

1. Ichthyofauna

This study recorded 146 species of freshwater fish in the

Parnaı́ba River basin, belonging to 103 genera, 36 families and

11 orders (Table 1). The number of 146 species recorded in the

present work exceeds by more than 40 the assumption of the

richness of the Parnaı́ba River freshwater fish fauna by Abell et

al. (2008), who proposed between 67 and 101 species, this being

the largest number of supposed species found in the basin,

among the propositions reported in the literature.

The order of fish with the greatest number of species

occurring in the Parnaı́ba River basin was Characiformes, with

59 species, representing 40% of the recorded species. The

species of the order Characiformes are distributed in 40 genera

and 12 families. The second more representative order was

Siluriformes, with 48 species in 30 genera and 8 families,

representing 33% of the species (Figure 2). The families with the

Table 1. List of species of freshwater fish of the Parnaı́ba River basin
analyzed on this study: (E) Endemic Species; (I) Introduced species; (L)

record from the literature (not confirmed by this study –– literature
source: [1] Reis et al., 2003; [2] Rosa et al. (2003); [3] Buckup et al.,
2007); (NR) New Record.)

ORDER MYLIOBATIFORMES

Family Potamotrygonidae

Potamotrygon signata Garman, 1913(E)

Potamotrygon orbignyi (Castelnau, 1855)(NR)

ORDER OSTEOGLOSSIFORMES

Family Osteoglossidae

Arapaima gigas (Cuvier, 1829)(I)

ORDER CLUPEIFORMES

Family Pristigasteridae

Pellona flavipinnis (Valenciennes, 1836)

Family Engraulidae

Anchovia surinamensis (Bleeker, 1865)

Anchoviella guianensis (Eigenmann, 1912)(NR)

Anchoviella lepidentostole (Fowler, 1911)(NR)

Pterengraulis atherinoides Schultz, 1949

Lycengraulis batesii (Günther, 1868)

ORDER CHARACIFORMES

Family Parodontidae

Apareiodon sp.

Apareiodon davisi Fowler, 1941(NR)

Apareiodon machrisi (Travassos, 1957)

Family Curimatidae

Curimatella immaculata (Fernández-Yépez, 1948)(NR)

Curimata macrops (Eigenmann & Eigenmann, 1889)(E)

Psectrogaster rhomboides Eigenmann & Eigenmann,

1889

Steindachnerina notonota (Miranda Ribeiro, 1937)

Family Prochilodontidae

Prochilodus lacustris Steindachner, 1907(E)

Family Anostomidae

Leporinus friderici (Bloch, 1794)

Leporinus obtusidens Valenciennes, 1836(NR)

Leporinus piau Lutken, 1875

Leporinus reinhardti Lütken, 1875(NR)

Schizodon knerii (Steindachner, 1875)(NR)

Schizodon rostratus (Borodin, 1931)(E)

Schizodon dissimilis (Garman, 1890)(E)

Family Chilodontidae

Caenotropus labyrinthicus (Kner, 1858)

Famiı́lia Crenuchidae

Characidium cf. bahiense Almeida, 1971(NR)

Characidium bimaculatum Fowler, 1941

Characidium zebra Eigenmann, 1909(NR)

Characidium sp.1

Characidium sp.2

Family Hemiodontidae

Hemiodus parnaguae Eigenmann & Henn, 1916(E)

Family Characidae

Astyanax aff. bimaculatus (Linnaeus 1758)

Astyanax aff. fasciatus (Cuvier 1819)

Bryconops cf. melanurus (Bloch, 1794)

Bryconamericus sp.

Ctenobrycon hauxwellianus (Cope, 1870)(L2)

Creagrutus(NR) sp.

Hemigrammus marginatus Ellis, 1911(NR)

Continued on next page
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Table 1. Continued.

Hemigrammus sp.

Hyphessobrycon sp. 1

Hyphessobrycon sp. 2

Gymnocorymbus thayeri Eigenmann, 1908(L2)

Jupiaba polylepis (Günther, 1864)(NR)

Knodus victoriae (Steindachner, 1907)(E)

Moenkhausia sp.

Moenkhausia lepidura (Kner, 1858) (L2)

Moenkhausia sanctaefilomenae (Steindachner, 1907)

Psellogrammus kennedyi (Eigenmann, 1903)(NR)

Phenacogaster calverti (Fowler, 1941)

Roeboides margareteae Lucena, 2003(E)

Roeboides sazimai Lucena, 2007(E)

Brachychalcinus parnaibae Reis, 1989(E)

Poptella compressa (Günther, 1864)

Tetragonopterus argenteus Cuvier, 1816

Compsura heterura Eigenmann, 1915

Serrapinnus heterodon (Eigenmann, 1915)

Serrapinnus piaba (Lütken, 1875)

Serrapinnus sp.

Family Serrasalmidae

Colossoma macropomum (Cuvier, 1816)(I)

Metynnis lippincottianus (Cope, 1870)

Myleus asterias (Müller & Troschel, 1844)

Mylossoma aureum (Agassiz, 1829)(L2)

Pygocentrus nattereri Kner, 1858

Serrasalmus rhombeus Lütken, 1875

Family Triportheidae

Triportheus signatus (Garman 1890)

Family Acestrorhynchidae

Acestrorhynchus falcatus (Bloch, 1794)

Family Erythrinidae

Hoplerythrinus unitaeniatus (Spix & Agassiz, 1829)

Hoplias malabaricus (Bloch, 1794)

ORDER SILURIFORMES

Family Trichomycteridae

Ituglanis(NR)sp.

Family Callichthyidae

Callichthys callichthys (Linnaeus, 1758)

Hoplosternum littorale (Hancock, 1828)

Aspidoras raimundi (Steindachner, 1907)(E)

Corydoras julii Steindachner, 1906

Corydoras treitlii Steindachner, 1906(E)

Corydoras vittatus Nijssen, 1971

Family Loricariidae

Otocinclus hasemani Steindachner, 1915

Parotocinclus cearensis Garavello, 1977(NR)

Parotocinclus haroldoi Garavello, 1988(E)

Parotocinclus sp.

Limatulichthys griseus Eigenmann, 1909(L1,3)

Loricaria parnahybae Steindachner, 1907

Loricaria sp.

Loricariichthys derbyi Fowler, 1915

Rineloricaria(NR) sp.

Ancistrus damasceni (Steindachner, 1907)(E)

Ancistrus sp.1

Ancistrus sp.2

Hypostomus johnii (Steindachner, 1877)(E)

Continued on next page
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Table 1. Continued.

Hypostomus sp. 1

Hypostomus sp. 2

Hypostomus sp. 3

Hypostomus sp. 4

Pterygoplichthys parnaibae (Weber, 1991)(E)

Family Aspredinidae

Aspredo aspredo (Linnaeus, 1758)

Family Heptapteridae

Imparfinis(NR)sp.

Pimelodella parnahybae Fowler, 1941(E)

Pimelodella cf. steindachneri Eigenmann, 1917

Phenacorhamdia(NR)sp.

Rhamdia quelen (Quoy & Gaimard, 1824)

Family Doradidae

Hassar affinis (Steindachner, 1881)(E)

Platydoras brachylecis Piorski, Garavello, Arce H. &

Sabaj Pérez, 2008

Family Auchenipteridae

Ageneiosus inermis (Linnaeus, 1766)

Ageneiosus sp.

Auchenipterus menezesi Ferraris & Vari, 1999(E)

Trachelyopterus galeatus (Linnaeus, 1766)

Family Pimelodidae

Brachyplatystoma filamentosum (Lichtenstein, 1819)

Brachyplatystoma vaillantii (Valenciennes, 1840)

Hemisorubim platyrhynchos (Valenciennes, 1840)

Hypophthalmus cf. edentatus Spix & Agassiz, 1829(NR)

Pimelodus blochii Valenciennes, 1840

Pimelodus maculatus La Cepède, 1803

Pimelodus ornatus Kner, 1858

Pimelodus sp. 1

Pimelodus sp. 2

Pseudoplatystoma fasciatum (Linnaeus, 1766)

Sorubim lima (Bloch & Schneider, 1801)

ORDER GYMNOTIFORMES

Family Gymnotidae

Gymnotus carapo Linnaeus, 1758

Family Hypopomidae

Brachypopomus(NR) sp.

Family Rhamphichthyidae

Rhamphichthys marmoratus Castelnau 1855(NR)

Family Sternopygidae

Eigenmannia macrops (Boulenger 1897)(NR)

Eigenmannia virescens (Valenciennes, 1842)

Sternopygus macrurus (Bloch & Schneider, 1801)

Family Apteronotidae

Apteronotus sp.

ORDER BELONIFORMES

Family Belonidae

Pseudotylosurus microps (Günther, 1866)

ORDER CYPRINODONTIFORMES

Family Rivulidae

Cynolebias parnaibensis Costa, Ramos, Alexandre &

Ramos, 2010(E)

Hypsolebias coamazonicus Costa, Amorim & Bragança,

2013(E.)

Pituna schindleri Costa, 2007(E)

Melanorivulus parnaibensis (Costa, 2003)(E)

Continued on next page
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highest number of species was Characidae, with 27 species,

representing 18% of the species, followed by Loricariidae, with

18 species (12%), Cichlidae and Pimelodidae, with 11 (8%)

species each (Figure 3). This result is in agreement with

previous studies conducted on Northeastern region of Brazil

(Rosa et al., 2003, Ramos et al. 2005), but also when considered

the whole Brazil (Buckup et al. 2007) or the Neotropical region

(Reis et al. 2003). The presence of Pimelodidae among the four

families with the largest number of species in the Parnaı́ba

River basin follows the recorded pattern for the Caatinga, as

stated by Rosa et al. (2003). This family is not registered within

those with the largest number of species in the List of

freshwater fish of Brazil (Buckup et al. 2007) and that of

Neotropical region (Reis et al. 2003), corroborating this pattern

as characteristic of the Caatinga biome. Fifteen families were

represented with only one species.

Among the 146 species recorded in this study, 27 are new

records for the basin, five are recorded only by the literature (not

collected in this study), seven are introduced species, and other 27

are undescribed species. The 27 new records in the Parnaı́ba basin,

cited above, may include undescribed species, but more study is

necessary before sorting out which species are truly undescribed

and which are already known. This is the case, for example, of the

specimens preliminarily identified as Characidium cf. bahiense,

referred to species whose occurrence is restricted to coastal rivers

of Bahia State, and situated east of the São Francisco basin.

2. Endemism

Eigenmann (1910) has listed only 19 species of freshwater

fish in the Parnaı́ba River; Menezes (1955) recorded 93 species.

Table 1. Continued.

Family Poeciliidae

Pamphorichthys hollandi (Henn, 1916)

Poecilia reticulata Peters, 1859(I)

Poecilia sarrafae Bragança & Costa, 2011(E)

Poecilia vivipara Bloch & Schneider 1801(NR)

ORDER SYNBRANCHIFORMES

Family Synbranchidae

N Synbranchus marmoratus Bloch, 1795

ORDER PERCIFORMES

Family Sciaenidae

Plagioscion squamosissimus (Heckel, 1840)

Family Cichlidae

N Aequidens tetramerus (Heckel, 1840)

N Apistogramma piauiensis Kullander, 1980(E)

N Astronotus ocellatus (Agassiz, 1831)(I)

N Cichla monoculus Spix & Agassiz, 1831(I)

N Cichlasoma orientale Kullander, 1983(NR)

N Cichlasoma sanctifranciscense Kullander, 1983

Crenicichla menezesi Ploeg 1991

Geophagus parnaibae Staeck & Schindler, 2006(E)

Tilapia rendalli (Boulenger, 1896)(I)

Oreochromis niloticus (Linnaeus 1758)(I)

Satanoperca jurupari (Heckel, 1840)(NR)

ORDER PLEURONECTIFORMES

Family Achiridae

Trinectes cf. paulistanus (Miranda Ribeiro, 1915)(NR)

Figure 2. Number of species recorded by order in the Parnaı́ba River basin between 2004 and 2011.
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According to Roberts (1968) and Paiva (1978) the fish fauna of

the Parnaı́ba River would consist of 80 to 100 species, but with

low level of endemism. Rosa et al. (2003) counted 86 species for

the Maranhão-Piauı́ Region (which includes the Parnaı́ba

basin) with 15 possible endemic species (17.5% of the fish

fauna). Hubert & Renno (2006) considered the Parnaı́ba River

basin as one of the 11 basins diagnosed as areas of endemism in

South America, when analyzing the biogeographic history of

the freshwater fishes of this region. According to the above

cited authors the Parnaı́ba River basin would have a fish fauna

consisting of 24 species, 8 endemic. Abell et al. (2008) consider

the Parnaı́ba River basin as one of the 44 ecoregions of tropical

South America and estimate the species richness of the basin

between 67 and 101 and from 12 to 19 the number of endemic

species (around 15 to 21%). Albert & Reis (2011) state that the

species richness of the Parnaı́ba River would be around 95

species, 20 endemic. However, Pinna & Wosiacki (2003),

stressed that the Parnaı́ba basin is poorly sampled and that

the low level of endemism recorded in this basin at that time

would be related to the restricted number of samples, especially

in the upper portion of the basin.

The authors above mentioned, who worked during the

second half of the 20th century and in the 21st century, registered

between 67-101 species in the Parnaı́ba River basin, a number

notably beneath that recorded in this study, 146 species. Over the

past decade, new species endemic to the Parnaı́ba basin have

been described: Roeboides margareteae Lucena 2003,

Melanorivulus parnaibensis (Costa 2003), Geophagus parnaibae

Staeck & Schindler 2006, Pituna schindleri Costa 2007, Roeboides

sazimai Lucena 2007, Platydoras brachylecis Piorski, Garavello,

Arce H. & Sabaj Pérez, 2008, Cynolebias parnaibensis Costa,

Ramos, Alexandre & Ramos, 2010, Poecilia sarrafae Bragança &

Costa 2011 e Hypsolebias coamazonicus Costa, Amorim &

Bragança, 2013. Adding these taxa to those 27 undescribed taxa

detected in the present study, the record of endemism in Parnaı́ba

River basin is increased by 36 species. The endemism data

referred by Rosa et al. (2003) and distribution by Reis et al.

(2003) and Buckup et al. (2007), together with those registered in

the present study increase the number of freshwater fish species

endemic to the Parnaı́ba basin to 54 species, 34 more than the

highest number of endemic species previously proposed as

occurring in the Parnaı́ba basin (20 species, Albert & Reis, 2011).

The 54 endemic species represent 38.9% of the 139 native species

diagnosed in the present work. Again, it is necessary to

emphasize that the headwaters of this basin were not yet

thoroughly sampled.

3. Final Remarks

The present study is the most comprehensive survey from

the Parnaı́ba River to date and considerably increased our

knowledge about its freshwater fish fauna. However, some gaps

in the knowledge of this fish fauna still remain. First, the

headwaters of the basin still need to be adequately surveyed.

Also, more studies are necessary to understand the relation-

Figure 3. Number of species recorded per family in the Parnaı́ba River basin between 2004 and 2011.
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ships of the species occurring in the Parnaı́ba River with species

from other river systems, which depend on a better assessment

of the taxonomy of several fish groups. The present study is an

initial step towards a full account on the fish diversity of this

biogeographically important river basin.
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PETRY, P. 2008. Freshwater ecoregions of the world: a new map

of Biogeographic units for freshwater biodiversity conservation.

Bioscience. 58(5):403-414. doi: http://dx.doi.org/10.1641/

B580507

AGASSIZ, L. & AGASSIZ. E.C. 1975. Viagem ao Brasil: 1865-1866.

Tradução de João Etienne Filho. Ed. da Universidade de São

Paulo, São Paulo.

ALBERT, J.S. & REIS, R.E.2011. Historical Biogeography of

Neotropical Freshwater Fishes.University of California Press.

London. England, p.1- 406.

BARBOSA, J.M. 1981. Sobre a Ictiofauna da bacia do rio Parnaı́ba.

Boletim do Centro de Ciências da Natureza/UFPI, v. 2, n. 2, p. 78-

82.
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 Editorial
 

 
The conceptual framework of the Intergovernmental Platform on Biodiversity and

 

Ecosystem Services/IPBES

 

1. Human life would not be possible without biodiversity and ecosystems. The intervention in nature by human societies 

to meet their needs, however, has modified the composition, structure and functions of ecosystems and has caused 

detrimental changes that seriously threaten the long term sustainability of societies around the world. In many cases, 

biodiversity loss and poverty are trapped in a mutually reinforcing vicious circle. Overall, the efforts made on conservation 

and on the sustainable use of biodiversity and ecosystems have not kept pace with increasing human pressures. A stronger 

response by Governments, public organizations, communities, the private sector, households and individuals thus requires an 

improved understanding of such pressures and concerted action to change them. 

2. The goal of the Intergovernmental Platform on Biodiversity and Ecosystem Services is to “strengthen the science-

policy interface for biodiversity and ecosystem services for the conservation and sustainable use of biodiversity, long-term 

human well-being and sustainable development”. To achieve this goal, the Platform has four functions: to catalyse the 

generation of new knowledge; to produce assessments of existing knowledge; to support policy formulation and 

implementation; and to build capacities relevant to achieving its goal. These interconnected functions are realized in the 

Platform work programme. A conceptual framework for biodiversity and ecosystems services is required to support the 

analytical work of the Platform, to guide the development, implementation and evolution of its work programme, and to 

catalyse a positive transformation in the elements and interlinkages that are the causes of detrimental changes in biodiversity 

and ecosystems and subsequent loss of their benefits to present and future generations. 

3. The conceptual framework (diagram presented in the cover of this issue) is a highly simplified model of the complex 

interactions between the natural world and human societies. The model identifies the main elements, together with their 

interactions, that are most relevant to the Platform’s goal and should therefore be the focus for assessments and knowledge 

generation to inform policy and the required capacity building. The Platform recognizes and considers different knowledge 

systems, including indigenous and local knowledge systems, which can be complementary to science-based models and can 

reinforce the delivery of the functions of the Platform. In this sense, the conceptual framework is a tool for the achievement 

of a shared working understanding across different disciplines, knowledge systems and stakeholders that are expected to be 

active participants in the Platform. A full alignment between the categories of different knowledge systems or even 

disciplines is probably unattainable. The Platform’s conceptual framework is intended, however, to be a basic common 

ground, general and inclusive, for coordinated action towards the achievement of the ultimate goal of the Platform. Within 

these broad and transcultural categories, different Platform activities may identify more specific subcategories associated 

with knowledge systems and disciplines relevant to the task at hand, without losing view of their placement within the 

general conceptual framework. 

4. The Platform’s conceptual framework includes six interlinked elements constituting a social ecological system that 

operates at various scales in time and space: nature; nature’s benefits to people; anthropogenic assets; institutions and 

governance systems and other indirect drivers of change; direct drivers of change; and good quality of life. 

5. “Nature” in the context of the Platform refers to the natural world with an emphasis on biodiversity. Within the context 

of science, it includes categories such as biodiversity, ecosystems, ecosystem functioning, evolution, the biosphere, 

humankind’s shared evolutionary heritage, and biocultural diversity. Within the context of other knowledge systems, it 

includes categories such as Mother Earth and systems of life. Other components of nature, such as deep aquifers, mineral and 

fossil reserves, wind, solar, geothermal and wave power, are not the focus of the Platform. Nature contributes to societies 

through the provision of benefits to people (instrumental and relational values, see below) and has its own intrinsic values, 

that is, the value inherent to nature, independent of human experience and evaluation and thus beyond the scope of 

anthropocentric valuation approaches. 

6. “Anthropogenic assets” refers to built-up infrastructure, health facilities, knowledge (including indigenous and local 

knowledge systems and technical or scientific knowledge, as well as formal and non formal education), technology (both 

physical objects and procedures), and financial assets, among others. Anthropogenic assets have been highlighted to 

emphasize that a good life is achieved by a co production of benefits between nature and societies. 

Carlos Alfredo Joly
Biology Institute/UNICAMP-State University of Campinas - Chairman of BIOTA/FAPESP Program

Biota Neotropica 14(1): e201401, 2014
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7. “Nature’s benefits to people” refers to all the benefits that humanity obtains from nature. Ecosystem goods and 

services, considered separately or in bundles, are included in this category. Within other knowledge systems, nature’s gifts 

and similar concepts refer to the benefits of nature from which people derive a good quality of life. Aspects of nature that can 

be negative to people, such as pests, pathogens or predators, are also included in this broad category. All nature’s benefits 

have anthropocentric value, including instrumental values – the direct and indirect contributions of ecosystem services to a 

good quality of life, which can be conceived in terms of preference satisfaction, and relational values, which contribute to 

desirable relationships, such as those among people and between people and nature, as in the notion of “living in harmony 

with nature”. 

8. Anthropocentric values can be expressed in diverse ways. They can be material or non-material, can be experienced in 

a non-consumptive way, or consumed; and they can be expressed from spiritual inspiration to market value. They also 

include existential value (the satisfaction obtained from knowing that nature continues to be there) and future-oriented 

values. The latter include bequest value – in other words, the preservation of nature for future generations – or the option 

values of biodiversity as a reservoir of yet-to-be discovered uses from known and still unknown species and biological 

processes, or as a constant source, through evolutionary processes, of novel biological solutions to the challenges of a 

changing environment. Nature provides a number of benefits to people directly without the intervention of society, for 

example the production of oxygen and the regulation of the Earth’s temperature by photosynthetic organisms; the regulation 

of the quantity and quality of water resources by vegetation; coastal protection by coral reefs and mangroves; and the direct 

provision of food or medicines by wild animals, plants and microorganisms. 

9. Many benefits, however, depend on or can be enhanced by the joint contribution of nature and anthropogenic assets. 

For example, some agricultural goods such as food or fibre crops depend on ecosystem processes such as soil formation, 

nutrient cycling, or primary production as well as on social intervention such as farm labour, knowledge of genetic variety 

selection and farming techniques, machinery, storage facilities and transportation. 

10. Trade-offs between the beneficial and detrimental effects of organisms and ecosystems are not unusual and they need 

to be understood within the context of the bundles of multiple effects provided by them within specific contexts. For 

example, wetland ecosystems provide water purification and flood regulation but they can also be a source of vector-borne 

disease. In addition, the relative contribution of nature and anthropogenic assets to a good quality of life varies according to 

the context. For example, the level at which water filtration by the vegetation and soils of watersheds contributes to quality 

of life in the form of improved health or reduced treatment costs is based in part on the availability of water filtration by 

other means, for example treating water in a built facility. If there are no alternatives to watershed filtration by vegetation, 

then it will contribute strongly to good lives. If there are cost-effective and affordable alternatives, water filtration by 

vegetation may contribute less. 

11. “Drivers of change” refers to all those external factors that affect nature, anthropogenic assets, nature’s benefits to 

people and a good quality of life. They include institutions and governance systems and other indirect drivers and direct 

drivers (both natural and anthropogenic). 

12. “Institutions and governance systems and other indirect drivers” are the ways in which societies organize themselves, 

and the resulting influences on other components. They are the underlying causes of environmental change that are 

exogenous to the ecosystem in question. Because of their central role, influencing all aspects of human relationships with 

nature, these are key levers for decision-making. Institutions encompass all formal and informal interactions among 

stakeholders and social structures that determine how decisions are taken and implemented, how power is exercised, and 

how responsibilities are distributed. Institutions determine, to various degrees, the access to, and the control, allocation and 

distribution of components of nature and anthropogenic assets and their benefits to people. Examples of institutions are 

systems of property and access rights to land (e.g., public, common-pool, private), legislative arrangements, treaties, 

informal social norms and rules, including those emerging from indigenous and local knowledge systems, and international 

regimes such as agreements against stratospheric ozone depletion or the protection of endangered species of wild fauna and 

flora. Economic policies, including macroeconomic, fiscal, monetary or agricultural policies, play a significant role in 

influencing people’s decisions and behaviour and the way in which they relate to nature in the pursuit of benefits. Many 

drivers of human behaviour and preferences, however, which reflect different perspectives on a good quality of life, work 

largely outside the market system. 

13. “Direct drivers”, both natural and anthropogenic, affect nature directly. “Natural drivers” are those that are not the 

result of human activities and are beyond human control. These include earthquakes, volcanic eruptions and tsunamis, 

extreme weather or ocean-related events such as prolonged drought or cold periods, tropical cyclones and floods, the El 

Niño/La Niña Southern Oscillation and extreme tidal events. The direct anthropogenic drivers are those that are the result of 

human decisions, namely, of institutions and governance systems and other indirect drivers. Anthropogenic drivers include 

habitat conversion, e.g., degradation of land and aquatic habitats, deforestation and afforestation, exploitation of wild 

populations, climate change, pollution of soil, water and air and species introductions. Some of these drivers, such as 

pollution, can have negative impacts on nature; others, as in the case of habitat restoration, or the introduction of a natural 

enemy to combat invasive species, can have positive effects. 
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14. “Good quality of life” is the achievement of a fulfilled human life, a notion which varies strongly across different 

societies and groups within societies. It is a context-dependent state of individuals and human groups, comprising access to 

food, water, energy and livelihood security, and also health, good social relationships and equity, security, cultural identity, 

and freedom of choice and action. From virtually all standpoints, a good quality of life is multidimensional, having material 

as well as immaterial and spiritual components. What a good quality of life entails, however, is highly dependent on place, 

time and culture, with different societies espousing different views of their relationships with nature and placing different 

levels of importance on collective versus individual rights, the material versus the spiritual domain, intrinsic versus 

instrumental values, and the present time versus the past or the future. The concept of human well-being used in many 

western societies and its variants, together with those of living in harmony with nature and living well in balance and 

harmony with Mother Earth, are examples of different perspectives on a good quality of life. 

As approved at the 2nd Plenary of IPBES, Antalya, Turkey 9 to 14 December 2013 
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patterns of Leguminosae and their relevance for the conservation of the Itacolomi State Park, Minas Gerais, 
Brazil.  Biota  Neotropica.    
   

 
Abstract: This study identified patterns of geographic distribution of 102 Leguminosae taxa within the 

Park, based on literature data and herbarium specimens. Among the taxa, 38 grow exclusively in Campos 
Rupestres (rocky fields) and 49 in the Semideciduous Forest. Eleven patterns of geographic distribution 
were identified, of which the West-East- Central South America pattern was the most representative, with 
27 taxa. Of the 102 sampled taxa of Leguminosae, five are endemic to the Espinhaço Range and ten are 
included in lists of endangered species of the flora of Brazil and Minas Gerais. Information on these taxa is 
crucial to provide conservation practices for conserving the vegetation formations of the PEIT. 

 
Keywords: Atlantic Forest, Espinhaço Range, Fabaceae, rocky fields, Semideciduous Forest 

 
DUTRA, V. F.; LIMA, L. C. P.; GARCIA, F. C. P.; LIMA, H. C. AND SARTORI, A. L. B.  Padrões de distribuição 
geográfica de Leguminosae e sua importância para a conservação do Parque Estadual   do   Itacolomi,   Minas  
Gerais, Brasil. Biota Neotropica    

 
Resumo: Neste estudo foram identificados os padrões de distribuição geográfica dos 102 táxons de 
Leguminosae ocorrentes no PEIT, com base nos dados obtidos na literatura e em material de herbário, 
sendo 38 exclusivos dos Campos Rupestres e 49 das Florestas Estacionais. Foram reconhecidos 11 padrões 
de distribuição geográfica, dos quais o padrão América do Sul Ocidental- Centro-Oriental foi o mais 
representativo com 27 táxons. Dos 102 táxons amostrados de Leguminosae, cinco são endêmicos da Cadeia 
do Espinhaço e 10 constam nas listas de espécies ameaçadas da flora brasileira ou da Flora de Minas 
Gerais, sendo consideradas importantes para fornecer subsídios na conservação das formações 
vegetacionais do PEIT.  
Palavras-chave: Cadeia do Espinhaço, campos rupestres, Fabaceae, Florestas Estacionais, 
Mata Atlântica 
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Introduction 
 

Leguminosae is the third largest family of flowering 
plants, comprising 727 genera and 19.325 species (Lewis et 
al. 2005). The high ecological plasticity of the family allows 
its distribution in highly diverse habitats and this peculiar 
feature is determinant for its great diversity in neotropical 
vegetation types (Lima 2000). In Brazil, the family is 
represented by 212 genera and 2717 species (Lima et al. 
2010a), distributed in almost all vegetation types (Barroso 
et al. 1991). Moreover, it has been identified as one of the 
most representative of flowering species in the Campos 
Rupestres (rocky fields), in the Cerrado (Brazilian 
savannas) and Tropical Forests (Giulietti & Pirani 1988, 
Mendonça et al. 1998, Ribeiro 1998, Pirani et al. 2003, 
Dutra et al. 2008a), highlighting its importance for the flora 
of Brazil.  

In floristic surveys of biomes of the state of Minas 
Gerais, Leguminosae has also been considered one of the 
most representative flowering plant families, as reported for 
Caatinga ( e.g. Brandão & Gavilanes 1994), Cerrado (e.g. 
Brandão & Gavilanes 1997), Campos Rupestres (Dutra et 
al. 2008a) and areas of Atlantic Forest (Oliveira-Filho et al. 
1994). Information as this about the diversity of species, 
together with data on the presence of endemic, threatened 
and rare species, has been used to determine priority 
conservation areas in the State and to delimit areas which 
require the creation and implementation of Conservation 
Units (Drummond et al. 2005).  

The Itacolomi State Park (PEIT) is located in the 
southern part of the Espinhaço Range, in the so-called 
Quadrilátero Ferrífero (Peron 1989), in a vegetation 
transition zone between the Atlantic Forest and the 
Cerrado, representing an important migratory corridor and 
consisting of gallery forests between the two formations 
(Oliveira-Filho & Ratter 1995).  

The vegetation of the Espinhaço Range includes a 
series of altitudinal strata, with Campos Rupestres and 
cloud forests in the highest strata, Cerrado and 
Semideciduous Forests in the intermediary strata and a 
varied combination of vegetation types of the adjacent 
lowlands (Harley 1995). The geological antiquity, 
geographical position and climate fluctuations that occurred 
during the Quaternary and allowed a vertical migration of 
the flora from the lower regions, as well as the 
physiognomy variety are the main factors related to the high 
biodiversity of the Espinhaço Range (Giulietti et al . 2002, 
Gontijo 2008). The high species richness, high landscape 
diversity and high degree of endemism led to the 
recognition of the Espinhaço Range as one of the priority 
areas for conservation, with special biological importance, 
hence the area of the PEIT has great biological relevance 
(Drummond et al. 2005).  

The aim of this study was to analyze the endemism and 
habitat preference of the Itacolomy State Park flora using 
the Leguminosae family as a model to characterize 
geographic distribution patterns of specific and/or 
infraspecific taxa. The patterns that emerged from the 
analysis were used to answer the following questions: (i) 
What is the influence of the surrounding vegetation on the 
flora of the PEIT? (ii) What are the implications of the 
findings for the conservation of the flora of the park? 
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Methods 
 

The PEIT is located in the municipalities of Ouro Preto 
and Mariana, State of Minas Gerais, (between 20º22’30”and 
20º30’00” S and 43°32’30”and 43º22’30” W) (Fig. 1), 
comprising the entire Itacolomi Range (Peron 1989). The 
Park encompasses an area of approximately 7000 ha. The 
relief is characterized by steep slopes and altitudes between 
700 and 1772 m (Messias et al. 1997). 

The  regional  climate  is  typically  tropical,  Cwa  and  
Cwb, according to Koeppen’s classification, with two well-
defined seasons: a dry season, from May to September, and 
a rainy season, from October to April. The annual rainfall is 
on average 2018 mm (Messias et al. 1997, Nalini Junior et 
al. 2006). Fog is frequent and the average annual 
temperature is 21 ºC (maximum 33 ºC, minimum 4 °C) 
(Messias et al. 1997).  

The soils were formed by the weathering of parent 
material, mostly of quartzite and mica-schists of the Minas 
Supergroup, with latosols, where the topography is hilly, 
and lithosols where the relief is jagged (Messias et al. 
1997).  

The vegetation consists of Semideciduous Forest and 
Campos Rupestres (Messias & Sousa 2006, Fig. 2), varying 
with the soil, water availability, altitude and topography.  

The Campos Rupestres practically cover the entire Park 
at elevations above 1000 m. They are characterized by the 
diversity of substrates formed by the exposure of various 
types of rocks, shallow, lithic, sandy, acidic and nutrient-
poor soils with limited water and intense sun exposure 
(Giulietti & Pirani 1988, Meguro et al. 1994, Giulietti et al. 
1997). The vegetation is formed by a well-developed 
herbaceous- shrub stratum and has a heterogeneous flora 
composed of many endemic species (Harley 1995, 
Mendonça et al. 1998).  

The Semideciduous Forests that grow in highly 
seasonal parts of the tropics, with a severe and prolonged 
dry season, have mean annual precipitation below 1600 mm 
and 5–6 months of the year with less than 100 mm rainfall 
(Gentry 1995). Most species of these forests are deciduous, 
with 20-50% of the trees losing their leaves in the dry 
season (IBGE 2012). The Semideciduous Forest of the 
PEIT can be classified, by the altitudinal gradient, as 
submontane (300-700 m), lower highlands (700-1100m) 
and upper highlands (above 1100m) (Oliveira-Filho 2009). 
 

The list of taxa used in this study was obtained from the 
floristic survey of the Leguminosae within the PEIT (Lima 
et al. 2007, Dutra et al. 2008b, 2008c, 2009, Lima et al. 
2010c). The habit descriptions were according to Guedes-
Bruni et al. (2002).  

The mapping of the geographical distribution was based 

on the occurrence records of herbarium collections (BHCB, 

OUPR, RB, VIC) and specialized literature. The 

distribution patterns were adapted from Giulietti & Pirani 

(1988), Lima et al. (1997), Lima (2000) and Morim (2006): 

[1] Wide geographical distribution, which corresponds to 

the taxa that occur in Africa, Asia, Australasia, North 

America, Central America and South America; [2] South 

America, Central America and North America, taxa whose 

distribution is restricted to the Americas, from the United 
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Figure 1. Location of the Itacolomi State Park.  
Figura 1. Localização do Parque Estadual do Itacolomi. 

 
States to southern Argentina; [3] Neotropical, taxa with a 

range of distribution in the tropics of South America, which 
can extend to Central America and Mexico; [4] West, 

Central and Eastern South America, taxa distributed across 
areas in the western, central and eastern South America, up 

to the far north of Venezuela, Suriname and Guyana; [5] 

Brazil-wide distribution, includes taxa widely distributed in 
all regions of Brazil; [6] Central-Eastern Brazil, taxa 

distributed in the midwest, northeast, southeast, and/or 

south of Brazil; [7] Atlantic-Northeast-Southeast-Southern 
Brazil, taxa that occur from the northeast to the south of 

Brazil; [8] Atlantic-Northeast-Southeastern Brazil, taxa 
with a range of distribution from northeast to southeastern 

Brazil; [9] Atlantic-Southeast- Southern Brazil, taxa 

distributed in the restricted range of the states of 
southeastern and southern Brazil; [10] Southeastern Brazil, 

taxa restricted to the states of Espírito Santo, Minas Gerais, 

Rio de Janeiro, and São Paulo; and [11] Espinhaço Range, 
taxa restricted to the highlands of the mountain range, in the 

states of Minas Gerais and Bahia.  
The taxa were also classified as generalist or specialist 

species and according to habitat preference. The species 
exclusive to the Atlantic domain (which includes Rain 
Forest, Semideciduous and Deciduous Forests and 
Ombrophilous Mixed Forest) were considered specialist and 
those from other biomes, beyond the Atlantic area, such as 
the Amazon, Cerrado and/or Caatinga, were considered 
generalist. The classification of Veloso et al. (1991) 
modified by Oliveira-Filho (2009) was used for the 
determination of the taxon habitats. The term domain is 
used here according to Joly et al. (1999).  

Maps of geographical taxa distribution representing 
each pattern were drawn based on information available in 
the literature and records from herbarium collections 
available at species (CRIA, 2013). 

 
Results 
 

The Leguminosae family in the Itacolomi State Park is 
represented by 102 specific and/or infraspecific taxa of 43 
genera (Table 1). Papilionoideae was the subfamily with the 
largest number of taxa (48), followed by Mimosoideae (33) 
and Ceasalpinioideae (21) . One of the species found, 
Trifolium repens, is exotic and occurs sub-spontaneously in 
the PEIT.  

The most representative genera were Mimosa L. (11 
spp.), Chamaecrista Moench. (9 spp.) and Inga Mill. (9 
spp.), the former two ones predominated in Campos 
Rupestres and the latter in the Semideciduous Forests of 
PEIT.  

Of the sampled taxa, 38 were exclusive to the Campos 
Rupestres (elevation range of 1000−1540m), including  
Andira surinamensis (Bondt) Splitg. ex Pulle (Fig. 3a), 
Chamaecrista dentata (Vogel) H.S.Irwin & Barneby (Fig. 
3b), C. hedysaroides (Vogel) H.S.Irwin & Barneby (Fig. 
3b), C. ochnacea (Vogel) H.S.Irwin & Barneby var. 
ochnacea (Fig. 3c), Mimosa montis-carasae Barneby (Fig. 
3c) and M. ourobrancoënsis Burkart (Fig. 3d).  

Forty nine taxa were exclusive to Semideciduous 
Forests, including Ormosia friburgensis Taub. ex Harms 
(Fig. 3d), Bionia bella Mart. ex Benth. (Fig. 4a) and 
Tachigali friburgensis (Harms) L.G. Silva & H.C. Lima 
(Fig. 4a). Leguminosae were predominant in the 
submontane forests (elevation range of 620−700m) 
and less representative in lower highland and upper 
highland forests (elevation range of 700−1360m). 

Fifteen taxa occurred in both vegetation types, such as 
Crotalaria breviflora DC. (Fig. 4b), Abarema langsdorfii  
(Benth.) Barneby & J.W.Grimes (Fig. 4c) and Inga vulpina 
Mart. ex Benth. (Fig. 4d).  

Most of the identified taxa were trees (35%), followed 
by shrubs (31.5%), herbs (11.8%), lianas (9.9%) and vines 
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Figure 2. Semideciduous forest and campos rupestres of the Itacolomi State Park. a-d. semideciduous 
forest; e-h. campos rupestres.  
Figura 2. Florestas Estacionais e campos rupestres do Parque Estadual do Itacolomi. a-d. 
Florestas Estacionais; e-h. campos rupestres. 
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(9%). The subshrub habit was the least represented, with 
2.8% of the taxa. Trees, vines and lianas were prevalent in 
the forest areas of the Park, while the shrubs, herbs and 
subshrubs were most common in the Campos Rupestres.  

The analysis of the geographical distribution of 102 
specific and infraspecific Leguminosae taxa of the PEIT 
covered the five geographical macroregions (Table 2): Wide 
geographic distribution (7.8% of the taxa), South America, 
Central America and North America (4%), Neotropical 
(16.5%), West, Central and Easten South America (26.3%), 
and distribution restricted to Brazil (45.6% of the taxa). 
 

Among the taxa of occurrence restricted to the Brazilian 
territory, seven geographic distribution patterns were 
defined (Table 2): Brazil-wide distribution (2.9%), Central-
Eastern Brazil (11.6%), Atlantic-Northeast-Southeast-
Southern Brazil 3.8%), Atlantic-Northeast-Southeastern 
Brazil (6.8%), Atlantic-Southeast- Southern Brazil (2.9%), 
Southeastern Brazil (12.7%) and endemic to the Espinhaço 
Range (4.9%).  

The correlation between the patterns of geographic 
distribution and the number of species per habitat in the 
PEIT (Fig. 5) showed that in the Semideciduous Forests 
there is predominance of species of the patterns West, 
Central and Eastern South America (18 spp), Central-
Eastern Brazil (9 spp) and Southeastern Brazil (9 spp.). 
Note also that 17 species are unique patterns of the Atlantic 
Forest domain. In Campos Rupestres there is predominance 
of species of the patterns Neotropical (09 spp), Wide 
geographic distribution (7 spp), South America, Central 
America and North America (4 spp) and Endemic to the 
Espinhaço Range (5 spp). 

 

Discussion 
 

The diversity of Leguminosae in PEIT can be 
considered high compared with other areas of the Espinhaço 
Range, losing in number of species only to the Serra do 
Cipó, where 104 species were listed according to Giulietti et 
al. (1987). Furthermore, it contains 15% of the 
Leguminosae diversity in the Campos Rupestres reported by 
Dutra et al. (2008a). Considering only the grassland 
vegetation, the PEI is the fifth richest area of Campo 
Rupestre in Leguminosae, while considering only the areas 
of the Iron Quadrangle, it is the first richest area in 
Leguminosae (Dutra et al . 2008a).  

Besides this high diversity in Campos Rupestres of 
PEIT, the high percentage of taxons (43%) in Submontane 
Forests corroborates the results found in the National Park 
of Itatiaia (PARNA Itatiaia), by Morim (2006). Elevational 
gradients in species diversity are nearly as ubiquitous as 
latitudinal gradients, and they provide a number of 
characteristics that make them perhaps more suitable for 
uncovering the underlying cause(s) of spatial variation in 
diversity, as the decline in species richness with increasing 
altitude is a common pattern in Tropical Forests (Colwell et 
al. 2004, Sanders & Rabbeck 2012). This was recorded for 
Leguminosae in areas of Campos Rupestres by Dutra 
(2005), however, in these fields, as well as altitudinal 
variation, other factors such as topographic variation and 
heterogeneity of the substrate and microclimate are also 

 
determinants for the occurrence of species (Rapini et al. 
2008)  

Mimosa and Chamaecrista , the richest genera in 
number of species in the Campos Rupestres of the PEIT, are 
widely distributed in the Neotropics and characteristic of 
dry environments, such as the Cerrado (Schrire et al . 2005, 
Queiroz 2006). Inga, the most representative genus in the 
Semideciduous Forests of the PEIT, is prevalent in tropical 
and subtropical forests of Tropical America and has high 
diversity in the Atlantic Domain, with 22 species cited for 
secondary forests (León 1966, Garcia & Fernandes 2013). 
The genera Lupinus and Calliandra, cited as diverse in the 
Campos Rupestres by Giulietti et al. (1997), were not found 
in the Campos Rupestres of the PEIT. The low 
representation or absence of species of these genera in other 
Campos Rupestres within the Iron Quadrangle had already 
been recorded by Dutra et al . (2008a).  

The highest percentage of shrub and herbaceous species 
found in the Campos Rupestres is mainly due to the 
presence of representatives of Desmodium, Stylosanthes, 
Aeschynome and Zornia, among others, which are among 
the genera with high species richness in tropical grasslands. 
The richness of these genera in the extensive herbaceous-
shrub stratum prevalent in Campos Rupestres has been 
observed in other studies and is consistent with the 
percentage of habit variation in forest and grassland 
formations (Pirani et al. 2003, Zappi et al. 2003, Ferreira & 
Forzza 2009).  

The analysis of the geographical distribution of 
Leguminosae taxa in the PEIT showed a high percentage of 
taxa distribution restricted to the Brazilian territory, with 
predominance, under the phytogeographical aspect, of 
components of the flora of areas of Cerrado and Atlantic 
Forest. Morim (2006) reported that 65% of the species 
recorded in the Itatiaia National Park (RJ) are restricted to 
Brazil. Filardi et al. (2007) and Nunes et al. (2007) found 
that 44% of the Leguminosae-Papilionoideae taxa growing 
in the National Park Serra da Canastra (MG) and 54% of the 
Leguminosae-Mimosoideae taxa in the State Park of Rio 
Doce (MG) are unique to the flora of Brazil.  

The species with the widest distribution patterns (Wide 
Geographic Distribution, South America, Central America 
and North America and Neotropical), are mostly herbaceous 
plants and subshrubs of Campos Rupestres and correspond 
to ruderal species that occur in different types of vegetation, 
mainly as weeds in degraded areas, being considered 
generalists (Miotto 1987, Fortuna-Perez 2010, Lima et al. 
2010b) and well represented in the Campos Rupestres of the 
Iron Quadrangle (Dutra et al. 2008a). The wide distribution 
can also be explained by the presence of neotropical species 
that have the riverbanks as preferred habitat, such as Inga 
marginata and Inga vera subsp. affinis that occur in 
Submontane and Upper Highland Forests, respectively, 
corroborating Pennington (1997), who explained the 
occurrence of the wide distribution of these species in the 
Neotropics by the dispersal of fruits through hydrochory or 
zoochory.  

In the distribution pattern Western, Central and Eastern 
South America, 56 % of the species are restricted to semi-
deciduous forests of the PEIT, among them, the specie  
Anadenanthera colubrina var. colubrina is referred as 
representative in the Semideciduous Forests of Brazil. 

 
http://www.scielo.br/bn http://dx.doi.org/10.1590/S1676-06033937 
 

Biota Neotrop., 14(1): 1-15, 2014 

Biota Neotrop., 14(1): e20133937, 2014



Dutra V. F.. et al. 
 
 
Table 1. Specific and infraspecific Leguminosae taxa of the Itacolomi State Park, their geographic distribution patterns, habits and 
vegetation types. He = herbaceous; Li = lianas; Sb = subshrubs; Tr = trees; Sh = shrubs; Vi = vines. CRP  
= campos rupestres; SLF = Semideciduous lower highland forest; SMF = semideciduous submontane forest; SUF = Semideciduous upper 
highland forest.   
Tabela 1 Táxons específicos e infra-específicos das Leguminosae do Parque Estadual do Itacolomi, seus padrões de distribuição 
geográfica, hábitos e formações vegetacionais. He = ervas; Li = lianas; Sb = subarbustos; Sh = arbustos; Tr   
= árvores; Vi = trepadeiras. CPR = campos rupestres; SLF = Floresta Estacional Montana; SMF = Floresta Estacional Submontana; SUF   
= Floresta Estacional Altimontana.  

 
Distribution pattern Specific and infraspecific taxa 


*  Habit Vegetation type 

Wide geographic Clitoria falcata var. falcata Lam.
19, 43  Vi CRP/SMF 

distribution  Desmodium adscendens (Sw.) DC. 
2, 26

  He CRP/SUF/SLF/ SMF 
  Desmodium barbatum (L.) Benth.  He CRP 
  Desmodium incanum DC. 

2, 26  He CRP 
  Desmodium uncinatum (Jacq.) DC. 

2, 26  Sb CRP/SUF/SLF 
  Mimosa pudica var. hispida Brenan 

4  Sb CRP 
  Zornia reticulata Sm 

11  He CRP 
  Trifolium repens L. 

8, 26  He SUF 
South America, Central Centrosema virginianum (L.) Benth. 

3, 43  Vi CRP 
America and North Chamaecrista rotundifolia var. rotundifolia (Pers.) Greene 

28
  He CRP 

America  Indigofera suffruticosa Mill.  Ab CRP/SMF 
  Stylosanthes viscosa (L.) Sw. 

12, 26  He CRP 
Neotropical  Aeschynomene elegans var. elegans Schltdl. & Cham. 

20  He CRP/SUF 
  Anadenanthera peregrina L. (Speg.) 

1, 10, 26  Tr SUF 
  Andira surinamensis (Bondt) Splitg. ex Pulle 

39, 47  Ab CRP 
  Calopogonium mucunoides Desv. 

15  Vi CRP 
  Crotalaria micans Link 

22  Ab CRP 
  Desmodium affine Schltdl. 

2, 26  He CRP 
  Inga marginata Willd. 

24, 46  Tr SMF 
  Inga vera subsp. affinis (DC.) T.D.Penn 

24, 46  Tr SUF/SMF 
  Machaerium hirtum (Vell.) Stellfeld 

38, 40, 52  Tr SMF 
  Mimosa diplotricha var. diplotricha C.Wright ex Sauvalle 

4  Ab CRP 
  Platypodium elegans Vogel 

29, 31, 36  Tr SMF 
  Poiretia punctata (Willd.) Desv. 

45  Li SMF 
  Pterocarpus rohrii Vahl 

29, 34  Tr SMF 
  Rhynchosia reticulata (Sw.) DC. 

48  Vi CRP 
  Stylosanthes guianensis (Aubl.) Sw. 

12, 26  He CRP 
  Vigna peduncularis (Kunth) Fawc. & Rendle 

38  Vi CRP/SUF 
Western - Central- Anadenanthera colubrina (Vell.) Brenan var. colubrina 

1, 26  Tr SMF 
Eastern South America Bauhinia longifolia (Bong.) Steud. 

57  Tr SMF 
  Bauhinia ungulata var. cuiabensis (Bong.) Vaz  Ab CRP/SLF/SMF 
  Bowdichia virgilioides Kunth 

26  Tr SMF 
  Calliandra parvifolia (Hook. & Arn.) Speg. 

5  Tr, Ab SMF 
  Chaetocalyx longiflora Benth. ex A.Gray 

50  Vi SMF 
  Chamaecrista langsdorfii (Kunth ex Vogel) Britton ex Pittier 

28  Ab CRP 
  Chamaecrista trichopoda (Benth.) Britton & Rose ex Britton & Killip 

28  He CRP 
  Camptosema scarlatinum var. pohlianum (Mart. ex Benth.) Burkart 

26  Vi CRP 
  Copaifera reticulata Ducke 

17  Tr SUF/SLF/SMF 
  Crotalaria paulina Schrank 

22  Sb SMF 
  Dalbergia frutescens var. frutescens (Vell.) Britton 

14  Ab/Li CRP/SUF 
  Dalbergia revoluta Ducke

14  Tr SMF 
  Desmodium subsericeum Malme

2, 26  He CRP 
  Dioclea violacea Mart. ex Benth. 

13  Li SMF 
  Inga cylindrica (Vell.) Mart. 

24, 46  Tr SUF/SLF/SMF 
  Inga edulis Mart. 

24, 46  Tr SMF 
  Inga ingoides (Rich.) Willd. 

24, 46  Tr SLF/SMF 
  Machaerium aculeatum Raddi 

40  Li CRP/SLF/SMF 
  Machaerium brasiliense Vogel 

40, 52  Tr/Ab CRP/SLF/SMF 
  Machaerium nyctitans (Vell.) Benth. 

42  Tr SUF/SLF 
  Machaerium villosum Vogel 

26  Tr SUF/SLF/SMF 
  Mimosa pigra var. dehiscens (Barneby) Glazier & Mackinder 

4  Ab CRP 
  Periandra mediterranea (Vell.) Taub. 

26  Ab CRP 
  Piptadenia adiantoides (Spreng.) J.F.Macbr. 

26  Li SUF/SMF 
  Senna pendula var. glabrata (Humb. & Bonpl. ex Willd.) H.S.Irwin & Barneby 

28  Ab CRP/SUF 
  Sesbania virgata (Cav.) Pers. 

26  Ab CRP 
Brazil-wide distribution Crotalaria breviflora DC. 

23  He/Ab CRP/SUF 
  Inga sessilis (Vell.) Mart. 

25  Tr SUF 
  Phanera radiata (Vell.) Vaz 

58  Li SLF 
Central-Eastern Brazil Andira fraxinifolia Benth. 

47  Tr SLF/SMF 
  Cassia ferruginea (Schrad.) Schrad. ex DC. var. ferruginea 

28  Tr SMF 
  Centrosema coriaceum Benth. 

3  Vi CRP 
  Crotalaria velutina Benth. 

22  He CRP 
  Dalbergia villosa (Benth.) Benth. var. villosa 

32  Ab/Tr CRP/SUF/SLF/SMF 
  Machaerium oblongifolium Vogel 

21  Li SUF/SMF 
  Mimosa bimucronata (DC.) Kuntze var. bimucronata 

4, 16  Ab SLF/SMF 
  Mimosa dolens Vell. var. dolens 

4,16  Ab CRP 

  Piptadenia gonoachantha (Mart.) J.F.Macbr. 
34, 41, 56

  Tr SUF/SMF 
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Atlantic - Northeast-  
Southeast-Southern  
Brazil 
 
Atlantic - Northeast-  
Southeastern Brazil 
 
 
 
 
Atlantic - Southeast-  
Southern Brazil 
 
Southeastern Brazil 
 
 
 
 
 
 
 
 
 
 
Endemic to the 
Espinhaço Range 

 

Senegalia martiusiana (Steud.) Seigler & Ebinger 
44

  
Senna macranthera var. nervosa (Vogel) H.S.Irwin & Barneby 

28
 Senna 

multijuga var. lindleyana (Gard.) H.S.Irwin & Barneby 
28

 Abarema 
langsdorfii (Benth.) Barneby & J.W.Grimes 

6
 Dalbergia nigra (Vell.) Alemao 

ex Benth. 
 

14
Inga vulpinaMart. ex Benth.

24, 46 
Swartzia oblata R. S. Cowan 

37 
Chamaecrista mucronata (Spreng.) H.S.Irwin & Barneby 


 
54 

Melanoxylon brauna Schott 
 

36, 40 Mimosa aurivillus Mart. var.  
  

 4, 16 
  

aurivillus 
 
Mimosa sensitiva var. malitiosa Mart. Pseudopiptadenia 
contorta (DC.) G.P.Lewis & M.P.Lima 

30 
Senna reniformis (G.Don) H.S.Irwin & Barneby 

55 
Tachigali rugosa (Mart. ex Benth.) Zarucchi & Pipoly 

33 
Dalbergia brasiliensis Vogel 

14
 Inga barbata Benth. 

25
 

Mimosa scabrella Benth.  
Abarema obovata (Benth.) Barneby & J.W.Grimes 


 
6
 Bionia bella Mart. ex 

Benth. 


 
49 

Chamaecrista multipennis (H.S.Irwin & Barneby) H.S.Irwin & Barneby 
27 

Inga schinifolia Benth. 
24, 46

 
 4, 16 
Mimosa aurivillus var. calothamnos 35, 51 
(Mart ex. Benth.) Barneby 

4   
Mimosa ourobrancoënsis Burkart 


 Ormosia friburgensis 

Taub. ex Harms 


 Piptadenia micracantha Benth. 
7, 9, 56  

Senna neglecta var. oligophylla (Benth.) H.S.Irwin & Barneby 
28

 Senna pneumatica 

H.S.Irwin & Barneby 


 
28 

Stryphnodendron polyphyllum Mart. 
53 

Swartzia pilulifera Benth. 
37

  
Tachigali friburgensis (Harms) L.G. Silva & H.C. Lima 


 
33

 Chamaecrista dentata 

(Vogel) H.S.Irwin & Barneby 


 
27  

Chamaecrista hedysaroides (Vogel) H.S.Irwin & Barneby 
27

 Chamaecrista 

ochnacea (Vogel) H.S.Irwin & Barneby var. ochnacea 
28

 Chamaecrista 

rotundata var. grandistipula (Vogel) H.S.Irwin & Barneby 
28 

Mimosa montis-carasae Barneby 


 
16

 

 
 
 

Li SMF 
Tr SUF/SMF 
Tr SUF 

Ab/Tr CRP/SUF/SLF/SMF 
Tr SLF/SMF 

Tr/Ab CRP/SUF 
Ab CRP 
Ab CRP 
Tr SMF 
Ab CRP 
Vi CRP 
Tr SMF 

Tr/Ab CRP/SUF/SLF/SMF 
Tr SUF 
Li SLF/SMF 
Ab CRP 
Tr SUF 
Tr SUF/SLF/SMF 
Vi SUF/SLF/SMF 
Ab CRP 

Tr/Ab SUF 
Ab CRP 
Ab CRP 
Tr SUF 
Li SUF/SMF 
Ab CRP 
Ab SUF 
Tr SLF/SMF 
Tr SUF 
Tr SUF/SLF 
Ab CRP 
Ab CRP 
Ab CRP 
Ab CRP 
Ab CRP 


Species threatened by extinction according to Biodiversitas (2005) and Brasil (2008). 

* References of the geographic distributions: 
1
Altshul (1964), 

2
 Azevedo (1981), 

3
 Barbosa -Fevereiro (1977), 

4
Barneby (1991), 

5
Barneby (1998), 

6
Barneby  

& Grimes (1996), 
7
Barroso (1965), 

8
Bentham (1859), 

9
Benham (1876), 

10
Brandão (1992), 

11
Brandão (1996), 

12
Brandão & Costa (1979), 

13
Burkart (1970), 

14
Carvalho (1997), 

15
Carvalho-Okano & Leitão-Filho (1985), 

16
Dutra & Morim (2011), 

17
Dwyer (1951), 

18
Eisinger (1987), 

19
Fantz (1980), 

20
Fernandes (1996), 

21
Filardi (2011), 

22
Flores (2004), 

23
Flores (2011), 

24
Garcia (1998), 

25
 Garcia & Fernandes (2013), 

26
ILDIS (2011), 

27
Irwin & Barneby (1978), 

28
Irwin  

& Barneby (1982), 
29

 Lewis (1987), 
30

Lewis & Lima (1991), 
31

Lima (2000), 
32

Lima (2011a), 
33

Lima (2011b), 
34

Lima et al. (1994), 
35

Lima et al. (2010c), 
36

Lorenzi 
(1992), 

37
Mansano et al. (2011), 

38
Maréchal et al. (1978), 

39
Mattos (1979), 

40
Mendonça-Filho (1996), 

41
Mendonça et al. (1998), 

42
Mendonça-Filho et al. (2007), 

43
Miotto (1987), 

44
Morim & Barros (2011), 

45
Muller (1984), 

46
Pennington (1997), 

47
Pennington (2003), 

48
Poston (1980), 

49
 Queiroz (1999), 

50
Rudd (1958), 

51
Rudd 

(1965), 
52

Sartori & Tozzi (1998), 
53

 Scalon (2007), 
54

Souza & Bortoluzzi (2011a), 
55

Souza & Bortoluzzi (2011b), 
56

Tamashiro (1989),   
57

Vaz & Tozzi (2003), 
58

Vaz (2011). 

 
It is also considered as a specialist species of the Atlantic 
domain by Lima (2000). However, this taxon is found in 
areas of Caatinga in northeastern Brazil and in part of 
Minas Gerais and Maranhão, in Seasonal Forests in the 
states of Mato Grosso do Sul and Parana, as well as in 
northeastern Argentina and southeastern Bolivia (Prado & 
Gibbs 1993); these vegetation types are currently 
recognized as Seasonally Dry Tropical Forests (SDTF), 
according to Pennington et al. (2000, 2004, 2006) and Miles 
et al. (2006).  

In the pattern Central-Eastern Brazil there is also 

predominance of species of Semideciduous Forests of the 

PEIT, such as Andira fraxinifolia and Piptadenia 

gonoacantha, which are generalist species, corroborating 

Oliveira- Filho & Ratter (1995) that describe this area as an 

important migratory corridor, through the gallery forests of 

the Cerrado and Atlantic Forest. Although PEIT lies in a 

transition zone between the Atlantic Forest and areas of 

Cerrado, its legume species indicate that the Atlantic Forest 

domain has a greater number of taxa than the Cerrado. 
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In the pattern Southeastern Brazil, of the 13 taxa 

identified, nine were exclusive to the Semideciduous 

Forests. Abarema obovata and Bionia bella occur in upper 

highlands, lower highlands and submontane forests of the 

PEIT and are restricted to the Atlantic Forest domain, 

growing in submontane or seasonal forests and highland 

areas related mainly to the Mantiqueira Range, respectively 

(Barneby & Grimes 1996, Queiroz 1999, 2008). Inga 

schinifolia, Ormosia friburgensis and Senna pneumatica are 

specialist species and occur only in the upper highland 

forests of the PEIT, confirming reports by Rudd (1965), 

Garcia (1998) and Irwin & Barneby (1982). 
 

Among the endemic species of the Espinhaço Range, all 

were exclusive to the Campos Rupestres, some can be 

considered microendemic because they occur only in two or 

three localities. Chamaecrista dentata is restricted to the 

Cipó Range and Itacolomi Range (Irwin & Barneby 1978); 

C. hedysaroides occurs in the region of Diamantina, Ouro 

Preto and Caraça Range (Irwin & Barneby 1978); 
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Figure 3. Distribution patterns a. Neotropical Andira surinamensis (Source: Pennington 2003, Mattos 1979); b. Endemic to 

the Espinhaço Range Chamaecrista dentata (▲) and Chamaecrista hedysaroides (


) (Source: Irwin & Barneby 1982); c. 

Chamaecrista ochnacea var. ochnacea (▲) and Mimosa montis-carasae (


) (Sources: Irwin & Barneby 1982, Dutra 
2009); d. Southeastern Brazil Mimosa ourobrancoënsis 
(▲) and Ormosia friburgensis (


) (Sources: Dutra 2009, Rudd 1965).  

Figura 3. Padrões de distribuição a. Neotropical Andira surinamensis (Fontes: Pennington 2003, Mattos 1979); b. 

Endêmicas da Cadeia do Espinhaço Chamaecrista dentata (▲) e Chamaecrista hedysaroides (


) (Fonte: Irwin & Barneby 

1982); c. Chamaecrista ochnacea var. ochnacea (▲) e Mimosa montis-carasae (


) (Fontes: Irwin & Barneby 1982, Dutra 
2009); d. Brasil Sudeste Mimosa ourobrancoënsis 

(▲) e Ormosia friburgensis (


) (Fontes: Dutra 2009, Rudd 1965). 
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C. ochnacea var. ochnacea grows in Nova Lima, Ouro 
Branco Range and Itacolomi Range (Irwin & Barneby 1978, 
Dutra et al. 2008b); C. rotundata var. grandistipula is 
limited to the region of Diamantina, Cipó Range and 
Itacolomi Range (Rando & Pirani 2011); and Mimosa 
montis-carasae, unique to Caraça Range and Itacolomi 
Range (Barneby 1991, Dutra et al. 2008c).  

In the PEIT, 45% of the listed Chamaecrista species 

 
 
are endemic to the Espinhaço Range, confirming the high 
degree of endemism of the genus for the flora of this 
mountain system, showing a pattern already identified for 
mainly the families of Eriocaulaceae, Velloziaceae, 
Xyridaceae, and Lythraceae (Giulietti et al. 1987). The 
states of Bahia and Minas Gerais are cited as a center of 
diversity for Chamecrista , mainly the Cerrado and Campos 
Rupestres, especially the portion of the Espinhaço 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Distribution patterns a. Southeastern Brazil Bionia bella (▲) and Tachigali friburgensis (


) 
(Sources: Queiroz 1999, 2008, Silva 2007); b. Brazil-wide distribution Crotalaria breviflora (Source: Flores 
2004, 2011); c. Atlantic-Northeast-Southeast-Southern Brazil Abarema langsdorfii (Source: Barneby & 
Grimes 1996); d. Atlantic-Northeast-Southeast-Southern Brazil Inga vulpina (Source: Garcia 1998).  

Figura 4. Padrões de distribuição a. Brasil Sudeste Bionia bella (▲) e Tachigali friburgensis (


) 
(Fontes: Queiroz 1999, 2008, Silva 2007); b. Brasil ampla distribuição Crotalaria breviflora (Fontes: 
Flores 2004, 2011); c. Brazil Atlântico-Nordeste-Sudeste-Sul Abarema langsdorfii (Fonte: Barneby & 
Grimes 1996); d. Brazil Atlântico-Nordeste-Sudeste-Sul Brazil Inga vulpina (Fonte: Garcia 1998). 
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Table 2. Number of specific and infraspecific Leguminosae taxa in the Itacolomi State Park and percentage 
of geographic distribution patterns.  
Tabela 2. Número de táxons específicos e infra-específicos de Leguminosae do Parque Estadual do Itacolomi e 
porcentagem dos padrões de distribuição geográfica. 
 
 Distribution pattern Nr. of taxa % of taxa 
 Wide geographic distribution 8 7.8 
 South America, Central America and North America 4 4.0 
 Neotropical 16 15.7 
 West, Central and Eastern South America 27 26.5 
 Restricted to Brazil 47 46.0 
 Brazil-wide distribution 3 2.9 
 Central-Eastern Brazil 12 11.6 
 Atlantic-Northeast-Southeast-Southern Brazil 4 3.8 
 Atlantic-Northeast-Southeastern Brazil 7 6.8 
 Atlantic-Southeast-Southern Brazil 3 2.9 
 Southeastern Brazil 13 12.7 
 Endemic to the Espinhaço Range 5 4.9 
 
Range in Minas Gerais, which has several endemic species 
(Irwin & Barneby 1982, Lewis 1987, Giulietti & Pirani 
1988, Harley 1988, Dutra et al. 2008a, Rando & Pirani 
2011). In this region, some series of the genus had a 
significant diversification, which may have been caused by 
periods of climatic fluctuations that occurred in the 
Quaternary and resulted in the irregularity in the gene flow 
between populations and in the evolution of new species 
(Giulietti et al . 1997).  

The distribution patterns of Leguminosae taxa in the 
Park show that its flora consists of floristic elements of both 
the Atlantic Forest and the Cerrado, the two Brazilian 

 
biomes considered hotspots (Mittermeier et al. 2005). The 
Semideciduous Forests of the PEIT receive the combined 
contribution of elements from different forest types, 
especially from those of the Atlantic Forest domain, since 
the distribution patterns of about 25% of the species were 
restricted to the Atlantic Forest. The Campos Rupestres, 
however, besides the high number of endemic taxa of the 
Espinhaço Range, receive the contribution of elements from 
the Cerrado and the Atlantic Forest, due to the presence of 
Semideciduous Forests that occur in the lower parts of the 
PEIT, corroborating Santos et al. (2011) that point out the 
geographical proximity as one of the factors influencing the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Correlation between geographic distribution patterns and number of taxa found in 
vegetation types of the Itacolomi State Park.  
Figura 5. Correlação entre os padrões de distribuição geográfica e o número de espécies encontradas 
nas fitofisionomias do Parque Estadual do Itacolomi. 
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phytogeographic patterns in the Quadrilátero Ferrífero and 
also, as proposed by Harley (1995), the sectorization of the 
Espinhaço Range. Harley (1995) referred the Campos 
Rupestres that are restricted to the higher and isolated areas 
and have more humid climate, with greater contact with the 
Semideciduous Forests than the Cerrado, to the southern 
sector of the Range, which comprises the south of Belo 
Horizonte and the Ouro Preto region.  

Despite the presence of species endemic to the 
Espinhaço, the analysis of distribution patterns of the 
Leguminosae in the PEIT does not support the distribution 
patterns typically found in other areas of the Espinhaço 
Range, in which forest species are predominantly of wide 
distribution and the herbaceous-shrub species exhibit 
stricter standards (Giulietti & Pirani 1988) caused by the 
history of the region, such as migration routes and past 
climate changes occurred in southeastern Brazil during the 
Pleistocene, which promoted the isolation of species 
(Giulietti et al . 1997).  

Among the species found in the Park, 15 are of interest 
for the conservation of PEIT, because five are endemic to 
the Espinhaço mountain range and ten appear in the lists of 
endangered species of the flora of Brazil and Minas Gerais 
(Table 2). In areas of Campos Rupestres within the Park, 
the species Chamaecrista dentata, with only two 
populations, and Mimosa ourobrancoënsis, with a single 
population, are noteworthy. In these forest formations, 
many species have a very restricted distribution or are rare.  
Senna pneumatica and Ormosia friburgensis are restricted 
to the Upper Highland Forests, and Melanoxylon brauna 
occurs in Submontane Forests. So far, only one population 
of each of these species has been found. Dalbergia nigra 
occurs in Lower Highlands and Submontane Forests with 
two populations identified. Bionia bella grows in Lower 
Highlands, Submontane and Upper Highland Forests, with 
scarce populations scattered throughout the forest 
formations. It is worth mentioning that the occurrence of all 
these taxa is restricted to the Atlantic Forest domain.  

The representatives of the genera Abarema, Bionia, 
Chamaecrista, Inga, and Mimosa have ornamental 
potential, whereas Dalbergia nigra and Melanoxylon 
brauna have timber potential. Therefore, these results do 
not only reinforce the important role of the PEIT in the 
conservation of the flora in the southern Espinhaço Range, 
but also highlight the existence of stocks of species 
threatened by extinction or with potential for sustainable 
use.  

The presence of distinct and heterogeneous floras in 
vegetational gradients makes the PEIT an area with high 
biological diversity. Messias & Souza (2006) reported 80 
species of Leguminosae for the PEIT. This study shows an 
increase of 27.5% in the number of species within the park, 
which demonstrates the importance of research involving 
knowledge of biodiversity at the local scale.  

Despite being a fully protected conservation unit, 
difficulties of managing the park prevents effective species 
protection and the vegetation of the PEIT is still subject to 
different impacts by uncontrolled urban sprawl, frequent 
fires, invasion of exotic species and firewood extraction 
(Messias & Souza 2006). Within the park, 

 
 
it deserves attention, in the areas of Campo Rupestre, the 
trails Calais and the water catchment in Serrinha, home to 
endemic species of the Espinhaço, and in the Semideciduous 
Forests, the upper highlands forests, home to most of the 
forest species of the PEIT that are threatened with 
extinction.  

The findings of this study on the Leguminosae family 
demonstrate the importance of conserving the vegetation of 
the Itacolomi Range and the need for studies on other plant 
families, with a view to the implementation of effective 
protection policies for the forests and fields of the PEIT. 
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SUGAI, J. L. M. M.; TERRA, J. S. AND FERREIRA, V. L. Anurans of a threatened savanna area in western 

Brazil. Biota Neotropica.    

 
Abstract - The Upper Paraguay River Basin is located in the center of South America and harbors one of the largest 

wetland in the world, known as Pantanal. This floodplain is surrounded by uplands, which presently have most of their 

area converted into pastures or monocultures, besides being poorly known scientifically. Also, most of these upland areas 

are considered conservation priorities. Here we present a list of anuran species from a savanna-like area (municipality of 

Camapuã, state of Mato Grosso do Sul, Brazil) inserted in the uplands surrounding the Pantanal floodplain, in the Upper 

Taquari River sub-basin, and evaluate the effectiveness of the sampling effort. Data were obtained through active searches 

in 22 plots in aquatic habitats, during the rainy season (from December 2009 to April 2010). We found 26 species, in four 

families. Although sampling effort was found to sufficiently represent the local anuran assemblage, future inventories in 

this region should ideally include samplings during the dry and early rainy seasons, and include both active and passive 

capturing methods. 

Keywords: Amphibia, veredas, Upper Taquari River sub-basin, biological inventories, environmental degradation. 

 
 

SUGAI, J. L. M. M.; TERRA, J. S. E FERREIRA, V. L. Anuros de uma ameaçada área de savana no oeste do 

Brasil. Biota Neotropica.   

 

 

Resumo - A bacia do Alto Paraguai, localizada no centro da América do Sul, abriga uma das maiores áreas 

inundáveis do mundo, conhecida como Pantanal. Essa planície alagável é rodeada por planaltos, os quais possuem 

grande parte de sua área convertida em pastagens ou monoculturas, além de serem pouco conhecidos 

cientificamente. Além disso, a maioria das áreas de planalto são consideradas prioritárias para a conservação. 

Apresentamos uma lista de espécies de anuros de uma área semelhante a savanas (município de Camapuã, estado 

de Mato Grosso do Sul, Brasil) inserida nos planaltos de entorno do Pantanal, na sub-bacia do Alto Taquari, e 

avaliamos a efetividade do esforço amostral. Os dados foram obtidos através de busca ativa em 22 parcelas em 

ambientes aquáticos, durante a estação chuvosa (de Dezembro de 2009 a Abril de 2010). Encontramos 26 espécies, 

em quatro famílias. Apesar de considerarmos o esforço amostral suficiente para representar da comunidade de 

anuros local,  sugerimos que futuros inventários nessa região contemplem a estação seca e início da chuvosa, bem 

como o uso adicional de métodos passivos de captura.    

Palavras-chave: Amphibia, veredas, sub-bacia do Alto Taquari, inventários biológicos, degradação ambiental. 
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Introduction 
 
 

The Upper Paraguay River basin, located in the center of 

South America (Brazil, Paraguay and Bolivia), is an unique region 

for harboring the sedimentary depression known as Pantanal, one 

of the largest wetlands in the world (Harris et al. 2006). It is 

formed by the Paraguay River and its tributaries, which have 

headwaters in upland areas surrounding the floodplain (Harris et 

al. 2006, Galdino & Vieira 2006). In the Brazilian part of the 

Upper Paraguay River basin, the fauna and flora consist mainly of 

species typical from the savanna-like Cerrado morphoclimatic 

domain (sensu Ab'Saber 1977), with influence from Amazon 

Forest in the northern region, Chaco in the southwestern region 

and Atlantic Forest in the southern region (Silva et al. 2000, Harris 

et al. 2006, Strüssmann et al. 2011). 

Most of the Pantanal is still covered by natural vegetation 

(approximately 85%) since the flooding cycles hinder the 

expansion of agriculture and livestock (WWF 2010). However, 

more than half of the upland area around it was converted into 

pastures or monocultures like cotton, soybean and sugar cane 

(WWF 2010). One of the most degraded upland areas is the Upper 

Taquari River sub-basin, with only 34.4% of the original 

vegetation (WWF 2010). The removal of native vegetation causes 

huge erosions due to the high soil fragility, besides silting streams 

and rivers (Galdino & Vieira 2006). Most of the upland areas in 

Upper Paraguay River basin (including the Upper Taquari River 

sub-basin) are therefore considered priorities for conservation of 

Brazilian biodiversity and require both urgent reduction of 

environmental degradation and creation of conservation units 

(MMA 2007). 

Environmental degradation is the main cause of worldwide 

biodiversity loss (Gibbons et al. 2000, Sala et al. 2000), which is 

not different regarding amphibians (Alford & Richards 1999, 

Young et al. 2001, Cushman 2006). In the new world, habitat loss 

affects 89% of all threatened amphibian species and is about three 

times more dominant than any other threat (Young et al. 2004). 

Environmental degradation causes loss of breeding sites, shelter 

and connectivity between aquatic habitats, leading to population 

declines, local extinctions and changes in community structure 

(Cushman 2006). In areas subjected to high levels of 

environmental degradation, such as the Upper Taquari River sub-

basin, lots of data about natural history and distribution of anuran 

species are lost before being recorded, which leads to urgent need 

of field studies to record these information.   

Most studies about anuran assemblages done in the Cerrado 

ecorregion (sensu Olson et al. 2001) are concentrated in its 

southeasternmost portion, with a lack of information about 

assemblages in other regions (Diniz-Filho et al. 2006). Information 

about the species richness and composition in the Upper Paraguay 

River basin are scarce (Strüssmann et al. 2000, Gordo & Campos 

2003, 2005, Uetanabaro et al. 2006, 2007, Souza et al. 2010, 

Pansonato et al. 2011), and records involving the Upper Taquari 

River sub-basin (Strüssmann et al. 2000, Uetanabaro et al. 2006) 

are even rarer. At least 90 anuran species are estimated to occur in 

the Upper Paraguay River basin, and new occurrences are 

expected particularly in poorly known areas (Strüssmann et al. 

2011). Aiming at decreasing lack of knowledge on the anurofauna 

in this watershed, we present a list of species from a Cerrado area 

in the municipality of Camapuã (state of Mato Grosso do Sul), 

inserted in the Upper Taquari River sub-basin. To improve future 

samplings, we also present an evaluation of the quality of the 

sampling effort. 

 
 
Material and Methods 
 

We sampled aquatic habitats in the surroundings of Pontinha 

do Cocho (19°01’07” S, 53°53’44” W), a small village in the 

municipality of Camapuã, state of Mato Grosso do Sul, Brazil 

(Figure 1). The sampled area ins located in the Upper Taquari 

River sub-basin, which is part of the ecological corridor between 

the Pantanal floodplain and important conservation units in the 

Cerrado ecorregion (Emas National Park and Nascentes do 

Taquari State Park) (MMA 2007; Figure 1). Local rainy season 

lasts from October to March and the dry season, from May to 

September, and average annual rainfall is 1506 mm (Soriano & 

Galdino 2006). The predominant human activity is cattle ranching, 

which requires large areas of pasture (Galdino & Vieira 2006). 

The region presents phytophysiognomies ranging from forest to 

savanna, including riparian forests, marshes and pasture areas 

(Oliveira-Filho & Ratter 2002, WWF 2010). Despite the 

predominance of degraded areas, there are fragments of riparian 

forests and marshes without the direct influence of livestock.  

 
Figure 1. Map of the State of Mato Grosso do Sul, Brazil, with its location 

in South America showed in the upper left corner. The ecoregions follow 

the classification of Olson et al. (2001). The black triangle represents the 

location of the sampled area, inserted in the Upper Taquari River sub-basin 

(dashed line), which connects the Pantanal to important conservation units 

in the Cerrado (indicated in red). 

Figura 1. Mapa do estado de Mato Grosso do Sul, Brazil, com sua 

localização na América do Sul mostrada no canto superior esquerdo. As 

ecorregiões seguem a classificação de Olson et al. (2001). O triângulo 
preto representa a localização da área amostrada, inserida na sub-bacia do 

Alto Taquari (linha tracejada), a qual liga o Pantanal a importantes 

unidades de conservação do Cerrado (indicadas em vermelho). 

 

We sampled three types of aquatic habitats during the rainy 

season: veredas, permanent lagoons and temporary ponds. Veredas 

are marshy areas with slow running water, where groundwater 

emerges and is common the presence of the Buriti palm (Mauritia 

flexuosa L.f.) (Ribeiro & Walter 1998). Permanent lagoons are 

large water bodies formed by impoundments of small streams or 

veredas, while temporary ponds are natural depressions with 

accumulated rainwater. We performed three consecutive field 

samplings, all of them after the onset of the rains: from December 

20 to 25, 2009; from January 23 to February 1, 2010; from March 

15 to April 10, 2010. We sampled 18 points at veredas, two at 

permanent lagoons and two at temporary ponds, totaling 22 points 

(Table 1). Four were sampled in the first field sampling, five in the 

second, and 13 in the third. Once at each point, immediately after 

the nightfall (between 18 h 30 min and 19 h 30 min), two 

researchers actively searched for anurans (visually and 

acoustically; Crump & Scott 1994), for three hours on average. 
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Table 1. Geographic coordinates of the 22 sampled aquatic 

habitats in the surroundings of Pontinha do Cocho village, 

municipality of Camapuã, state of Mato Grosso do Sul, Brazil. 

Tabela 1. Coordenadas geograficas das 22 localidades amostradas 

em três tipos de ambientes aquáticos no entorno do vilarejo de 

Pontinha do Cocho, município de Camapuã, stato de Mato Grosso 

do Sul, Brasil. 

Sampled location Geographic coordinates 

Temporary pond 1 19° 2'12.78"S, 53°53'44.92"W 

Temporary pond 2 19° 0'50.10"S, 53°51'32.91"W 

Permanent lagoon 1 19° 0'52.38"S, 53°51'29.89"W 

Permanent lagoon 2 19° 1'31.02"S, 53°51'34.46"W 

Vereda 1 19° 2'55.44"S, 53°53'46.17"W 

Vereda 2 19° 1'19.26"S, 53°50'28.88"W 

Vereda 3 19° 0'35.89"S, 53°51'40.38"W 

Vereda 4 19° 0'54.45"S, 53°51'26.07"W 

Vereda 5 19° 3'14.97"S, 53°53'44.14"W 

Vereda 6 19° 1'15.08"S, 53°50'9.95"W 

Vereda 7 19° 2'46.79"S, 53°53'51.03"W 

Vereda 8 19° 5'58.58"S, 53°52'5.49"W 

Vereda 9 19° 0'9.90"S, 53°51'25.20"W 

Vereda 10 19° 0'28.35"S, 53°51'25.19"W 

Vereda 11 19° 1'38.70"S, 53°50'47.39"W 

Vereda 12 19° 1'38.16"S, 53°51'31.52"W 

Vereda 13 19° 2'16.01"S, 53°49'54.23"W 

Vereda 14 19° 0'45.23"S, 53°52'3.19"W 

Vereda 15 19° 5'20.26"S, 53°52'43.50"W 

Vereda 16 19° 2'8.26"S, 53°50'23.04"W 

Vereda 17 19° 1'28.34"S, 53°51'30.82"W 

Vereda 18 19° 1'8.05"S, 53°50'32.78"W 

 

We constructed a rarefaction curve based on the samples and 

using the software EstimateS version 8.2.0 and 1000 

randomizations (Colwell 2006). Rarefaction curves represent the 

statistical expectation of species richness at different numbers of 

individuals or samples (Gotelli & Colwell 2001). To evaluate the 

effectiveness of our sampling effort, we generated a nonlinear 

model from the rarefaction curve using the Clench equation: 

Sn=a·n/(1+b·n) (Soberón & Llorente 1993). In this equation, n is 

the number of samples or individuals, Sn is estimated richness with 

n number of samples or individuals, and a and b are model 

parameters which determine the increase of species and the shape 

of the curve (Soberón & Llorente 1993), respectively. Then, we 

estimated the percentage of total species estimated by the model 

and calculated the tangent at the largest sample size of the 

rarefaction curve (Jiménez-Valverde & Hortal 2003). The tangent 

value represents the rate of species richness increase with higher 

sampling effort, and if it is small (near 0.1; above 0.3 can be 

considered high) few additional species are expected, even after 

larger sampling efforts (Jiménez-Valverde & Hortal 2003). We 

calculated the proportion of the maximum richness and the tangent 

value using the a and b model parameters (Jiménez-Valverde & 

Hortal 2003).  

Voucher material of species that could not be correctly 

identified at the field was deposited at the zoological collection of 

Universidade Federal de Mato Grosso do Sul (ZUFMS AMP; 

Appendix 1). Tissue samples and recorded vocalizations were also 

deposited at ZUFMS (Appendix 2 and 3). License for collection 

and transportation of animals (number 23112-1) was provided by 

Instituto Chico Mendes de Conservação da Biodiversidade/Sistema 

de Autorização e Informação em Biodiversidade 

(ICMBio/SISBIO). Nomenclature follows Frost (2013). 
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Results 
 

We found 26 species in 13 genera and four families (Table 2, 

Figure 2). The richest family was Hylidae (13 species), followed 

by Leptodactylidae (11 species). Bufonidae and Microhylidae were 

represented by only one species each. The rarefaction curve 

(Figure 3) did not reach an asymptote, but the tangent on the larger 

sample size was small (0.2). Moreover, the model estimates that 

we recorded 78% of the richness estimated at the asymptote, which 

can be considered a good sampling effort. Both the recorded 

tangent value and richness proportion indicate a small increase in 

species richness, with increasing sampling (Jiménez-Valverde & 

Hortal 2003). 

 

Table 2. Anuran families and species registered in the sampled 

aquatic habitats in the surroundings of Pontinha do Cocho village, 

municipality of Camapuã, state of Mato Grosso do Sul, Brazil. PL: 

permanent lagoon; TP: temporary pond; VE: vereda. 

Tabela 2. Famílias e espécies de anuros registrados nos corpos 

d'água amostrados no entorno do vilarejo de Pontinha do Cocho, 

município de Camapuã, estado de  Mato Grosso do Sul, Brasil. PL: 

lagoa permamente; TP: poça temporária; VE: vereda. 

Family/species PL TP VE 

BUFONIDAE    

Rhinella schneideri (Werner, 1894) X   

HYLIDAE    

Dendropsophus elianeae (Napoli & 

Caramaschi, 2000)  X X 

Dendropsophus jimi (Napoli & Caramaschi, 

1999)   X 

Dendropsophus nanus (Boulenger, 1889) X X X 

Dendropsophus minutus (Peters, 1872) X X X 

Hypsiboas albopunctatus (Spix, 1824)   X 

Hypsiboas raniceps Cope, 1862 X X X 

Hypsiboas aff. geographicus    X 

Hypsiboas punctatus (Schneider, 1799)    X 

Phyllomedusa azurea Cope, 1862  X X  

Pseudis platensis Gallardo, 1961 X  X 

Scinax fuscovarius (Lutz, 1925)  X  X 

Scinax fuscomarginatus (Lutz, 1925)   X X 

Trachycephalus typhonius (Linnaeus, 1758) X  X 

LEPTODACTYLIDAE    

Adenomera cf. diptyx (Boettger, 1885)   X 

Eupemphix nattereri Steindachner, 1863  X X  

Leptodactylus furnarius Sazima & 

Bokermann, 1978   X 

Leptodactylus fuscus (Schneider, 1799)   X 

Leptodactylus podicipinus (Cope, 1862)   X X 

Leptodactylus latrans (Steffen, 1815)   X 

Leptodactylus mystacinus (Burmeister, 1861)    X 

Physalaemus albonotatus (Steindachner, 

1864)  X  

Physalemus cuvieri Fitzinger, 1826   X 

Pseudopaludicola ternetzi Miranda-Ribeiro, 

1937   X 

Pseudopaludicola saltica (Cope, 1887)    X 

MICROHYLIDAE    

Elachistocleis matogrosso Caramaschi, 2010   X 
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Figure 2. Photographs of some anuran species registered in the surroundings of Pontinha do Cocho village, municipality of Camapuã, Mato 

Grosso do Sul state, Brazil. A) Dendropsophus elianeae; B) D. jimi; C) D. minutus; D) Hypsiboas albopunctatus; E) H. aff. geographicus; F) H. 

punctatus; G) H. raniceps; H) Phyllomedusa azurea; I) Scinax fuscomarginatus; J) Adenomera cf. diptyx; K) Physalaemus cuvieri; L) 

Leptodactylus podicipinus; M) Leptodactylus furnarius; N) Pseudopaludicola ternetzi.  

Figura 2. Fotografias de algumas espécies de anuros registradas no entorno do vilarejo de Pontinha do Cocho, município de Camapuã, estado de  

Mato Grosso do Sul, Brasil. A) Dendropsophus elianeae; B) D. jimi; C) D. minutus; D) Hypsiboas albopunctatus; E) H. aff. geographicus; F) H. 

punctatus; G) H. raniceps; H) Phyllomedusa azurea; I) Scinax fuscomarginatus; J) Adenomera cf. diptyx; K) Physalaemus cuvieri; L) 

Leptodactylus podicipinus; M) Leptodactylus furnarius; N) Pseudopaludicola ternetzi. 
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Figure 3. Rarefaction curve made for the 22 sampled points in the 

municipality of Camapuã, Mato Grosso do Sul state, Brazil. The 

vertical bars indicate the upper and lower limits of the 95% 

confidence interval. 

Figura 3. Curva de rarefação feita para os 22 pontos amostrados 

no município de Camapuã, estado de Mato Grosso do Sul, Brasil. 

As barras verticais indicam o limite superior e inferior do intervalo 

de confiança de 95%. 

Discussion 

All species registered in this study have already been recorded 

in the Upper Taquari River sub-basin (Strüssmann et al. 2000) or 

in nearby areas (Uetanabaro et al. 2006, Silva-Junior et al. 2009). 

Four out of the 26 species found (Dendropsophus jimi, Hypsiboas 

aff. geographicus, Leptodactylus furnarius and Pseudopaludicola 

ternetzi) have been rarely recorded in  Mato Grosso do Sul. 

Dendropsophus jimi was recorded in the municipalities of 

Chapadão do Sul and Costa Rica (Uetanabaro et al. 2006). 

Hypsiboas aff. geographicus was recorded in the municipality of 

Coxim (Strüssmann et al. 2000) and in Amolar   mountain    range,  

municipality of Corumbá (Gordo & Campos 2003, 2005). Our 

record for this species extends its distribution to nearly 150 km 

southeast of Coxim. Leptodactylus furnarius was recorded in the 

municipalities of Costa Rica (Uetanabaro et al. 2006) and Sonora 

(Silva-Junior et al. 2009). The record for P. ternetzi, confirmed by 

bioacustic data (Pansonato, A., unpublished data),  is the first one 

for the species in Mato Grosso do Sul.  

Phyllomedusa azurea and Pseudis paradoxa are classified as 

"Data Deficient" among the categories of the International Union  

for Conservation of Nature (IUCN) Red List (Angulo 2008a, b). 

The remaining species (except for Hypsiboas aff. geographicus) 

are classified as “Least Concern" (IUCN 2013). Hypsiboas aff. 

geographicus probably represents an undescribed species, for 

which few data are available (Strüssmann et al. 2000, Gordo e 

Campos 2005, Pansonato et al. 2011). 

We did not sample during the dry season and early rainy 

season, which probably decreased the possibilities of recording 

some additional species expected for the region due to nearby 

records and  availability of reproductive habitats (such as 

Hypsiboas lundii and species of the Rhinella granulosa group),  
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mainly active during these periods (Strüssmann et al. 2000, 

Uetanabaro et al. 2006). Furthermore, active searches are not 

efficient for sampling fossorial and criptozoic taxa (Crump & 

Scott 1994), and probably more species with these habits would 

have been recorded if we had used more than one sampling 

method (e.g., active search + pitfall traps). This region also harbors 

areas with mounds and rocky outcrops where associated species – 

which do not occur in the aquatic habitats sampled – are expected 

to be found (Strüssmann et al. 2000, Uetanabaro et al. 2006). 

Despite almost half of the species recorded during this study 

present taxonomic problems (Adenomer cf. diptyx: Heyer 1984, De 

la Riva 1996; Hypsiboas aff. geographicus: Duellman 1973) or 

may represent species complexes due to great morphological, 

bioacustic, chromosomal or genetic variation (Dendropsophus 

nanus: Medeiros et al. 2003, Reichle et al. 2004; D. minutus: 

Kaplan 1994, Hawkins et al. 2007; Hypsiboas punctatus: Napoli & 

Cruz 2005; Scinax fuscovarius: Faivovich et al. 2005, Aquino et 

al. 2010; S. fuscomarginatus: Cardoso & Pombal Jr. 2010, Pombal 

Jr. et al. 2011; Leptodactylus fuscus: Heyer & Reid 2003, 

Camargo et al. 2006; L. latrans: Gallardo 1964, De la Riva & 

Maldonado 1999, Heyer et al. 2010a; L. mystacinus: Heyer et al. 

2003, Heyer et al. 2010b; Physalaemus albonotatus: Aquino et al. 

2004, Jansen et al. 2011), nomenclature changes depend on future 

taxonomic revision. Well-resolved taxonomy and systematics are 

assumptions to identify species at risk and to improve the current 

knowledge about the diversity and distribution of species (Young 

et al. 2001, Aleixo 2009). Species richness reported in many 

inventories is underestimated due to cryptic species, which are 

sometimes revealed by including non-morphological characters in 

taxonomic analysis (Fouquet et al. 2007a, b). Although several 

recent studies have revised problematic taxonomic groups in 

Anura (e.g. Pseudopaludicola; Duarte et al. 2010, Fávero et al. 

2011, Pansonato et al. 2012, 2013), there are still many in need of 

studies using integrative taxonomy, such as Adenomera and Scinax 

(Heyer 1984, Kwet 2007, Zaracho & Hernando 2011, Nunes et al. 

2012). Samplings in poorly known regions, such as that of the 

present study, contribute to taxonomic and systematic revisions 

with vouchers, vocalizations records, material for molecular 

analysis and species distribution data. 

An increase in the species list for the Upper Taquari River sub-

basin is expected following additional samplings, especially in 

marsh or rocky outcrop areas, habitats not yet converted into 

pastures or monocultures. We suggest that future inventories in 

this region encompass both the dry and early rainy seasons and 

involve passive capture methods (e.g. pitfall traps) in addition to 

active searches. Despite the local environmental degradation and 

the lack of biological knowledge, this particular watershed is an 

important area for the conservation of Cerrado anuran assemblages 

because it harbors species that are poorly known scientifically. 

Furthermore, it is part of the ecological corridor between the 

Pantanal floodplain and important conservation units in the 

Cerrado (MMA 2007).  
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Appendix 1. List of vouchers collected in the municipality of Camapuã (Mato Grosso do Sul state, Brazil) and deposited at the zoological 

collection of Universidade Federal de Mato Grosso do Sul - UFMS. 

Apêndice 1. Lista do material testemunho coletado no município de Camapuã (estado de Mato Grosso do Sul, Brasil) e depositados na 

coleção zoológica da Universidade Federal de Mato Grosso do Sul - UFMS. 

Species Collection number 

          Adenomera cf. diptyx                     ZUFMS AMP02669 

          Dendropsophus jimi                     ZUFMS AMP2659 

          Dendropsophus elianeae                     ZUFMS AMP2660 

          Hypsiboas aff. geographicus                     ZUFMS AMP2642 - 02646, 02652 

          Hypsiboas albopunctatus                    ZUFMS AMP2665 - 2668 

          Leptodactylus furnarius                    ZUFMS AMP2661 - 2664 

          Pseudopaludicola ternetzi                    ZUFMS AMP2653 - 2657 

 

 

Appendix 2. List of anuran sample tissue collected in the municipality of Camapuã (Mato Grosso do Sul state, Brazil) and deposited at the 

zoological collection of Universidade Federal de Mato Grosso do Sul - UFMS. 

Apêndice 2. Lista de amostra de tecido de anuros coletada no município de Camapuã (estado de Mato Grosso do Sul, Brasil) e 

depositados na coleção zoológica da Universidade Federal de Mato Grosso do Sul - UFMS. 

Species Collection number 

          Pseudopaludicola ternetzi                     ZUFMS AMP3408 - 3414 

          Pseudopaludicola cf. saltica                     ZUFMS AMP3415 - 3416 

 

 

Appendix 3. List of anuran vocalizations recorded in the municipality of Camapuã (Mato Grosso do Sul state, Brazil) and deposited at the 

zoological collection of Universidade Federal de Mato Grosso do Sul - UFMS. 

Apêndice 3. Lista de vocalizações de anuros gravadas no município de Camapuã (estado de Mato Grosso do Sul, Brasil) e depositados na 

coleção zoológica da Universidade Federal de Mato Grosso do Sul - UFMS. 

Species Collection number 

          Hypsiboas punctatus                     ZUFMS D0001 

          Leptodactylus furnarius                        ZUFMS D0002 

          Pseudopaludicola ternetzi                     ZUFMS D0003 - 5 

          Scinax fuscomarginatus                     ZUFMS D0006 
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