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Abstract: Land flatworms show high endemism due to their restricted mobility. In southern Brazil, land
flatworm communities have been found mainly in areas of ombrophilous forests. Thus, this study
documents land planarian species composition in remnants of deciduous seasonal forest in the northeast
region of southern Brazil. Direct, diurnal samplings reveal the occurrence of 26 species of land flatworms,
of which one belongs to the subfamily Rhynchodeminae and the others to the subfamily Geoplaninae.
The Rhynchodeminae genus Rhynchodemus Leidy 1851 and the following Geoplaninae genera occurred:
Cephaloflexa Carbayo & Leal-Zanchet, 2003, Choeradoplana Graft, 1896, Imbira Carbayo et al., 2013,
Issoca Froehlich, 1955, Luteostriata Carbayo, 2010, Obama Carbayo et al., 2013, Paraba Carbayo et al.,
2013, Pasipha Ogren & Kawakatsu, 1990 and Xerapoa Froehlich, 1955, besides the collective group
Pseudogeoplana Ogren & Kawakatsu, 1990. The genus Obama had the highest species richness (S=6),
followed by Paraba (S=4) and Pasipha (S=3). Eighteen species were recorded exclusively in one of the two
study areas, and eight species occurred in both sites. The known distribution of Luteostriata abundans
(Graff, 1899), Choeradoplana iheringi Graff, 1899, Obama ficki (Amaral & Leal-Zanchet, 2012), Imbira
guaiana (Leal-Zanchet & Carbayo, 2001) and Pasipha hauseri (Froehlich, 1959) is increased. Results
emphasize the relevance of expanding taxonomic studies on land flatworms and including more study
areas in southern Brazil.
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Resumo: Os tricladidos terrestres apresentam alto grau de endemismo, devido especialmente a sua
capacidade de locomogdo reduzida. No Rio Grande do Sul, dados sobre as comunidades de planarias
terrestres sdo principalmente conhecidos de areas de floresta ombrofila mista. O presente estudo teve
como objetivo analisar a composicao das espécies de planarias terrestres em remanescentes de floresta
estacional decidual, situados na regido nordeste do Rio Grande do Sul. Com base em coletas diurnas
diretas foram registradas 26 espécies, pertencentes as subfamilias Geoplaninae ¢ Rhynchodeminae.
Foram registrados os seguintes géneros de Geoplaninae: Cephaloflexa Carbayo & Leal-Zanchet, 2003,
Choeradoplana Graff, 1896, Imbira Carbayo et al., 2013, Issoca Froehlich, 1955, Luteostriata Carbayo,
2010, Obama Carbayo et al., 2013, Paraba Carbayo et al., 2013, Pasipha Ogren & Kawakatsu, 1990 e
Xerapoa Froehlich, 1955, além do grupo coletivo Pseudogeoplana Ogren & Kawakatsu, 1990 e do género
de Rhynchodeminae Rhynchodemus Leidy 1851. O género Obama apresentou a maior riqueza de espécies
(S=6), seguido por Paraba (S=4) e Pasipha (S=3). Dezoito espécies foram registradas exclusivamente em
uma das areas de estudo, enquanto oito espécies ocorreram em ambas localidades. Amplia-se a
distribui¢do conhecida de Luteostriata abundans (Graff, 1899), Choeradoplana iheringi Graff, 1899,
Obama ficki (Amaral & Leal-Zanchet, 2012), Imbira guaiana (Leal-Zanchet & Carbayo, 2001) e Pasipha
hauseri (Froehlich, 1959). Além disso, os resultados enfatizam a importancia de ampliagdo dos estudos
taxonomicos de planarias terrestres, bem como das areas de estudo no sul do Brasil.
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Introduction

Land flatworms are susceptible to microclimatic changes
since they live in humid, non-flooded habitats (Sluys 1998,
1999). Their restricted motility leads to high endemism (Sluys
1995, Ogren et al. 1997, Winsor et al. 1998). Land triclads are
carnivorous and prey on other invertebrates such as snails,
insect larvae, small arthropods and other land flatworms
(Du Bois-Reymond Marcus 1951, Froehlich 1955, Jones &
Cumming 1998, Ogren 1995, Sluys 1999, Carbayo & Leal-
Zanchet 2003, Prasniski & Leal-Zanchet 2009). Thus, flatworm
diversity may reflect the diversity of other invertebrates that
constitute their prey. There are records of about 170 species of
land flatworms in Brazil, which has the highest species richness
in the Neotropical Region (Carbayo & Froehlich 2008, 2012,
Amaral et al. 2012, Leal-Zanchet et al. 2012). Recent
inventories and studies on flatworm communities reveal the
occurrence of at least 90 morphospecies of land flatworms,
most of which are unknown to science, in forests of southern
Brazil (Antunes et al. 2008, Baptista et al. 2010). Most of these
studies occurred in ombrophilous forests (Leal-Zanchet &
Carbayo 2000, Carbayo et al. 2002, Fick et al. 2003, 2006, Leal-
Zanchet et al. 2011, Antunes et al. 2012). Two inventories have
been performed in deciduous forest, one in the central region
and the other in the northwest region of southern Brazil (Castro
& Leal-Zanchet 2005, Baptista et al. 2010).

Deciduous forest was the greatest forest cover in southern
Brazil before colonization. About 24% of the original area now
remains in the southern Brazilian state Rio Grande do Sul. The

northeastern region has been highly impacted by human
colonization (Teixeira & Coura-Neto 1986). This study offers
the first inventory of land flatworms in the northeastern
deciduous forest of Rio Grande do Sul and expands our
knowledge of flatworm diversity and distribution in southern
Brazil.

Material and methods

The study areas are located in two cities (Salvador do Sul
and Sao Pedro da Serra) of the northeast hillside of Rio Grande
do Sul (Figure 1), between 29°26’S - 51°30'W and 29°25'S -
51°28'W, respectively. The climate is warm temperate (sub-
tropical) and humid, without any marked dry periods (Nimer
1989). The region experiences a long cold period with a mean
temperature of 15°C and a warm period with mean tempera-
ture of 20°C (Quadros & Pillar 2002). The annual rainfall is
1,200-1,750 mm year™" with the heaviest rains occurring in the
summer (Oliveira & Ribeiro 1986). The rough relief has a
maximum altitude of 556 m a.s.l. (Leite 2002). The coverage
consists of seasonal deciduous forest defined by a canopy
dominated by caducifolious species and a dominance of
Pachystroma longifolium (Nees) 1.M.Johnst. and FEugenia
rostrifolia D.Legrand (Teixeira & Coura-Neto 1986). Both
study areas have suffered intense anthropogenic influence, with
high level of deforestation to prepare sites for agriculture and
cattle farming (Teixeira & Coura-Neto 1986), and have
undergone consequent structural and physiognomic changes
(A. Backes, personal communication).
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Figure 1. Study areas of the northeastern deciduous forest of Southern Brazil. SP: Sdo Pedro da Serra, SS: Salvador do Sul.
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Sixteen diurnal samplings were performed with random and
non-random methods from June 1996 to March 2007. Land
flatworms were directly sampled under fallen logs and
branches, rocks and leaf litter, which, after inspection, were
returned to their original positions in order to avoid altering
soil microhabitats (Ball & Reynoldson 1981, Winsor 1997).

In the field, specimens were identified as morphospecies.
Their external morphology was studied under a stereomicro-
scope. Body fragments of the pre-pharyngeal region, pharynx,
and copulatory apparatus were histologically processed to be
studied under optical microscopy according to techniques
described by Baptista & Leal-Zanchet (2005). Adult specimens
without all the necessary morphological characteristics required
for identification at the genus level, which could be differ-
entiated from specimens of other species occurring in the study
areas, were placed in the collective group Pseudogeoplana
Ogren & Kawakatsu, 1990.

The sampled specimens were placed in the scientific
collection of the Planarian Research Institute, Universidade
do Vale do Rio dos Sinos (UNISINOS).

Results

In the two study areas, we found 26 species of land
flatworms (Table 1). Twenty-five of these species belong to the
subfamily Geoplaninae and one to Rhynchodeminae, of which
at least 13 are unknown to science. Species of the genus Obama
Carbayo et al., 2013 represented 23% of the species found
(S=6), followed by Paraba Carbayo et al., 2013 (S=4) (Figures

2-4) and Pasipha Ogren & Kawakatsu, 1990 (S=3). Another
seven Geoplaninae genera were also documented: Cephaloflexa
Carbayo & Leal-Zanchet, 2003, Choeradoplana Graff, 1896,
Cratera Carbayo et al., 2013, Luteostriata Carbayo, 2010,
Imbira Carbayo et al.,, 2013, Issoca Froehlich, 1955 and
Xerapoa Froehlich, 1955. Five morphospecies were included
into the collective group Pseudogeoplana Ogren & Kawakatsu,
1990. The genus Rhynchodemus Leidy, 1851 (Rhynchodeminae)
was also documented.

Four species had a high number of records, with 16 or more
sampled specimens (Table 1). Two of these species, Paraba sp.1
(Figure 2) and Obama sp.1, are still undescribed (Table 1).
Luteostriata abundans (Graff, 1899) (Figure 3) and Obama
carrierei (Graff, 1897) (Figure 4) had the third and fourth
highest records, respectively. Two species, Obama sp.2 and
Choeradoplana iheringi Graff, 1899, had a moderate number of
occurrences at the study sites (Table 1). The other 12 species
had few occurrences (less than five specimens), and five of these
are formally described taxa. Eighteen species were recorded
exclusively in one of the two study areas, and eight species
occurred in both sites (Table 1).

Discussion

The flatworm species richness recorded in the areas of
deciduous forest of this study was similar to the richness of
other areas of deciduous forest in southern Brazil where land
flatworms inventories have been performed (Castro & Leal-
Zanchet 2005, Baptista et al. 2010). Two of these locations are

Table 1. Land planarians recorded in areas of the northeastern deciduous forest of southern Brazil.

Species

Salvador do Sul

Sio Pedro da Serra Total

Paraba sp.1

Obama sp.1

Luteostriata abundans (Graft, 1899)
Obama carrierei (Graff, 1897)
Obama sp.2

Choeradoplana iheringi Graft, 1899
Obama ficki (Amaral & Leal-Zanchet, 2012)
Cratera sp.

Cephaloflexa sp.

Paraba gaucha (Froehlich, 1959)
Obama sp.3

Obama ladislavii (Graff, 1899)
Paraba sp.2

Paraba sp.3

Pasipha sp.1

Pasipha sp.2

Pasipha hauseri (Froehlich, 1959)
Imbira guaiana (Leal-Zanchet & Carbayo, 2001)
Issoca sp.

Xerapoa sp.

Pseudogeoplana sp.35
Pseudogeoplana sp.36
Pseudogeoplana sp.37
Pseudogeoplana sp.38
Pseudogeoplana sp.39
Rhynchodemus sp.

Abundance

Species richness

21 6
14
17
14
7

—_ N — W | S~ s =
N | &1 | AN — | +~
— e DN
O N 3 00

DN W = = = = = N
N = |
— om0 W L) —m o —m e — O N W WA R A

—_
—

105 30 135
23 11 26

http://dx.doi.org/10.1590/S1676-06032014004513

http://www.scielo.br/bn



Biota Neotrop., 14(1): €20130045, 2014

Amaral, S.V. et al.

£

Figures 2-7. Land flatworms occurring in the northeastern deciduous forest of Southern Brazil. (2) Paraba sp.1; (3) Luteostriata abundans; (4) Obama
carrieret; (5) Obama ficki; (6) Paraba gaucha; (7) Obama ladislavii. Scale bar: 5 mm.

Turvo State Park and Santa Maria, in northwest and central
Rio Grande do Sul, respectively. The species composition,
however, differs among the three areas. A single species
recorded in Turvo State Park (Geoplana sp.2 = Obama sp.2)
and two species in Santa Maria, Obama sp.2 and O. ladislavii
(Graff, 1899), were also found in our study areas. In addition,
both dominant species in the study areas, Paraba sp.l1 and
Obama sp.1, were not yet recorded in other sites of southern
Brazil where land flatworms have been studied (Leal-Zanchet &
Carbayo 2000, Carbayo et al. 2002, Fick et al. 2003, 2006,
Castro & Leal-Zanchet 2005, Leal-Zanchet et al. 2012, Baptista
et al. 2010).

Luteostriata abundans that is dominant in areas of
semideciduous forest (Antunes et al. 2008), was recorded for
the first time in a deciduous forest. The present record may be
explained by the proximity between the northeastern part of the
deciduous forest and semideciduous forest range. Furthermore,
anthropogenic impacts in the prospected area may favour
occupation by L. abundans, which is tolerant to such impacts
(Antunes et al. 2008, Prasniski & Leal-Zanchet 2009). The

http://www.scielo.br/bn

distribution of this species is restricted to northeastern Rio
Grande do Sul (Antunes et al. 2008, Carbayo 2010). Obama
carrierei was previously recorded in Argentina and Bolivia
(Graff 1899) and in areas of semideciduous forest (Hauser &
Maurmann 1959).

Obama sp.2 has frequently been observed on the border of
different types of forests and around man-made buildings
(Leal-Zanchet & Carbayo 2000, Carbayo et al. 2002, Fick et al.
2003, 2006, Castro & Leal-Zanchet 2005, Antunes et al. 2008,
Leal-Zanchet et al. 2012). It has been considered a generalist
species regarding habitat use and tolerance (Castro & Leal-
Zanchet 2005, Antunes et al. 2008). Choeradoplana iheringi has
not yet been recorded in areas of seasonal forests from southern
Brazil (Castro & Leal-Zanchet 2005, Baptista et al. 2010,
Antunes et al. 2008) despite its ample distribution in Minas
Gerais, Rio de Janeiro, Sdo Paulo, Santa Catarina and Rio
Grande do Sul (Graff 1899, Riester 1938, Marcus 1951,
Froehlich 1956, 1959, Leal-Zanchet & Souza 2003, Baptista et
al. 2006). Until now, its distribution in southern Brazil included
areas of ombrophilous forest (Leal-Zanchet & Souza 2003,

http://dx.doi.org/10.1590/S1676-06032014004513
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Baptista et al. 2006, Antunes et al 2012).

Obama ficki (Amaral & Leal-Zanchet, 2012) (Figure 5) has
been documented in ombrophilous forest areas of Rio Grande
do Sul and Santa Catarina (Leal-Zanchet & Carbayo 2000,
Fick et al. 2003, 2006, Baptista et al. 2006, Amaral et al. 2012).
The type-locality of Paraba gaucha (Froehlich, 1959) (Figure 6)
is Salvador do Sul. It has also been found in areas of
semideciduous forest (Froehlich 1959, Antunes et al. 2008).
Obama ladislavii (Graff 1899) (Figure 7) was recorded in all
four main types of forest formations in southern Brazil (Graff
1899, Carbayo et al. 2002, Fick et al. 2003, 2006, Castro & Leal-
Zanchet 2005, Baptista et al. 2006, Leal-Zanchet & Baptista
2009, Antunes et al. 2008, 2012). Its known distribution
includes locations in Rio Grande do Sul and Santa Catarina.
Imbira guaiana (Leal-Zanchet & Carbayo, 2001) was only
recorded in Sdo Francisco de Paula, Rio Grande do Sul (type-
locality), in areas of ombrophilous forest and plantations of
Araucaria angustifolia (Carbayo et al. 2001, 2002). Pasipha
hauseri (Froehlich, 1959) was previously recorded in the
distribution range of the semideciduous forest, but also in the
Amazon Forest (Froehlich & Froehlich 1972).

Deciduous forest remnants in northeastern southern Brazil
suffer a greater amount of anthropogenic impacts than
remnants in the northwest and central regions. Nevertheless,
Geoplaninae species richness is high in this region. The
occurrence of at least 13 species of land planarians that are
probably new to science emphasises the importance of
increasing taxonomic studies of the group, as was suggested
by Antunes et al. (2008). These results, as well as differences in
species composition among areas, also indicate the need to
further develop studies of land planarian communities in other
areas of southern Brazil.
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Abstract: Three sites of Itamonte (Minas Gerais) were investigated for insect galls from September, 2011 to July,
2012, seasonally. One-hundred and one morphotypes of insect galls were recorded on 63 species of host plant (45
genera and 23 families). Melastomataceae was the most galled plant family, followed by Asteraceae and Myrtaceae.
Galls were recorded on leaves, stems, buds, and aerial roots. Leaves were the most galled plant organ. The gall
morphotypes were characterized according to their shape, color, pubescence, and number of internal chambers.
Globose and fusiform galls were the most frequent. The majority was glabrous and one-chambered. The gallers
comprised three insect orders: Diptera (Cecidomyiidae and Tephritidae), Hemiptera, and Lepidoptera. Cecidomyiidae
were the most frequent galling taxa. Parasitoids (Hymenoptera) were obtained from six morphotypes (ca. 6% of the
total). The results are compared to those of other Brazilian insect gall inventories. As there is no previous gall
inventory in Itamonte, all records presented here are new.

Keywords: Atlantic forest, galling insect, gall richness, insect-plant interaction.

MAIA, V. C. Galhas de insetos de Itamonte (Minas Gerais, Brasil): caracterizagéo e ocorréncia. Biota Neotropica.
14(1):e20133839. http://www.biotaneotropica.org.br/v14nl/pt/abstract?article+bn01114012014

Resumo - Trés localidades de Itamonte (Minas Gerais) foram investigadas para galhas de inseto no periodo de
setembro, 2011 a julho, 2012, sazonalmente. Cento e um morfotipos de galhas de inseto foram registrados em 63
espécies de plantas hospedeiras (45 géneros e 23 familias). Melastomataceae, Asteraceae e Myrtaceae foram as
familias de planta com maior riqueza de galhas. As galhas foram encontradas em folhas, caules, gemas e raizes
aéreas. As folhas foram o 6rgdo vegetal com maior incidéncia de galhas. Os morfotipos foram caracterizados em
relacdo a forma, coloragdo, pubescéncia e nimero de camaras internas. Galhas globosas e fusiformes foram as mais
frequentes. A maioria era glabra e unilocular. Os galhadores incluiram trés ordens de insetos: Diptera (Cecidomyiidae
and Tephritidae), Hemiptera e Lepidoptera. Os Cecidomyiidae foram o taxon galhador mais frequente. Parasitoides
(Hymenoptera) foram obtidos de seis morfotipos de galhas (cerca de 6% do total). Os resultados s&o comparados com
outros inventarios de galhas no Brasil. Como ndo havia inventario prévio de galhas em Itamonte, todos 0s registros
apresentados sdo novos.

Palavras-chave: Mata Atlantica, inseto galhador, riqueza de galhas, interacdo inseto-planta.
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Introduction

Galls are abnormal growths of plant cells, tissues or organs
induced by virus, bacteria, nematodes, mites, insects, and other
organisms. Among the insects, six orders comprise galling species:
Diptera, Hemiptera, Coleoptera, Lepidoptera, Hymenoptera, and
Thysanoptera (Felt 1940). Galling insects are considered as one of
the most specialized herbivores, showing high specificity of host
plant and plant organ (Carneiro et al. 2009). Each galling species
induces a single gall morphotype on the host plant, so the gall is
considered as a taxonomic character of the galler.

The galling insect fauna of Brazil is still little studied. Data are
restricted to few localities and biomes, mainly restinga areas in

http://dx.doi.org/10.1590/S1676-06033839

the State of Rio de Janeiro (Monteiro et al. 1994, Maia 2001,
Monteiro et al. 2004, Oliveira & Maia 2005, Maia & Oliveira
2010), Séo Paulo (Maia et al. 2008) and Espirito Santo (Bregonci
et al. 2010), and in cerrado areas of the State of Minas Gerais
(Fernandes et al. 1988, Fernandes et al. 1997; Urso-Guimaraes et
al. 2003, Maia & Fernandes 2004, Carneiro et al. 2009, Coelho et
al. 2009), Séo Paulo (Urso-Guimardes & Scareli-Santos 2006,
Saito & Urso-Guimaraes 2012) and Goias (Aradjo et al. 2007).
The taxonomical information of the gallers is quite incipient, as
the majority of the records are at family level.

The main objective of this work is to contribute to the
knowledge of the insect galls of Minas Gerais, investigating
remaining areas of Atlantic forest as well high altitude fields for
the first time in the Municipality of Itamonte.

http://www.scielo.br/bn
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Material and Methods

The survey was developed in Itamonte (Minas Gerais,
Southeastern Brazil). The municipality of Itamonte has an area
of about 432 km> The climate is highland tropical (Cwb),
according to Koppen classification, with cold and dry winters
(lowest temperature varying from 0°C to 10°C in the urban
area with the occurrence of frosts); mild summer with higher
rainfall, characterizing the rainiest period (Itamonte 2012).

Itamonte has about 35% of the area of the Parque Nacional
de Itatiaia (Itatiaia National Park). This Park has about
30,000 ha and is divided into lower and upper areas. The
former has remainings of the Atlantic Forest, with great
richness of orchids, bromeliads and ferns. The latter presents
low vegetation and predominance of high altitude fields. The
Itatiaia massif comprises about 150 endemic plant species, more
than 100,000 insect species and 300 bird species (Zikan & Zikan
1968, Martinelli et al. 1989, Honkala & Niiranen 2010,
Itamonte 2012).

Insect galls were collected from September, 2011 to July,
2012, at the end of spring, summer, autumn, and winter, in
three localities: Brejo da Lapa (22°21'31"S, 44°44'14"W;
2,100 m of altitude, low vegetation); Cachoeira do Escorrega
(22°13'13,75"S, 44°49'16,05"W; 1,717 m of altitude, Atlantic
Forest), and Sitio Moana (22°14'23"S, 44°47'55"W; 1320 m of
altitude, Atlantic Forest).

The vegetation of each locality was investigated for insect
galls for 4 hours per visit. All plant organs were examined,
except for the subterraneous roots. Samples of host plants,
preferably in the fertile state, were pressed in the field and later
identified by Dr. Gracialda C. Ferreira and Manoel dos Reis

Cordeiro (Universidade Federal Rural da Amazonia, Para,
northern Brazil). The voucher specimens were included in the
Herbarium of this Institution.

All gall morphotypes were photographed in the field. Each
morphotype was characterized based on shape, color, presence
or absence of trichomes, and number of internal chambers.
Immature insects were obtained by dissection of each kind of
gall under a stereoscopic microscope. Pupal exuviae and adults
were obtained by keeping samples of each gall morphotype
individually in plastic pots layered at the bottom with damp
cotton and covered by fine screening, at room temperature. All
pots were checked daily for adult emergence.

All insects were preserved in 70% alcohol. Cecidomyidae
(Diptera) were later mounted on slides for microscope,
following the methodology of Gagné (1994). The gall midge
genera were identified based on the keys by Gagné (1994). The
specimens are deposited in the collection of Museu Nacional/
Universidade Federal do Rio de Janeiro.

Results

One hundred and one morphotypes of insect galls were
found on 63 species of host plant (45 genera and 23 families)
(Table 1). Melastomataceae is the most galled plant family,
followed by Asteraceae and Myrtaceae, with 29, 18 and 11 gall
morphotypes, respectively. The average number of galls per
host species was 1.60.

Galls were recorded on leaves, stems, buds, and aerial roots
(Table 2). Leaves were the most galled plant organ, with ca.
48% of the total, followed by stems and buds (29% and 21%,
respectively). Otherwise, galls on tendrils, flowers, and fruits

Table 1. Number of gall morphotypes per plant family in Itamonte (MG, Brazil). Tabela 1. Numero de morfotipos de galha por familia de planta

em Itamonte (MG, Brasil)

Host plant

Galled families (n=23) Number of galled genera

(n=45)

Number of galled species
(n=63)

Number of gall morphotypes
(n=101)

Acanthaceae
Apocynaceae
Asteraceae
Bignoniaceae
Burseraceae
Campanulaceae
Euphorbiaceae
Fabaceae
Iracinaceae
Lammiaceae
Lauraceae
Loranthaceae
Lythraceae
Melastomataceae
Myrtaceae
Nyctaginaceae
Piperaceae
Proteacecae
Rubiaceae
Salicaceae
Sapindaceae
Solanaceae
Vochysiaceae
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Table 2. Number of gall morphotypes per plant organ in Itamonte
(MG, Brazil). Tabela 2. Numero de morfotipo de galhas por 6rgdo
vegetal em Itamonte (MG, Brasil).

Galled plant organ Number of gall morphotypes

Leaf 52 (48.1%)
Stem 31 (28.7%)
Bud 23 (21.3%)
Aerial root 2 (1.85%)
Tendril 0
Inflorescence 0
Fruit 0

were not found. All morphotypes occurred in a single plant
organ, except seven morphotypes which occurred simulta-
neously on stem and leaf (n=3), stem and bud (n=2), and bud
and leaf (n=2).

The gall morphotypes were classified according to their
shape in globose, fusiform, circular, marginal roll, ovoid, leaf
roll, leaf fold, and rosette. The globose and fusiform shapes
were the most frequent ones (about 38% each), followed by
marginal roll (about 8%), circular and conical (each about 7%),
ovoid (about 2%), and others (each at about 1%) (Table 3). The
majority was glabrous (81 morphotypes, ca. 80%), the
remainders being (20 morphotypes, ca. 20) hairy. About 97%
(98 morphotypes) are one-chambered, with 3% (four morpho-
types) multichambered.

The gallers of 65 morphotypes were determined. They
belong to three insect orders: Diptera (Cecidomyiidae and
Tephritidae), Hemiptera, and Lepidoptera. The former was the
most frequent galling taxa, being responsible for 51 morpho-
types (78% of the determined gallers) (Table 4), followed by
Hemiptera (ca. 12%), and Lepidoptera (ca. 9%). Coleopterous,
Hymenopterous and Thysanopterous galls were not found. The
gallers of 36 morphotypes cannot be determined, because the

Table 3. Number of gall morphotypes of different shapes in Itamonte
(MG, Brazil). Tabela 3. Numero de morfotipos de galha de diferentes
formas em Itamonte (MG, Brasil).

Gall shape Number of gall morphotypes
Fusiform 38 (37.62%)
Globose 38 (37.62%)
Marginal roll 8 (7.92%)

Circular 7 (6.93%)

Conical 7 (6.93%)

Ovoid 2 (1.98%)

Rosette 1 (0.99%)

Leaf fold 1 (0.99%)

Leaf roll 1 (0.99%)

Table 4. Number of gall morphotypes per galling insect order in
Itamonte (MG, Brazil). Tabela 4. Numero de morfotipos de galha por
ordem de inseto galhador em Itamonte (MG, Brazil).

Galler Number of gall morphotypes
Diptera 51 (78.5%)
Hemiptera (12.3%)
Lepidoptera (9.2%)

Not determined (35.6%)

http://dx.doi.org/10.1590/S1676-06033839

gall samples were collected without dwellers, or less frequently,
occupied by parasitoids (in this case, fragments of the host were
found). Parasitoids (Hymenoptera) were obtained from six
morphotypes (ca. 6% of the total). Predators and inquilines
were not found. As successors, ants were found in a single gall
morphotype.

As there is no previous gall inventory in Itamonte, all
records presented here are new. The geographic distribution of
Lopesia similis Maia, 2004, and Neolasioptera eugeniae Maia,
1993 (Diptera, Cecidomyiidae) is widened to the municipality
of Itamonte.

Data on insect galls are presented here under host plant
families, genera and species in alphabetical order. They include
gall morphological characterization, associated fauna and
previous records in Brazil.

Acanthaceae

Not determined

Vein or petiole swelling, fusiform, green, glabrous, one-
chambered (Figures 1 and 2). Galler: Cecidomyiidae (Diptera).
Locality: Cachoeira do Escorrega. Occurrence: March.
Previous records: Galls on Justicia sp. and Avicennia shaeuriana
Stapf & Leechm. ex Moldenke (Acanthaceae) were recorded in
Rio Grande do Sul and Sao Paulo, respectively by Tavares
(1909) and Maia et al. (2008).

Apocynaceae

Aspidosperma sp.

Circular leaf gall, green, glabrous, one-chambered (Figure
3). Galler: Psyliidae (Hemiptera). Locality: Cachoeira do
Escorrega. Occurrence: June.

Previous records: leaf galls on Aspidosperma spp. were
recorded in the States of Goias, Mato Grosso do Sul, Minas
Gerais, and Rio de Janeiro (Fernandes et al. 1988, Monteiro et
al. 1994, Maia 2001a, Julido et al. 2002, Oliveira & Maia 2005,
Araujo et al. 2007, Coelho et al. 2009, Maia & Oliveira 2010).

Asteraceae

Baccharis sp. 1

Vein swelling, fusiform, green, glabrous, one-chambered.
Galler: Cecidomyiidae (Diptera). Associated fauna: parasitoid -
Hymenoptera. Locality: Brejo da Lapa. Occurrence: December.

Baccharis sp.2

Leaf gall, fusiform, green, glabrous, one-chambered (Figure
4). Galler: Cecidomyiidae (Diptera). Locality: Brejo da Lapa.
Occurrence: September.

Previous records: Several galls on Baccharis spp. have been
recorded by in cerrado and rupestrian fields of Minas Gerais by
Fernandes et al. (1996), Maia & Fernandes (2004), Coelho et al.
(2009), Carneiro et al. (2009), Malves & Frieiro-Costa (2012),
and in restingas of Sdo Paulo by Maia et al. (2008).

Eupatorium sp.

Bud gall, globose, brownish, micropubescent, one-cham-
bered (Figure 5). Galler: Cecidomyiidae (Diptera). Associated
fauna: parasitoid — Hymenoptera. Locality: Brejo da Lapa.
Occurrence: September.

Previous records: Galls on Eupatorium spp. were recorded
by Tavares (1917b) in Rio de Janeiro.

Mikania sp.1

Stem swelling, globose, brownish, glabrous, one-chambered
(Figure 6). Galler: Cecidomyiidae (Diptera). Locality: Brejo da
Lapa. Occurrence: June.

http://www.scielo.br/bn
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Figures 1-12. Insect galls of Itamonte (MG, Brazil): 1. Vein gall on Acanthaceae; 2. Petiole gall on Acanthaceae not determined; 3. Leaf gall on
Aspidosperma sp. (Apocynaceae); 4. Leaf gall on Baccharis sp.2 (Asteraceae); 5. Bud gall on Eupatorium sp. (Asteraceae); 6. Stem gall on Mikania
sp.1 (Asteraceae); 7. Vein gall on Mikania sp.1 (Asteraceae); 8. Stem gall on Mikania sp.2 (Asteraceae); 9. Leaf gall on Mikania sp.3 (Asteraceae); 10.
Stem gall on Vernonia sp.1 (Asteraceae); 11. Stem gall on Vernonia sp.2 (Asteraceae); 12. Stem gall on Vernonia sp.2 (Asteraceae).Figuras 1-12.
Galhas de insetos de Itamonte (MG, Brasil): 1. Galha na nervura em Acanthaceae; 2. Galha no peciolo em Acanthaceae nao determinada; 3. Galha
foliar em Aspidosperma sp. (Apocynaceae); 4. Galha foliar em Baccharis sp.2 (Asteraceae); 5. Galha da gema em Eupatorium sp. (Asteraceae); 6.
Galha caulinar em Mikania sp.1 (Asteraceae); 7. Galha na nervura em Mikania sp.1 (Asteraceae); 8. Galha caulinar em Mikania sp.2 (Asteraceae); 9.
Galha foliar em Mikania sp.3 (Asteraceae); 10. Galha caulinar em Vernonia sp.1 (Asteraceae); 11. Galha caulinar em Vernonia sp.2 (Asteraceae);12.

Galha caulinar em Vernonia sp.2 (Asteraceae).

Vein swelling, fusiform, green, glabrous, one-chambered
(Figure 7). Galler: Cecidomyiidae (Diptera). Associated fauna:
parasitoid — Hymenoptera. Locality: Brejo da Lapa.
Occurrence: September, December

Mikania sp.2

Stem or petiole swelling, globose, green, hairy, one-
chambered (Figure 8). Galler: not determined. Locality: Brejo
da Lapa. Occurrence: September.

Mikania sp.3

Leaf gall, circular, green, glabrous, one-chambered (Figure
9). Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do
Escorrega. Occurrence: March.

Previous records: several galls on Mikania spp. were
recorded in Amazonas, Minas Gerais, Rio de Janeiro, and
Rio Grande do Sul (Riibsaamen 1907, 1908, 1916a,
Tavares 1909, Monteiro et al. 1994, Maia 200la, Maia &
Fernandes 2004, Oliveira & Maia, 2005, Maia et al. 2008,
Carneiro et al. 2009, Maia & Oliveira 2010, Malves & Frieiro-
Costa 2012).

http://www.scielo.br/bn

Vernonia sp. 1

Stem or bud swelling, fusiform, greenish, glabrous, one-
chambered (Figure 10). Galler: Cecidomyiidae (Diptera).
Locality: Brejo da Lapa. Occurrence: September.

Vernonia sp. 2

Stem swelling, fusiform, brown, glabrous, one-chambered
(Figure 11). Galler: Tephritidae (Diptera). Localities: Sitio
Moana, Cachoeira do Escorrega. Occurrence: September,
March, June.

Stem swelling, globose, reddish, glabrous, one-chambered
(Figure 12). Galler: Cecidomyiidae (Diptera). Locality:
Cachoeira do Escorrega. Occurrence: December, March.

Previous records: galls on Vernonia spp. were recorded in
Mato Grosso do Sul, Minas Gerais, Rio de Janeiro, and Sio
Paulo (Gagné 1994, Julido et al. 2002, Urso-Guimaraes et al.
2003, Maia 2001a, Monteiro et al. 2004, Maia & Fernandes
2004, Maia et al. 2008).

Asteraceae not determined (sp.1)

Rosette bud gall, green, glabrous (Figure 13). Galler: not

http://dx.doi.org/10.1590/S1676-06033839
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Figures 13-23. Insect galls of Itamonte (MG, Brazil): 13. Bud gall on Asteraceae sp.1; 14. Stem gall on Asteraceae sp.1; 15. Vein gall on Asteraceae
sp.2; 16. Petiole gall on Asteraceae sp.2; 17. Stem gall on Asteraceae sp.2; 18. Apical bud gall on Asteraceae sp.2; 19. Lateral bud on Asteraceae sp.2;
20. Lateral bud on Asteraceae sp.2; 21. Stem gall on Cuspidaria sp. (Bignoniaceae); 22. Stem gall on Stizophyllum riparum (Bignoniaceae); 23. Leaf
gall on Bignoniaceae.Figuras 13-23. Galhas de insetos de Itamonte (MG, Brasil): 13. Galha da gema em Asteraceae sp.1; 14. Galha caulinar em
Asteraceae sp.1; 15. Galha na nervura em Asteraceae sp.2; 16. Galha no peciolo em Asteraceae sp.2; 17. Galha caulinar em Asteraceae sp.2; 18.
Galha da gema apical em Asteraceae sp.2; 19. Galha da gema lateral em Asteraceae sp.2; 20. Galha da gema lateral em Asteraceae sp.2; 21. Galha
caulinar em Cuspidaria sp. (Bignoniaceae); 22. Galha caulinar em Stizophyllum riparum (Bignoniaceae); 23. Galha foliar em Bignoniaceae.

determined. Locality: Brejo da Lapa. Occurrence: December

Stem swelling, elongate-fusiform, green, glabrous, one-
chambered (Figure 14). Galler: Lepidoptera. Locality: Brejo
da Lapa. Occurrence: December, June.

Asteraceae not determined (sp. 2)

Vein swelling, linear, brown, glabrous, one-chambered
(Figure 15). Galler: Cecidomyiidae (Diptera). Locality:
Cachoeira do Escorrega. Occurrence: June.

Petiole swelling, globose, green, glabrous, one-chambered
(Figure 16). Galler: not determined. Locality: Cachoeira do
Escorrega. Occurrence: March.

Stem swelling, fusiform, brown, glabrous, one-chambered
(Figure 17). Galler: not determined. Localities: Brejo da Lapa,
Cachoeira do Escorrega. Occurrence: December, March, June.

Apical bud gall, globose, green, glabrous, one-chambered

http://dx.doi.org/10.1590/S1676-06033839

(Figure 18). Galler: Cecidomyiidae (Diptera). Associated fauna:
parasitoid — Hymenoptera. Localities: Brejo da Lapa,
Cachoeira do Escorrega. Occurrence: December, March.

Lateral bud gall, globose, brown, glabrous, one-chambered
(Figure 19). Galler: Cecidomyiidae (Diptera). Locality:
Cachoeira do Escorrega. Occurrence: December.

Lateral bud gall, ovoid, reddish, glabrous, one-chambered
(Figure 20). Galler: not determined. Locality: Cachoeira do
Escorrega. Occurrence: December.

Bignoniaceae

Cuspidaria sp.

Stem swelling, elongate-fusiform, green, glabrous, one-
chambered (Figure 21). Galler: not determined. Locality:
Cachoeira do Escorrega. Occurrence: March.
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Stizophyllum riparum (Kunth) Sandwith

Stem swelling, fusiform, brown, glabrous, one-chambered
(Figure 22). Galler: not determined. Locality: Cachoeira do
Escorrega. Occurrence: March.

Bignoniaceae not determined

Leaf gall, globose, green, hairy, one-chambered (Figure 23).
Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do
Escorrega. Occurrence: December, June.

Previous records: the same gall was recorded in Bahia,
Minas Gerais, and Rio de Janeiro (Tavares 1922, Maia 2001,
Monteiro et al. 2004, Maia & Fernandes 2004).

Campanulaceae

Centropogon sp.
Leaf gall, globose abaxially, conical adaxially, green,
glabrous, one-chambered (Figure 25). Galler: Hemiptera.

Locality: Brejo da Lapa. Occurrence: March.

Burseraceae

Protium heptaphyllum March Euphorbiaceae

Marginal leaf roll, green, glabrous, one-chambered (Figure Croton sp.1

Stem swelling, fusiform, green, glabrous, one-chambered
(Figure 26). Galler: not determined. Locality: Brejo da Lapa.
Occurrence: September.

24). Galler: Lopesia similis Maia, 2004 (Cecidomyiidae,
Diptera). Locality: Cachoeira do Escorrega. Occurrence:
December, June.

Figures 24-36. Insect galls of Itamonte (MG, Brazil):24. Marginal leaf roll on Protium heptaphyllum (Burseraceae); 25. Leaf gall on Centropogon sp.
(Campanulaceae); 26. Stem gall on Croton sp.1 (Euphorbiaceae); 27. Marginal leaf roll on Croton sp.2 (Euphorbiaceae); 28. Leaf gall on Croton sp.2
(Euphorbiaceae); 29. Bud gall on Croton sp.2 (Euphorbiaceae); 30. Leaf gall on Croton sp.2 (Euphorbiaceae); 31. Vein gall on Inga sp. (Fabaceae);
32. Stem gall on Stylosanthes graciles (Fabaceae); 33. Stem gall on Humiriantheca sp. (Iracinaceae); 34. Bud gall on Hyptis sp. (Lammiaceae); 35.
Stem gall on Licania sp. (Lauraceae); 36. Leaf gall on Nectandra sp. (Lauraceae).Figuras 24-36. Galhas de insetos de Itamonte (MG, Brasil): 24.
Enrolamento da margem foliar em Protium heptaphyllum (Burseraceae); 25. Galha foliar em Centropogon sp. (Campanulaceae); 26. Galha caulinar
em Croton sp.l (Euphorbiaceae); 27. Enrolamento da margem foliar em Croton sp.2 (Euphorbiaceae); 28. Galha foliar em Croton sp.2
(Euphorbiaceae); 29. Galha da gema em Croton sp.2 (Euphorbiaceae); 30. Galha foliar em Crozon sp.2 (Euphorbiaceae); 31. Galha na nervura em
Inga sp. (Fabaceae); 32. Galha caulinar em Stylosanthes graciles (Fabaceae); 33. Galha caulinar em Humiriantheca sp. (Iracinaceae); 34. Galha da
gema em Hyptis sp. (Lammiaceae); 35. Galha caulinar em Licania sp. (Lauraceae); 36. Galha foliar em Nectandra sp. (Lauraceae).
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Croton sp. 2

Marginal leaf roll, green, glabrous, one-chambered (Figure
27). Galler: not determined. Locality: Cachoeira do Escorrega.
Occurrence: December, June.

Leaf gall, globose, yellow, hairy, one-chambered (Figure
28). Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do
Escorrega. Occurrence: June.

Bud gall, globoid, yellow, hairy, gregarious, one-chambered
(Figure 29). Galler: Cecidomyiidae (Diptera). Locality:
Cachoeira do Escorrega. Occurrence: December

Leaf, petiole or stem gall, globose, yellow, hairy, one-
chambered (Figure 30) Galler: Cecidomyiidae (Diptera).
Localities: Sitio Moana, Cachoeira do Escorrega. Occurrence:
September, December, June.

Previous records: several galls on Croton spp. were recorded
in Ceara, Pernambuco, Minas Gerais, and Rio de Janeiro
(Riibsaamen 1905, Tavares 1922, 1925 Urso-Guimaraes et al.
2003, Maia & Fernandes 2004, Carneiro et al. 2009, Santos et
al. 2011, Malves & Frieiro-Costa 2012).

Fabaceae

Inga sp.

Vein swelling, fusiform, green, glabrous one-chambered
(Figure 31). Galler: Neolasioptera sp. (Cecidomyiidae, Diptera).
Locality: Cachoeira do Escorrega. Occurrence: December.
Previous records: several galls on Inga sp. were recorded in
Amazonas, Para, Goias, Mato Grosso do Sul, Minas Gerais,
Rio de Janeiro, Sdo Paulo, and Santa Catarina (Riibsaamen
1907, Tavares 1920b, Fernandes et al. 1988, Maia 2001, Julido
et al. 2002, Urso-Guimardes et al. 2003, Maia & Fernandes
2004, Oliveira & Maia 2005, Maia et al. 2008, Maia & Oliveira
2010, Santos et al. 2010, Maia 2011).

Stylosanthes graciles Kunth

Stem swelling, globose, green, glabrous, one-chambered
(Figure 32). Galler: Cecidomyiidae (Diptera). Locality:
Cachoeira do Escorrega. Occurrence: March.

Previous records: a stem gall on Stylosanthes sp. was
recorded in Minas Gerais by Coelho et al. (2009).

Iracinaceae

Humiriantheca sp.

Stem swelling, fusiform, green, glabrous, one-chambered
(Figure 33). Galler: Cecidomyiidae (Diptera). Locality: Brejo
da Lapa. Occurrence: June.

Lammiaceae

Hyptis sp.

Bud gall, conical, green or yellowish, hairy, one-chambered
(Figure 34). Galler: Cecidomyiidae (Diptera). Locality: Brejo
da Lapa. Occurrence: December, March, June.

Previous records: galls on Hyptis spp. were recorded in
Pernambuco, Minas Gerais, and Sao Paulo (Maia & Fernandes
2004, Maia et al. 2008, Carneiro et al. 2009, Coelho et al. 2009,
Santos et al. 2011).

Lauraceae

Licania sp.

Stem swelling, fusiform, green, glabrous, one-chambered
(Figure 35). Galler: Cecidomyiidae (Diptera). Locality: Brejo
da Lapa. Occurrence: June.

Previous records: galls on Licania spp. were recorded in
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Para, Goias, Minas Gerais, and Sao Paulo (Maia & Fernandes
2004, Maia et al. 2008, Santos et al. 2010, Maia 2011).

Nectandra sp.

Leaf gall, brown, globose, glabrous, one-chambered (Figure
36). Galler: Hemiptera. Locality: Brejo da Lapa. Occurrence:
March, June.

Previous records: several galls were recorded on Nectandra
spp. in Goias, Sdo Paulo, Santa Catarina, and Rio Grande do
Sul (Riibsaamen 1908, Tavares 1909, 1921, Maia et al. 2008,
Santos et al. 2010).

Ocotea cernua (Nees) Mez

Aerial root swelling, globose, brown, glabrous, one-
chambered (Figure 37). Galler: not determined. Locality: Sitio
Moana. Occurrence: September

Previous records: Riibsaamen (1908), Monteiro et al.
(1994), Maia (2001), Julido et al. (2002), Monteiro et al.
(2004), Maia & Fernandes (2004), Maia et al. (2008), and
Carneiro et al. (2009) recorded galls on Ocotea spp. in Mato
Grosso do Sul, Minas Gerais and Rio de Janeiro.

Loranthaceae

Phthirusa sp.

Leaf gall, globose, glabrous, green or red, one-chambered
(Figure 38). Galler: Cecidomyiidae (Diptera) (1 larva on
11.X1II1.2011). Locality: Brejo da Lapa. Occurrence:
September, December.

Leaf gall, circular, yellow, glabrous, one-chambered (Figure
39). Galler: not determined. Locality: Brejo da Lapa.
Occurrence: September.

Aerial root swelling, fusiform, brown, glabrous, one-
chambered (Figure 40). Galler: Cecidomyiidae (Diptera).
Locality: Brejo da Lapa. Occurrence: September.

Stem swelling, fusiform, glabrous, brown, one-chambered.
Galler: Lepidoptera. Locality: Brejo da Lapa. Occurrence:
September, December.

Lythraceae

Cuphea sp.

Stem swelling, fusiform, brown, glabrous, one-chambered
(Figure 41). Galler: Cecidomyiidae (Diptera). Locality: Sitio
Moana. Occurrence: September.

Previous record: Gagné (1994) and Carneiro et al. (2009)
recorded galls on Cuphea spp. in Minas Gerais.

Melastomataceae

Aciotis cf. indecora (Bonpl) Triana

Vein swelling, fusiform, woody, brown, glabrous, one-
chambered (Figure 42). Galler: not determined. Locality:
Cachoeira do Escorrega. Occurrence: June.

Stem swelling, brown, fusiform, glabrous, one-chambered
(Figure 43). Galler: not determined. Locality: Cachoeira do
Escorrega. Occurrence: June.

Bud gall, globose, green, micropubescent, one-chambered
(Figure 44). Galler: not determined. Locality: Cachoeira do
Escorrega. Occurrence: June.

Bud gall, globose, green, macropubescent (reddish tri-
chomes), one-chambered (Figure 45). Galler: not determined.
Locality: Cachoeira do Escorrega. Occurrence: June.

Clidemia capitellata (Bonpl) D.Don

Leaf gall, globose, green, hairy, one-chambered (Figure 46).
Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do
Escorrega. Occurrence: June.
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Figures 37-47. Insect galls of Itamonte (MG, Brazil): 37. Aerial root gall on Ocotea cernua (Lauraceae); 38. Leaf gall on Phthirusa sp.
(Loranthaceae); 39. Leaf gall on Phthirusa sp. (Loranthaceae); 40. Aerial root gall on Phthirusa sp. (Loranthaceae); 40. Stem gall on Phthirusa sp.
(Loranthaceae); 41. Stem swelling on Cuphea sp. (Lythraceae); 42. Vein gall on Aciotis cf. indecora (Melastomataceae); 43. Stem gall on Aciotis cf.
indecora (Melastomataceae); 44. Bud gall on Aciotis cf. indecora (Melastomataceae); 45. Bud gall on Aciotis cf. indecora (Melastomataceae); 46. Leaf
gall on Clidemia capitellata (Melastomataceae); 47. Stem swelling on Clidemia sp.1 (Melastomataceae).Figuras 37-47. Galhas de insetos de [tamonte
(MG, Brasil): 37. Galha em raizes aéreas em Ocotea cernua (Lauraceae); 38. Galha foliar em Phthirusa sp. (Loranthaceae); 39. Galha foliar em
Phthirusa sp. (Loranthaceae); 40. Galha em raizes aéreas em Phthirusa sp. (Loranthaceae); 40. Galha caulinar em Phthirusa sp. (Loranthaceae); 41.
Galha caulinar em Cuphea sp. (Lythraceae); 42. Galha na nervura em Aciotis cf. indecora (Melastomataceae); 43. Galha caulinar em Aciotis cf.
indecora (Melastomataceae); 44. Galha da gema em Aciotis cf. indecora (Melastomataceae); 45. Galha da gema em Aciotis cf. indecora

(Melastomataceae); 46. Galha foliar em Clidemia capitellata (Melastomataceae); 47. Galha caulinar em Clidemia sp.1 (Melastomataceae).

Clidemia sp. 1

Stem swelling, fusiform, brown, hairy, one-chambered
(Figure 47). Galler: not determined. Locality: Sitio Moana.
Occurrence: September.

Lateral bud or leaf gall, globose, yellow, hairy (reddish
trichomes), one-chambered. Galler: Cecidomyiidae (Diptera).
Locality: Cachoeira do Escorrega. Occurrence: March, June.

Clidemia sp. 2

Stem swelling, fusiform, gregarious, glabrous, brown,
multichambered (Figure 48). Galler: Cecidomyiidae (Diptera).
Associated fauna: parasitoid — Hymenoptera. Locality: Brejo
da Lapa. Occurrence: December, March.

Leaf gall, globose, green, hairy (whitish trichomes), one-
chambered (Figure 49). Galler: Cecidomyiidae (Diptera).
Locality: Brejo da Lapa. Occurrence: March.

Previous records: Tavares (1917a) and Maia et al. (2008)

http://www.scielo.br/bn

recorded galls on Clidemia spp.

Miconia cf. cinnamomifolia (DC.) Naudin

Leaf gall, globose, hairy, one-chambered (Figure 50).
Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do
Escorrega. Occurrence: December, March.

Miconia cf. latecrenata (DC.) Naudin

Bud gall, pedunculate, globose, rough, glabrous, one-
chambered (Figure 51). Galler: not determined. Locality: Sitio
Moana. Occurrence: September.

Leaf gall, circular, yellowish, glabrous, one-chambered
(Figure 52). Galler: Cecidomyiidae (Diptera). Locality:
Cachoeira do Escorrega. Occurrence: December, March.

Miconia sp.1

Midvein or petiole swelling, fusiform, green, glabrous, one-
chambered (Figures 53 and 54). Galler: not determined.
Locality: Brejo da Lapa. Occurrence: March.

http://dx.doi.org/10.1590/S1676-06033839
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Figures 48-56. Insect galls of Itamonte (MG, Brazil): 48. Stem gall on Clidemia sp. 2 (Melastomataceae); 49. Leaf gall on Clidemia sp. 2
(Melastomataceae); 50. Leaf gall on Miconia cf. cinnamomifolia (Melastomataceae); 51. Bud gall on Miconia cf. latecrenata (Melastomataceae); 52.
Leaf gall on Miconia cf. latecrenata (Melastomataceae); 53. Midvein gall on Miconia sp.1 (Melastomataceae); 54. Petiole gall on Miconia sp.1
(Melastomataceae); 55. Leaf gall on Miconia sp.2 (Melastomataceae); 56. Stem gall on Miconia sp.3 (Melastomataceae).Figuras 48-56. Galhas de
insetos de Itamonte (MG, Brasil): 48. Galha caulinar em Clidemia sp. 2 (Melastomataceae); 49. Galha foliar em Clidemia sp. 2 (Melastomataceae);
50. Galha foliar em Miconia cf. cinnamomifolia (Melastomataceae); 51. Galha da gema em Miconia cf. latecrenata (Melastomataceae); 52. Galha
foliar em Miconia cf. latecrenata (Melastomataceae); 53. Galha da nervura central em Miconia sp.1 (Melastomataceae); 54. Galha peciolar em
Miconia sp.1 (Melastomataceae); 55. Galha foliar em Miconia sp.2 (Melastomataceae); 56. Galha caulinar em Miconia sp.3 (Melastomataceae).

Miconia sp. 2

Leaf or bud gall, globose, green with reddish trichomes,
one-chambered (Figure 55). Galler: Cecidomyiidae (Diptera).
Locality: Brejo da Lapa. Occurrence: September, December,
March.

Miconia sp.3

Stem swelling, fusiform, brown, glabrous, one-chambered
(Figure 56). Galler: not determined. Locality: Cachoeira do
Escorrega. Occurrence: December.

Bud gall, globose, reddish, hairy, one-chambered. Galler:
Lepidoptera. Locality: Cachoeira do Escorrega. Occurrence:
December.

Miconia sp. 4

Stem swelling, fusiform, brown, glabrous, one-chambered

http://dx.doi.org/10.1590/S1676-06033839

(Figure 57). Galler: not determined. Locality: Cachoeira do
Escorrega. Occurrence: December.

Leaf gall, globose, red, hairy, gregarious, one-chambered.
Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do
Escorrega. Occurrence: December.

Miconia sp.5

Leaf gall, globose, brownish, glabrous, one-chambered
(Figure 58). Galler: not determined. Locality: Cachoeira do
Escorrega. Occurrence: December.

Miconia sp.6

Bud gall, globose, yellowish or reddish, hairy, one-
chambered (Figure 59). Galler: Cecidomyiidae (Diptera).
Locality: Cachoeira do Escorrega. Occurrence: December,
March.
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Figures 57-66. Insect galls of Itamonte (MG, Brazil): 57. Stem gall on Miconia sp.4 (Melastomataceae); 58. Leaf gall on Miconia sp.5
(Melastomataceae); 59. Bud gall on Miconia sp.6 (Melastomataceae); 60. Stem gall on Mouriri sp. (Melastomataceae); 61. Leaf gall on Mouriri sp.
(Melastomataceae); 62. Marginal leaf roll on Mouriri sp. (Melastomataceae); 63. Leaf gall on Tibouchina cf. stenocarpa (Melastomataceae); 64. Vein
gall on Tibouchina cf. stenocarpa (Melastomataceae); 65. Vein gall on Tibouchina cf. stenocarpa (Melastomataceae); 66. Midvein gall on
Melastomataceae not determined.Figuras 57-66. Galhas de insetos de Itamonte (MG, Brasil): 57. Galha caulinar em Miconia sp.4
(Melastomataceae); 58. Galha foliar em Miconia sp.5 (Melastomataceae); 59. Galha da gema em Miconia sp.6 (Melastomataceae); 60. Galha
caulinar em Mouriri sp. (Melastomataceae); 61. Galha foliar em Mouriri sp. (Melastomataceae); 62. Enrolamento da margem foliar em foliar
Mouriri sp. (Melastomataceae); 63. Galha foliar em Tibouchina cf. stenocarpa (Melastomataceae); 64. Galha da nervura em Tibouchina cf. stenocarpa
(Melastomataceae); 65. Galha da nervura em Tibouchina cf. stenocarpa (Melastomataceae); 66. Galha da nervura central em Melastomataceae ndo

determinada.

Previous records: several different kinds of gall were
recorded in Amazonas, Para, Minas Gerais, Sdo Paulo and
Rio de Janeiro (Riibsaamen 1907, Tavares 1917a, Maia 2001a,
Monteiro et al. 2004, Maia & Fernandes 2004, Urso-Guimaraes
& Scareli-Santos 2006, Maia et al. 2008; Carneiro et al. 2009,
Maia 2011, Malves & Frieiro-Costa 2012).

Mouriri sp.

Stem swelling, fusiform, brown, glabrous, one-chambered
(Figure 60). Galler: not determined. Locality: Cachoeira do
Escorrega. Occurrence: December.

Leaf gall, circular, yellow, glabrous, one-chambered (Figure
61). Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do

http://www.scielo.br/bn

Escorrega. Occurrence: December, March, June.

Marginal leaf roll, reddish, glabrous, one-chambered
(Figure 62). Galler: Cecidomyiidae (Diptera). Locality: Brejo
da Lapa. Occurrence: June.

Previous records: Riibsaamen 1908 described a flower gall,
probably induced by Asphondylia sp. (Cecidomyiidae) on
Mouriri ulei from Amazonas state (Brazil).

Tibouchina cf. stenocarpa (DC.) Cogn.

Leaf gall, globose, green, hairy, one-chambered (Figure 63).
Galler: Lepidoptera. Locality: Cachoeira do Escorrega.
Occurrence: March, June.

Vein swelling, fusiform, conspicuous, green, glabrous, one-

http://dx.doi.org/10.1590/S1676-06033839
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chambered (Figure 64). Galler: Lepidoptera. Locality:
Cachoeira do Escorrega. Occurrence: March, June.

Vein swelling, linear, barely evident, green, glabrous, one-
chambered (Figure 65). Galler: not determined. Locality:
Cachoeira do Escorrega. Occurrence: June.

Stem swelling, fusiform, brown, glabrous, one-chambered.
Galler. Not determined. Locality: Cachoeira do Escorrega.
Occurrence: March.

Previous records: galls on other Tibouchina spp. were
recorded in Minas Gerais, Sdo Paulo, and Rio de Janeiro
(Riibsaamen, 1908; Tavares, 1917a, Maia & Fernandes, 2004;
Maia et al. 2008).

Melastomataceae not determined

Midvein swelling, fusiform, brown, glabrous, one-cham-
bered (Figure 66). Galler: not determined. Locality: Brejo da
Lapa. Occurrence: December.

Leaf gall, globose, green, glabrous, one-chambered (Figure
67). Galler: not determined. Locality: Cachoeira do Escorrega.
Occurrence: June.

Myrtaceae

Eugenia uniflora L.
Leaf gall, circular, green or yellow, glabrous, one-chambered
(Figure 68). Galler: Neolasioptera eugeniae Maia, 1993

Figures 67-77. Insect galls of Itamonte (MG, Brazil): 67. Leaf gall on Melastomataceae not determined; 68. Leaf gall on Eugenia uniflora
(Myrtaceae); 69. Marginal leaf gall on Marlierea sp. (Myrtaceae); 70. Lateral bud gall on Marlierea sp. (Myrtaceae); 71. Stem gall on Marlierea sp.
(Myrtaceae); 72. Apical bud gall on Marlierea sp. (Myrtaceae); 73. Lateral bud gall on Marlierea sp. (Myrtaceae); 74. Leaf gall on Myrcia fallax
(Myrtaceae); 75. Marginal leaf gall on Myrcia sp. (Myrtaceae); 76. Apical bud gall on Myrcia sp. (Myrtaceae); 77. Marginal leaf gall on Myrciaria
sp. (Myrtaceae).Figuras 67-77. Galhas de insetos de Itamonte (MG, Brasil): 67.Galha foliar em Melastomataceae ndo determinada; 68. Galha foliar
em Eugenia uniflora (Myrtaceae); 69. Enrolamento da margem foliar em Marlierea sp. (Myrtaceae); 70. Galha da gema lateral em Marlierea sp.
(Myrtaceae); 71. Galha caulinar em Marlierea sp. (Myrtaceae); 72. Galha da gema apical em Marlierea sp. (Myrtaceae); 73. Galha da gema lateral
em Marlierea sp. (Myrtaceae); 74. Galha foliar em Myrcia fallax (Myrtaceae); 75. Enrolamento da margem foliar em Myrcia sp. (Myrtaceae); 76.
Galha da gema apical em Myrcia sp. (Myrtaceae); 77. Enrolamento da margem foliar em Myrciaria sp. (Myrtaceae).
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(Cecidomyiidae, Diptera). Cachoeira do Escorrega. Occurrence:
December.

Previous records: the same gall was recorded in the several
localities of the State of Rio de Janeiro (Monteiro et al. 1994,
Maia 2001a, Monteiro et al. 2004, Oliveira & Maia 2005, Maia
& Oliveira 2010).

Marlierea sp.

Marginal leaf gall, green, glabrous, one-chambered (Figure
69). Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do
Escorrega. Occurrence: December

Lateral bud gall, globose, brown, glabrous, multichambered
(Figure 70). Galler: not determined. Locality: Brejo da Lapa,
Cachoeira do Escorrega. Occurrence: December, March,
June.

Stem swelling, fusiform, brown, glabrous, one-chambered
(Figure 71). Galler: Cecidomyiidae (Diptera). Locality:
Cachoeira do Escorrega. Occurrence: December, March, June.

Apical bud gall, conical, brownish or reddish, glabrous,
one-chambered (Figure 72). Galler: not determined. Locality:
Cachoeira do Escorrega. Occurrence: December

Lateral and apical bud gall, conical, green, glabrous, one-
chambered (Figure 73). Galler: not determined. Associated
fauna: successors — ants (adults) (Hymenoptera). Locality:
Cachoeira do Escorrega. Occurrence: December, March.

Mpyrcia fallax (Rich) DC.

Leaf gall, globose, green, glabrous, one-chambered (Figure
74). Galler: Cecidomyiidae (Diptera). Locality: Sitio Moana.
Occurrence: September. Previous records: Maia et al. (2008)
recorded seven different galls on this host plant in Sdo Paulo.

Mpyrcia pubipetala Miq.

Marginal leaf roll, green, glabrous, one-chambered. Galler:
Cecidomyiidae (Diptera). Locality: Cachoeira do Escorrega.
Occurrence: June.

Myrcia sp.

Marginal leaf gall, green, glabrous, one-chambered (Figure 75).
Galler: Hemiptera. Locality: Brejo da Lapa. Occurrence: March.

Apical bud gall, fusiform, brown, glabrous, one-chambered
(Figure 76). Galler: Lepidoptera. Locality: Brejo da Lapa.
Occurrence: March.

Previous records: galls on Myrcia spp. were recorded in
Goias, Minas Gerais, Rio de Janeiro, and Sao Paulo (Maia
2001a, Maia et al. 2002, Maia & Fernandes 2004, Monteiro et
al. 2004, Araujo et al. 2007, Maia et al. 2008, Carneiro et al.
2009, Coelho et al. 2009, Santos et al. 2010, Malves & Frieiro-
Costa 2012).

Myrciaria sp.

Marginal leaf gall, green, glabrous, one-chambered (Figure
77). Galler: Hemiptera. Locality: Brejo da Lapa. Occurrence:
March. Previous records: Galls on Myrciaria spp. were
recorded in Minas Gerais, Espirito Santo, and Rio de Janeiro
(Gagné 1994, Monteiro et al. 1994, Maia 200la, Maia &
Fernandes 2004, Monteiro et al. 2004, Bregonci et al. 2010,
Maia & Oliveira 2010).

Nyctaginaceae

Neea sp.

Leaf gall, circular, green, glabrous, one-chambered (Figure
78). Galler: Bruggmannia sp. (Cecidomyiidae, Diptera).
Locality: Cachoeira do Escorrega. Occurrence: December,
March. Previous records: galls on Neea sp. were recorded in
Amazonas, Mato Grosso do Sul, Rio de Janeiro, and Santa
Catarina (Ritbsaamen 1908, Julido et al. 2002).

http://www.scielo.br/bn

Piperaceae

Piper sp.

Stem swelling, globose or fusiform, green, glabrous, multi-
chambered (Figure 79). Galler:.not determined. Locality: Sitio
Moana. Occurrence: September.

Leaf gall, globose, green, glabrous, one-chambered (Figure
80). Galler: Cecidomyiidae (Diptera) Locality: Sitio Moana.
Occurrence: September.

Bud gall, globose, brown, glabrous, one-chambered (Figure
81). Galler: not determined. Associated fauna: parasitoid —
Hymenoptera. Locality: Cachoeira do Escorrega. Occurrence:
December.

Previous records: different galls on Piper spp. were recorded
in Goias, Minas Gerais, Sio Paulo, and Rio de Janeiro
(Riibsaamen 1908, Tavares 1909, 1925, Maia 2001, Maia &
Fernandes 2004, Oliveira & Maia 2005, Araujo et al. 2007,
Maia et al. 2008, Santos et al. 2010).

Proteaceae

Roupala montana var. brasiliensis (Klotzsch) K. S. Edwards

Leaf fold, green, glabrous, one-chambered (Figure 82). Galler:
not determined. Locality: Brejo da Lapa. Occurrence: June.

Roupala montana var. dentata (R. BR.) Sleumer

Leaf gall, conical, glabrous, green, one-chambered (Figure
83). Galler: not determined. Locality: Cachoeira do Escorrega.
Occurrence: June.

Previous records: a hemipterous gall on Roupala montana
was recorded in Goias by Araujo et al. (2007).

Rubiaceae

Pagamea sp.

Stem swelling, fusiform, whittish, glabrous, one-chambered
(Figure 84). Galler: Cecidomyiidae (Diptera). Locality:
Cachoeira do Escorrega. Occurrence: December, March, June.

Palicourea sp.

Leaf gall, conical, green, glabrous, one-chambered (Figure
85). Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do
Escorrega. Occurrence: December, March, June. Previous
record: Carneiro et al. (2009) recorded a globose leaf gall on
Palicourea rigida Kunth in Minas Gerais.

Psychotria sp.

Leaf gall, green, globose, glabrous, succulent, one-cham-
bered (Figure 86). Galler: not determined. Localities: Brejo da
Lapa, Cachoeira do Escorrega. Occurrence: December, March.

Previous records: several galls were recorded in Mato
Grosso do Sul, Minas Gerais, Rio de Janeiro, Sao Paulo and
Rio Grande do Sul (Riibsaamen 1908, Julido et al. 2002,
Carneiro et al. 2009, Tavares 1909, 1922, Maia 2008).

Rubiaceae not determined

Leaf gall, globose, green, glabrous, one-chambered (Figure
87). Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do
Escorrega. Occurrence: December.

Salicaceae

Homalium sp.

Marginal leaf roll, green, glabrous, one-chambered (Figure
88). Galler: Hemiptera. Locality: Cachoeira do Escorrega.
Occurrence: December.

Young leaf roll, green, glabrous, one-chambered (Figure
89). Galler: Hemiptera. Locality: Brejo da Lapa. Occurrence:
March, June.
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Figures 78-91. Insect galls of Itamonte (MG, Brazil): 78. Leaf gall on Neea sp. (Nyctaginaceae); 79. Stem gall on Piper sp. (Piperaceae); 80. Leaf gall
on Piper sp. (Piperaceae); 81. Bud gall on Piper sp. (Piperaceae); 82. Leaf fold on Roupala montana var. brasiliensis (Proteaceae); 83. Leaf gall on
Roupala montana var. dentata (Proteaceae); 84. Stem gall on Pagamea sp. (Rubiaceae); 85. Leaf gall on Palicourea sp. (Rubiaceae); 86. Leaf gall on
Psychotria sp. (Rubiaceae); 87. Leaf gall on Rubiaceae not determined; 88. Marginal leaf roll on Homalium sp. (Salicaceae); 89. Young leaf roll on
Homalium sp. (Salicaceae); 90. Stem gall on Xylosma sp. (Salicaceae); 91. Bud gall on Xylosma sp. (Salicaceae).Figuras 78-91. Galhas de insetos de
Itamonte (MG, Brasil): 78. Galha foliar em Neea sp. (Nyctaginaceae); 79. Galha caulinar em Piper sp. (Piperaceae); 80. Galha foliar em Piper sp.
(Piperaceae); 81. Galha da gema em Piper sp. (Piperaceae); 82. Dobramento da folha em Roupala montana var. brasiliensis (Proteaceae); 83. Galha
foliar em Roupala montana var. dentata (Proteaceae); 84. Galha caulinar em Pagamea sp. (Rubiaceae); 85. Galha foliar em Palicourea sp.
(Rubiaceae); 86. Galha foliar em Psychotria sp. (Rubiaceae); 87. Galha foliar em Rubiaceae nao determinada; 88. Enrolamento da margem foliar em
Homalium sp. (Salicaceae); 89. Enrolamento da folha jovem em Homalium sp. (Salicaceae); 90. Galha caulinar em Xylosma sp. (Salicaceae); 91.

Galha da gema em Xylosma sp. (Salicaceae).

Xylosma sp.

Stem, midvein or petiole swelling, fusiform, green, glabrous,
one-chambered (Figure 90). Galler: Cecidomyiidae (Diptera).
Locality: Brejo da Lapa. Occurrence: June.

Bud gall, conical, green, glabrous, one-chambered (Figure
91). Galler: Hemiptera. Locality: Brejo da Lapa. Occurrence:
June.

Previous record: Julido et al. (2002) recorded a leaf gall on
Xylosma venosum.

Sapindaceae

Serjania sp.
Midvein swelling, fusiform, green, glabrous, one-chambered

http://dx.doi.org/10.1590/S1676-06033839

(Figure 92). Galler: Cecidomyiidae (Diptera). Locality:
Cachoeira do Escorrega. Occurrence: December.

Previous records: different galls were recorded on Serjania
spp. in Amazonas, Goias, Mato Grosso do Sul, Pernambuco,
Minas Gerais, and Sao Paulo (Riibsaamen 1908, 1916a, Julido
et al. 2002, Maia et al. 2008, Coelho et al. 2009, Santos et al.
2011).

Solanaceae

Solanum sp.1

Stem swelling fusiform , brown, glabrous, one-chambered
(Figure 93). Galler: not determined. Locality: Brejo da Lapa.
Occurrence: March.

http://www.scielo.br/bn
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Figures 92-96. Insect galls of [tamonte (MG, Brazil): 92. Midvein gall on Serjania sp. (Sapindaceae); 93. Stem gall on Solanum sp.1 (Solanaceae); 94.
Stem gall on Solanum sp.1 (Solanaceae); 95. Bud gall on Solanum sp.2 (Solanaceae); 96. Bud gall on Vochysia sp. (Vochysiaceae).Figuras 92-96.
Galhas de insetos de Itamonte (MG, Brasil): 92. Galha da nervura central em Serjania sp. (Sapindaceae); 93. Galha caulinar em Solanum sp.1
(Solanaceae); 94. Galha caulinar em Solanum sp.1 (Solanaceae); 95. Galha da gema em Solanum sp.2 (Solanaceae); 96. Galha da gema em Vochysia

sp. (Vochysiaceae).

Stem swelling, globose, brown, glabrous, one-chambered
(Figure 94). Galler: Cecidomyiidae (Diptera). Locality: Brejo
da Lapa. Occurrence: September.

Solanum sp.2

Bud gall, globose, whittish, hairy, one-chambered (Figure
95). Galler: Cecidomyiidae (Diptera). Locality: Cachoeira do
Escorrega. Occurrence: December.

Previous records: other galls on Solanum spp. were recorded in
Pernambuco, Bahia, Sao Paulo and Rio de Janeiro by Riibsaamen
(1908), Tavares (1918a), Monteiro et al. (1994), Maia (2001a),
Monteiro et al. (2004), Oliveira & Maia (2005), Maia et al. (2008),
Santos et al. (2011), Malves & Frieiro-Costa (2012).

Vochysiaceae

Vochysia sp.

Bud or stem gall, fusiform, green, glabrous, one-chambered
(Figure 96). Galler: not determined. Locality: Cachoeira do
Escorrega. Occurrence: March. Previous records: Carneiro et
al. (2009) recorded galls on Vochysia spp. in Minas Gerais.

Discussion

Although several sampling methods and different collecting
efforts have been employed in galls inventory in Brazil,
Itamonte can be considered as an area of high richness of
insect galls,overtaking several other areas in Brazilian states,
such as Goias (Parque Estadual da Serra dos Pireneus in
Pirenopolis, and Campus Samambaia, Universidade Federal de
Goias, Goiania) (Araujo et al. 2007, Santos et al. 2010), Minas
Gerais (Serra do Cipd, Delfindpolis, Aimorés, and
Jequitinhonha Valley) (Coelho et al. 2009, Urso-Guimarées et
al. 2003, Fernandes & Negreiros 2006, Fernandes et al. 1997),
Sao Paulo (Pé-de-Gigante Cerrado Reserve in Santa Rita do
Passa-Quatro, and Ecological Station of Jatai in Luiz Ant6nio)
(Urso-Guimardes & Scarelli-Santos 2006, Saito & Urso-
Guimardes 2012), Espirito Santo (Parque Estadual Paulo
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César Vinha in Guarapari (Bregonci et al. 2010), and Rio de
Janeiro (Reserva Biologica da Praia do Sul in Ilha Grande -
Angra dos Reis, Marica, Carapebus, Grumari - Rio de Janeiro,
and Arraial do Cabo) (Maia & Oliveira 2010, Maia 2001,
Oliveira & Maia 2005, Monteiro et al. 1994).

The above cited areas comprise cerrado and restinga
vegetation, and are considered as xeric environments with
hygrotermical stress. One of the hypothesis on the adaptive
nature of the insect galls (microenvironment hypothesis)
predicts that xeric environments have higher gall diversity than
mesic ones (Price et al. 1986). The surveyed areas of Itamonte
are not xeric, and they are richer in gall morphotypes than
those areas. Inventories in Amazonian forest (Juliao 2007 and
Oda 2006) showed an unexpected high diversity of galls,
overtaking all other Brazilian biomes. So, the microenviron-
ment hypothesis does not explain the pattern found in South
America. The plant diversity hypothesis (Fernandes, 1992),
which predicts a positive relation between plant diversity and
gall diversity appears to be the most adequate.

In Itamonte, Melastomataceae, Asteraceae and Myrtaceae
are the most galled plant families. A similar result was found in
Bertioga (restinga vegetation, Sdo Paulo state) and Serra de Sao
José (rupestrian fields, Minas Gerais). Melastomataceae and
Asteraceae are also one of the most galled families in Espinhago
Range (cerrado, Minas Gerais), and Myrtaceae in Santa Rita
do Passa-Quatro (cerrado, Minas Gerais) and in several
restinga areas of the State of Rio de Janeiro. As these botanical
families are well represented in the surveyed areas, the plant
diversity hypothesis can explain this pattern.

Leaves were the most galled plant organ. This pattern has
been observed in almost all Brazilian inventories, as well as in a
majority of cases elsewhere in the world, probably because
leaves represent an abundant and frequently renewable
resource, with undifferentiated meristematic cells which are
essential to gall growth (Maia 2011). Espinhago Range
represents an exception, as well as savanna areas in South
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Africa, where stem galls are the most frequent as indicated by
Carneiro et al. (2009) and Veldtman & McGeoch (2003),
respectively. According to these authors, stems are safer than
leaves as oviposition sites as they do not suffer mechanical
injuries caused by winds or other herbivores. Furthermore, they
can provide tissues with better food quality, due to their
placement in relation to the vascular system. The high
specificity of host plant organ is confirmed as almost all
morphotypes occurred in a single plant organ.

Globose galls were the most frequent. The same shape
predominance was observed in several localities and biomes:
Espinhaco Range, MG (cerrado, Carneiro et al. 2009),
Pernambuco (caatinga, Santos et al. 2001), Espirito Santo
(restinga, Bregonci et al. 2010), and Goias (cerrado, Aratjo et
al. 2007), suggesting that this is the most common gall shape in
Brazil. The majority of the galls was glabrous and one-chambered
as in all other Brazilian galls inventories, excepting by
Delfinopolis, where hairy galls are more frequent than glabrous
(54% and 46%, respectively) (Urso-Guimaraes et al. 2003).

The galling guild of Itamonte comprises only three insect
orders: Diptera, Hemiptera, and Lepidoptera. In other
Brazilian inventories, galls of Coleoptera, Hymenoptera and
Thysanoptera have been recorded in Barra de Marica and
Arraial do Cabo (RJ) (Monteiro et al. 1994), and Espinhago
Range (MG) (Carneiro et al. 2009); Coleoptera and
Hymenoptera in Grumari (RJ) (Oliveira & Maia 2005);
Coleoptera in Boqueirdo (MG) (Malves & Frieiro-Costa
2012) and Pernambuco (Santos et al. 2011); Hymenoptera in
Santa Rita do Passa Quatro (SP) (Urso-Guimaries & Scareli-
Santos 2006); and Thysanoptera in Luiz Antonio (SP) (Saito &
Urso-Guimaraes 2012). Hymenoptera and Thysanoptera are
the less frequent galling insects in Brazil (Maia 2006 and Maia,
in press.). Thysanopterous galls are rare throughout the world
(Felt 1940), but Hymenopterous galls, especially those induced
by Cynipidae are common, specially in the Holarctic region.
There are more than 1,300 described galling species of
Cynipidae (Ronquist & Liljeblad 2001). The scarcity of galls
induced by Hymenoptera and Thysanoptera appears to be a
peculiar pattern of Brazil.

Cecidomyiidae (Diptera) was the most frequent galling
insect, followed by Hemiptera and Lepidoptera. Cecidomyiidae
are the most speciose and frequent galling insects in all
zoogeographic regions (Gagné 2010). Hemiptera and
Lepidoptera are also important gallers. In the Neotropical
region, they are the second and third most frequent galling
insects (Maia 2006). Coleoptera is the fourth (Maia 2012), but
they are not found in the surveyed areas of Itamonte.

The associated fauna can be very rich, as pointed by Maia
(2001), Maia & Fernandes (2004) and Maia & Azevedo (2009),
but it showed a very low frequency and diversity in Itamonte:
parasitoids were obtained from 6% of the gall morphotypes,
successors from a single morphotype, predators and inquilines
were not found. This is a surprising result as the frequency of
parasitoids is higher than this value in all Brazilian inventories:
23% in Luiz Antonio, SP (Saito & Urso-Guimardes 2012); 31%
in Guarapari, ES (Bregonci et al. 2010); 35% in Tiradentes, MG
(Maia & Fernandes, 2004); 48% in Bertioga, SP (Maia et al.
2008); 60% in restingas of Rio de Janeiro (Maia & Azevedo
2009), 71% in Pirenopolis, GO (Araujo et al. 2007), excepting
by Porto de Trombetas, where the frequency of parasitoids is
about 3% (Maia 2011). According to Fernandes & Price (1992),
parasitism is higher in mesic habitats because of longer
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maturation and hardening of the gall; however, this was not
observed in the present study.

Conclusion

The results of the present study add evidences to support
several known patterns or hypothesis, such as the plant
diversity hypothesis, the predominance of leaf galls, the high
specificity of host plant organ, the predominance of globoid,
glabrous and one-chambered galls in Brazil, and the highest
frequency of galling species of Cecidomyiidae (Diptera),
Hemiptera and Lepidoptera in the Neotropical region. On the
other hand, no evidence to the microenvironment hypothesis
and to the prediction that parasitism is higher in mesic than in
xeric habitats was provided.
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RODRIGUES, M.A., VIEIRA, R.R.R., D’INCAO, F. Range extension of the mud crab Eurypanopeus
depressus (Smith, 1869) (Decapoda, Panopeidae): A new record for the coastal south of Brazil. Biota
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Abstract: The discovery of Eurypanopeus depressus (Decapoda: Panopeidae; Smith, 1869) on the coast of
Rio Grande do Sul, Brazil suggests that the species was recently introduced, possibly due to different
sources of introduction, such as the ballast water of ships. E. depressus were collected using otter-trawl
net in the Patos Lagoon Estuary. Discussion focuses on the fact that the primary South American
distribution derives from Uruguayan shores, and later expanded to nearby places (Brazil and Argentina).
This work extends the Southern Hemisphere distribution for the species, as it was previously reported
only from Argentina to Uruguay.

Keywords: range distribution, bioinvasion, ecology, systematics.

RODRIGUES, M.A., VIEIRA, R.R.R., D’INCAO, F. Expansio da distribuicio do caranguejo
Eurypanopeus depressus (Smith, 1869) (Decapoda, Panopeidae). Um novo registro para a costa do sul do
Brasil. Biota Neotropica. 14(1): €20130063. www.biotaneotropica.org.br/v14nl/pt/abstract?short-commu-
nication+bn00814012014

Resumo: O registro de Eurypanopeus depressus (Smith, 1869) na costa do Rio Grande do Sul, Brasil
(Decapoda:Xanthidae) levanta a hipotese de que a espécie pode ser invasora, devido a diferentes fontes de
introdugdo como agua de lastro. E. depressus foi coletada com rede de portas no estuario da Lagoa dos
Patos. A discussao foca no fato de que a distribuigdo primaria da espécie na América do Sul pode ter sido
na costa uruguaia, tendo esta posteriormente se irradiado para locais proximos (Brasil e Argentina). Este
trabalho estende a distribui¢ao da espécie no hemisfério sul, ja que previamente era citada somente para a

Argentina e Uruguai.

Palavras-chave: intervalo de distribui¢do, bioinvasdo, ecologia, sistemdtica.

Introduction

Eurypanopeus depressus, also known as the flat mud crab, or
depressed mud crab, is common along the East and Gulf coasts
of North America from Massachusetts to Florida and Texas. It
lives in subtidal or intertidal oyster beds, and has been reported
from depths ranging from 1 to 27 meters (Grant & McDonald
1979, Sulkin et al. 1983, Williams 1984). The species is also found
in the Dutch West Indies and Bermuda and, in South America,
Eurypanopeus depressus has been recorded in Uruguay and
Argentina, with the latter record from Mar Chiquita, a warm-
temperate coastal lagoon south of Rio de la Plata, Its occurrence
in South America is probably due to introduction (Williams
1984, Spivak & Luppi 2005, Tavares 2011).

This study presents information about the presence of
E. depressus in the Patos Lagoon Estuary (Brazil), one of
the biggest lagoons in the world, and discusses the role of
ballast water in transporting species, and other ways of
introduction.

http://dx.doi.org/10.1590/S1676-06032014006313

Material and methods

Specimens presented in this article were collected during
several projects of the ‘“‘Laboratdrio de Crustdceos
Decapodos™, from 1980 through 2012, and the general
sampling method consisted of a 5-minute tow using an otter-
trawl net, with 13 mm distance between opposite knots, towed
at an average speed of 2.0 knots. Sampling locations included
the “Saco da Mangueira” inlet, on the Patos Lagoon Estuary
(Rio Grande do Sul, Brazil), the “Ilha dos Marinheiros’ island
and the breakwater that marks the entrance to the estuary.
Specimens were identified using the descriptions published by
Rathbun (1930), and reviewed by Williams (1984). Ryan (1965)
describes an alcohol persistent red spot in the inner surface of
the ischium of the third maxillipeds of both sexes as a
recognition character, but it is also present on Panopeus
herbstii H.Milne Edwards 1834 (Williams 1984). The analyzed
material is currently deposited in the scientific collection of the
“Laboratorio de Crustaceos Decapodes” laboratory, at the

http://[www.scielo.br/bn
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Oceanographic Institute of the University of Rio Grande
(FURG).

Results

Systematics

Section Eubrachyura Saint Laurent, 1980

Subsection Heterotremata Guinot, 1977

Infraorder Brachyura Linnaeus, 1758

Family Panopeidae Ortmann, 1893

Subfamily Panopeinae Ortmann, 1893

Eurypanopeus depressus (Smith, 1869) (Fig. 1)

Sinonym: Williams 1984, Nizinski 2003, Spivak & Luppi
2005;

Distribution: Massachusetts Bay through Florida, to south-
ern Texas; “Dutch West Indies” (now Netherlands Antilles),
Bermuda, Uruguay, Mar Chiquita on Argentina and Patos
Lagoon estuary, Brazil (Juanico 1978, Williams 1984, Spivak &
Luppi 2005, present study).

Material Examined: BRAZIL, Rio Grande do Sul, Lagoa
dos Patos. “Molhe Oeste’: 5 males (CW 6.34, 7.44, 6.94, 7.83
and 6.92), 8 females (CW 8.67, 8.24, 5.47, 8.09, 7.30, 7.24, 591
and 7.29), 13/111/1985, coll. Capitoli, P.R. (FURG - 2990). Rio
Grande do Sul, Lagoa dos Patos. “Molhe Leste”: 2 males (CW
7.72 and 5.38), 1 female (CW 7.30), 12/V/1985, coll. Capitoli,
P.R. (FURG - 3143). Rio Grande do Sul, Lagoa dos Patos.
“Saco da Mangueira” inlet: 1 male (CW 14.88), 11/V/1999
(FURG - 2792). Rio Grande do Sul, Lagoa dos Patos. “Saco da
Mangueira” inlet: 1 female (CW 6.01), 12/V/1999 (FURG-
2782). Rio Grande do Sul, Lagoa dos Patos. “Saco da
Mangueira” inlet: 1 male (CW 12.21), 15/VII/1999 (FURG-
2973). Rio Grande do Sul, Lagoa dos Patos. “Saco da
Mangueira” inlet: 1 female (CW 8.08), 15/VII/1999 (FURG-
3035). Rio Grande do Sul, Lagoa dos Patos. “Ilha dos
Marinheiros” island: 2 males (CW 11.3, 3.9), 13 females (CW
4.1,4.2,4.5,3.5,45,53,54,34,6.1, 5.1, 5.5, 3.4, 2.6) 04/Vl/
2012, coll. Rodrigues, M.A. (FURG-3289).

Description (Williams 1984): Carapace transversely oval,
approximately 3/4 as long as wide, flattened posteriorly, slightly
convex in anterior half; aerolations well defined, finely
granulate, with several pairs of transverse rows of granulations.
Anterolateral teeth 4, outer margins curved granulate; first 2
teeth coalesced to form broad lobe with slightly sinuate margin;
third tooth blunt or spine tipped; fourth and fifth spine tipped,
pointing obliquely upward and forward. Front nearly straight,
median notch small or absent. Chelipeds dissimilar and quite
unequal. Smaller one more rugose than larger and with margin
of fingers nearly straight and completely closing for consider-
able distance distally, opposed margins of tips thin edged and
hollowed out - “spoon shaped”. Larger chelipeds with nearly
smooth articles, hand heavy and inflated; dactyl strongly
curved, obscurely toothed at base and meeting fixed finger
only at tip; internal tooth of carpus tipped with small spinule; in
unworn condition both fingers show indication of possible
flattening.

Discussion

The primary citation for E. depressus in the southern
hemisphere is the work of Juanico (1978), where the author
indicates that although surprising, there is no doubt on the
identification of the species, reported on the northern shores of
the Rio de la Plata, from Montevideo to Piriapolis, Uruguay.
More than an expansion of distribution, this can be interpreted
as a record of a new geographic locality. The occurrence in the
Patos Lagoon indicates that the La Plata River, which has been
considered as a significant biogeographical barrier on the
southwest Atlantic coast, might have allowed the expansion of
the range of the species, possibly through larval transport due to
advances from the river plume northward (Pimenta et al. 2008).

Although the species has been reported for Mar Chiquita in
2005 (Spivak & Luppi 2005), the specimens examined for this
study were sampled from 1985 through 2012. From its primary
distribution in Uruguay, it is possible that E. depressus had

Figure 1. Eurypanopeus depressus (Smith, 1869). Male LCD n° 3289 A: dorsal view; B: right pereopod (ventral view); C: left pereopod (ventral view);

D: right gonopod. Scales are indicated.
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been collected later in Argentina than in the Patos Lagoon
Estuary due to sampling efforts. Individuals collected by
Juanico (1978) are from 1954, prior to the sampling of the
present article, and also from individuals collected on
Argentina (Luppi et al. 2003).

The Patos Lagoon estuary can act as a barrier to the
distribution of E. depressus to the north because of its
conformation, with a high volume of freshwater discharged
through the estuary mouth. Considered a “‘strangled” lagoon,
the Patos Lagoon covers an area of 10.360 km? with an
average depth of 15 m and width of 800 m forming a huge body
of water with only one opening to the sea, (32°04'17'S -
052°07'52"W) (Kjerfve 1986). Intense seaport movement from
cargo shipping raises the problem of ballast water transport
(Seeliger & Costa 1997).

The species had been reported to the coast of Bahia in the
1980’s (Gouvéa & Leite 1980, Gouvéa 1986), but the
identification is considered invalid, until consistent evidence is
provided, as reported by Almeida & Coelho (2008), which adds
to this the fact that the individuals listed for the location are not
available for reanalysis. The authors herein consider this
citation as the first for the Brazilian coast.

New occurrences of species around the world have been well
documented, and new territories are often reached by “doors”
that are opened on determined biogeographic barriers, or by
ship’s ballast water transport. Most often this transport
includes larvae, resistance eggs or juveniles, with the latter
being the main source of species distribution changes on present
days (Carlton & Geller 1993, D’Incao & Martins 1998).

Tavares (2011) suggests that the presence of E. depressus
may be anthropogenic, because of the disjunct occurrence both
in Argentina and in Uruguay. The species is commonly
associated with oyster farms and artificial reefs (Williams
1984), but this does not explain the occurrence reported here,
because there is no oyster culture on the Patos Lagoon estuary,
as in the aforementioned countries. One of the possible
explanations is introduction via ships ballast water. High-
volume of industrial sea-faring ship traffic has been responsible
for the range expansion of several species of Brachyura,
including Rhithropanopeus harrisii (Gould, 1865) Carcinus
maenas (L.) and Charybdis hellerii (Milne Edwards, 1867)
(D’Incao & Martins 1998, Ferreira et al. 2001, Tavares 2011,
Briski et al. 2012).

The definitive cause for the distribution of this species still
remains unknown, but it can be speculated that water transport
by ships may play a role on in its presence, since it is an effective
dispersal method for aquatic organisms, and may have
influenced the current geographic distribution of this species.
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Abstract: A list of zooplankton species identified during ten years of studies in the lake system of
the middle Rio Doce basin is presented. This lake system integrates the Atlantic Forest biome, a
biodiversity hotspot. Three types of studies were achieved by the Brazilian Long Term Ecological
Research Program (Brasil-LTER/PELD-UFMG site 4): i) a temporal study (study 1) which sampled
four lakes monthly and three lakes twice a year during ten years; ii) a comparative study of limnetic
and littoral species composition (study 2) and iii) a spatial study (study 3) that evaluated the species
composition of eighteen lakes (eight lakes inside the Rio Doce State Park (RDSP) and ten lakes in
its surrounding area) during one year with quarterly sampling. A total of 354 taxa were identified out
of which 175 belong to the Rotifera, 95 to the Protozoa (Amoeba Testacea), 55 to Cladocera and 25
to Copepoda. Although many identified species where common in tropical environments, we present
new records for the Middle Rio Doce basin. The group of lakes outside the RDSP showed higher
exclusive species compared to lakes inside the RDSP. This pattern may be due to higher disturbance
intensity and frequency to which the lakes outside RDSP are subjected, being an important factor
affecting community structure. These aquatic ecosystems presents more than half of the zooplankton
species registered for the Minas Gerais State and is, undoubtedly, one of the Brazil’s priorities for
conservation, sustaining high diversity in a very small, limited and threatened region.

Keywords: Species list, Atlantic Forest, Freshwater.

BARBOSA, P.M.M., MENENDEZ, R.M., PUJONI, D.G.F., AOKI,A., BARBOSA, A.R. Zoopliancton
(Copepoda, Rotifera, Cladocera and Protozoa: Amoeba Testacea) de lagos naturais do trecho

médio da bacia do Rio Doce, Minas Gerais, Brasil. Biota Neotropica. 14(1): €20134040.
http://www.biotaneotropica.org.br/vi4nl/pt/abstract?inventory+bn00414012014

Resumo: Uma lista das espécies de zooplancton identificadas durante dez anos de estudos no
sistema de lagos do médio Rio Doce ¢ apresentada. Este sistema de lagos faz parte do bioma da Mata
Atlantica, um hotspot de biodiversidade. Trés tipos de estudos foram conduzidos pelo Programa de
Pesquisas Ecologicas de Longa Duragdao (PELD-UFMG site4): i) um estudo temporal, que amostrou
quatro lagoas mensalmente e trés lagoas semestralmente durante dez anos; ii) um estudo comparativo
entre a composi¢do de espécies da regido limnética e litoranea e iii) um estudo espacial que avaliou
a composicao de espécies de dezoito lagoas (oito dentro dos limites do Parque Estadual do Rio Doce
(PERD) e dez na sua regido do entorno) durante um ano com amostragens trimestrais. Um total de
354 taxa foram identificados sendo 175 pertencentes a Rotifera, 95 a Protozoa (Amoeba Testacea),
55 a Cladocera e 25 a Copepoda. Embora muitas espécies identificadas sejam comuns a ambientes
tropicais, sdo apresentados novos registros para a bacia do Médio Rio Doce. O grupo de lagos fora
do PERD apresentou uma maior riqueza exclusiva comparado ao grupo de lagoas dentro do PERD.
Este padro pode ser devido a maiores frequéncia e intensidade de disturbios aos quais as lagoas fora
do PERD estéo sujeitas, ja que este ¢ um fator importante que afeta a estruturacdo de comunidades.
Este ecossistema aquatico apresenta mais da metade das espécies de zooplancton ja registradas
para o Estado de Minas Gerais ¢ ¢, sem duvida, uma das prioridades do Brasil para a conservagéo,
sustentando uma alta diversidade em uma regido muito pequena, limitada e ameagada.
Palavras-chave: Lista de espécies, Mata Altantica, Agua Doce.
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Introduction

Brazil is known as the most mega diverse country
(Myers et al. 2000). The Atlantic Forest is classified as
a biodiversity hotspot, as it is one of the most deforested
and threatened amongst the Brazilian biomes that still
maintains a high species diversity (Fonseca 1985,
Mittermeier et al. 1998). Furthermore, inland waters have
become critical ecosystems for conservation, since they
bear a high biodiversity in confined spaces, threatened
by humanity’s need for water (Dudgeon et al. 2006). The
middle Rio Doce lake system is a lacustrine complex
formed by c. 300 natural water bodies amidst the Atlantic
Forest biome. Considering its regional importance, in
1944, a state decree created the Rio Doce State Park
(RDSP) which is the largest continuous Atlantic Forest
fragment in Minas Gerais state, recently incorporated to
the Ramsar sites for preservation of wetlands (RAMSAR
2010).

Despite having its integrity protected by law, Gontijo
& Britto (1997) identified 26 types of human impacts
occurring both internally and externally to the Park’s
boundaries. Among the impacts within the park the
illegal hunting and fishing, introduction of exotic species
(mollusks, fishes and even a primate) and tourism on the
shore grounds of Lake Dom Helvécio deserve special
attention. Concerning the latter, some modifications
in the species abundance and functioning were related
to anthropic interferences (Maia-Barbosa et al. 2010).
Some examples of impacts in the vicinity of the Park,
which have been cited by the authors, are the extensive
Eucalyptus spp. monocrops - mainly used as charcoal in
the steel plants - the extensive farming and abandoned
pasture lands, and a fast growing urbanization that
produces sewage and garbage which, not rarely, reaches
the Park limits.

Since the 1970’s, the plankton diversity of this lake
system has been cataloged (e.g. Barbosa & Tundisi
1980). After the implementation of the LTER program in
November 1999 (LTER/PELD-UFMG site 4), samplings
became systematic until late 2010. The Brazilian
site 4 ILTER project aims to evaluate the impacts of
anthropogenic activity on local and regional biodiversity
assuming that the RDSP has been threatened mainly by
two factors: forest fragmentation and introduction of
exotic species.

With the objective to catalog the existing zooplankton
biodiversity of the middle Rio Doce lake system, we
present in this study the limnologic features and the
species list of the zooplankton community of eighteen
lakes (eight inside the RDSP and ten in its surrounding).
The objective was assessed with three interrelated studies
conducted in site 4 by the ILTER/PELD program:

Study 1: Long term (1999-2009) monitoring of
limnological variables and plankton community in the
limnetic region of seven lakes;

Study 2: Plankton studies conducted in the littoral zone
of two lakes with samplings during rainy and dry periods;

Study 3: Large spatial scale monitoring of limnological
variables and plankton community in the limnetic region of
eighteen lakes with quarterly samplings during one year.

http://www.scielo.br/bn

Material and Methods
1. Study site

The naturally barred lake system is located in
the middle part of the Rio Doce basin (19°29°24” S -
19°48°18” S, 42°28°18” W - 42°38’30” W) and was
formed by tectonic and sedimentary mechanisms during
late Pleistocene (Mello et al. 1999) (Figure 1). The region
has a marked seasonality exhibiting two distinct periods:
the dry period (May-August), with low temperature and
precipitation and the rainy period (September to April),
with high wvalues of temperature and precipitation,
allowing to classify the region as tropical semi-humid
with mesothermal characteristics (Tundisi 1997). The
lakes within the RDSP are currently protected from
recent human impacts, despite still suffering with past
impacts such as the introduction of exotic fish species
(Latini & Petrere 2004). Most lakes outside the park had
their surrounding natural forests replaced by Eucalyptus
spp. plantations and some lakes are used for recreation,
fishing clubs and local projects for net cage fish cultures
(e.g. Jacaré and Verde lakes).

2. Data Collection and Analysis

The zooplankton community was sampled at a fixed
point in the pelagic zone filtering 200 liters of lake
water through a 68 pm plankton net using a hydraulic
pump at depths defined by the Secchi disk assumed as
corresponding to 10% of incident light (Cole, 1983). In
shallow lakes (depth < 3m) samples were collected at
the sub-surface, at the Secchi depth and at 0.5 m from
the bottom. For the study in the littoral region of Patos
lake ten liters of water were filtered through a 45 pum
plankton net with a bucket. Different macrophyte banks
were evaluated and six samples were collected two
meters distant from each other along a transect parallel
to the lake’s margin (Table 1). The littoral region of Dom
Helvécio lake was also sampled and the results presented
by Maia-Barbosa et al. (2008). All collected samples were
immediately transferred into plastic bottles, stained with
rose bengal and preserved with 4% neutral formaldehyde
solution. The identification of the species was made
under a light microscope at 200x to 1000x magnification,
referring to the relevant taxonomic literature (e.g. Koste
1978, Koste & Robertson 1983, Reid 1985, Matsumura-
Tundisi 1986, Dussart 1987, Segers 1995, Segers &
Dumont 1995, Smirnov 1996, Elmoor-Loureiro 1997,
Rocha 1998, Gomes-Souza 2008, checked for synonyms
and redescriptions).

Water temperature, dissolved oxygen and pH were
measured each time with a multiprobe Horiba U-22 sensor.
Water samples were also collected for total phosphorus
quantification, according to Mackereth et al. (1978). The
samplings were authorized by the Minas Gerais State
Forest Institute (IEF-MG, license number 005/07).

Using data from study 3, where the sample effort was
the same for all 18 lakes (4 months and 3 depths = 12
samples), we calculated the 95% percentile confidence
interval for the medians of total phosphorus by
nonparametric bootstrap with 10000 replications (Efron

http://dx.doi.org/10.1590/S1676-06034040
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& Tibshirani 1993). Sample-Based Rarefaction Curves
were also constructed with biological data from study 3
using the exact calculations of the average and standard
deviation of species richness for combinations of samples
(Gotelli & Cowell 2001)

The zooplankton samples are stored in the Laboratdrio
de Limnologia, Ecotoxicologia e Ecologia Aqudtica of the
Instituto de Ciéncias Biologicas of the Universidade Federal
de Minas Gerais, Brazil.

Rio Doce State Park

Legend

= River
— Park limits
I Lakes sampled
Other lakes
1 - Carioca
2 - Dom Helvécio
3 - Gambazinho
4 - Gamba
5 - Santa Helena
6 - Patos
7 - Anibal %
8 - Central
9 - Pimenta
10 - Jacaré
11 - Barra
12 - Verde
13 - Almécega
14 - Palmeirinha
15 - Aguas Claras
16 - Amarela
17 - Ferrugem
18 - Ferruginha

[}
42°40'30"W

1
42°350"W

Results and discussion

The sampled lakes in this study are listed in Table 2 with
geographic coordinates and some lake characteristics. The
identified species list is presented in Table 3. Concerning
the data from study 3 and according to trophic index
limits based on total phosphorus concentration proposed
by Lamparelli (2004), the majority of the lakes were
classified as mesotrophic although some exhibit tendency
to eutrophy such as lakes Pimenta, Santa Helena, Barra,

19°30'30"S 19°25'0"S

|
19°36'0"S

19°41'30"S

Toary 2204

19°47'0"S

|
19°52'30"S

10 Km

|
19°38'0"S

|
42°29'30"W

Figure 1: The lake system of the middle Rio Doce basin. The sampled lakes are shaded.
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Table 2: Lakes’ initials, names, geographic coordinates of sampling points, altitude, lakes’ area, margin development index
(DL), mean depth at the sampling point in the four periods sampled in study 3 (August and November 2007 and February

and May 2008) and lake location in relation to Rio Doce State Park boundaries.

Sampling ake Mean depth at Location
. . : : Gt
Lake initials Lake name Sampln?g point pgmt area DL the samplmg according to
coordinates altitude (Km?) point RDSP limits
(m) (m)
AC Aguas Claras S 19749706,9” 254 062 224 9.1 Outside
W 042°35742,5"
AL Almécega S 19°517254" 268 092 244 6.4 Outside
W 042°37°31,9”
AM Amarela S 19°49723,1" 250 020 1.82 1.9 Outside
W 042° 347287
AN Anibal S 19°46°47,1" 237 275 429 5.1 Inside
W 042°29°54,5"
BA Barra S 19°4811,1" 249 .12 3.45 6.4 Outside
W 042°37°43,6™
CA Carioca S 19°45726,0” 270 0.12 128 9.4 Inside
W 042°37°06,2"
CE Central S 19°37°39,0” 264 0.51  2.03 4.5 Inside
W 042°34712,5"
DH Dom Helvécio S 19°46°55.7” 257 381 4.93 275 Inside
W 042°35°28,9"
FE Ferrugem S 19°5239,0” 270 034 201 33 Outside
W 042°36°34,3"
FN Ferruginha S 19°53°17,5" 273 013 1.6l 3.9 Outside
W 042°36°59,4"
GA Gamba S 19°47°15,1” 209 023  1.40 11.0 Inside
W 042°35°01,0”
GN Gambazinho S 19°47°07,7" 260 0.09 1.13 93 Inside
W 042° 347455
JA Jacaré S 19°48'37.8" 269 1.05  2.90 7.6 Outside
W 042°38°57,0”
PA Palmeirinha S 19°49°41,8" 271 020 1.8 5.6 Outside
W 042°36°25,4"
PI Pimenta S 19°37°27.4” 263 022 1.63 3.1 Outside
W 042°357443"
PT Patos S 19°48°19,9” 257 0.86 2.83 73 Within
W 042°32712,7"
SH Santa Helena S 19°47'48.8" 262 0.68 2.42 9.0 Inside
W 042°33°04,7"
VE Verde S 19°49°55,2” 274 0.75 2.29 11.3 Outside

W 042°37°54,1""
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Figure 2: Median and 95% percentilic interval (whiskers) of the total phosphorus concentration median in

the 18 lakes.

Amarela and Ferrugem (Figure 2). Only lake Verde was
considered strictly oligotrophic. Water temperature has
an amplitude of 10°C between dry and rainy periods
(from 22°C to 32°C, respectively), dissolved oxygen
concentrations showed a mean of 5.8 mg/L, varying from
9.4 mg/L in the sub-surface to complete anoxia at some
depths greater than five meters and pH varied between 8.6
and 5. The lakes’ area varied from 0.09 to 3.81Km? with a
mean of 0.81Km? (Table 2).

In a large sample effort Tundisi & Saijo (1997)
evaluated the zooplankton biodiversity of 13 lakes of this
system in November 1985 and July 1987. The authors
reported 16 species of Rotifera, 9 of Cladocera and 7
of Copepoda. Moreto (2001) evaluated the limnetic and
littoral region of 5 lakes of this system and identified 39
species of Rotifera, 13 of Cladocera and 4 of Copepoda.
Considering the three studies described in our study, a
total of 354 zooplankton species were identified out of
which 175 belonging to Rotifera, 55 to Cladocera, 25
to Copepoda and 95 to Protozooa (Amoeba Testacea)
(Table 3). The species Itura aurita (Ehrenberg, 1830),
Ploesoma truncatum (Levander, 1894), Biapertura affinis
(Alona ossiani Sinev, 1998) and Brachionus caudatus
Barrois & Daday, 1894 were reported only by Moreto
(2001). Argyrodiaptomus furcatus (Sars, 1901) and
Scolodiaptomus corderoi Wright, 1936 were recorded in
lake Dom Helvécio in the 80’s by Tundisi & Saijo (1997),
but these species have never been reported since that time,
being considered locally extinct, probably due to non-
native fish species introduction (Pinto-Coelho et al. 2008).
The other species cited only by Tundisi & Saijo (1997) and
Moreto (2001) are considered synonyms, redescriptions
or misidentifications as described hereafter. Mesocyclops
brasilianus Kiefer, 1933 may be M. meridianus (Silva &
Matsumura-Tundisi 2011) as both species are restricted to
the southern hemisphere, despite the latter having a wider
distribution (Silva 2008), Conochiloides caenobasis
Skorikov, 1914 was redescribed as C. (Conochiloides)
coenobasis (Skorikov, 1914), Monostyla bulla Gosse,
1851 as Lecane bulla (Gosse, 1851) and Brachionus

http://www.scielo.br/bn

patulus Miiller, 1786 as Plationus patulus (Miiller, 1786).
Disparalona sp. may be Disparalona dadayi redescribed
as Alonella dadayi Birge, 1910, Macrothrix laticornis
(Jurine, 1820) may be Macrothrix squamosa Sars, 1901,
a Neotropical species and Keratella quadrata may be K.
tropica as both are cosmopolitan species although the
former is restricted to cold climates (Segers & Smet
2008). The species Synchaeta stylata was cited by Moreto
(2001) but in our study the individual was identified only
until genus level. Lecane gillardi armata Koste, 1978
is a synonym for Lecane armata and Proales giganthea
(Glascott, 1893) is probably a misidentification because
this specie is not recorded in Neotropical regions. Alona
quadrata is not a valid species so its report is considered
as uncertain.

The checklistpresented by the Project BIOTA/FAPESP
in Sdo Paulo state reported 277 Rotifera species from 90
water bodies, 12 Copepoda Calanoida species from 250
water bodies, 39 species of Copepoda Cyclopoida from
207 water bodies and 96 Cladocera species from 300
water bodies (Matsumura-Tundisi & Tundisi 2011, Silva
& Matsumura-Tundisi 2011, Rocha et al 2011, Soares
et al. 2011). In the upper Parana River flood plain 541
species were reported from 36 aquatic environments from
2000 to 2007 (Lansac-Toéha,et al. 2009). Comparing the
richness here reported we can see that the middle Rio
Doce sustains high zooplankton diversity in a very small
and limited region.

The dominance of rotifer species is a common pattern
in most of the cited environments and can be explained by
its typical opportunistic life history with parthenogenetic
reproduction and short life cycles combined with the
ability to produce eggs that survive desiccation, resulting
in great resistance and resilience to disturbances (Allan
1976). Within the rotifers, four families contributed
significantly to the species richness: Lecanidae, with
43 species of the genus Lecane, Brachionidae, with 22
species (8 species of Brachionus), Lepadellidae, with 21
species (14 Lepadella species) and Trichocercidae, with
17 Trichocerca species. Moreto (2001) also reported

http://dx.doi.org/10.1590/S1676-06034040
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Lecanidae and Brachionidae as the families with the
largest number of species, although there was great
contribution of other species. The following species were
widespread, occurring in at least 15 of the 18 sampled
lakes: Anuraeopsis spp. Brachionus angularis Gosse,
1851, B. falcatus Zacharias, 1898, B. mirus Daday, 1905,
Keratella americana Carlin, 1943, Lecane bulla (Gosse,
1851), L. lunaris (Ehrenberg, 1832), Trichocerca pusilla
(Jennings, 1903), Hexarthra intermedia (Wiszniewski,
1929), Conochilus spp., Ptygura libera Myers, 1934 and
bdelloid rotifers. Most of these species are known to be
cosmopolitan, and the association of Lecane, Brachionus,
Keratella and Trichocerca is regarded as typical in
tropical regions as well as the dominance of Brachionidae
and Lecanidae families reported by other authors (Paggi
& José de Paggi 1990, Bozelli 1992, Sendacz 1993,
Bonecker et al. 1994, Lansac-Toha et al. 1997).

Bosmina tubicen Brehm, 1953 and Diaphanosoma
birgei Korineck, 1981 were the most common cladoceran
species found in fifteen and fourteen lakes respectively.
Among the copepods, Thermocyclops minutus (Lowndes,
1934) was present in all eighteen lakes and Notodiaptomus
isabelae (Wright S., 1936) wasn’t recorded only in
three lakes (Amarela, Pimenta and Santa Helena). The
occurrence of two exotic species should also be noted:
Kellicottia bostoniensis (Rousselet, 1908) (Rotifera) and
Mesocyclops ogunnus Onabamiro, 1957 (Copepoda), but
these species were recorded only once and may not have
established themselves.

The protozoan group was represented by 95 Testacea
species and 4 ciliates species, although no specific
sampling procedure was employed. The recorded species

1004

Outside lakes

Richness

were collected in littoral zones of two lakes (Dom
Helvécio and Patos) and in Amarela lake. Difflugidae,
with 39 species (26 Difflugia species) and Arcellidae,
with 22 species (15 Arcela species) were the families
with the highest richness. Compared with the checklist
provided by Regali-Seleghim et al. (2011), where 84 taxa
of Testacea were reported from 75 aquatic environments
in S3o Paulo state, the richness reported in our work is
very expressive and it might be underestimated because
only three lakes were evaluated. Lake Amarela alone had
a richness of 74 species, with predominance of Difflugia
(21 species), Arcella (15 species) and Centropyxis (13
species). The families of these three genera are described
as dominant in littoral environments.

Considering the results from study 3, where the 18
lakes were sampled with the same effort, from a total of
95 identified taxa, 29 taxa were recorded only in lakes
outside the park limits and 7 taxa were recorded only in
lakes inside the park limits. This greater richness of the
group of lakes outside the park can be clearly visualized
with Sample-Based Rarefaction Curves plot (Figure 3).
Most of the exclusive richness found in lakes outside the
park is due to Amarela lake, which is small and shallow
(area < 30ha and depth < 3m) with a well-developed
macrophyte community. But even if we remove Amarela
lake from the outside group of lakes we can see that this
group still has a higher richness compared to lakes inside
the park (Figure 4). This pattern is probably due to higher
disturbance intensity and frequency to which the lakes
outside the park limits are subjected, thus preventing

lakes to reach a stable state where competitive exclusion
may take place.

All lakes

50

100 150 200

Samples

Figure3: Sample-Based rarefaction Curves with all the samples from study 3 (All lakes), and divided between

lakes inside the
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Figure4: Sample-Based rarefaction Curves with all the samples from study 3 (All lakes), and divided between
lakes inside the RDSP (Inside lakes) and lakes outside the RDSP without Amarela lake (Outside lakes without

Amarela lake).

Study 2, conducted in the littoral and limnetic regions of
Patos lake included 41 new taxa to the previous species list
for the region. The most representative group was Rotifera
(21 species), followed by Amoeba Testacea (13 species),
Cladocera (5 species) and Copepoda (2 species). The species
Lepadella minoruoides Koste and Robertson, 1983, Ptygura
furcillata (Kellicott, 1889) and Lecane eutarsa Harring and
Myers, 1926 with previous records only in the Amazon
Basin, were identified in the littoral region of Patos lake.

The comparison between different types of studies
confirms the importance of long-term biodiversity studies.
Regarding only the Copepoda, Cladocera and Rotifera
species from the seven lakes sampled in study 1 (long-term
monthly samples) and comparing them to the richness of the
same seven lakes in study 3 (spatial sampling with quarterly
samplings during one year), 77 species were common to
both studies, 6 species were recorded only in study 3 and
127 species only in study 1. The importance of littoral zones
must also be pointed out, since all new records for the state
of Minas Gerais were identified in samples collected in this
region.

An incomplete survey on the zooplankton diversity
reported 551 zooplankton species for Minas Gerais state, 151
Protozoa, 300 Rotifera, 68 Cladocera, 30 Copepoda and 2 of
insect larvae (Eskinazi-Sant’Anna et al. 2005) and another
recent study updated the Cladocera group up to 94 species
(Santos-Wisniewski 2010). Although these data show a
substantial richness, they may be underestimated owing to
the lack of information from some major basins of the state,
such as Jequitinhonha, Paranaiba, and Grande and from some

http://www.scielo.br/bn

groups, such as Protozoa. The data published on Brazil’s
freshwater zooplankton biodiversity accounts for 457 Rotifera
species (34% recorded in RDSP), 112 Cladocera species
(49% recorded in RDSP) and 196 Copepoda species (13%
recorded in RDSP) (Ismael et al. 1999). For the neotropical
biogeographic region 682 Rotifera species (25% recorded in
RDSP) are reported, 186 Cladocera species (29% recorded in
RDSP) and 561 Copepoda species (4 % recorded in RDSP)
(Boxshall & Defaye 2008, Forr6 et al. 2008, Segers 2008).
The high richness of zooplankton species in RDSP lakes and
surrounding region (less than 0.01% of Brazil’s area) draws
attention to regional as well as nationwide relevance of this
system to aquatic biodiversity.
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Table 3: List of zooplankton species from 18 lakes of the middle Rio Doce basin, Minas Gerais, Brazil. * Data from

Maia-Barbosa et al. (2008)

Lakes Inside PERD Lakes OutsidePERD
AN | CA | CE DH GA | GN PT SH | AC| AL |AM|BA | FE | FN | JA | PA| PI | VE
Lim | Lim | Lim | Lim | Lit* | Lim | Lim | Lim | Lit | Lim | Lim | Lim | Lim | Lim | Lim | Lim | Lim | Lim | Lim | Lim
COPEPODA
Harpacticoida
Harpacticoida NI 1 1 1 1
Familia Canthocamptidae
Attheyella fuhrmani Thieband, 1914 1
Elaphoidella sp 1
Familia Parastenocarididae
Potamocaris sp. 1 1
Cyclopoida
Familia Cyclopidae
Ectocyclops herbsti Dussart, 1984 1 1
Ectocyclops rubescens Brady, 1904 1 1 1
Haplocyclops sp 1
Homocyclops ater (Herrick, 1882) 1
Macrocyclops albidus (Jurine, 1820) 1
Mesocyclops longisetus (Thiébaud, 1914) 1 1
Mesocyclops meridianus (Kiefer, 1926) 1 1 1 1 1
Mesocyclops ogunnus Onabamiro, 1957 1|1 1
Mesocyclops sp. 1 1 1 1 1 1 1 1 1 1 1 1
Metacyclops sp. 1 1
Microcyclops alius Kiefer, 1935 1 1
Microcyclops anceps (Richard, 1897) 1 1 1 1 1 1 1 111
Microcyclops ceibaensis (Marsh, 1919) 1 1 1
Microcyclops finitimus Dussart, 1984 1
Neutrocyclops brevifurca (Lowndes, 1934) 1 1
Paracyclops chiltoni (Thomson G.M., 1883) 1|1 1
Thermocyclops minutus (Lowndes, 1934) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I;o?)plo)cyclops prasinus meridionalis (Kiefer, 1 1|1 1 1 1|1 1 1|1 1
Calanoida
Familia Diaptomidae
Notodiaptomus cearensis (Wright S., 1936) 1 1
Notodiaptomus dubius Dussart & Matsumura- 1
Tundisi, 1985
Notodiaptomus isabelae (Wright S., 1936) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
subtotal 3|5|3|9|16|]2)|5)|5|10|2]|5|5(|13|2|4|3|5|5]|2]S5
CLADOCERA
Familia Bosminidae
Bosmina hagmanni Stingelin, 1904 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bosmina freyi De Melo & Hebert, 1994 1 1 1
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Bosmina tubicen Brehm, 1953 1 1 1 1 1 1 1 1 1
Bosminopsis deitersi Richard, 1895 1 1 1 1 1 1 1
Familia Chydoridae

Alona dentifera (Sars, 1901)

Alona glabra Sars, 1901 1

Alona guttata Sars,1862 1

Alona intermedia Sars, 1862

Alona verrucosa Sars, 1901 1 1

Alona spp. 1 1 111 1 1 1
Alonella clathratula Sars, 1896 1

Alonella dadayi Birge, 1910 1 1 1
Alonella lineolata Sars, 1901 1

Chydorus eurynotus Sars, 1901 1 1 1
Chydorus nitidulus (Sars, 1901) 1

Chydorus pubescens Sars, 1901

Chydorus sphaericus sens. lat. 1

Coronatella monacantha (Sars, 1901)

Coronatella poppei (Richard, 1897) 1 1

Dadaya macrops (Daday, 1898) 1

Dunhevedia odontoplax Sars, 1901 1

Ephemeroporus barroisi (Richard, 1894) 1 1 1 1
Ephemeroporus hybridus (Daday, 1905) 1

Ephemeroporus tridentatus (Bergamin, 1931) 1

Euryalona brasiliensis Brehm & Thomsen,

1936

Karualona muelleri (Richard, 1897) 1

Leydigia sp. 1

Leydigiopsis curvirostris Sars, 1901 1

Leydigiopsis ornata Daday, 1905 1

Notoalona sculpta (Sars, 1901) 1

Oxyurella ciliata Bergamin, 1931 1

Familia Daphnidae

Ceriodaphnia cornuta Sars, 1886 1 1 1 1 1 1
Ceriodaphnia silvestrii Daday, 1902 1 1 1 1 1
Daphnia ambigua Scourfield, 1947 1

Daphnia gessneri Herbst, 1967

Daphnia laevis Birge, 1878 1 1 1 1 1
Scapholeberis armata (Herrick, 1882) 1 1
Simocephalus mixtus Sars, 1903 1

Simocephalus serrulatus (Koch, 1841) 1 1 1
Simocephalus sp. 1 1
Familia llyocryptidae

Ilyocryptus spinifer Herrick, 1882 1 1 1 1 1
Familia Macrothricidae

http://www.scielo.br/bn
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1832)

Grimaldina brazzai Richard, 1892 1

Macrothrix elegans Sars, 1901 1 1 1 1

Macrothrix paulensis (Sars, 1900) 1 1 1

Macrothrix squamosa Sars, 1901 1 1 1 1

Macrothrix sp. 1 1 1 1
Streblocerus pygmaeus Sars, 1901 1 1

Familia Moinidae

Moina minuta Hansen, 1899 1 1 1 1 1

Moina reticulata (Daday, 1905) 1 1 1

Familia Sididae

Diaphanosoma birgei Korineck, 1981 1 1|1 1 1 1 1 1 1|1
Diaphanosoma brevireme Sars, 1901 1 1 1 1

Diaphanosoma fluviatile Hansen, 1899 1

Diaphanosoma spinulosum Herbst, 1967 1 1

Pseudosida bidentada Herrick, 1884 1 1 1

Pseudosida ramosa (Daday, 1904) 1 1

subtotal 18| 0 |18 32| 1 |18 | 11 | 27 14 37 16 | 12 6
ROTIFERA

Ordem Ploima

Familia Asplanchnidae

Asplanchna sp. 1 1 1 1|1
Familia Brachionidae

Anuraeopsis fissa Gosse, 1851 1 1 1 1 1 1 1
Anuraeopsis navicula Rousselet, 1911 1 1 1 1 1 1 1
Anuraeopsis sp. 1 1 1 1 1 1 1 1 1
Brachionus angularis Gosse, 1851 1 1 1 1 1 1 1 1 1 1
Brachionus bidentatus Anderson, 1889 1 1

Brachionus calyciflorus Pallas, 1766 1 1 1
Brachionus dolabratus Harring, 1914 1 1 1 1 1 1 1
Brachionus falcatus Zacharias, 1898 1 1 1|1 1 1 1 1 1 1|1
Brachionus forficula Wierzejski, 1891 1

Brachionus mirus Daday, 1905 1 1 1 1 1 1 1 1 1 1 1 1
Brachionus quadridentatus Hermann, 1783 1|1 1 1 1 1 1|1
Kellicottia bostoniensis (Rousselet, 1908) 1 1 1 1
Keratella americana Carlin, 1943 1 1 1 1 1 1 1 1 1 1 1 1
Keratella cochlearis (Gosse, 1851) 1 1|1 1 1 1|1
Keratella lenzi Hauer, 1953 1 1 1 1 1 1 1 1 1
Keratella tropica (Apstein, 1907) 1 1|1 1 1 1 1 1|1
Plationus patulus macracanthus (Daday, 1905) 1 1

Plationus patulus (Mller, 1786) 1 1 1 1 1 1 1 1 1 1
Platyias leloupi Gillard, 1967 1 1

Platyias quadricornis (Ehrenberg, 1832) 1 1 1 1 1 1 1 111
Platyias quadricornis quadricornis (Ehrenberg, 1
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Platyias sp. 1

Familia Dicranophoridae

Dicranophorus epicharis Harring & Myers, 1

1928

Dicranophorus sp. 1 1

Familia Epiphanidae

Epiphanes clavulata (Ehrenberg, 1832)

Familia Euchlanidae

Dipleuchlanis propatula (Gosse, 1886) 1 1

Dipleuchlanis sp. 1

Euchlanis dilatata Ehrenberg, 1832 1 1

Euchlanis incisa Carlin, 1939 1 1

Euchlanis meneta Myers, 1930 1 1

Familia Gastropodidae

Ascomorpha ecaudis Perty, 1850 1 1

Ascomorpha ovalis (Bergendal, 1892) 1 1

Ascomorpha saltans Bartsch, 1870 1

Ascomorpha sp. 1 1 1 1 1

Gastropus hyptomus (Ehrenberg, 1838) 1

Gastropus stylifer (Imhof, 1891) 1

Familia Lecanidae

Lecane aculeata (Jakubski, 1912) 1

Lecane arcula Harring, 1914 1 1

Lecane armata Thomasson, 1971 1 1

Lecane braziliensis Segers, 1993 1

Lecane bulla (Gosse, 1851) 1 1 1 1111111 1 1 1

Lecane clara (Bryce, 1892) 1

Lecane doryssa Harring, 1914 1

Lecane closterocerca (Schmarda, 1859) 1 1 1

Lecane cornuta (Mdller, 1786) 1 1 1 1

Lecane crepida Harring, 1914 1

Lecane curvicornis (Murray, 1913) 1 1 1 1 1

Lecane decipiens (Murray, 1913) 1

Lecane elegans Harring, 1914

Lecane eutarsa Harring & Myers, 1926

Lecane flexilis (Gosse, 1886) 1

Lecane furcata (Murray, 1913) 1

Lecane haliclysta Harring & Myers, 1926 1

Lecane hamata (Stokes, 1896) 1 1 1

Lecane hornemanni (Ehrenberg, 1834) 1 1 1 1

Lecane inconspicua Segers & Dumont, 1993

Lecane inermis (Bryce, 1892) 1

Lecane inopinata Harring & Myers, 1926

Lecane leontina (Turner, 1892): 1 1 1 1 1 1
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Lecane ludwigii (Eckstein, 1883) 1|1 1 1 1 1 1
Lecane luna (Miiller, 1776) 1 1 1 1 1 1

Lecane lunaris (Ehrenberg, 1832) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lecane monostyla (Daday, 1897) 1|1 1 1 1 1 1 1

Lecane nana (Murray, 1913) 1 1

Lecane obtusa (Murray, 1913) 1 1
Lecane papuana (Murray, 1913) 1 1 1 1

Lecane rhopalura (Harring & Myers, 1926) 1

Lecane proiecta Hauer, 1956 1

Lecane psammophila (Wiszniewski, 1932) 1

Lecane pusilla Harring, 1914 1 1

Lecane pyriformis (Daday, 1905) 1 1 1

Lecane quadridentata (Ehrenberg, 1830) 1 1 1 1 1 1

Lecane rhytida Harring & Myers, 1926 1 1

Lecane scutata (Harring & Myers, 1926) 1 111 1 1 1
Lecane signifera (Jennings, 1896) 1 1 1 1 1 1

Lecane stichaea Harring, 1913 1 1

Lecane stichoclysta Segers, 1993 1

Lecane subtilis Harring & Myers, 1926 1 1 1

Lecane uenoi Yamamoto, 1951 1 1

Familia Lepadellidae

Colurella obtusa (Gosse, 1886) 1 1
Colurella sulcata (Stenroos, 1898) 1 1 1
Colurella uncinata (Muller, 1773) 1 1
Colurella uncinata bicuspidata (Ehrenberg, 1 1
1832)
Colurella tesselata 1
Colurella sp. 1 1 1 1 1
Lepadella (Heterolepadella) spp. 1
Lepadella (Lepadella) latusinus (Hilgendorf,
1899) L ! !
Lepadella (Lepadella) cristata (Rousselet,
1893) 1 1 1 1 1
Lepadella (Lepadella) donneri Koste, 1972 1|1 1
Lepadella (Lepadella) elongata Koste, 1992 1
Lepadella (Lepadella) minoruoides Koste & 1 1
Robertson, 1983
Lepadella (Lepadella) ovalis (Miiller, 1786) 1 1 1 1 1
Lepadella (Lepadella) patella (Miller, 1773) 1 1 1 1 1 1 1
Lepadella (L.) patella oblonga (Ehrenberg,
1834) !
Lepadella (Lepadella) quinquecostata (Lucks,
1912) !
Lepadella (Lepadella) rhomboides (Gosse,
1886) ! ! !
Lepadella (Lepadella) rottenburgi (Lucks,
1912) !
Lepadella (Lepadella) triptera (Ehrenberg,
1 1 1
1832)
Lepadella (Lepadella) spp. 1 1 1 1 1 1 1 1 1 1|1 1
Squatinella lamellaris (Mdller, 1786) 1 1 1

Familia Mytilinidae
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Lophocharis salpina (Ehrenberg, 1834)

Mytilina acanthophora Hauer, 1938

Mytilina bisulcata (Lucks, 1912)

Mytilina mucronata (Mller, 1773)

Mytilina ventralis (Ehrenberg, 1830)

Mytilina ventralis ventralis (Ehrenberg, 1830)

Mytilina sp.

Familia Notommatidae

Cephalodella rotunda Wulfert, 1937

Cephalodella forficula (Ehrenberg, 1830)

Cephalodella gibba (Ehrenberg, 1830)

Cephalodella spp.

Monommata aequalis (Ehrenberg, 1830)

Monommata sp.

Notommata copeus Ehrenberg, 1834

Notommata spp.

Resticula sp.

Notommatidae NI

Familia Scaridiidae

Scaridium longicaudum (Miiller, 1786)

Familia Synchaetidae

Polyarthra dolichoptera Idelson, 1925

Polyarthra sp.

Synchaeta sp.

Familia Trichocercidae

Trichocerca bicristata (Gosse, 1887)

Trichocerca bidens (Lucks, 1912)

Trichocerca iernis (Gosse, 1887)

Trichocerca scipio (Gosse, 1886)

Trichocerca elongata braziliensis (Murray,
1913)

Trichocerca cavia (Gosse, 1886)

Trichocerca cylindrica (Imhof, 1891)

Trichocerca chattoni (de Beauchamp, 1907)

Trichocerca flagellata Hauer, 1937

Trichocerca macera (Gosse, 1886)

Trichocerca insignis (Herrick, 1885)

Trichocerca pusilla (Jennings, 1903)

Trichocerca rattus (Mller, 1776)

Trichocerca similis (Wierzejski, 1893)

Trichocerca stylata (Gosse, 1851)

Trichocerca tenuior (Gosse, 1886)

Trichocerca tigris (Muller, 1786)

Familia Trichotriidae
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Trichotria tetractis (Ehrenberg, 1830) 1 1 1 1 1
Macrochaetus collinsii (Gosse, 1867) 1 1 1 1

Macrochaetus longipes Myers, 1934 1 1 1

Macrochaetus sericus (Thorpe, 1893) 1|1 1 1 1|1
Macrochaetus sp. 1 1|1

Ordem Flosculariaceae

Familia Conochilidae

Conochilus (Conochiloides) coenobasis 1 1 1|1

(Skorikov, 1914)

Conochilus (Conochiloides) dossuarius Hudson, 1 1 1

Conochilus (Conochiloides) natans (Seligo,

1900)

Conochilus (Conochilus) unicornis Rousselet,

1 1

1892

Conochilus sp. 1 1 1 1 1 1 1 1
Familia Filiniidae

Filinia longiseta (Ehrenberg, 1834) 1 111 1 111 1
Filinia opoliensis (Zacharias, 1898) 1 1 1 1

Filinia pejleri Hutchinson, 1964

Filinia terminalis (Plate, 1886) 1 1

Familia Flosculariidae

Beauchampiella eudactylota (Gosse, 1886)

Ptygura elsteri Koste, 1972 1

Ptygura furcillata (Kellicott, 1889) 1

Ptygura libera Myers, 1934 1 1 1 1 1 1 1 1 1 1
Ptygura spp. 1 1 1

Sinantherina sp. 1 1 1 1

Familia Hexarthridae

Hexarthra intermedia (Wiszniewski, 1929)

Familia Testudinellidae

Testudinella amphora Hauer, 1938 1 1
Testudinella parva (Ternetz, 1892) 1 1
Testudinella emarginula (Stenroos, 1898) 1
Testudinella mucronata (Gosse, 1886)

Testudinella ohlei Koste, 1972 1 1 1
Testudinella patina (Hermann, 1783) 1|1 1 1

Ordem Collothecaceae

Familia Collothecidae

Collotheca tenuilobata (Anderson, 1889)

Collotheca sp.

Subclasse Bdelloidea

Bdeloidea 1 1 1 1 1 1 1 1 1 1 1
Familia Philodinidae

Dissotrocha aculeata (Ehrenberg, 1832) 1|1 1 111
Dissotrocha macrostyla (Ehrenberg, 1838)

Dissotrocha sp. 1
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Macrotrachela sp. 1 1

Rotaria neptunia (Ehrenberg, 1830) 1
Rotaria sp. 1

subtotal 27 | 41|14 | 54 | 81 61 | 47 |109| 17 | 51|19 |119| 26 |17 |17 |54 | 45| 20| 23
PROTOZOA

Rhizopoda

Familia Arcellidae

Arcella brasiliensis Cunha, 1913 1
Arcella arenaria Greeff, 1866 1
Arcella irregularis Motti, 1941 1
Arcella conica (Playfair, 1917) 1 1 1 1
Arcella costata Ehrenberg, 1847 1 1 1
Arcella crenulata Deflandre, 1928 1
Arcella dentata Ehrenberg, 1838 1

Arcella discoides Ehrenberg, 1843 1 1 1
Arcella discoides pseudovulgaris (Deflandre,

1928) ! !

Arcella gibbosa Pénard, 1890 1 1
Arcella hemisphaerica Perty, 1852 1 1 1
Arcella hemisphaerica undulata Deflandre,

1928 L !

Arcella megastoma Pénard, 1902 1 1 1
Arcella mitrata Leidy, 1879 1

Arcella mitrata spectabilis Deflandre, 1928 1
Arcella rota Daday, 1905 1 1

Arcella rotundata Playfair, 1917 1
Arcella rotundata aplanata Deflandre, 1928 1 1

Arcella vulgaris Ehrenberg, 1830 1 1 1
Arcella vulgaris undulata Deflandre, 1928 1 1

Arcella vulgaris penardi Deflandre, 1928 1
Arcella sp. 1 1 1
Familia Centropyxidae

Centropyxis aculeata (Ehrenberg, 1838) 1 1 1 1
Centropyxis aerophila Deflandre, 1929 1 1
Centropyxis arcelloides Pénard, 1902 1
Centropyxis delicatula Pénard, 1902 1

Centropyxis cassis (Wallich, 1864) 1
Centropyxis constricta (Ehrenberg, 1841) 1 1
Centropyxis discoides (Pénard, 1890) 1 1 1
Centropyxis ecornis (Ehrenberg, 1841) 1 1
Centropyxis gibba Deflandre, 1929 1 1 1
Centropyxis hirsuta Deflandre, 1929 1 1 1
Centropyxis minuta Deflandre, 1929 1 1 1
Centropyxis platystoma Pénard, 1890 1 1
Centropyxis spinosa Cash, 1905 1 1 1
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Centropyxis spp. 1 1 1
Familia Difflugiidae

Cucurbitella madagascariensis G. L. & Th, 1980

Cucurbitella mespiliformis Pénard, 1902

Difflugia acuminata Ehrenberg, 1838 1 1
Difflugia acuminata acaulis Perty, 1852 1
Difflugia bacillariarum Perty, 1849

Difflugia lucida Pénard, 1890

Difflugia congolensis G.L. & Th., 1958

Difflugia corona Wallich, 1864 1
Difflugia curvicaulis Pénard, 1899

Difflugia difficilis Thomas, 1955

Difflugia elegans Pénard, 1890 1 1
Difflugia globularis (Wallich, 1864)

Difflugia gramen Pénard, 1902 1 1
Difflugia kabylica G.L. & Th., 1958 1
Difflugia kempnyi (Stepanek), 1953 1
Difflugia lanceolata Pénard, 1890 1 1
Difflugia limnetica Levander, 1900 1 1
Difflugia lithophila Pénard, 1902

Difflugia lobostoma Leidy, 1877 1
Difflugia lobostoma globulosa Playfair, 1917 1
Difflugia lobostoma multilobata G.L. & 1
Thomas, 1958

Difflugia muriformis G.L. & Th., 1958 1
Difflugia oblonga Ehrenberg, 1838 1 1
Difflugia pseudogramen G.L. & Th., 1960

Difflugia sarissa Li Sun Tai, 1931

Difflugia tuberculata (Wallich, 1864)

Difflugia stellastoma Vucetich, 1989 1

Difflugia spp. 1
Protocucurbitella coroniformis G.L. & Th., 1960 1
Familia Lesquereusiidae

Lesquereusia epistomium Penard, 1902 1 1
Lesquereusia gibbosa G.L. & Th., 1959

Lesquereusia globulosa G.L. & Th., 1959 1
Lesquereusia mimetica Pénard, 1911

Lesquereusia modesta Rhumbler, 1895 1 1
Lesquereusia spiralis Ehrenberg, 1840 1 1
Netzelia labeosa Beyens & Chardez, 1997 1
Netzelia oviformis (Cash, 1909) 1 1
Netzelia tuberculata (Wallich, 1864) 1
Netzelia wailesi (Ogden, 1980) 1 1
Quadrulella symmetrica (Wallich, 1863) 1
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Familia Hyalospheniidae

Nebela sp. 1 1

Difflugiella spp. 1 1

Familia Trigonopyxidae

Cyclopyxis eurystoma (Deflandre, 1929) 1

Cyclopyxis kahli (Deflandre, 1929) 1

Cyclopyxis sp. 1

Familia Cyphoderiidae

Cyphoderia ampulla (Gray, 1873) 1

Familia Euglyphidae

Euglypha acanthophora (Ehrenberg, 1841) 1 1 1
Euglypha brachiata Pénard, 1902 1 1

Euglypha ciliata (Ehrenberg, 1848) 1
Euglypha filifera Pénard, 1890 1 1
Euglypha laevis (Ehrenberg, 1845) Perty, 1849 1 1

Euglypha strigosa Ehrenberg, 1871 1

Euglypha tuberculata Dujardin, 1841 1

Familia Trinematiidae

Trinema enchelys (Ehrenberg, 1838) 1 1 1

Trinema lineare Pénard, 1890 1

Familia Phryganellidae

Phryganella dissimulatoris Chardez, 1969 1 1

Phryganella hemisphaerica Pénard, 1902 1

Familia Pseudodifflugiidae

Pseudodifflugia sp. 1

Familia Plagiopyxidae

Bullinullaria sp. 1

Ciliophora

Familia Epistylididae

Epistylis spp. 1

Campanella sp. 1

Familia Vorticelidae

Vorticella sp. 1 1

Zoothamnium spp. 1

subtotal ojofo|o|43|0|O]|5|53|0|0|JO0O)74|/0|O0]|]O0O|3|2]0]0O
TOTAL 36 |64 | 17 | 81 |172| 10 | 84 | 68 |199| 23 | 70 | 29 |243| 36 |22 | 23 (78 | 64 | 23 | 34
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Abstract: In ecological communities, the proportion of plant species with different dispersal syndromes is
known as the dispersal spectrum, which can result from different selective pressures such as climate. This
is because variations in temperature, humidity, atmospheric pressure and precipitation result in distinct
flora and fauna among different sites. If climate conditions along an altitudinal range act as a strong
direct or indirect selective pressure on dispersal syndromes, the dispersal spectrum among plant
communities in different altitudes should be distinct. We organized the dispersal syndromes in five
hierarchical levels according to the levels of detail in diaspore morphology and, consequently, different
degrees of specificity to the dispersers. Then we identified, within each hierarchical level, the syndromes of
tree species of four forest types of the Atlantic Rainforest along a 1200 m altitudinal range in Southeast
Brazil. Among 327 species, we found two syndromes in the most general hierarchical level (abiotic and
biotic dispersal), three in the following level (wind, self and animal), three in the intermediate level
(barochory, autochory and endozoochory), two in the forth level (mammal and bird), and 12 syndromes
in the most specific level, all of which were related to the morphology of diaspores dispersed by wind,
autochory, mammals and birds. The dispersal spectrum in the five hierarchical levels was similar among
the four forest types. Overall, the majority of species is dispersed by biotic agents, considered here as
animals and the parent plant itself. Within biotic agents, the most important are animals, specifically
birds. Most bird-dispersed species present drupoid diaspores. Our results indicate that the selective
pressures on dispersal syndromes originated from climate conditions that vary with altitude are not
strong, hence resulting in the same dispersal spectrum among the forest types.

Keywords: animal dispersal, biotic dispersal, bird dispersal, hierarchy of classification of dispersal
syndromes.

MARTINS, V.F., CAZOTTO, L.P.D., SANTOS, A.M.S. Espectro de dispersio de quatro formacdes
florestais ao longo de um gradiente altitudinal da Mata Atlantica brasileira. Biota Neotropica. 14(1):
€20130003. http://www.biotaneotropica.org.br/vl4nl/pt/abstract?article+bn00614012014

Resumo: Dentro de uma comunidade, a proporgiao de espécies vegetais com diferentes sindromes de
dispersao é chamada de espectro de dispersdo, o qual pode resultar de distintas pressoes seletivas, como o
clima. Isso ocorre porque variagdes na temperatura, umidade, pressio atmosférica e precipitagio
resultam em flora e fauna distintas entre locais. Assim, podemos esperar que o espectro de dispersdao de
comunidades vegetais em diferentes altitudes seja distinto se as condigdes climaticas ao longo do
gradiente altitudinal atuarem como pressdo seletiva direta ou indireta sobre as sindromes. Nos
hierarquizamos as sindromes de dispersdao em cinco niveis, de acordo com o detalhamento da morfologia
dos diasporos e, consequentemente, seus diferentes graus de especificidade com os dispersores.
Identificamos, em cada um dos niveis hierarquicos, as sindromes de espécies arboreas de quatro
formacdes florestais da Mata Atlantica ao longo de um gradiente altitudinal de 1200 m no sudeste do
Brasil. Entre 327 espécies, encontramos duas sindromes no nivel hierarquico mais geral (dispersiao
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abiotica e biotica), trés no nivel seguinte (vento, propria planta parental e animais), trés no nivel
intermediario (barocoria, autocoria e endozoocoria), duas no quarto nivel (mamiferos e aves) e 12
sindromes no nivel mais especifico, relacionadas a morfologia dos diasporos dispersos pelo vento,
autocoria, mamiferos e aves. O espectro de dispersdo nos cinco niveis foi similar nas quatro formagdes
florestais. De forma geral, a maior parte das espécies ¢ dispersa por agentes bidticos, aqui considerados
animais e a propria planta parental. Dentre os agentes bidticos, os mais importantes sdo os animais,
especificamente as aves. A maioria das espécies dispersas pelas aves apresenta diasporos drupdides.
Nossos resultados indicam que as pressoes seletivas sobre as sindromes de dispersao ocasionadas pelas
condi¢des climaticas que variam com a altitude ndo sio fortes. Assim, a auséncia destas pressoes seletivas
resulta em um espectro de dispersdo similar entre as formagdes florestais em diferentes altitudes.

Palavras-chave: dispersdo biotica, hierarquia de classificacdo das sindromes de dispersdo, ornitocoria,

zoocoria.

Introduction

Seeds, fruits, infructescences and other dispersal units are
generically called diaspores. Diaspore dispersal is a dynamic
process of diaspore transportation away from the parent plant.
This transportation can be performed by biotic agents, such as
animals and the parent plant itself, or by abiotic agents, such as
wind and water (van der Pijl 1972). Diaspores generally show
adaptations for dispersal by a specific agent (Willson et al.
1990), which is known as dispersal syndrome. Therefore, the
syndromes indicate the most likely primary dispersal agent of a
particular plant species (van der Pijl 1972).

Dispersal syndromes have been extensively described by
Ridley (1930) and van der Pijl (1972). For example, within
biotic dispersal syndromes, animal-dispersed diaspores can be
either fleshy or dry. Many different types of animals consume
the former, which is known as endozoochory; the latter cling
externally to the body of animals, a form of dispersal known as
epizoochory. Endozoochorous diaspores present characteristics
that are specifically attractive to particular groups of animals,
such as ants (although they transport diaspores externally to
their bodies to later remove their fleshy portion inside the nest),
fishes, reptiles, birds or mammals. Conversely, mammal-
dispersed diaspores present characteristics that result in their
dispersal by distinct groups of mammals (Ridley 1930, van der
Pijl 1972). Therefore, there are different levels of detail in
diaspore morphology and, consequently, different degrees of
specificity to the dispersers. In the given example, biotic agents
would be considered level 1 in a hierarchical classification of
dispersal syndromes, as well as abiotic agents; animal dispersal
would be level 2, as well as self dispersal by the parent plant and
the abiotic dispersal by water and wind; endozoochory and
epizoochory would both be level 3, as well as different forms of
self dispersal (autochory and barochory); ant, fish, reptile, bird
and mammal dispersal would all be level 4, and dispersal by the
distinct groups of mammals would be level 5 in the hierarchy,
as well as the different forms of autochory, water and wind
dispersal (for a more detailed explanation of the dispersal
syndromes please see the “Protocol for the classification of
dispersal syndromes” at supplementary material 1).

Despite the clear hierarchical organization of the dispersal
syndromes, no author has yet proposed formal hierarchical
levels within them. This organization is needed in studies that
compare dispersal distances, demographic consequences of
dispersal (e.g., the spatial distribution of seeds and seedlings) or
the proportion of species with different dispersal syndromes in
ecological communities. Restraining diaspore morphology and
consequently its most likely dispersal agent should enable the
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evaluation of underlying patterns of dispersal opposed to the
great variation that emerges when syndromes from different
hierarchical levels are considered.

Birds are important dispersal agents, particularly in the
tropics (Gentry 1982, Willson et al. 1989, Pedroni 2001). The
diaspores they eat show very different morphologies, such as
seeds with fleshy appendage, seeds without any nutritional
reward (known as mimetic seeds), and fleshy fruits with few up
to many seeds (ie. drupoid and baccoid diaspores, respec-
tively). Seeds with fleshy appendages, seeds without any
nutritional reward and seeds from drupoid diaspores are larger
than seeds from baccoid diaspores. Thus, the former may only
be dispersed by large-bodied birds (Wheelwright 1985), which
can swallow the whole diaspore and carry the large seed(s).
Small birds can sometimes swallow large diaspores, but they are
less willing or able to carry the mass of ballast associated with
large seeds (Mack 1993). Therefore, small birds are most likely
to only peck at the pulp of large diaspores and do not act as
dispersers of large seeds. On the other hand, seeds from baccoid
diaspores can be dispersed by both small and large birds, with
the number of seeds carried varying with the size of the bird in
relation to the size of the diaspore, which may be swallowed
whole or have a portion pecked at. Therefore, the different
types of bird-dispersed diaspores are likely to present dissimilar
patterns of seed deposition in the environment as well as
distinct implications for seed germination and establishment of
the new individuals (Howe et al. 1985). Because of the different
selective pressures on each type of bird-dispersed diaspore, it is
necessary to divide them into different groups into level 5 of the
hierarchy of dispersal syndromes.

Even though it is relatively easy to identify seed dispersal
syndromes based on diaspore morphology alone, not necessa-
rily can we predict which agent is actually acting as a disperser.
This is especially critical for animal dispersal, since seed
dispersal mutualisms are clearly unspecialized (Herrera 1985,
2002). Most plants lack attributes that require special handling
by particular species of animals (Herrera 2002, Burns et al.
2009, but see Moran et al. 2004); thus, dispersers rarely show
preferences for particular diaspore traits and often consume
seeds and fruits indiscriminately (e.g., Herrera 1985, Burns et
al. 2009, but see Carlo et al. 2003). Nevertheless, specialized
relationships can arise on coarser taxonomic scales, among
wide ‘guilds’ of diaspores and animals (Lomascolo et al. 2008,
Hollander & Vander Wall 2009, but see Fischer & Chapman
1993). This suggests that the diaspore morphology described in
syndromes belonging to upper levels of the hierarchy proposed
herein can be used with good reliability to predict the set of
dispersal agents of a given plant species. On the other hand,
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biotic syndromes in levels 4 and 5 may hardly correspond to the
actual set of dispersal agents.

This may be considered a shortcoming for the widespread use
of dispersal syndromes, especially the ones in the lower levels of
the hierarchy. Nevertheless, diaspore morphology is likely to
restrict the agents that act as real dispersers, unregard of their
taxonomic group, and these dispersers may deposit seeds in the
environment in similar fashion. For instance, many diaspores with
characteristics considered attractive to birds are also consumed by
mammals. Because seeds belonging to drupoid diaspores are
larger than those belonging to baccoid diaspores, the former are
only likely to be dispersed by large birds and mammals
(Wheelwright 1985), while the latter can be dispersed by both
small and large animals. Large animals have larger home ranges
(Kelt & Van Vuren 2001) and may carry seeds over longer
distances than smaller animals (Seidler & Plotkin 2006). As a
consequence, seeds belonging to drupoid diaspores may be deposit
more scattered in the environment than seeds from baccoid
diaspores, which may show some clumping due to dispersal by
small animals. Hence, diaspores with similar morphology should
be linked to the similar demographic consequences of seed
dispersal, mediated by different dispersal agents. Because of that,
we believe that the biotic syndromes proposed in levels 4 and 5
should be considered in studies of dispersal syndromes.

In ecological communities, the proportion of plant species
with different dispersal syndromes is known as the dispersal
spectrum (van der Pijl 1972, Hughes et al. 1994), which can
result from different selective pressures. The main pressures on
dispersal strategies arise from frugivores (Mazer &
Wheelwright 1993, Lord 2004), predation, competition among
plant species for the same dispersers, climate seasonality and
the environment in which the plants occur (Roth 1987,
Almeida-Neto et al. 2008). Thus, forest types at different
altitudes may have different dispersal spectra due to variations
in temperature, humidity, atmospheric pressure and precipita-
tion (Willson et al. 1990), all of which result in distinct flora and
fauna along an altitudinal range.

The state park “Parque Estadual da Serra do Mar” (PESM
hereafter), Southeast Brazil, is the largest continuous stretch of
preserved Atlantic Rainforest in Brazil and extends from sea
level to 1200 m of altitude (SOS Mata Atlantica/INPE/ISA
1998, Alves et al. 2010). Therefore, it is an excellent site for the
investigation of dispersal spectrum changes with altitude. Both
temperature and rainfall decrease with increasing altitude
(Banco de Dados Climaticos do Brasil), and the different
climate along the altitudinal range has resulted in distinct forest
types, each with its own floristic composition (Joly et al. 2012).
Therefore, we should also expect changes in the dispersal
spectrum along the altitudinal range due to selective pressures
imposed by climate on seed dispersal mechanisms.

As other tropical forests, the Atlantic Rainforest presents
45% up to 90% of shrub and/or tree species dispersed by animals
(Pedroni 2001, Almeida-Neto et al. 2008). Animal dispersal is
positively related to rainfall and hence tends to be more common
at low altitudes (Willson et al. 1989, Vicente et al. 2003).
However, Almeida-Neto et al. (2008) found that animal dispersal
in the Atlantic Rainforest is negatively related to temperature,
which suggests the importance of seed dispersal by animals may
actually increase with increasing altitude. Therefore, the relation
between animal dispersal and altitude should be further explored
in order to depict the relative importance of rainfall and
temperature on the dispersal spectrum.

http://dx.doi.org/10.1590/S1676-06032014000313

Within endozoochorous species, bird dispersal is more
common than mammal dispersal (Gentry 1982, Willson et al.
1989). In a 1900 m altitudinal range of the Atlantic Rainforest,
Almeida-Neto et al. (2008) found predominance of bird-
dispersed species at higher altitudes, while mammal-dispersed
species were more frequent at lower altitudes. Last, within
abiotic dispersal, wind and self-dispersed species are more
frequent at higher altitudes, where the climate is drier and
vegetation more open (van der Pijl 1972, Campassi 2006).
Although some studies have shown the influence of climate on
dispersal spectrum changes with altitude, the detailed hier-
archical levels within dispersal syndromes we previously
described have never been taken into account.

This study aimed to (1) develop a hierarchical organization
of dispersal syndromes for tree species, which include four
divisions within bird dispersal based on diaspore morphology,
and (2) identify the syndromes within each hierarchical level for
tree species of four forest types along the altitudinal range of
PESM. After identifying the syndromes, we determined the
dispersal spectrum within each hierarchical level in the four
forest types. Then we specifically asked whether the dispersal
spectrum differed among the forest types.

We expect that dispersal by biotic agents, mainly by animals
that consume diaspores and specifically by birds, should prevail
among tree species at PESM, as found in other studies carried out
in the Brazilian Atlantic Rainforest (e.g., Pedroni 2001, Campassi
2006, Kinoshita et al. 2006, Almeida-Neto et al. 2008, Silva &
Rodal 2009). However, differently from previous studies, the
dispersal spectrum within different hierarchical levels of the
dispersal syndromes will be used, including the divisions within
bird-dispersed diaspores. We hypothesize that, if climate condi-
tions along the altitudinal range of PESM act as a strong selective
pressure on dispersal syndromes, there should be differences in
the dispersal spectrum among the forest types. For example, if
rainfall imposes a stronger pressure, animal dispersal should be
more common at lower altitudes. On the other hand, if
temperature imposes a stronger pressure, animal dispersal should
be more common at higher altitudes. The differences found in the
dispersal spectrum along the altitudinal range should reflect the
key importance of certain dispersal agents in the different
environments, as found by other authors (e.g., van der Pijl
1972, Roth 1987, Willson et al. 1990, Hughes et al. 1994, Pedroni
2001, Campassi 2006, Almeida-Neto et al. 2008).

Material and Methods
1. Study site

The Brazilian Atlantic Forest is considered one of the
world’s hotspots for biodiversity conservation (Myers et al.
2000), with only about 12% of its original cover remaining in
fragments larger than 3 ha (Funda¢ao SOS Mata Atlantica).
The largest continuous remnant includes the state park PESM
(23°34' -23°17' Se45°02' - 45°11" W), which encompasses the
mountain range of “Serra do Mar” along the northern coast of
the state of Sdo Paulo, SE Brazil. PESM comprises 315,000 ha
(SOS Mata Atlantica/INPE/ISA 1998) ranging from 0 m to
1200 m above sea level (a.s.l.; Alves et al. 2010). The geological
and topological complexity of “Serra do Mar” results in
extremely heterogeneous habitats and microclimates (Suguio &
Martin 1978, Alves et al. 2010), reflected in the different forest
types present at the study site (Alves et al. 2010, Joly et al.
2012).
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In 2006-2007, researchers from the Theme Project
“Functional Gradient” (Biota/FAPESP 03/12595-7) installed
14 non-contiguous, permanent 1 ha plots at the four forest types
present along the altitudinal range of PESM. Plot establishment
and tree sampling followed the RAINFOR field manual (Phillips
et al. 2009, Joly et al. 2012). One plot was placed at the Restinga
Forest (up to 10 m a.s.l. in sandy soil; Restinga hereafter), five
plots at the Lowland Atlantic Rainforest (between 5 m and 50 m
a.s.l.; Lowland hereafter), four plots at the Submontane Atlantic
Rainforest (between 50 m and 500 m a.s.l.; Submontane
hereafter) and four plots were installed at the Montane
Atlantic Rainforest (between 500 m and 1200 m a.s.l.; Monane
hereafter; Veloso et al. 2001, Joly et al. 2012). In this study, we
collected data at one plot of each forest type. Because floristic
composition and community structure are very similar among
plots installed at the same forest type (Joly et al. 2012), we believe
the results presented further are representative of the different
forest types of the Atlantic Rainforest at the study site.

At the low portion of “Serra do Mar”’, mean temperatures
range from 18.4°C in July to 25.5°C in February. A dry season
is absent and mean rainfall ranges from 11 mm in July to 376
mm in January. At the high portion of “Serra do Mar”, mean
temperatures are a little lower and range from 16.4°C in July to
23.2°C in February. Again, a dry season is absent, but there is
less rainfall than at the low portion of the mountain range (278
mm in February and 20 mm in July; EMBRAPA).
Nevertheless, Submontane and Montane are frequently covered
by clouds and mist brought by oceanic winds (Silva-Dias et al.
1995), which increase humidity but reduce light availability to
plants (Sousa Neto 2008).

Soils along the altitudinal range are shallow and nutrient
poor. However, the soil of Restinga is sandier and poorer than
the soils of the other forest types (Martins 2010). Soil humidity,
total carbon and nitrogen, and ammonia and nitrate concen-
trations increase with altitude. Conversely, decomposition
rates, and N>O and CO, emissions from the soil to the
atmosphere decrease with altitude (Sousa Neto 2008).

2. Species studied

The researchers from the Theme Project sampled, collected
and identified every living tree (including palms) with stem
DBH = 4.8 cm inside the 14 plots. Voucher specimens are
deposited in the herbariums of the University of Campinas
(UEC), “Instituto Agronoémico de Campinas” (IAC) and
‘Universidade Estadual Paulista “Julio de Mesquita Filho™
campus Rio Claro (HRCB; Joly et al. 2012).

We identified the dispersal syndrome within all hierarchical
levels of the species sampled at the four study plots.
Unidentified individuals at the family level and lacking
diaspores in the voucher material were not included in the
analysis. Undetermined species of known families had their
dispersal syndrome assigned when the families had only one
syndrome. Conversely, we were unable to identify the syndrome
of undetermined species belonging to families with more than
one syndrome, except in cases where the diaspores had been
collected. Therefore, the syndrome of undetermined species
with different types of diaspores in the same family was
described as non-identified (NI hereafter).

3. Dispersal syndromes

We conducted a review of the syndromes that occur at tree
species and elaborated a protocol of identification where the
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references used can be found (“‘Protocol for the classification of
dispersal syndromes” at supplementary material 1). The
diaspore characteristics presented were extracted from specia-
lized literature rather than based on fruits and seeds of the
species studied. This makes our classification wide enough to be
used by other authors and at other study systems. Based on the
protocol, we also prepared a diagram (Figure 1) that establishes
the hierarchical classification of the dispersal syndromes in five
levels, each composed of several groups.

We created four divisions within bird dispersal based on the
following morphological characteristics: (1) seeds with sarco-
testa, fleshy aril or ariloid structures; (2) seeds with colours that
mimics external fleshy appendages or a juicy aspect; (3) few or
many seeds per diaspore, and (4) size of seeds in relation to the
diaspore. As a result, the divisions created were seeds with
fleshy appendage, seeds without any nutritional reward,
drupoid diaspores and baccoid diaspores (Figure 1).

Diaspores dispersed by mammals present very different
morphologies and are attractive to distinct groups of mammals.
Because of that, syndromes of mammal-dispersed diaspores
originally received their names according to the taxonomic
group of animals that act as the dispersal agent (e.g., Ridley
1930, van der Pijl 1972, Janzen & Martin 1982, Herrera 1989).
However, in the classification here proposed, all other groups
belonging to level 5 were designated based on the morphology
of the diaspores, such as those previously described for bird
dispersal. So, in order for all groups of level 5 to have the same
classification criteria, we proposed new terms for the syn-
dromes of mammal dispersal. The new terms were based on the
main morphological characteristics of the diaspores in each
mammal-dispersed group, which may be related to a taxonomic
group of dispersal agent (Figure 1).

As one can note in Figure 1, some dispersal syndromes are
unfiled to all hierarchical levels. For example, within abiotic
dispersal syndromes (level 1), both wind and water-dispersed
diaspores (level 2) reach a high level of detail without showing
intermediate levels. In the case of wind dispersal, there are dust,
balloon, plumed, winged, ballist and roller diaspores (van der Pijl
1972). We prefer to file them directly to level 5 instead of 3
because they present very specific morphology that, analogously
to biotically dispersed diaspores, enables their classification into
the more detailed level of the hierarchy. The lack of intermediate
levels for abiotic dispersal may suggest that the diversification of
diaspore morphology resulting from selective pressures imposed
by biotic agents is greater than those imposed by abiotic agents.

To identify the dispersal syndromes, we observed the
morphological characteristics of diaspores in the voucher
material deposited in the Herbarium UEC. Since few species
were collected with diaspores, we also used plant images and
drawings, type descriptions in the literature, and/or material
collected outside PESM. Even though diaspores may be
dispersed by animals belonging to different taxonomic groups,
we based our classification on the dispersal syndromes
proposed by Ridley (1930) and van der Pijl (1972), and, more
specifically, on diaspore morphology. Though many species are
subject to secondary dispersal by animals or water, for the
purpose of this study we examined only the primary phase of
dispersal (Seidler & Plotkin 2006).

4. Data analysis

We used chi-square tests to compare the frequency of
occurrence of syndromes within each hierarchical level among
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Figure 1. Diagram with five hierarchical levels of dispersal syndromes. Syndromes in grey boxes are those that definitely do not occur in tree species.
For further explanation, please see the “Protocol for the classification of dispersal syndromes” at supplementary material 1.

the four forest types. The expected values for each level were
the total number of species with identified syndromes in the
four forest types together divided by the number of syndromes
within the hierarchical level. We also used chi-square tests to
compare the frequency of occurrence of syndromes within each
hierarchical level in each of the four forest types. The expected
values for level 1 were the total number of species with
identified syndromes divided by two (biotic and abiotic
dispersal). The expected values for further hierarchical levels
were based on the proportion of species belonging to
syndromes from the upper level. For example, for level 2, the
expected values of animal and self dispersal were the number of
biotically dispersed species divided by two, and the expected
values of wind and water dispersal were the number of
abiotically dispersed species divided by two. We did not
perform any comparison among the syndromes of level 3,
because all animal-dispersed species (level 2) presented endo-
zoochorous diaspores (level 3), and the syndromes of
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epizoochory, autochory and barochory (all level 3) were
represented by less than five species. For level 5, we performed
chi-square tests for the different types of bird-dispersed
diaspores alone, for the different types of mammal-dispersed
diaspores alone, and for all types of bird, mammal and wind-
dispersed diaspores together. All tests were performed for
categories with sample size of at least five species, with & = 0.05
(Zar 1999).

Results

We listed 83 species at Restinga, 137 at Lowland, 149 at
Submontane and 144 at Montane. Because some species
occurred in more than one forest type, we obtained a final
list with 327 species for the four study plots. Within these
species, one was NI at Restinga (corresponding to 1.2% of the
species in this forest type), three were NI at Lowland (2.2%),
three were undetermined at Montane (2.1%) and 13 were NI at
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Table 1. Comparisons of the frequency of occurrence of dispersal syndromes within the same hierarchical level (please see Figure 1) among four
forest types of the Atlantic Rainforest in SE Brazil. In all cases, d.f. = 3, except for the last comparison where d.f. = 12.Tabela 1: Comparagdes da
frequéncia de ocorréncia das sindromes de dispersao de um mesmo nivel hierarquico (favor ver Figura 1) entre quatro tipos florestais da Mata
Atlantica no sudeste do Brasil. Em todos os casos, g.l. = 3, com exce¢do da ultima comparagao, na qual g.l. = 12.

Syndromes Ve P

Level 1: abiotic agents x biotic agents 4.07 0.25
Level 2: wind x animal 4.05 0.26
Level 4: mammal x bird 0.66 0.88
Level 5: seeds with fleshy appendage attached x drupoid diaspores 0.29 0.96
Level 5: diaspores with attractive colours x (hard + clear and opaque + large diaspores) 3.15 0.37
Level 5: seeds with fleshy appendage attached x drupoid diaspores x diaspores with attractive 4.88 0.18

colours x (hard + clear and opaque + large diaspores) x winged diaspores

Montane (9.0%). The list of all tree species sampled at the four
forest types and their dispersal syndromes belonging to the five
hierarchical levels proposed herein can be found at supplemen-
tary material 2.

As one travels through the diagram that organizes the
hierarchical levels of the dispersal syndromes (Figure 1), the
variation in diaspore morphology and in the group of dispersal
agent decreases from the upper to the lower levels. As a result,
the characteristics of the syndromes become more specific from
the upper to the lower levels.

The frequency of occurrence of dispersal syndromes within
each of the five hierarchical levels did not differ among the four
forest types (P > 0.05; Table 1).The overall dispersal spectrum
of the Atlantic Rainforest at PESM presents more species
dispersed by biotic agents, mainly animals that consume
diaspores and specifically birds, which disperse drupoid
diaspores (Figure 2).

Species were dispersed 6.8 to 15.8 times more by biotic than
by abiotic agents (> = 338.10, P < 0.001, d.f. = 3). The
frequency of animal dispersal was higher and that of wind
dispersal lower than expected based on the proportion of
species dispersed by biotic and abiotic agents, respectively (4> =
244.37, P < 0.001, d.f. = 3). Wind dispersal was the only abiotic
syndrome found in the forest types. Among animal-dispersed
species, bird dispersal was 2.7 to 3.5 times more common than
mammal dispersal (x> = 117.86, P < 0.001, d.f. = 3; Figure 3).

Within bird dispersal, there was 3.3 to 4 times more drupoid
diaspores than seeds with fleshy appendage attached (* =
324.78, P < 0.001, d.f. = 3). Within mammal dispersal, there
was 1.8 to 4.7 times more diaspores with attractive colours
(corresponding to those attractive to primates) than hard
(rodents), clear and opaque (bats), and large diaspores
(Carnivora) together (3> = 168.17, P < 0.001, d.f. = 3; Table
2). For further explanation on names, please see the “Protocol
for the classification of dispersal syndromes”™ at supplementary
material 1.

Considering all syndromes of level 5, drupoid diaspores,
diaspores with attractive colours and winged diaspores
occurred at higher frequencies than expected based on the
proportion of bird, mammal and wind-dispersed species
respectively. Seeds with fleshy appendage attached occurred
at a similar frequency to the expected based on the proportion
of bird-dispersed species. Conversely, hard, clear and opaque,
and large diaspores occurred less frequently than expected
based on the proportion of mammal-dispersed species (5> =
563.81, P < 0.001, d.f. = 12; Table 2).
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Discussion

In this study, we propose five hierarchical levels for the
classification of dispersal syndromes based entirely on diaspore
morphology. Using this classification, we found a similar
dispersal spectrum along the altitudinal range of PESM, which
is contrary to the expectation based on previous studies carried
on the Atlantic Rainforest and elsewhere (e.g., van der Pijl
1972, Roth 1987, Willson et al. 1990, Hughes et al. 1994,
Pedroni 2001, Almeida-Neto et al. 2008). Even though climate
is an important determinant of floristic composition along the
altitudinal range (Joly et al. 2012), it probably does not act as a
strong selective pressure on dispersal syndromes, hence result-
ing in the same dispersal spectrum among the forest types.
Alternatively, the selective pressures imposed by rainfall and
temperature may counteract each other and result in a similar
dispersal spectrum along the altitudinal range. Future studies
should also investigate whether the main groups of animal
dispersers change along the altitudinal range, so the dispersal
spectrum can be correlated with the dispersers at the study site.

Almost 90% of tree species at PESM are dispersed by biotic
agents, particularly animals, which is the highest proportion of
animal dispersal described for tropical forests elsewhere
(Pedroni 2001, Kinoshita et al. 2006, Almeida-Neto et al.
2008, Silva & Rodal 2009). This great proportion of animal-
dispersed species at PESM is likely to be related to high rainfall
throughout the year in the mountain range of “Serra do Mar”
and the high abundance of vertebrate frugivores in tropical
forests (Gentry 1982, Willson et al. 1989, Vicente et al. 2003,
Almeida-Neto et al. 2008). Most animal-dispersed species at
PESM are attractive to birds, as described in other studies
(Gentry 1982, Willson et al. 1989, Almeida-Neto et al. 2008).
Nevertheless, bird dispersal is 2.7 to 3.5 times more frequent
than mammal dispersal at our study site, which is a much
higher proportion than the previous described 2:1 for the
Neotropics (Gentry 1982, Almeida-Neto et al. 2008). Bird
dispersal is likely to have great implications for seed deposition
patterns and, consequently, for plant demography. This is
because these animals deposit high quantities of seeds in
specific sites (Debussche & Isenmann 1994, Takahashi &
Kamitani 2004), such as near plants with many fruit (Pizo &
Almeida-Neto 2009), taller plants that enable birds to better
visualize both preys and predators (McDonnell 1986,
Debussche & Isenmann 1994), and forest gaps (Debussche &
Isenmann 1994, but also see Loiselle et al. 1996 and Martini &
Santos 2007).
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Figure 2. Dispersal spectrum within five hierarchical levels of dispersal syndromes (A — E; please see Figure 1) for the Atlantic Rainforest tree species

in SE Brazil.

Most ornithochorous species found at PESM have drupoid
diaspores, which are highly likely to be dispersed by large birds.
The majority of mammal-dispersed species have diaspores
dispersed by primates, which are large animals and can carry
the diaspores distantly from the parent trees (Seidler & Plotkin
2006). Because large animals have larger home ranges (Kelt &
Van Vuren 2001) and may carry seeds over longer distances than
smaller animals (Seidler & Plotkin 2006), the seeds and seedlings
of species dispersed by them can benefit by escaping mortality
due to competition, predation and pathogen infestation near the
parent plant. Conversely, seeds and seedlings can also benefit
from colonization of new habitats (Wang & Smith 2002).

We found low occurrence of species dispersed by wind and
the parent plant itself at PESM. Wind dispersal is predominant
in regions of dry climate (van der Pijl 1972), unlike the Atlantic
Rainforest. Previous studies in this type of forest also found few
species dispersed by the parent plant itself (Vieira et al. 2002).
Possibly, the low frequency of dispersal by wind and the parent
plant itself arises from the low reproductive success of adults
that release their diaspores in dense vegetation where they
cannot travel long distances (Roth 1987). Additionally, the high
diversity of animal dispersers at tropical forests has likely acted
as a selective force driving the evolution of diaspores with
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characteristics attractive to animals.

This study shows that there are no differences in the
dispersal spectrum among different forest types along an
altitudinal range in the Atlantic Rainforest at PESM. This
indicates that probably the selective pressures on dispersal
syndromes resulting from climate conditions that vary within
this range are not strong or counteract each other, hence
resulting in the same dispersal spectrum among the forest types.
The high frequency of animal-dispersed species, specifically
bird-dispersed ones, contributes to the same dispersal spectrum
among forest types. The high occurrence of these syndromes
indicates that frugivorous animals, especially birds, are very
important for the maintenance of communities in the Atlantic
Rainforest unregard of altitude.
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Table 2. Percentage of occurrence of dispersal syndromes of level 5 (please see Figure 1) for four forest types of the Atlantic Rainforest in SE
Brazil. The syndromes of the immediate previous level are given for convenience.Tabela 2: Porcentagem de ocorréncia das sindromes de dispersao
do nivel 5 (favor ver Figura 1) em quatro tipos florestais da Mata Atlantica no sudeste do Brasil. As sindromes do nivel imediatamente anterior sdo

dadas por conveniéncia.

Dispersal syndromes

Forest type

Previous level Level 5 Restinga Lowland Submontane Montane
Bird dispersal Seeds with fleshy appendage attached 14.52 14.02 12.24 15.41
Drupospores 47.83 49.93 49.33 47.56
Baccaspores 7.06 2.16 3.36 2.98
Seeds without any nutritional reward 2.35 0.00 0.67 0.00
Mammal dispersal Hard diaspores 0.00 0.00 0.67 1.19
Diaspores with attractive colours 12.95 15.97 16.96 17.54
Clear and opaque diaspores 5.88 3.59 2.68 6.55
Large diaspores 1.18 0.72 0.67 0.00
Autochory Ballistic release 2.35 1.44 0.67 0.60
Wind dispersal Dust diaspores 0.00 2.88 4.03 1.79
Plumed diaspores 0.00 0.72 0.67 0.00
Winged diaspores 5.88 8.57 8.05 6.38
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Supplementary material 1: Protocol for the classifi-
cation of dispersal syndromes

This protocol includes a description of diaspore and
vegetative characteristics that will help to identify all forms of
diaspore dispersal. The exception are the following forms that
are absent from tree species or that do not present common
traits that indicate a dispersal syndrome: (1) dispersal by slugs,
which does not constitute a dispersal syndrome (Gervais et al.
1998, Tuerke et al. 2010); (2) dispersal by earthworms, which
also does not constitute a dispersal syndrome (Milcu et al.
2006); (3) dispersal by bees, described for only two tree species
with fruits that produce resin or wax (Wallace & Trueman
1995, Wallace et al. 2008); (4) dispersal by beetles, mainly
described for dung beetles, which collect facces containing seeds
primarily dispersed by vertebrates (Vulinec 2002). However,
beetles have also been found ingesting fruit pulp with seeds of
one parasitic species in the Mediterranean region (de Vega et al.
2011); (5) dispersal by weta, giant flightless crickets in New
Zealand (Burns 2006, Duthie et al. 2006); (6) ant-dispersed
species that form ant gardens and only occur in epiphytes (Ule
1905 apud van der Pijl 1972, van der Pijl 1972); (7) ant-dispersed
species with short stems that droop to the ground when the
seeds are ripe, which can only occur in herbaceous plants
(Handel & Beattie 1990); (8) dispersal by tree-frogs, found only
in a single bromeliad species (Silva et al. 1989); (9) woody or
dry fruits with small hard seeds produced by herbaceous plants;
(10) tumbleweeds, restricted to herbaceous plants, and (11)
diaspores that submerge in water, which only occur in aquatic
species (van der Pijl 1972). The main studies reviewed for the
elaboration of this protocol were: Ridley (1930), van der Pijl
(1972), Roth (1987), Herrera (1989), Banack (1998), Laubhann
& Puff (2002) and Dumont (2003). All characteristics described
here can be observed in herbarium specimens, photographs,
diagrams and information about the species in the literature.

The protocol is organized into hierarchical levels, according
to the diagram in Fig. 1 presented in the paper. The diagram
establishes a hierarchical classification of the dispersal syn-
dromes in five levels, each composed of several groups. At each
subsequent level of the hierarchy, the morphological character-
istics of the diaspores are given in greater detail, thus further
specifying the disperser agents. As a result, the characteristics of
the syndromes become more specific from the upper levels to
the lower levels. Nevertheless, some dispersal syndromes are
unfiled to all hierarchical levels. This happens because some
diaspores reach a high level of detail without showing
intermediate levels and, thus, are classified directly into level
5 of the hierarchy.

A list of all tree species sampled at four forest types of the
Atlantic Rainforest in Southeast Brazil and their dispersal
syndromes belonging to the five hierarchical levels proposed
herein can be found at supplementary material 2. In this
protocol, we only give examples of species with dispersal
syndromes that were not found at the study site.

1. Level 1: Dispersal by biotic agents

1.1. Level 2: Animal dispersal: animal-dispersed diaspores
can either be consumed or stick externally to the body of
animals (Ridley 1930, van der Pijl 1972).

1.1.1. Level 3: Endozoochory (diaspores consumed by
animals): endozoochorous diaspores usually contain a fleshy
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portion, such as fruits with pulp and seeds with fleshy
appendages attached. This fleshy portion primarily provides
nutrients and energy to the animals (Ridley 1930, van der Pijl
1972, Holldobler & Wilson 1990). The diaspores can present
odour, attractive colours (bright yellow, orange, red, pink,
purple, blue or black) and protection against premature
consumption, such as green colour and unpalatable substances
(van der Pijl 1972). The fruits may have hard or soft skin
(Banack 1998, Dumont 2003), and a sweet flavour because,
when ripe, their sugar content increases. Moreover, they
become softer due to the presence of pectin (Raven 2007).

1.1.1.1. Level 4: Ant dispersal: the characteristic diagnosing
this syndrome are seeds covered by an oleaginous external
portion, which generally makes up the elaiosome. The lipid
compounds are volatile and attract ants, which carry the seeds
to their nest to feed on the oleaginous portion, eventually
dispersing the seeds (Ridley 1930, van der Pijl 1972, Holldobler
& Wilson 1990). The groups of ant dispersal presented below
are intended only to facilitate the identification of diaspores
dispersed by ants and are not an actual level within the
syndrome. One example of species dispersed by ants is Mabea
fistulifera Mart.

i- Seeds with elaiosome attached: are characterized by the
presence of a fleshy appendage externally to the seed. It is rich
in lipids and is called the elaiosome (van der Pijl 1972,
Holldobler & Wilson 1990). It is usually white, contrasting with
the seed, which is dark, hard, smooth and apparently difficult
to destroy (van der Pijl 1972). One example of species that
produce seeds with an elaiosome attached is Mabea fistulifera.

ii- Seeds that secrete lipids by the testa: are characterized by
the presence of an oleaginous material distributed throughout
the whole fleshy testa. Sometimes, this material can be found in
small parts of the inflorescence that remain attached to the
seeds (Ridley 1930, van der Pijl 1972). Species of Ficus secrete
lipids by the testa, but we classified the five species of this genus
found in the forest types studied as mammal-dispersed, with
clear and opaque diaspores (correspondent to those attractive
to bats; item 1.1.1.5.3.) because they presented more character-
istics of this syndrome than of ant dispersal.

When the seed has no elaiosome attached or oleaginous
material distributed throughout its fleshy testa, characteristics
of the parent plant may indicate the occurrence of dispersal by
ants. In this case, the plants can facilitate the encounter of the
diaspores by ants, and also provide food and/or shelter for
them. Therefore, while foraging on the plant, the ants find the
diaspores and take them to their nests (Ridley 1930, van der Pijl
1972, Handel & Beattie 1990). The characteristics of the parent
plants indicating the occurrence of dispersal by ants are:

iii- Form of diaspore presentation: dehiscent fruits (open
spontaneously during maturation) that remain open for a long
time and infructescences with seeds that are easily accessible
(Handel & Beattie 1990, Gongalves & Lorenzi 2007). A
herbaceous species with the latter form of presentation of its
diaspores is Urera baccifera (L.) Gaudich. ex Wedd.

iv- Plants with extra-floral nectaries (EFNs) or post-floral
nectaries (PFNs): nectaries are glands that produce nectar, a
secretion rich in sugars. EFNs are usually located on the stem,
the petiole or the leaf blade (van der Pijl 1972, Holldobler &
Wilson 1990, Gongalves & Lorenzi 2007). The PFNs are
located next to the fruits and secrete nectar even during fruit
development (van der Pijl 1972, Ferri et al. 1981). One example
of species with EFNs is Acacia pycnantha Benth.

http://dx.doi.org/10.1590/S1676-06032014000313

v- Plants with formicaries: formicaries are spaces in the leaf
or on the stem that serve as shelter for ants (Holldobler &
Wilson 1990). A herbaceous species with formicaries is Tococa

formicaria Mart..

vi- Plants with food bodies: food bodies are small, pearl-like
epidermal structures, showing basal constriction. Lipids and
glycogen are the major metabolites of these structures, which
may be associated with EFNs and formicaries. The food bodies
are located in different parts of the plant, such as in the rachis
(main vein of compound leaves) and pinnule (last leaflets of
leaves with blades divided close to the main vein), or at the base
of the petiole (Ferri et al. 1981, Gongalves & Lorenzi 2007).
One example of species that have food bodies are those
belonging to Acacia.

1.1.1.2. Level 4: Fish dispersal: occurs in species that grow
on riverbanks or in flooded sites. Their diaspores are heavy and
fall off the parent plant into the water where they may either
sink or float. These diaspores may have hard skin, which can
only be opened by the jaws of fish, and many small, hard seeds,
which are not damaged during the passage through the
digestive tract (van der Pijl 1972, Kubitzki & Ziburski 1994).
One example of species dispersed by fish is Eugenia inundata
DC.

1.1.1.3. Level 4: Reptile dispersal (performed by lizards,
alligators and turtles): is characterized by fruits equipped with
odour (van der Pijl 1972), usually with a red or orange colour
(Klimstra & Newsome 1960), and that develop close to the
ground or fall off from the parent plant when ripe. Some species
have fruits equipped with hard skin (van der Pijl 1972). One
example of species dispersed by reptiles is Celtis australis L.

1.1.1.4. Level 4: Bird dispersal: diaspores dispersed by birds
are bright and show contrasting colours, such as red and black,
orange and black, and black or dark blue with light colours;
contrast between the diaspores and leaves; contrast between the
diaspores and its coloured auxiliary organs. The diaspores
usually have an edible part, such as the fruit pulp or fleshy
appendages attached to the seed. However, there are some bird-
dispersed seeds that do not have an edible part, although their
colour is attractive to birds and resembles seeds with fleshy
appendages or fleshy fruits. These seeds are commonly referred
to as mimetic (van der Pijl 1972, Laubhann & Puff 2002),
although there are other hypotheses for the evolution of such
colour pattern (see Peres & van Rossmalen 1996, Foster &
Delay 1998 and Galetti 2002). When immature, bird-dispersed
diaspores have an external protection against premature
consumption; the seeds also have a protection from premature
digestion (van der Pijl 1972). The diaspores are easily accessible
to birds, such as hanging fruit and/or seeds (van der Pijl 1972,
Roth 1987), rarely have an odour (van der Pijl 1972) and are
small (= 2 cm; Willson et al. 1989). Due to the great variation
of bird-dispersed diaspores, they can be classified according to
their morphology into the following groups:

1.1.1.4.1. Level 5: Seeds with fleshy appendage attached: are
characterized by seeds fully or partially covered by sarcotesta,
aril or ariloid structures (Barroso et al. 1999). These
appendages provide a contrasting colour with the seed. The
seeds are exposed in hard-skinned dehiscent fruits (van der Pijl
1972, Laubhann & Puff 2002).

1.1.1.4.2. Level 5: Drupoid diaspores: are characterized by
diaspores with a single or just a few seeds (the species analysed
showed up to six), which are large in relation to the diaspore.
The exocarp, or skin of the fruit or fruitlet, has attractive
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colours to birds and is not rigid. Drupoid diaspores are
indehiscent (do not open during maturation; Gongalves &
Lorenzi 2007). During the dispersal event, mainly large-bodied
birds can swallow the whole diaspore and carry its large seeds
(Wheelwright 1985). Small birds can sometimes swallow
diaspores with a single or just a few large seeds, but they are
less willing or able to carry the mass of ballast associated with
them (Mack 1993). Therefore, small birds are most likely to
only peck at the pulp of drupoid diaspores and do not act as
dispersers of their large seeds.

1.1.1.4.3. Level 5: Baccoid diaspores: are characterized by
diaspores with dozens or hundreds of small seeds immersed in
the pulp. The exocarp has attractive colours to birds and is not
rigid. Baccoid diaspores are indehiscent. During the dispersal
event, a bird carries several seeds belonging to the same baccoid
diaspore: the number of seeds varies with the size of the bird in
relation to the size of the diaspore, which may be swallowed
whole or have a portion pecked at. The terms drupoid and
baccoid diaspores were here employed because, even though
there are classifications for fruits in the literature, there are no
specific terms for diaspores (either a single fruit, or a fruitlet
from a compound fruit or infructescence) with these character-
istics.

1.1.1.4.4. Level 5: Seeds without any nutritional reward: are
characterized by seeds with colours similar to that of seeds with
a fleshy appendage so that they appear to have one. Seeds
without nutritional reward may also appear to be juicy, similar
to a fleshy fruit. However, they are hard and dry (van der Pijl
1972, Laubhann & Puff 2002).

1.1.1.5. Level 4: Mammal dispersal: the diaspores are usually
large (> 2 cm; Ridley 1930, van der Pijl 1972) and the seeds are
protected from premature digestion. Some fruits have an
external protection against premature consumption, while the
edible portion in others has a green colour even when ripe. The
ripe fruits may have a strong odour, which is typical of
diaspores dispersed by mammals (van der Pijl 1972). Mammal-
dispersed fruits have a watery pulp (van der Pijl 1972,
Albuquerque 2001) and hard or soft skin (Banack 1998,
Dumont 2003), lie outside the foliage attached to the stem or
near the ground, and fall off the parent plant continuously.
Attractive colours are not always present (van der Pijl 1972).
Mammals can also disperse dry fruits, or consume large seeds
with yellow or orange fleshy appendages. Due to the great
variation of mammal-dispersed diaspores, they can be classified
according to their morphology into the following groups:

1.1.1.5.1. Level 5: Hard diaspores (attractive to rodents): are
often equipped with a hard exocarp (van der Pijl 1972), green
pericarp and one or more seeds (Ridley 1930). The typical
odour found in mammal-dispersed fruits is absent (van der Pijl
1972). Some fruits belonging to this group are fleshy, made up
of red, green or yellow capsules, with seeds surrounded by a
white pulp (Ridley 1930). Seeds with hard, waxy ariloid
structures attached also belong to this group (van der Pijl 1972).

1.1.1.5.2. Level 5: Diaspores with attractive colours (attrac-
tive to primates): are characterized by the most coloured fruits
amongst those dispersed by mammals (van der Pijl 1972), with
black, purple, pink, yellow, orange or grey-green colours
(Ridley 1930). The fruits belonging to this group may have
hard or soft skin, a strong odour (but not a rotten smell) and
juiciness (van der Pijl 1972). Seeds with a yellow or orange aril
(Ridley 1930, van der Pijl 1972), much larger than those
dispersed by birds, also belong to this group (Ridley 1930).
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1.1.1.5.3. Level 5: Clear and opaque diaspores (attractive to
bats): are characterized by clear and opaque colours (van der
Pijl 1972), in shades of purple, blue, green, yellow, yellow-
green, white or orange. They contrast with the darker foliage
and make the diaspores more easily seen at night by bats
(Dumont 2003). Clear and opaque diaspores are unprotected
and exposed on branches, generally have a watery pulp (van der
Pijl 1972, Albuquerque 2001) and may be equipped with hard
or soft skin (Banack 1998, Dumont 2003). They often have a
strong odour, conferred by aromatic compounds; the odour is
not necessarily a rotten smell and may be imperceptible to
humans. The fruit shape is highly variable and may be spherical
to cob-shaped (M.A.R. Mello personal communication). The
fruits are of different sizes (Dumont 2003) and occur mainly in
the families Araceae, Clusiaceae, Cucurbitaceae, Moraceae,
Piperaceae, Solanaceae and Urticaceae (van der Pijl 1972,
Mello et al. 2008).

1.1.1.5.4. Level 5: Large diaspores (attractive to mammals
belonging to the order Carnivora): are characterized by fruits
that are much heavier (2.23 g + 4.05 g) than those dispersed by
birds and other mammals (with the exception of diaspores with
attractive colours and anachronistic fruits), rich in pulp (68.9%
+ 18.6% of fresh fruit mass) and with many seeds (60 * 258
seeds/fruit; Herrera 1989). They also have a specific odour and
commonly fall off the parent plant when ripe. Their colours are
attractive, such as red, black, and mainly brown, white, blue
and green (Ridley 1930, Herrera 1989). The fruits of this group
generally belong to herbaceous plants and to species of
Arecaceae (Ridley 1930, van der Pijl 1972).

1.1.1.5.5. Level 5: Anachronistic fruits: are characterized by
very large, indehiscent fruits (much larger than those belonging
to the other syndromes) with a pulp rich in oil, sugar or
nitrogen compounds. They lack any attractive colour. The
hardness, size and weight of these fruits are similar to those
consumed by large African mammals. These features indicate
that the anachronistic fruits were dispersed by the South
American megafauna, which became extinct about 10,000 years
ago. After the extinction of these animals, there might have
been a population decline of the plant species dispersed by
them, although some would still remain viable due to sporadic
dispersal by other agents (Janzen & Martin 1982, Guimaraes Jr.
et al. 2008). Other characteristics of anachronistic fruits are the
presence of seeds enclosed within a hard or thick endocarp, or
soft or fragile seeds that are very small or embedded in a hard
portion of the fruit (Janzen & Martin 1982). Examples of
species of this group are: Crescentia alata Kunth, Enterolobium
cyclocarpum (Jacq.) Griseb. and Hippomane mancinella L.

1.1.2. Level 3: Epizoochory (or exozoochory; diaspores that
cling externally to the body of animals): the diaspores do not
have an edible portion and therefore do not provide resources
for animals. They also do not have attractive colours and
odour, and have a rough texture (Sorensen 1986) and adhering
mechanisms such as thorns, barbs, hairs (usually hard and
curved), hooks or sticky exudates (van der Pijl 1972, Sorensen
1986, Raven 2007) which allow the diaspores to stick to animal
scales, feathers and fur. The diaspores may be dry fruits that are
easily detached from the parent plant when ripe. They develop
near the ground and occur mainly in herbaceous species (Ridley
1930, van der Pijl 1972). Examples of herbaceous epizoochor-
ous species are: Acanthospermum hispidum DC., Bidens laevis
(L.) B.S.P. and Desmodium psilophyllum Schlecht.; we did not
find any example of a tree species with this syndrome.
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1.2. Level 2: Self dispersal (dispersal performed by the
parent plant itself):

1.2.1. Level 3: Autochory (dispersal performed actively by
the parent plant): is characterized by diaspores with brown or
pale colours (Roth 1987). Autochorous diaspores can be
released from the parent plant in two ways:

1.2.1.1. Level 5: Explosive or ballistic release: is character-
ized by seeds and fruits with structures or mechanisms (turgor
and hygroscopic movements) that shoot the diaspores away
from the parent plant. They are usually dry fruits (van der Pijl
1972, Albuquerque 2001).

1.2.1.2. Level 5: Blastochory: is characterized by the growth
of branches with fruits at the tip, causing the seeds to fall
further away from the parent plant (van der Pijl 1972).
Examples of herbaceous species of this group are: Aegilops
ovata L. and Erodium ciconium (L.) L’Hér.; we did not find any
example of a tree species with blastochorous diaspores.

1.2.2. Level 3: Barochory (fall of the diaspores because of
gravity): is characterized by diaspores with aerodynamic shapes
such as a round one, and a relatively large mass (van der Pijl
1972). Some barochorous species have dry fruits (such as
capsules that open at the sept; Gongalves & Lorenzi 2007),
from which the seeds are detached (Albuquerque 2001).

2. Level 1: Dispersal by abiotic agents

2.1. Level 2: Wind dispersal: is characterized by dry fruits
without attractive colours, which is often brown. The fruits are
equipped with numerous seeds of generally small mass (van der
Pijl 1972). Wind-dispersed diaspores can be classified according
to their morphological characteristics into the following
groups:

2.1.1. Level 5: Dust diaspores: are characterized by very
small and light weighted seeds (about 10 g; van der Pijl 1972).

2.1.2. Level 5: Balloons: are characterized by small seeds
with testa in the shape of a balloon, or balloon-shaped fruits
such as inflated and indehiscent pods. Sometimes this shape is
provided by an auxiliary organ such as a bracteole or the
perianth (van der Pijl 1972). One example of species of this
group is Colutea arborescens L.

2.1.3. Level 5: Plumed diaspores: have hairs originated from
different structures. The hairs can be long (single or more than
one) or occur in tufts (van der Pijl 1972). Some plumed seeds
are encased in a capsule or pod and the hairs expand externally
to the fruit. These hairs can be thin, simple, straight and silky;
branched or tangled; or form a woolly mass (Ridley 1930). The
diaspores belonging to this group have well-developed, smooth,
silky hairs, different from the hard ones of epizoochorous
diaspores (Sorensen 1986).

2.1.4. Level 5: Winged diaspores: are characterized by one or
more flattened protrusions called wings, which may originate
from the seed, the fruit or auxiliary organs (van der Pijl 1972).

2.1.5. Level 5: Wind-ballists (anemoballists): are character-
ized by diaspores that are released explosively after a gust of
wind. They are heavier than wind-dispersed diaspores belong-
ing to the other groups (van der Pijl 1972). One herbaceous
species of this group is Papaver somniferum L.; we did not find
any example of a tree species dispersed ballistically by wind.

2.2. Level 2: Water dispersal: occurs mainly in plants from
aquatic environments (Ridley 1930, van der Pijl 1972), but has
also been described for a herbaceous species in the Atlantic
Rainforest (Pizo & Morellato 2002). The diaspores can often
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float, at least for short distances, and are heavier than those
dispersed by wind (Ridley 1930, van der Pijl 1972). One
example of a species dispersed by water is Cocos nucifera L.
Water-dispersed diaspores can be classified according to their
morphological characteristics into the following groups:

2.2.1. Level 5: Rain wash (ombrohydrochory): is character-
ized by brown coloured dry fruits equipped with numerous
seeds, as in some wind-dispersed diaspores. However, they are
heavier than the latter (van der Pijl 1972). Examples of
herbaceous species of this group are: Geigeria acaulis (Sch.
Bip.) Benth & Hook. Ex Oliv. & Hiern., Leptaleum filifolium
(Willd.) DC. and Sedum acre L.; we did not find any example of
a tree species with rain wash dispersal.

2.2.2. Level 5: Rain-ballists: are characterized by seeds that
are released explosively from the fruit driven by rainfall. The
seeds are released from cup-shaped fruits, by a catapult
mechanism of the fruit or through fruit pores (van der Pijl
1972, Pizo & Morellato 2002). The latter was described for
Bertolonia mosenii Cogn. (Melastomataceae), a perennial herb of
the Atlantic Rainforest: the rainfall squeezes the seeds out of the
triangular capsule-fruit through pores present at its vertices
(known as the squirt-corner mechanism). The seeds are obovate
(oval-shaped, with a wider part toward the apex of the seed) and
cleaved (club-shaped, with a dilated portion on the extremities;
Ferri et al. 1981, Pizo & Morellato 2002), contrasting with the
seeds released from cup-shaped fruits, which are lenticular (lens-
shaped; Pizo & Morellato 2002). Examples of herbaceous species
of this group are: Bertolonia mosenii, Ocimum basilucum L. and
Thlaspi perfoliatum L.; we did not find any example of a tree
species dispersed ballistically by rain.

2.2.3. Level 5: Floating diaspores: are generally seeds that
have both a waterproof testa and low density, which is possible
due to the presence of aerenchyma, light albumen and
cotyledons, or corky tissues (van der Pijl 1972). Examples of
species of this group are: Cocos nucifera and Hevea brasiliensis
(Willd. ex Adr. de Juss.) Muell-Arg.

Diaspores without specific morphological characteristics: are
characterized by the absence of morphological features that
allow us to identify the syndrome to which they belong.
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Floristic composition of the Montane Forest in the Almadina—Barro Preto axis, Southern
Bahia, Brazil

Macielle Macedo Coelho’ & André Mdrcio Amorim®>

"Universidade Estadual de Feira de Santana — UEFS, Departamento de Ciéncias Biologicas, Programa de
Pos-Graduagdo em Botdnica, Av. Transnordestina, sin, Novo Horizonte Caixa Postal: 252 ¢ 294 CEP.:
44036-900, Feira de Santana, Bahia, Brasil. http:/lwww2.uefs.brlppgbot e-mail: maciellemacedo@hotmail.com
2 Universidade Estadual de Santa Cruz — UESC, Departamento de Ciéncias Bioldgicas, Km 16, Rodovia
Ilhéus-Itabuna CEP.: 45662-900, Ilhéus, Bahia, Brasil. http:/lwww.uesc.br
3Herbdrio Centro de pesquisas do Cacau, Herbdrio André Mauricio Vieira de Carvalho — CEPEC, Caixa
Postal 7, Km 22, Rodovia Ilhéus-Itabuna CEP.: 45600-970, Itabuna, Bahia, Brasil. http://www.ceplac.gov.br
e-mail: amorim.uesc@gmail.com

COELHO, M.M. AND AMORIM, A.M. Floristic composition of the Montane Forest in the Almadina—
Barro Preto axis, Southern Bahia, Brazil. Biota Neotropica. 14(1): €20133878. www.biotaneotropica.org.
br/vl4nl/en/abstract?inventory+bn00387812014

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 Espirito 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.

Keywords: Atlantic Forest, Biodiversity conservation, Floristic survey and Remnant forests.

COELHO, M.M. AND AMORIM, A.M. Composicio floristica em Floresta Montana no eixo Almadina-
Barro Preto, sul da Bahia, Brasil. Biota Neotropica. 14(1): e20133878. www.biotaneotropica.org.br/
v14nl/pt/abstract?inventory+bn00387812014

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 municipios de Almadina e Barro Preto, respectivamente, e distantes 18 km um do
outro. Foram registradas 899 espécies de angiospermas distribuidas em 437 géneros e 116 familias. A
SCO foi a area mais rica em espécies, com um total de 678 espécies distribuidas em 367 géneros e 100
familias, enquanto a SPL apresentou 466 espécies em 269 géneros e 88 familias. O percentual de espécies
identificadas foi de 85,8%. Desse total, 37,7% sao endémicas da Floresta Atlantica e 11,2% sdo endémicas
do sul da Bahia e norte do Espirito Santo. A distribui¢ao disjunta entre Florestas Atlantica e Amazonica
foi constatada em 7% das espécies inventariadas. O percentual restante (44,3%) foi de espécies
amplamente distribuidas no Brasil. As familias mais ricas nas duas areas foram Orchidaceae (com 10%),
Rubiaceae (7%), Bromeliaceae (5,5%), Melastomataceae (4,2%) e Poaceae (4%). Ja os géneros 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 habito ndo-arboreo com relagio as formas de vida
documentadas. Isso vem de encontro com a afirmativa de diversos autores de que em florestas tropicais a
grande riqueza nas angiospermas ¢ esperada para as espécies nao-lenhosas, especialmente na Floresta
Montana. Até o momento, doze espécies foram apontadas como novas, além de outras sete ja descritas a
partir das colegdes obtidas anteriormente nessas duas areas. Orchidaceae, Rubiaceae, Bromeliaceae ¢
Poaceae apresentaram significativa riqueza nesse estudo e sao familias comumente reportadas como as
mais ricas em outros inventarios na Floresta Atlantica no sul da Bahia comprovando sua importancia na
flora local. Os altos indices de riqueza, endemismo e o crescente numero de novidades taxonomicas
provenientes de ambas as areas indicam a importancia biologica desses dois remanescentes. A
implementacdo de parques ou demais reservas ambientais protegidas seriam essenciais para a

Palavras-chave: Floresta Atldntica, Conserva¢do da biodiversidade, Documenta¢do floristica e

2
conservagiao de suas espécies.
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 Parana 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
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regimes, and phytogeographic units because of its wide latitude
(approximately 27°), 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 Espirito 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

http://dx.doi.org/10.1590/S1676-06033878



Biota Neotrop., 14(1): €20133878, 2014

Floristic of Almadina-Barro Preto/Bahia Montane Forest

formations gradually change to ombrophilous forests, semi-
deciduous forests, and seasonally dry deciduous forest as one
moves from east to west (Gouvéa 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 (100600 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
(Gouvéa, 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 (14°46’S and 39°32'W) 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
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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 (14°42’S and 39°36’W) 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
Bromeliaceaec 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 (Koppen) 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 23°C and 24°C,
with a thermal range of 10°C to 14°C. 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

http://[www.scielo.br/bn



Biota Neotrop., 14(1): €20133878, 2014

Coelho M.M. & Amorim A.M.

Pontos de Estudo

Bahia
msco
Almadina @
®
O sPL Barro preto
40°30'0"W 40°0'0"W 39°30'0"W 39°0'0"W 38°30'0"W 38°0'0"W
Situagao Geografica
Legenda
l:l Limites Estaduais
@ llhéus
® Salvador
O Km
0 1020 40 60 80 B Depiele
Escala Absoluta - 1:1.500.000 @ Aimadina
Sistema de Coordenadas: Geografica
Datum: South American Datum - 1969 @ serra da Pedra Lascada
Meridiano Central: 39° / Fuso: 24
[l Serra do Corcovado

[Above map] Study Point

[On map] Atlantic Ocean ( all others are names of places)
[Small map to left] Geographical Location
[Right]

Key

State Borders (all others are names of places)
[Bottom Center]

Absolute Scale: 1:1500,00

System of Coordinates: Geographical

Datum: South American Datum, 1969
Central Meridian: 30°/Time zone: 24

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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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.

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.
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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 Espirito 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),
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Figure 3. Endemic species

A and B: Portea filifera (Bromeliaceae), an endemic species of southern
Bahia. C: Chamaecostus cuspidatus (Costaceae), an endemic species of
the Atlantic Forest. D: Bertolonia bullata (Melastomataceae), an
endemic species of southern Bahia. E: Dorstenia hirta (Moraceae), an
endemic species of the Atlantic Forest. F: Notopleura tapajozensis
(Rubiaceae), a disjunct species between the Amazonian and Atlantic
forests. Photos A, B, D.E and F were taken by André Amorim. Photo C
was taken by Macielle Coelho.

accounting for 59.4% of the liana species recorded. The
Orchidaceae family consisted of the highest number of epiphytic
species (74 species), followed by Bromeliaceae (47 species),
Araceae (25 species), and Piperaceae (12 species), accounting for
82.7% of the epiphytic species recorded. The Myrtaceae family
had the highest number of arboreal species (25 species), followed
by Fabaceae (23 species), Rubiaceae (22 species), Lauraceae (21
species), Melastomataceae (18 species), Annonaceae (10 species),
and Euphorbiaceae and Sapindaceae (9 species each), accounting
for 34.6% of the arboreal species sampled.

In addition to the seven angiosperm species recently
described following the first field trips to SPL and SCO, 12
other species have been identified by nine specialists till date.
Some of these species are in the description phase, including
one species each of Philodendron (Araceae), Vriesea
(Bromeliaceae), Dichorisandra (Commelinaceae), Bertolonia
(Melastomataceae), Ichnanthus (Poaceae), Myrsine
(Primulaceae), Faramea and Psychotria (Rubiaceae), Cupania
(Sapindaceae), and Symplocos (Symplocaceae) and two species
of Peperomia (Piperaceae).

Discussion

From a floristic perspective, the abundance and percentage
of endemic Atlantic Forest species found in the two areas
surveyed (SCO and SPL) are corroborated in previous studies
indicating that this environment is one of the richest
ecosystems in Brazil with high levels of endemism (Mori et
al. 1981, Gentry 1992, Martini et al. 2007, Murray-Smith et al.
2008, Amorim et al. 2009, Forzza et al. 2012). Southern Bahia
is considered one of the three regions of endemism in the
Atlantic Forest and one of the six regions with high levels of
endemic plants threatened with extinction (Murray-Smith et al.
2008). However, research and conservation measures focused
on this region are still inadequate (Carnaval and Moritz 2008,
Amorim et al. 2009). The percentage of endemism among the
species in southern Bahia and northern Espirito Santo found in
this study (11.2%) was similar to that obtained by Amorim et al.
(2009) in the Montane Forest (7.4%) but lower than
that obtained in areas of lowland ombrophilous forests
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Figure 4. The most abundant angiosperm families in the vestigial forests of Serra do Corcovado (SCO) and Serra da Pedra Lascada (SPL) located in

southern Bahia, Brazil
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Figure 5. The most abundant angiosperm genera in the vestigial forests of Serra do Corcovado (SCO) and Serra da Pedra Lascada (SPL) located in

southern Bahia, Brazil
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Figure 6. Life forms found in distinct areas of the Atlantic Forest in southern Bahia: Serra do Corcovado (SCO), Serra da Pedra Lascada (SPL),
Serra Bonita (SBO), Serra das Lontras (SLO), Una Biological Reserve (UNA), and Serra do Teimoso Natural Reserve [Patrimonio Natural Serra do
Teimoso (TMS)]

(18.9%-28.1% of the total flora) (Thomas et al. 1998, Amorim In the two study areas, Psychotria, Piper, Ocotea, Vriesea,
et al. 2008). However, the endemism in the Montane Forest  and Peperomia were the most abundant genera in terms of the
appears to be more local, with species recorded only in these number of species; these were also the most representative
elevation zones, as exemplified by the recent addition of species  genera in previous study conducted in similar areas, with the
to genera such as Bertolonia, Dichorisandra, Macrocarpaea,  exception of Vriesea (Amorim et al. 2009), which is epiphytic.
Quesnelia, and others. In addition, the genera represented by a single species

Table 2. Comparison of taxonomic diversity and life forms from four montane areas of southern Bahia and other areas of Atlantic Forest. SCO =
Corcovado Mountain, SPL = Pedra Lascada Mountain, SBO = Serra Bonita Mountain, SLO = Lontras Mountain, UNA = Una Biological
Reserve, TMS = Teimoso Mountain. Epi./Hemiepiph. = Epiphytes and hemiepiphytes, Climb. = Climbers, Herb. = Herbaceous, Arb./Shr. = Trees
and shrubs. (Adapted from Amorim et al. 2009 with updates numbers).

Locality N. spp. N. gen. N. fam. Arb./Shr. (%) Herb. (%)  Climb. (%)  Epi./Hemiepiph. (%)
SCO 680 367 100 49 17,3 11,5 21
SPL 463 269 88 48 18 10 23,7
SBO 905 451 126 52,4 17,5 13,5 14,7
SLO 910 421 122 45,7 14 11,4 27,1
UNA 947 435 108 51,3 20,5 17,8 10,4
TMS 667 363 100 53,2 19,8 14,5 12,5
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accounted for 29.4% of the total, which was close to the
percentage (23.6%) obtained by Amorim et al. (2009).

In terms of the number of species, the families Orchidaceae,
Rubiaceae, Bromeliaceae, and Poaceae were abundant not only
in SCO and SPL but also in other areas of the Atlantic Forest
(Pabst and Dungs 1975, Soderstrom et al. 1988, Giulietti et al.
2005, Martinelli et al. 2008, Amorim et al. 2009). Furthermore,
Melastomataceae is another family with a high number of
species in the areas surveyed and constitutes an important
Atlantic Forest group, considering the species abundance
(Oliveira-Filho and Fontes 2000, Rocha and Amorim 2012).

The abundance of Asteraceae, Melastomataceae, and
Solanaceae tends to increase with altitude in the Atlantic
Forest (Oliveira-Filho and Fontes 2000). According to Amorim
et al. (2009), these families are among the most abundant
families in the mountainous areas of southern Bahia, including
SCO and SPL reported in the present study. In contrast, the
abundance of Chrysobalanaceae, Rutaceae, and Sapotaceae
tends to decrease with an increase in the altitude (Oliveira-Filho
and Fontes 2000). In the present study, the latter three families
contained five, seven, and six species, respectively, and were
among the least abundant families. On the other hand, in the
study of Amorim et al. (2005), a high abundance of Rutaceae
was detected in a montane region.

One of the main differences in floristic documentation
between the present study and previous studies is related to the
families Burseraceae and Combretaceae. These families have
been reported to be generally highly abundant in the lowlands
of southern Bahia (Amorim et al. 2005). In contrast, we did not
identify the family Burseraceae and found a low representa-
tiveness of the family Combretaceae in the present study.

With regard to the life forms documented, more than 50%
of the species recorded in the two areas were nonarboreal
(64.8% in SCO and 66.3 in SPL). This is in accordance with
previous findings that in tropical forests, a high abundance of
angiosperms is expected for nonwoody species (Gentry and
Dodson 1987, Gentry 1988, Webster 1995), particularly in the
Montane Forest. In addition, these values are very similar to
those found in PARNA Serra das Lontras and in RPPN Serra
Bonita and, to a lesser extent, in RPPN Serra do Teimoso and
REBIO de Una (Amorim et al. 2009). However, the latter two
regions represent very different physiognomies than SCO and
SPL: RPPN Serra do Teimoso has a strong seasonal influence,
whereas REBIO de Una is situated in a submontane area near
the coast.

With regard to the Atlantic Forest regions located in
southeast Brazil, our results were very similar to those of Lima
and Guedes-Bruni (1997) in Maca¢ de Cima and, to a lesser
extent, to the inventory of the Juréia Mountains (Mamede et al.
2001), indicating that this pattern of life forms is similar to that
observed in the Atlantic Forest. Subtle differences in the life
forms can be observed, for example, the greater abundance of
climbing species in SCO than in SPL and the greater abundance
of epiphytic species in PARNA Serra das Lontras in contast to
the greater abundance of herbaceous species in REBIO de Una
and RPPN Serra do Teimoso. However, the homogeneity in the
patterns of life forms is evident in these distinct locations, as
described by Amorim et al. (2009) in a floristic study conducted
in three montane areas in southern Bahia.

According to the Lista de Espécies da Flora do Brasil (2012)
[List of Species of the Brazilian Flora (2012)], three species were
not found in the Atlantic Forest: Cattleya elongata
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(Orchidaceae), M. leuconeura (Primulaceae), and Passiflora
nitida (Passifloraceae). Of all the species sampled, 47 are new
occurrences in northeast Brazil, four are new occurrences in
southern Bahia, and eight are new occurrences in Bahia. Of the
47 new occurrences, Vanilla cf. bicolor (Orchidaceae) and Piper
subglabrifolium (Piperaceae) were known only in the State of
Amazonas in northern Brazil. In addition, it should be
emphasized that 32 species found in SCO and SPL have been
classified into various categories of threat of extinction,
including Bactris pickelli (Arecaceae), Rhipsalis baccifera subsp.
hileiabaiana (Cactaceae), Abarema cochliacarpos and Inga
grazielae (Fabaceae), Heteropterys bullata (Malpighiaceae),
and C. warneri (Orchidaceae), all of which are in the vulnerable
category (MMA 2008, Biodiversitas 2009).

The presence of disjunct taxa between the Amazonian and
Atlantic forests (6.8%, represented by 78 species) reinforces the
idea of possible floristic connections between southern Bahia
and the Amazonian Forest during the Quaternary era (Prance
1979, Oliveira-Filho and Ratter 1995, Carnaval and Moritz
2008). Although the percentage of species typically found in the
Amazonian Forest is lower in the Montane Forest than in
lowland areas, the disjunct distribution between taxa of the
Atlantic and Amazonian forests has been previously reported
(Andrade-Lima 1953, Prance 1979, Mori et al. 1981, Gentry
1982, Rizzini 1997, Amorim et al. 2008, 2009). The presence of
common species among Bahia, Espirito Santo, and Rio de
Janeiro (40 species; 3.5%) indicates another pattern in taxa
distribution, which is in agreement with the study of Oliveira-
Filho et al. (2005), which suggests the occurrence of a
continuous gradient in the ombrophilous forests, from Rio de
Janeiro to the south of Bahia.

The percentage of species not yet described (1.3%) was
similar to that reported in studies by Amorim et al. (2005)
(1.8%) and Amorim et al. (2009) (3.5%). These figures when
added to the recently published species collected in SCO and
SPL, such as A. viridipetala A.F.Costa and Amorim
(Bromeliaceae), M. atlantica J.R.Grant and V.Trunz and M.
orbiculata J.R.Grant and V.Trunz (Gentianaceae), B. bullata
Baumgratz, Amorim, and A.B.Jardim and M. dorsaliporosa
R.Goldenb and Reginato (Melastomataceae), Myrcia lascada
Sobral (Myrtaceae), and Carrapichea lucida J.G.Jardim and
Zappi (Rubiaceae), together with the records of other species
previously unknown in southern Bahia (7.9%) indicate the lack
of floristic studies in this region (Amorim et al. 2009). In
addition to the rare and unknown angiosperm species, the
presence of species of ferns and lycophytes also deserves
attention, particularly in SCO, where the Diplazium fimbriatum
(Athyriaceae) (Mynssen and Matos 2012) type originates and
where Adiantum diphyllum (Pteridaceae), a rare and endemic
species of Bahia, was detected during the initial field trips to the
area (Sundue and Prado 2005).

Therefore, floristic surveys that contribute to the descrip-
tion of new species and help delimit the distribution of
occurrence of taxa constitute rich sources of information for
the studies on biodiversity and conservation because these
surveys will enable the identification of hotspots that should be
prioritized in future conservation projects, at both the state and
national levels. Till date, there has been no effective action for
the establishment of legal protection units in SCO and SPL,
which is a cause for concern, considering the abundance of
vascular plants and the high number of new and endemic
species documented, in addition to the large number of
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threatened species. Morever, the results of the present study
revealed the ecological importance of the vestigial Montane
Forest in southern Bahia and the need for further surveys in
these areas. We believe that the data presented here will be
useful in developing future conservation strategies in these
areas, while serving as the fountation for future ecological,
phylogenetic, and taxonomic studies, thereby complementing
studies on local biodiversity, which are necessary for the
preservation of these ecosystems.
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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.
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Neotropica. 14(1): €20130071. www.biotaneotropica.org.br/v14nl/PT/abstract?short-communication+
bn00914012014

Resumo: Durante um evento de predacdo um individuo juvenil de Epinephelus adscensionis (peixe-gato)
alimentou-se de Ophioblennius trinitatis (macaquinho). E 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 Atlantico.

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

http://dx.doi.org/10.1590/S1676-06032014007113

& 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 — 8°44'26” S and 35°05'11" 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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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.

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.

http://www.scielo.br/bn

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 (Lopez & 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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Abstract: The Parnaiba 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 Parnaiba
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 Parnaiba 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 Parnaiba River basin, distributed in 103 genera, 36 families and 11
orders. The registered endemism reached a total of 54 species.

Keywords: Parnaiba River, Ichthyofauna, Northeastern Brazil, Neotropical Region.

RAMOS, T.P.A., RAMOS, R.T.C., RAMOS, S.A.Q.A. Ictiofauna da bacia do Parnaiba, Nordeste do
Brasil. Biota Neotropica. 14(1): €20130039. http://www.biotaneotropica.org.br/v14nl/pt/abstract?inventor-
y+bn01014012014

Resumo: O rio Parnaiba é o maior rio cuja bacia hidrografica esta inteiramente situada na regido
Nordeste do Brasil. E um dos poucos rios perenes do Nordeste e encontra-se sob dominio predominante
de Caatinga (com drenagens intermitentes associadas a este tipo de ambiente), uma parte estendendo-se
em regido de Cerrado. Este estudo descreveu a diversidade da ictiofauna de agua doce da bacia do rio
Parnaiba através da realizagio de um amplo inventario. O desenho amostral baseou-se no
estabelecimento de (1) Pontos Fixos de coleta sazonal (seca e cheia, dois anos de coleta) nas trés
porgdes do curso principal do rio Parnaiba, e (2) coletas do tipo “AquaRap”, que cobriram toda a bacia.
O esforgo de coleta somou 244 pontos visitados ao longo da bacia entre os anos de 2004 ¢ 2011. Os peixes
foram coletados com o uso de redes de arrasto, tarrafas, esperas e pugas; apenas os dois primeiros tipos
de apetrechos foram utilizados nos Pontos Fixos. Como resultado, foram registradas 146 espécies de
peixes de agua doce na bacia do rio Parnaiba, distribuidas em 103 géneros, 36 familias ¢ 11 ordens; o
endemismo registrado foi de 54 espécies.

Palavras-chave: Rio Parnaiba, Ictiofauna, Nordeste brasileiro, regido 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 Sdo Francisco and Parnaiba rivers,
which are perennials (Rosa et al. 2003). The Parnaiba 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 Maranhao-Piaui ecoregion. Only a small part

http://dx.doi.org/10.1590/S1676-06032014003913

of its drainage is associated with the Cerrado area (Rosa et al.
2003).

The volume of information related to the fish fauna of the
Parnaiba 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 Parnaiba 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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Parnaiba 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 Parnaiba 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
Parnaiba 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
Parnaiba 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 Parnaiba
River; and fisheries at the Parnaiba 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 Parnaiba River basin. This scenario shows that the
Parnaiba River basin is still poorly known ichthyologically. A
more in-depth analysis currently in preparation by the authors
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point that the level of endemism of the Parnaiba 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 Parnaiba 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 Parnaiba River
basin through an extensive inventory.

Material and Methods
1. Study area

The main course of the Parnaiba 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 km? (3.9% of Brazilian territory)
and draining nearly the entire Piaui State (99% of the territory),
part of Maranhao (19%) and Ceara (10%) States. The main
channel extends between Maranhdo and Piaui States, defining
the border between them in its entire length. The Parnaiba
River basin includes 143 tributaries on the Piaui side, and 74 on
the Maranhao side; part of tributaries on the east margin have
their headwaters in Ceara State. The main tributaries of the
-44.000

-42.000 -40.000
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Figure 1. Map of the Parnaiba 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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Parnaiba river are: the Balsas River (Maranhao side); Poti and
Portinho Rivers (Piaui side, with headwaters in Ceara State);
Caninde, Piaui, Gurguéia, and Longa Rivers running exclu-
sively in Piaui State. The Parnaiba 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
Smm), 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
Laboratério de Sistematica e Morfologia de Peixes of
Universidade Federal da Paraiba. This ichthyological material
was deposited into the Ichthyological Collection of the
Departamento de Sistematica e Ecologia of the same university.

Meristic and morphometric data were taken according to
Hubbs & Lagler (2006). The systematic list follows Nelson
(20006).

Results and Discussion

1. Ichthyofauna

This study recorded 146 species of freshwater fish in the
Parnaiba 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 Parnaiba 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 Parnaiba 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

http://dx.doi.org/10.1590/S1676-06032014003913

Table 1. List of species of freshwater fish of the Parnaiba River basin
analyzed on this study: ® Endemic Species; " Introduced species;
record from the literature (not confirmed by this study — literature
source: ! Reis et al., 2003; ) Rosa et al. (2003); ! Buckup et al.,
2007); ™ New Record.)

ORDER MYLIOBATIFORMES
Family Potamotrygonidae
Potamotrygon signata Garman, 1913®
Potamotrygon orbignyi (Castelnau, 1855
ORDER OSTEOGLOSSIFORMES
Family Osteoglossidae
Arapaima gigas (Cuvier, 1829)
ORDER CLUPEIFORMES
Family Pristigasteridae
Pellona flavipinnis (Valenciennes, 1836)
Family Engraulidae
Anchovia surinamensis (Bleeker, 1865)
Anchoviella guianensis (Eigenmann, 1912)™N®)
Anchoviella lepidentostole (Fowler, 1911)N®
Pterengraulis atherinoides Schultz, 1949
Lycengraulis batesii (Glinther, 1868)
ORDER CHARACIFORMES
Family Parodontidae
Apareiodon sp.
Apareiodon davisi Fowler, 1941N®)
Apareiodon machrisi (Travassos, 1957)
Family Curimatidae
Curimatella immaculata (Fernandez-Yépez, 1948
Curimata macrops (Eigenmann & Eigenmann, 1889)®
Psectrogaster rhomboides Eigenmann & Eigenmann,
1889
Steindachnerina notonota (Miranda Ribeiro, 1937)
Family Prochilodontidae
Prochilodus lacustris Steindachner, 1907®
Family Anostomidae
Leporinus friderici (Bloch, 1794)
Leporinus obtusidens Valenciennes, 183
Leporinus piau Lutken, 1875
Leporinus reinhardti Litken, 18750®)
Schizodon knerii (Steindachner, 1875)N®)
Schizodon rostratus (Borodin, 1931)®
Schizodon dissimilis (Garman, 1890)®
Family Chilodontidae
Caenotropus labyrinthicus (Kner, 1858)
Famiilia Crenuchidae
Characidium cf. bahiense Almeida, 1971N%
Characidium bimaculatum Fowler, 1941
Characidium zebra Eigenmann, 1909N®)
Characidium sp.1
Characidium sp.2
Family Hemiodontidae
Hemiodus parnaguae Eigenmann & Henn, 1916
Family Characidae
Astyanax aff. bimaculatus (Linnaeus 1758)
Astyanax aff. fasciatus (Cuvier 1819)
Bryconops cf. melanurus (Bloch, 1794)
Bryconamericus sp.
Ctenobrycon hauxwellianus (Cope, 1870)-?
Creagrutus™® sp.
Hemigrammus marginatus Ellis, 19110®)

)(NR)

(D

)(NR)

6(NR)

(E)

Continued on next page
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Table 1. Continued.

Hemigrammus sp.
Hyphessobrycon sp. 1
Hyphessobrycon sp. 2
Gymnocorymbus thayeri Eigenmann, 19082
Jupiaba polylepis (Ginther, 1864)N®
Knodus victoriae (Steindachner, 1907)®
Moenkhausia sp.
Moenkhausia lepidura (Kner, 1858) &
Moenkhausia sanctaefilomenae (Steindachner, 1907)
Psellogrammus kennedyi (Eigenmann, 1903)™R)
Phenacogaster calverti (Fowler, 1941)
Roeboides margareteae Lucena, 2003®
Roeboides sazimai Lucena, 2007
Brachychalcinus parnaibae Reis, 1989®)
Poptella compressa (Glnther, 1864)
Tetragonopterus argenteus Cuvier, 1816
Compsura heterura Eigenmann, 1915
Serrapinnus heterodon (Eigenmann, 1915)
Serrapinnus piaba (Litken, 1875)
Serrapinnus sp.
Family Serrasalmidae
Colossoma macropomum (Cuvier, 1816)"
Metynnis lippincottianus (Cope, 1870)
Myleus asterias (Miiller & Troschel, 1844)
Mpylossoma aureum (Agassiz, 1829)->
Pygocentrus nattereri Kner, 1858
Serrasalmus rhombeus Liitken, 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
TtuglanisN®sp.
Family Callichthyidae
Callichthys callichthys (Linnaeus, 1758)
Hoplosternum littorale (Hancock, 1828)
Aspidoras raimundi (Steindachner, 1907)®
Corydoras julii Steindachner, 1906
Corydoras treitlii Steindachner, 1906®
Corydoras vittatus Nijssen, 1971
Family Loricariidae
Otocinclus hasemani Steindachner, 1915
Parotocinclus cearensis Garavello, 1977N®)
Parotocinclus haroldoi Garavello, 1988®
Parotocinclus sp.
Limatulichthys griseus Eigenmann, 1909
Loricaria parnahybae Steindachner, 1907
Loricaria sp.
Loricariichthys derbyi Fowler, 1915
Rineloricaria™® sp.
Ancistrus damasceni (Steindachner, 1907)®)
Ancistrus sp.1
Ancistrus sp.2
Hypostomus johnii (Steindachner, 1877)®

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)
Family Aspredinidae

Aspredo aspredo (Linnaeus, 1758)
Family Heptapteridae

ImparfinisN®sp.

Pimelodella parnahybae Fowler, 1941

Pimelodella cf. steindachneri Eigenmann, 1917

Phenacorhamdia™®sp.

Rhamdia quelen (Quoy & Gaimard, 1824)
Family Doradidae

Hassar affinis (Steindachner, 1881)®

Platydoras brachylecis Piorski, Garavello, Arce H. &

Sabaj Pérez, 2008

Family Auchenipteridae

Ageneiosus inermis (Linnaeus, 1766)

Ageneiosus sp.

Auchenipterus menezesi Ferraris & Vari, 199

Trachelyopterus galeatus (Linnaeus, 1766)
Family Pimelodidae

Brachyplatystoma filamentosum (Lichtenstein, 1819)

Brachyplatystoma vaillantii (Valenciennes, 1840)

Hemisorubim platyrhynchos (Valenciennes, 1840)

Hypophthalmus cf. edentatus Spix & Agassiz, 1829™R)

Pimelodus blochii Valenciennes, 1840

Pimelodus maculatus La Cepede, 1803

Pimelodus ornatus Kner, 1858

Pimelodus sp. 1

Pimelodus sp. 2

Pseudoplatystoma fasciatum (Linnaeus, 1766)

Sorubim lima (Bloch & Schneider, 1801)

(E)

(E)

9B

ORDER GYMNOTIFORMES

Family Gymnotidae
Gymnotus carapo Linnaeus, 1758
Family Hypopomidae
Brachypopomus™® sp.
Family Rhamphichthyidae
Rhamphichthys marmoratus Castelnau 18550®)
Family Sternopygidae
Eigenmannia macrops (Boulenger 1897)N®)
Eigenmannia virescens (Valenciennes, 1842)
Sternopygus macrurus (Bloch & Schneider, 1801)
Family Apteronotidae
Apteronotus sp.

ORDER BELONIFORMES

Family Belonidae
Pseudotylosurus microps (Giinther, 1866)

ORDER CYPRINODONTIFORMES

Family Rivulidae
Cynolebias parnaibensis Costa, Ramos, Alexandre &

Ramos, 2010®

Hypsolebias coamazonicus Costa, Amorim & Braganga,

2013E

Pituna schindleri Costa, 2007®

Melanorivulus parnaibensis (Costa, 2003)®

Continued on next page
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Table 1. Continued.

Family Poeciliidae
Pamphorichthys hollandi (Henn, 1916)
Poecilia reticulata Peters, 1859
Poecilia sarrafae Braganga & Costa, 2011
Poecilia vivipara Bloch & Schneider 1801™R)
ORDER SYNBRANCHIFORMES
Family Synbranchidae
Synbranchus marmoratus Bloch, 1795
ORDER PERCIFORMES
Family Sciaenidae
Plagioscion squamosissimus (Heckel, 1840)
Family Cichlidae
Aequidens tetramerus (Heckel, 1840)
Apistogramma piauiensis Kullander, 198
Astronotus ocellatus (Agassiz, 1831)
Cichla monoculus Spix & Agassiz, 18310
Cichlasoma orientale Kullander, 1983™®)
Cichlasoma sanctifranciscense Kullander, 1983
Crenicichla menezesi Ploeg 1991
Geophagus parnaibae Staeck & Schindler, 2006
Tilapia rendalli (Boulenger, 1896)®
Oreochromis niloticus (Linnaeus 1758)®
Satanoperca jurupari (Heckel, 1840)™®)
ORDER PLEURONECTIFORMES
Family Achiridae
Trinectes cf. paulistanus (Miranda Ribeiro, 1915

0B

)(NR)

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 Parnaiba
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 Parnaiba 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 Sdo Francisco basin.

2. Endemism

Eigenmann (1910) has listed only 19 species of freshwater
fish in the Parnaiba River; Menezes (1955) recorded 93 species.
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Figure 2. Number of species recorded by order in the Parnaiba River bas
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Figure 3. Number of species recorded per family in the Parnaiba River basin between 2004 and 2011.

According to Roberts (1968) and Paiva (1978) the fish fauna of
the Parnaiba River would consist of 80 to 100 species, but with
low level of endemism. Rosa et al. (2003) counted 86 species for
the Maranhao-Piaui Region (which includes the Parnaiba
basin) with 15 possible endemic species (17.5% of the fish
fauna). Hubert & Renno (2006) considered the Parnaiba 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 Parnaiba River basin would have a fish fauna
consisting of 24 species, 8 endemic. Abell et al. (2008) consider
the Parnaiba 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 Parnaiba River would be around 95
species, 20 endemic. However, Pinna & Wosiacki (2003),
stressed that the Parnaiba 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 20" century and in the 21% century, registered
between 67-101 species in the Parnaiba River basin, a number
notably beneath that recorded in this study, 146 species. Over the
past decade, new species endemic to the Parnaiba basin have
been described: Roeboides margareteae Lucena 2003,

http://www.scielo.br/bn

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 Braganga &
Costa 2011 e Hypsolebias coamazonicus Costa, Amorim &
Braganga, 2013. Adding these taxa to those 27 undescribed taxa
detected in the present study, the record of endemism in Parnaiba
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 Parnaiba basin to 54 species, 34 more than the
highest number of endemic species previously proposed as
occurring in the Parnaiba 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 Parnaiba 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-
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ships of the species occurring in the Parnaiba 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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Editorial

The conceptual framework of the Intergovernmental Platform on Biodiversity and Ecosystem Services/IPBES

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

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.
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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
Nifio/La Nifia 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.
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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 Espinhaco 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.
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DUTRA, V. F.; LIMA, L. C. P.; GARCIA, F. C. P.; LIMA, H. C. AND SARTORI, A. L. B. Padrdes de distribui¢io
geografica de Leguminosae e sua importancia para a conservagdo do Parque Estadual do Itacolomi, Minas
Gerais, Brasil. Biota Neotropica. 14(1): €20133937. www.biotaneotropica.org.br/vl4ni/pt/abstract?article+bn00214012014

Resumo: Neste estudo foram identificados os padrbes de distribuicdo geografica dos 102 téaxons de
Leguminosae ocorrentes no PEIT, com base nos dados obtidos na literatura e em material de herbario,
sendo 38 exclusivos dos Campos Rupestres e 49 das Florestas Estacionais. Foram reconhecidos 11 padrbes
de distribuigdo geogréafica, dos quais o padrdo América do Sul Ocidental- Centro-Oriental foi o mais
representativo com 27 txons. Dos 102 tdxons amostrados de Leguminosae, cinco sdo endémicos da Cadeia
do Espinhago e 10 constam nas listas de espécies ameacadas da flora brasileira ou da Flora de Minas
Gerais, sendo consideradas importantes para fornecer subsidios na conservacdo das formagdes
vegetacionais do PEIT.

Palavras-chave: Cadeia do Espinhaco, campos rupestres, Fabaceae, Florestas Estacionais,
Mata Atlantica
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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,
Mendonca 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. Branddo & Gavilanes 1994), Cerrado (e.g.
Branddo & 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 Espinhaco Range, in the so-called
Quadrilatero Ferrifero (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 Espinhaco 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 Espinhago 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 Espinhaco 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?

http:/dx.doi.org/10.1590/S1676-06033937

Methods

The PEIT is located in the municipalities of Ouro Preto
and Mariana, State of Minas Gerais, (between 20°22°30”and
20°30°00” S and 43°32°307and 43°22°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 °C (maximum 33 °C, 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,
Mendonca 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.
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Figura 1. Localizagdo 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 Espirito Santo, Minas Gerais,
Rio de Janeiro, and S&o Paulo; and [11] Espinhaco 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).

http://www.scielo.br/bn
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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. ourobrancoénsis 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 Espinhaco
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
Espinhaco Range (5 spp).

Discussion

The diversity of Leguminosae in PEIT can be
considered high compared with other areas of the Espinhaco
Range, losing in number of species only to the Serra do
Cip06, 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 lItatiaia), 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
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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 (Ledn 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.
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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 Téaxons especificos e infra-especificos das Leguminosae do Parque Estadual do Itacolomi, seus padrfes de distribuicéo
geogréfica, habitos e formagOes vegetacionais. He = ervas; Li = lianas; Sb = subarbustos; Sh = arbustos; Tr

= arvores; 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. . Zo Vi CRPISMF
distribution Desmodium adscendens (Sw.) DC. ™’ He CRP/SUF/SLF/ SMF

Desmodium barbatum (L.) Bgnth. He CRP
Desmodium incanum DC. *' He CRP
Desmodium uncinatum (Jacg.) DC. <" <* Sh CRP/SUF/SLF
Mimosa pudica var. hispida Brenan Sh CRP
Zornia reticulata Sm ™ He CRP
Trifolium repens L. He SUF
South America, Central  Centrosema virginianum (L.) Benth. ™ Vi CRP
America and North Chamaecrista rotundifolia var. rotundifolia (Pers.) Greene “ He CRP
America Indigofera suffruticosa Mill. Ab CRP/SMF
Stylosanthes viscosa (L.) Sw. *“ “° He CRP
Neotropical Aeschynomene elegans var. elegans Schitdl. & Cham. “* He CRP/SUF
Anadenanthera peregrina L. (Speg.) ~ " Tr SUF
Andira surinamensis (Bondt) Splitg. ex Pulle °> ' Ab CRP
Calopogonium mucunoides Desv. Vi CRP
Crotalaria micans Link < Ab CRP
Desmodium affine Schitdl. <’ “° He CRP
Inga marginata Willd. <™ *° Tr SMF
Inga vera subsp. affinis (DC.) T.D.Penn 44,740 Tr SUF/SMF
Machaerium hirtum (Vell.) Stellfeld > ™ Tr SMF
Mimosa diplotricha var. diplotricha C.Wright ex Sauvalle * Ab CRP
Platypodium elegans Vogel <7 °*' °° Tr SMF
Poiretia punctata (Willgy.) Desv. “ Li SMF
Pterocarpus rohrii Vahl = Tr SMF
Rhynchosia reticulata (Sw.) DC. *° Vi CRP
Stylosanthes guianensis (Aubl.) Sw. =" “° He CRP
Vigna peduncularis (Kunth) Fawc. & Rendle °° Vi CRP/SUF
Western - Central- Anadenanthera colubrina (Vell.) Brenan var. colubrina heo Tr SMF
Eastern South America  Bauhinia longifolia (Bong.) Steud. ' r SMF
Bauhinia ungulata var. cuiaEensis (Bong.) Vaz Ab CRP/SLF/SMF
Bowdichia virgilioides Kunth Tr SMF
Calliandra parvifolia (Hook. & Arn.) Speg. ° Tr, Ab SMF
Chaetocalyx longiflora Benth. ex A.Gray ~ Vi SMF
Chamaecrista langsdorfii (Kunth ex Vogel) Britton ex Pittier “° Ab CRP
Chamaecrista trichopoda (Benth.) Britton & Rose ex Britton & Killip “° He CRP
Camptosema scarlatinum var. pohlianum (Mart. ex Benth.) Burkart =~ Vi CRP
Copaifera reticulata Ducke *' Tr SUF/SLF/SMF
Crotalaria paulina Schrank ““ Sh SMF
Dalbergia frutescens var. frutescens (Vell.) Britton ** Ab/Li CRP/SUF
Dalbergia revoluta Ducke™" Tr SMF
Desmodium subsericeum Malme” “° He CRP
Dioclea violacea Mart. ex Benth, *° Li SMF
Inga cylindrica (Vell.) Mart. <™ *° Tr SUF/SLF/SMF
Inga edulis Mart. <" ™ Tr SMF
Inga ingoides (Rich.) Willd. “* *° Tr SLF/SMF
Machaerium aculeatum Raddi ™~ Li CRP/SLF/SMF
Machaerium brasiliense Vogel *" ~* Tr/Ab CRP/SLF/SMF
Machaerium nyctitans (Vell.) Benth. * Tr SUF/SLF
Machaerium villosum Vogel “° Tr SUF/SLF/SMF
Mimosa pigra var. dehiscens (Barneby) Glazier & Mackinder Ab CRP
Periandra mediterranea (Vell.) Taub. ° Ab CRP
Piptadenia adiantoides (Spreng.) J.F.Macbr. “ Li SUF/SMF
Senna pendula var. glabrata (Humb. & Bonpl. ex Willd.) H.S.Irwin & Barneby “° Ab CRP/SUF
Sesbania virgata (Cav.) Pers. < Ab CRP
Brazil-wide distribution  Crotalaria breviflora DC. <’ He/Ab CRP/SUF
Inga sessilis (Vell.) Mart. <~ Tr SUF
Phanera radiata (Vell.) Vaz °° Li SLF
Central-Eastern Brazil ~ Andira fraxinifolia Benth. "' Tr SLF/SMF
Cassia ferruginea (Schrad.) Schrad. ex DC. var. ferruginea “° Tr SMF
Centrosema coriaceum Benth. ° Vi CRP
Crotalaria velutina Benth. ““ He CRP
Dalbergia villosa (Benth.) Benth. var. villosa > Ab/Tr CRP/SUF/SLF/SMF
Machaerium oblongifolium Vogel “* Li SUF/SMF
Mimosa bimucronata (DC.) Kuntze var. bimucronata ~ *” Ab SLF/SMF
Mimosa dolens Vell. var. dolens Ab CRP
Piptadenia gonoachantha (Mart.) J.F.Macbr. 34, 41,56 Tr SUF/SMF
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Senegalia martiusiana (Steud.) Seigler & Ebinger 44

Li SMF
Senna macranthera var. nervosa (Vogel) H.S.Irwin & Baneby %8 Senna Tr SUF/SMF
multijuga var. lindleyana (Gard.) H.S.Irwin & Barneby =~ Abarema Tr SUF
Atlantic - Northeast- Iangsdorfi_'x_(Benth.) Barneby & J.W.Grimes ~ Dalbergia nigra (Vell.) Alemao Ab/Tr CRP/SUF/SLF/SMF
Southeast-Southern ex Benth. ot a6 Tr SLF/SMF
Brazil Inga vulpina  Mart. ex Benth. Y Tr/Ab CRP/SUF
Swartzia oblata R. S. Cowan + Ab CRP
Atlantic - Northeast- Chamaecrista mucronata (Spyeng.) H.S.Iwin & Barneby & Ab CRP
Southeastern Brazil Melanoxylon brauna Schott _ o Tr SMF
.40 Mimosa aurivillus Mart. var. Ab CRP
aurivillus B vi CRP
4.16 Tr SMF
20 o Tr/Ab  CRP/SUF/SLF/SMF
. contorta (DC.) G.P.Lewis & M.P.Lima . Tr SUF
Atlantic - SOUtheaSt' Senna reniformis (G.Don) H.S.Irwin & Barneby 3 Li SLF/SMF
Southern Brazil Tachigali rugosa (Mart. ex Benth.) Zarucchi & Pipoly Ab CRP
. Dalbergia brasiliensis Egel 25 Tr SUF
Southeastern Brazil a5 Inga barbata Benth. Tr SUF/SLF/SMF
Mimosa scabrella Benth. Vi SUF/SLF/SMF
Abarem'e obovata (Benth.) Barneby & J.W.Grimes +o Bionia bella Mart. ex Ab CRP
Benth, © *° 27 Tr/Ab SUF
Chamaecrista multipennis (H.S.Irwin & Barneby) H.S.Irwin & Barneby Ab CRP
Inga schinifolia Benth. = Ab CRP
i . 4,16 Tr SUF
Mimosa aurivillus var. calo}hamnos 35,51 Li SUF/SMF
(Mart ex. Benth.) Barneby Ab CRP
Mimosa ourobrancoénsis Burkart ¥ Ormosia friburgensis Ab SUF
Taub. ex Harms + Piptadenia micracantha Benth. 7.9,56 Tr SLF/SMF
Senna neglecta var. oIlpo;hylla (Benth.) H.S.Irwin & Barneby z Senna pneumatica Ir S SL/JSF
. H.S.Irwin & Barneby 8 53 Tr UF/SLF
End_enr':'c tor\}he Stryphnodendron polyphyllum Mg? ﬁg g;g
spinnhago Range Swartzia pilulifera Benth. Ab CRP
Tachigali friburgensis (Harmsz'_L.G. Silva & H.C. Lima +33 Chamaecrista dentata
(Vogel) H.S.Irwin & Barneby a 27 Ab CRP
Chamaecrista hedysaroides (Vogel) H.S.Irwin & Barn Chamaecrista Ab CRP

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

C&amaecrista

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

+ 16

—————Mimoesamontis-carasae Barneby
Species threatened by extinction according to Biodiversitas (2005) and B&asil (2008).

eferences of the geographic distributions: “Altshu , ~ Azevedo , ~ Barbosa -Fevereiro , 'Barnel , “Barneby , Barneby
* Ref fthe g hic distribui LAltsh 1 (1964), * Azevedo (1981 3 Barbosa -F eiro (1977) ‘B by (1991) SBarneby (1998) 6813 b
Grimes (1996), arroso (1965), "Bentham (1859), “Ben 1876), " Branddo (1992), “"Branddo (1996), ~“Brandao Costa (1979 Burkart (1970),
imes (1996), (1965), “Bentham (1859), "Benham (1876) déo (1992) d ) déo (1979), “Burkart (1970)
Carvalho (1997), ““Carvalho-Okano & Leitdo-FjiJho (1985), “"Dytra & Morim (2011), ~'Dwyer (1951), ““Eisinger (1987), ““Fantz (1980), “"Fernandes (1996),
21 Z pi3 5 e 8
Filardi (2011), ““Elores (2004), ““Flores (2011), “"Garcia (1998), “~ Garcia ernandes (2013), “"ILDIS (2011), “" Irwin & Barneby, (1978), “"Irwin
ilardi (2011), “FJpres (2004) (2011) ia (1998) i des ( (2011), i by, ) i

& Barnehy (1982), “° Lewis (198%?3, Lewis & Lima (1991)39 Lima (2000),
%992), Mansang et al. (2011), MaréchaLEet al. (1978), Mattos (1979),

\az & Tozzi (2003), ®y/az (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 Maranhdo, 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.

http://www.scielo.br/bn

Lima (2011a), “"Lima (2011b), *"Lima et al. (1994),
Mquonga—Filho (1996),
Miottg 1987), Morim&Barrgss (2011), Mullg£ (1984), ""Pennington (1997)
(1965), ““Sartori & Tozzi (1998), ™ Scalon (2007), ~"Souza & Bortoluzzi (2011a),

40

2 Lima et al. (2010c), 6L orenzi
48Mendonc;a et al 9(1998), Mendogga—Filho et al. gg007),
Pennington (2003), Postor}sg1980), Queiroz (1999), “"Rudd (1958), *"Rudd

Souza & Bortoluzzi (2011b), * Tamashiro (1989),

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 Espinhaco 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
Cip6 Range and Itacolomi Range (Irwin & Barneby 1978);
C. hedysaroides occurs in the region of Diamantina, Ouro
Preto and Caraca Range (Irwin & Barneby 1978);

http://dx.doi.org/10.1590/S1676-06033937
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Figure 3. Distribution patterns a. Neotropical Andira surinamensis (Source: Pennington 2003, Mattos 1979); b. Endemic to
the Espinhago Range Chamaecrista dentata (A ) and Chamaecrista hedysaroides () (Source: Irwin & Barneby 1982); c.

Chamaecrista ochnacea var. ochnacea (A) and Mimosa montis-carasae ( ) (Sources: Irwin & Barneby 1982, Dutra
2009); d. Southeastern Brazil Mimosa ourobrancoénsis

(A) and Ormosia friburgensis () (Sources: Dutra 2009, Rudd 1965).
Figura 3. Padrbes de distribuicdo a. Neotropical Andira surinamensis (Fontes: Pennington 2003, Mattos 1979); b.

Endémicas da Cadeia do Espinhago Chamaecrista dentata (A ) e Chamaecrista hedysaroides () (Fonte: Irwin & Barneby

1982); c. Chamaecrista ochnacea var. ochnacea (A ) e Mimosa montis-carasae () (Fontes: Irwin & Barneby 1982, Dutra
2009); d. Brasil Sudeste Mimosa ourobrancoénsis

([ J
(A) e Ormosia friburgensis () (Fontes: Dutra 2009, Rudd 1965).
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C. ochnacea var. ochnacea grows in Nova Lima, Ouro  are endemic to the Espinhaco Range, confirming the high
Branco Range and Itacolomi Range (Irwin & Barneby 1978, degree of endemism of the genus for the flora of this
Dutra et al. 2008b); C. rotundata var. grandistipula is  mountain system, showing a pattern already identified for
limited to the region of Diamantina, Cipé Range and  mainly the families of Eriocaulaceae, Velloziaceae,
Itacolomi Range (Rando & Pirani 2011); and Mimosa  Xyridaceae, and Lythraceae (Giulietti et al. 1987). The
montis-carasae, unique to Caraga Range and Itacolomi  states of Bahia and Minas Gerais are cited as a center of

Range (Barneby 1991, Dutra et al. 2008c). _ diversity for Chamecrista , mainly the Cerrado and Campos
In the PEIT, 45% of the listed Chamaecrista species Rupestres, especially the portion of the Espinhaco
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Figure 4. Distribution patterns a. Southeastern Brazil Bionia bella (A) and Tachigali friburgensis ( )
Sources: Queiroz 1999, 2008, Silva 2007); b. Brazil-wide distribution Crotalaria breviflora (Source: Flores
004, 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. Padrbes de distribuicdo a. Brasil Sudeste Bionia bella (A) e Tachigali friburgensis ( )

Fontes: Queiroz 1999, 2008, Silva 2007); b. Brasil ampla distribuicdo Crotalaria breviflora (Fontes:
lores 2004, 2011); c. Brazil Atlantico-Nordeste-Sudeste-Sul Abarema Ian|g_sdorf|| (Fonte: Barneby &
Grimes 1996); d. Brazil Atlantico-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. Namero de taxons especificos e infra-especificos de Leguminosae do Parque Estadual do Itacolomi e

porcentagem dos padrdes de distribuicdo geografica.

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 Espinhago 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. 20083, 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

30 1
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Wide geographic
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South America, Central
America and North America
Western - Central-Eastern
South America
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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
Espinhaco 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
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Figure 5. Correlation between geographic distribution patterns and number of taxa found in

vegetation types of the Itacolomi State Park.

Figura 5. Correlacdo entre os padrdes de distribuicdo geogréfica e o nimero de espécies encontradas

nas fitofisionomias do Parque Estadual do Itacolomi.
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phytogeographic patterns in the Quadrilatero Ferrifero and
also, as proposed by Harley (1995), the sectorization of the
Espinhaco 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
Espinhaco, the analysis of distribution patterns of the
Leguminosae in the PEIT does not support the distribution
patterns typically found in other areas of the Espinhaco
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 Espinhaco 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 ourobrancoénsis, 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 Espinhaco 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,

http://www.scielo.br/bn

it deserves attention, in the areas of Campo Rupestre, the
trails Calais and the water catchment in Serrinha, home to
endemic species of the Espinhaco, 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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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
Camapua, 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.

SUGALI J. L. M. M,; TERRA, J. S. E FERREIRA, V. L. Anuros de uma ameacada area de savana no oeste do
Brasil. Biota Neotropica. 14(1): €20134058. biotaneotropica.org.br/vi4ni/pt/abstract?inventory+bn00314012014

Resumo - A bacia do Alto Paraguai, localizada no centro da América do Sul, abriga uma das maiores areas
inundaveis do mundo, conhecida como Pantanal. Essa planicie alagavel é rodeada por planaltos, os quais possuem
grande parte de sua &rea convertida em pastagens ou monoculturas, além de serem pouco conhecidos
cientificamente. Além disso, a maioria das areas de planalto sdo consideradas prioritarias para a conservagao.
Apresentamos uma lista de espécies de anuros de uma area semelhante a savanas (municipio de Camapua, 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 esforgo amostral. Os dados foram obtidos através de busca ativa em 22 parcelas em
ambientes aquaticos, durante a estacdo chuvosa (de Dezembro de 2009 a Abril de 2010). Encontramos 26 espécies,
em quatro familias. Apesar de considerarmos o esforgo amostral suficiente para representar da comunidade de
anuros local, sugerimos que futuros inventarios nessa regido contemplem a estagdo seca e inicio da chuvosa, bem
como o uso adicional de métodos passivos de captura.

Palavras-chave: Amphibia, veredas, sub-bacia do Alto Taquari, inventarios biolégicos, degradacdo 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, Striissmann 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 (Striissmann 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 (Striissmann 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 (Strissmann 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 Camapua (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.

http://www.scielo.br/bn

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 Camapud, 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.

Upper Taquan River sub-basin
o

Eemamnav border

Main Rivers

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
localizagdo na América do Sul mostrada no canto superior esquerdo. As
ecorregides seguem a classificagdo de Olson et al. (2001). O tridngulo
preto representa a localizagdo da &rea amostrada, inserida na sub-bacia do
Alto Taquari (linha tracejada), a qual liga o Pantanal a importantes
unidades de conservagdo 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.

http://dx.doi.org/10.1590/S1676-06034058
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Table 1. Geographic coordinates of the 22 sampled aquatic
habitats in the surroundings of Pontinha do Cocho village,
municipality of Camapua, state of Mato Grosso do Sul, Brazil.
Tabela 1. Coordenadas geograficas das 22 localidades amostradas
em trés tipos de ambientes aquaticos no entorno do vilarejo de
Pontinha do Cocho, municipio de Camapua, stato de Mato Grosso
do Sul, Brasil.

Sampled location

Geographic coordinates

Temporary pond 1
Temporary pond 2
Permanent lagoon 1

19° 2'12.78"S, 53°53'44.92"W
19°0'50.10"S, 53°51'32.91"W
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° 5'68.58"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) (Soberén & 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 (Soberén & 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 Conservagdo da Biodiversidade/Sistema
de  Autorizacdo e Informacdo  em Biodiversidade
(ICMBIo/SISBIO). Nomenclature follows Frost (2013).

http://dx.doi.org/10.1590/S1676-06034058

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 Camapud, state of Mato Grosso do Sul, Brazil. PL:
permanent lagoon; TP: temporary pond; VE: vereda.

Tabela 2. Familias e espécies de anuros registrados nos corpos
d'dgua amostrados no entorno do vilarejo de Pontinha do Cocho,
municipio de Camapua, estado de Mato Grosso do Sul, Brasil. PL:
lagoa permamente; TP: poc¢a temporaria; VE: vereda.

Family/species PL TP VE

BUFONIDAE
Rhinella schneideri (Werner, 1894) X
HYLIDAE
Dendropsophus  elianeae  (Napoli &
Caramaschi, 2000) X
Dendropsophus jimi (Napoli & Caramaschi,
1999)
Dendropsophus nanus (Boulenger, 1889) X X
Dendropsophus minutus (Peters, 1872) X X
Hypsiboas albopunctatus (Spix, 1824)
Hypsiboas raniceps Cope, 1862 X X
Hypsiboas aff. geographicus
Hypsiboas punctatus (Schneider, 1799)
Phyllomedusa azurea Cope, 1862 X X
Pseudis platensis Gallardo, 1961 X
Scinax fuscovarius (Lutz, 1925) X
Scinax fuscomarginatus (Lutz, 1925) X
Trachycephalus typhonius (Linnaeus, 1758) X
LEPTODACTYLIDAE
Adenomera cf. diptyx (Boettger, 1885)
Eupemphix nattereri Steindachner, 1863 X X
Leptodactylus  furnarius Sazima &
Bokermann, 1978
Leptodactylus fuscus (Schneider, 1799)
Leptodactylus podicipinus (Cope, 1862) X
Leptodactylus latrans (Steffen, 1815)
Leptodactylus mystacinus (Burmeister, 1861)
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

X X XXX XXXXXXX X

X X X X X
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Figure 2. Photographs of some anuran species registered in the surroundings of Pontinha do Cocho village, municipality of Camapua, 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; 1) 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, municipio de Camapua, 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; 1) 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 Camapud, Mato Grosso do Sul state, Brazil. The
vertical bars indicate the upper and lower limits of the 95%
confidence interval.
Figura 3. Curva de rarefagdo feita para os 22 pontos amostrados
no municipio de Camapud, estado de Mato Grosso do Sul, Brasil.
As barras verticais indicam o limite superior e inferior do intervalo
de confianga de 95%.

Discussion

All species registered in this study have already been recorded
in the Upper Taquari River sub-basin (Strissmann 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
Chapaddo do Sul and Costa Rica (Uetanabaro et al. 2006).
Hypsiboas aff. geographicus was recorded in the municipality of
Coxim (Strissmann et al. 2000) and in Amolar mountain range,
municipality of Corumba (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 (Strissmann 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),

http://www.scielo.br/bn

mainly active during these periods (Strissmann 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 (Striissmann 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, Favero 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 Camapud (Mato Grosso do Sul state, Brazil) and deposited at the zoological

collection of Universidade Federal de Mato Grosso do Sul - UFMS.
Apéndice 1. Lista do material testemunho coletado no municipio de Camapud (estado de Mato Grosso do Sul, Brasil) e depositados na

colecdo zooldgica 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 Camapud (Mato Grosso do Sul state, Brazil) and deposited at the
zoological collection of Universidade Federal de Mato Grosso do Sul - UFMS.

Apéndice 2. Lista de amostra de tecido de anuros coletada no municipio de Camapua (estado de Mato Grosso do Sul, Brasil) e
depositados na cole¢do zooldgica 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 Camapud (Mato Grosso do Sul state, Brazil) and deposited at the

zoological collection of Universidade Federal de Mato Grosso do Sul - UFMS.
Apéndice 3. Lista de vocalizagGes de anuros gravadas no municipio de Camapud (estado de Mato Grosso do Sul, Brasil) e depositados na

colecdo zooldgica 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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