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Abstract: The Neotropic region has high fish diversity associ-
ated with freshwater habitats. However, for Maranhio state,
most publications on the ichthyofauna concentrate on coastal
or estuarine ecosystems. In this study, species of fish were
sampled in lentic and lotic habitats in Cerrado areas (Cerraddo
phytophysiognomy) and in restinga areas (Atlantic Forest
phytophysiognomy) in northeastern Maranho state between
January and July 2010. Thirteen species from 10 families and
6 orders were captured. Species richness was highest for the
orders Characiformes and Gymnotiformes. Our results are
the first records of the ichthyofauna of coastal drainage areas
of northeastern Maranhio state, contributing to the under-
standing of the biodiversity of the Munim and Parnaiba River
basins, and suggest the existence of a community that shares
elements with those of the Amazon and Caatinga biomes.
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INTRODUCTION

The Neotropic region supports a high fish diversity
associated with freshwater habitats, comprising nearly
4,500 species that can reach 6,000 species (Lowe-McCon-
nell 1999; Reis et al. 2003; Lovejoy et al. 2006; Graga and
Pavanelli 2007; De Araidjo et al. 2011). However, most
publications on the ichthyofauna of Maranhio state, con-
centrate on coastal or estuarine ecosystems (e.g., Piorski et
al. 2009; Nunes and Piorski 2011).

Furthermore, habitat destruction, together with the
introduction of exotic species, have deeply modified aquatic
habitats, affecting the distribution of species (Gomiero
and Braga 2008; Aquino et al. 2009; Rodrigues et al. 2010;
De Aratjo et al. 2011) and consequently, reducing the local
fish populations in several South American aquatic systems
(Mateus et al. 2004; Piorski et al. 2008a). This has been also
observed in the Cerrado biome (Cerradio Phytophysiognomy)
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and restinga ecosystems (Atlantic Forest phytophysiognomy),
due to growing exploitation of timber, agricultural expansion,
fire, and increase in unplanned urban areas (Myers 2000;
Machado et al. 2004).

In northeastern Maranhio state the situation is no dif-
ferent. The real threats to the biodiversity of this region are
the expansion of soybean croplands and Eucalyptus fields
in the Cerrado areas and housing developments and urban-
ization in the restinga areas (Silva et al. 2008). Therefore,
greater knowledge of the biodiversity of this region is par-
ticularly important, mainly because the Maranhio state has
been considered a broad and diverse biogeographic transition
zone (Ab’ Saber 1989) with the Amazon Forest in the west,
patches of the Caatinga in the east, Cerrado in the center and
northeast (IBGE 1984), and coastal ecosystems (restingas and
mangroves) in north and northeast.

The aim of this study was to survey fish species sampled
together with the tadpole community in lentic and lotic envi-
ronments in northeastern Maranhaio state, Brazil.

MATERIALS AND METHODS
Study area

The study was carried out in nine municipalities in
northeast of Maranhio state. The area of study comprises
14,360 km? at altitudes ranging from 19 to 88 m (Figure 1,
Table 1). The climate of the region is tropical humid meso-
thermal with two well-defined seasons: a rainy season from
January to June with an average of 94% of the total annual
rainfall, and a dry season from July to December with only
6% of rainfall. The annual average is approximately 1,800
mm (IBGE 1984).

The Cerrado biome is considered a hotspot (Klink and
Machado 2005) that originally covered nearly 40% of
the state of Maranhdo (IBGE 1984). The relief is flat and
smooth, locally known as Chapada. The Cerradio, is the
predominant physiognomy (IBGE 1984), with a very het-
erogeneous vegetation (Ratter et al. 1998) as a result of the

Volume 11 | Number 1 | Article 1550


mailto:ram_eco%40yahoo.com.br?subject=

Matavelli et al. | Ichthyofauna sampled with tadpoles in Maranhéo, Brazil

43°30°0°W
Geographic Coordinate System: GCS WGS 1984

Legend
Sample sites
@  iotic sites
QO  lentic sites
Municipalites of Maranhio State (MA)
[ watershed
= Munim River
= Pamaiba River
~—— Drainage network

Figure 1. Map of the study region in the northeast of Maranhéo state, Brazil. Yellow circles: Lentic environments (small floodplain and pond) and black

circles: Lotic environments (buritizais).

contact with other biomes. The restingas (Atlantic Forest
phytophysiognomy), a typical physiognomy of sandy coast-
al plains (Araujo et al. 1998), also considered a hotspot,
exhibits a diverse phytophysiognomy, ranging from coastal
herbaceous to dense forests in sandy soil (IBGE 1984;
Aratjo and Lacerda 1987; Myers 2000). In northeastern
Maranhio, restingas ecosystems consist of species typical
of the biome as well as those from the rain forest, Caatinga,
and Cerrado (MMA/IBAMA 2003).

The collection sites were located in natural watercourses
from the Munim and Parnaiba Rivers and independent drain-
age areas between these two basins (Figure 1).

Ichthyofauna sampling

The qualitative sampling (presence of species) was con-
ducted monthly from January to July 2010 in 24 natural
waterways (Figure 1), consisting of 12 sites in Cerrado areas
and 12 sites in restinga areas distributed in lentic and/or
temporary habitats (two small floodplain and eight ponds)
and lotic/permanent habitats (14 buritizais), totaling 24
sites (Figure 1, Figure 2 and Table 1). Sampling of fish fol-
lowed the method used for tadpole community (Heyer et al.
1994). Tadpoles and fishes were collected with a 1-mm mesh
sieve up to 1 m from the margins around of the lentic envi-
ronments (small floodplain and ponds) and in transects of
250 m along the two margins of the lotic environments [gal-
lery forests with crystalline waters and the predominance
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Table 1. Geographic coordinates and altitude of the 24 natural waterways
sampled in Cerrado and restinga areas in northeastern Maranhéao state,

Brazil.

Site Latitude Longitude Area Environment Alt(::;de
1 43°59'28"W  002°40'29"S  Restinga Lotic 29
2 43°57'44"W  002°41'29"S  Restinga Lotic 37
3 43°59'44"W  002°43'14"S  Restinga Lentic 53
4 43°58'50"W  002°45'11”S  Restinga Lentic 57
5 44°01'26"W  002°52'57"S  Restinga Lentic 38
6 43°59'25"W  002°54'07”S  Restinga Lentic 47
7 43°51’36"W  002°50'56”S  Restinga Lentic 71
8 43°29'12"W  002°39'03”S  Restinga Lentic 26
9 43°27'46"W  002°38'32"S  Restinga Lentic 19
10  43°23'56"W  002°43'06”"S  Restinga Lotic 39
11 43°31’46"W  003°06'51”S  Restinga Lentic 86
12 43°31’35"W  003°07'30"S  Restinga Lentic 88
13 43°21'28"W  003°1031"S  Cerrado Lotic 65
14 43°07'25"W  002°58'46"S  Cerrado Lotic 46
15 43°08'05"W  003°00'48"S  Cerrado Lotic 25
16 43°07'52"W  003°02'29"S  Cerrado Lotic 39
17  43°06'45"W  003°02'20"S  Cerrado Lotic 26
18 43°1127"W  003°16'55"S  Cerrado Lotic 61
19 43°09'23"W  003°19'21"S  Cerrado Lotic 62
20 43°09'02"W  003°21'16"S  Cerrado Lentic 63
21 43°08'07"W  003°17'02"S  Cerrado Lotic 53
22 42°45'36"W  003°15'32"S  Cerrado Lotic 69
23 42°45'11"W  003°14'22"S  Cerrado Lotic 68
24 42°43'08"W  003°22'23"S  Cerrado Lotic 71
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of palm trees (Mauritia flexuosa L. [Arecaceae]) with 10-25
m height, which are called “buritizais”] (Figure 2) between
10:00 h and 16:00 h. Data sampling was standardized as 1h/
day in 24 habitats sampled so that the sampling effort was
equivalent among sampled sites. The fishes collected were
immediately fixed with 10% formaldehyde and identified
with available taxonomic keys and aid of the fourth author.
The collected material was deposited in the Cole¢do de Peixes
da Universidade Federal do Maranhio (CPUFMA).

RESULTS

Thirteen species from ten families and six orders were col-
lected (Table 2, Figure 3). Species richness was higher for the
order Characiformes (30.76%), followed by Gymnotiformes
(23.07%), Cyprinodontiformes (15.38%), Perciformes (15.38%),
Siluriformes (15.38%) and Synbranchiformes (7.69%). All spe-
cies sampled were recorded in the Munim River Basin, and only
five species was sampled in Parnaiba. Most species occurred
in lotic and lentic habitats, but only the Gymnotiformes and

Figure 2. Examples of some sites sampled in Cerrado and restinga areas in northeastern Maranhdo state, Brazil: (A) Slow lotic environment “preserved

buritizal” in Cerrado areas located in the municipality of Barreirinhas, MA; (B) Lentic habitat “temporary pond” in restinga areas located in the munici-

pality of Morros, MA; (C) Slow lotic environment “anthropized buritizal” in restinga areas located in the municipality of Primeira Cruz, MA; (D) Lentic

habitat “temporary pond” in restinga areas located in the municipality of Humberto de Campos, MA; (E) Lentic habitat “preserved permanent pond”in

the Cerrado areas located in the municipality of Santa Quitéria do Maranhao, MA; (F) Lentic habitat “temporary pond” in restinga areas located in the

municipality of Morros, MA.
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Siluriformes orders were exclusively observed in the lotic
habitats sampled.

DISCUSSION

Within the South-American ichthyofauna associated with
freshwater habitats, Characiformes and Siluriformes are
the most diverse and usually dominant orders (Castro 1999;
Lowe-McConnell 1999; Reis et al. 2003; Buckup et al. 2007). In
the present study, the Characiformes order was also the most
diverse. However, Gymnotiformes was the second in species
richness, rather than Siluriformes. This inversion in species
richness among orders has been found in stream with high
proportion of sandy substrate (Barros et al. 2011), such as the
observed in this study.

Of the river basins sampled, only the ichthyofauna of Par-
naiba River has been minimally studied, with approximately
75 species of fish recorded (Rosa 2004). However, new records
have recently been added for the region, including Geophagus
parnaibae for Parnaiba River, Roeboides sazimai for Parnaiba
and Pindaré-Mearim rivers and Platydoras brachylecis for
Parnaiba, Mearim, and Itapecuru rivers (Staeck and Schindler
2006; Lucena 2007; Piorski et al. 2008b). In this study, of the
species collected in streams of the Parnaiba River basin, only
Nannostomus nitidus is a new record for the state of Maran-
hio, whereas for the species collected in the Munim River and
adjacent coastal basins, where no information was previously

available about the composition of the ichthyofauna, where
Poecilia vivipara, Copella arnoldi and the genus Rhabdolichops
are also new records for the state.

No previous studies have been conducted with fish from
streams that drain the Cerrado and restinga areas in the
Maranhio state. However, Piorski et al. (2007) have published
a preliminary list of fish from the Cerrado of southern Mara-
nhio. In the present study, the most of the species identified
have broad distribution and were already recorded from the
Caatinga biome (Rosa 2004). Although Nannostomus nitidus,
Poecilia vivipara and Copella arnoldi are three new records for
Maranhio state, the P. vivipara already was recorded from
the Brazilian Northeast ecoregion (Rosa 2004) and C. arnoldi
from the Amazon basin (Weitzman and Weitzman 2003).
Both Astyanax sp. and Rhabdolichops sp. could not be identi-
fied to the species level, and Rhabdolichops is recorded for the
first time from the coastal drainage of Maranhio state. Alto-
gether, three species and one genus are newly recorded from
the state. However, as reported elsewhere for Caatinga areas
(Rosa 2004), the systematics of many taxonomic groups from
Cerrado and restinga areas in Maranhio state, are not well
enough known to allow the identification to species.

Although our results were collected with the tadpole
community, these are the first records for the ichthyofauna
in streams of the Munim River Basin and coastal drainage
areas of northeastern Maranhio state. Our findings indicate

Table 2. Composition of the ichthyofauna sampled in the 24 natural waterways in Cerrado and restinga areas and their environments in northeastern
Maranhdo state, Brazil. (Watershed: 1= Munim River Basin/coastal rivers/drainage areas and 2= Parnaiba River Basin).

Taxa Watersheds Areas Environments Vouchers

1 2 Restinga Cerrado Lentic Lotic
ORDER CHARACIFORMES
Family Characidae
Astyanax sp. X X X CPUFMA 10858
Family Erythrinidae
Hoplias malabaricus (Bloch, 1794) X X X X X CPUFMA 10847
Family Lebiasinidae
Copella arnoldi (Regan, 1912) X X X CPUFMA 10874
Nannostomus nitidus Weitzman, 1978 X X X X X X CPUFMA 10771
ORDER CYPRINODONTIFORMES
Family Poeciliidae
Poecilia vivipara (Bloch & Schneider, 1801) X X X X X CPUFMA 10839
Family Rivulidae
Rivulus auratus Schreitmdiller, 1928 X X X X X X CPUFMA 10785
ORDER GYMNOTIFORMES
Family Gymnotidae
Gymnotus carapo (Linnaeus, 1758) X X X CPUFMA 10873
Family Sternopygidae
Rhabdolichops sp. X X X CPUFMA 10868
Sternopygus macrurus (Bloch & Schneider, 1801) X X X CPUFMA 10872
ORDER PERCIFORMES
Family Cichlidae
Apistogramma piauiensis Kullander, 1980 X X X X X X CPUFMA 10812
Cichlasoma orientale Kullander, 1983 X X X X X X CPUFMA 10740
ORDER SILURIFORMES
Family Callichthyidae
Callichthys callichthys (Linnaeus, 1758) X X X X CPUFMA 10808
ORDER SYNBRANCHIFORMES
Family Synbranchidae
Synbranchus marmoratus (Bloch, 1795) X X X X X CPUFMA 10865
Total richness 13 5 9 11 8 12 13
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T L

Figure 3. Some species of fishes collected with tadpole community in the northeastern Maranhdo state, Brazil. (A) Callichthys callichthys; (B) Cichlasoma
orientale; (C) Poecilia vivipara; (D) Gymnotus carapo; (E) Hoplias malabaricus; (F) Copella arnoldi; (G) Rhabdolichops sp. and (H) Sternopygus macrurus.

the existence of a community that shares faunal elements of
the Amazon and Caatinga biomes, supporting the hypothesis
that the state of Maranhio is a broad and diverse biogeo-
graphic transition zone (Ab’ Saber 1989) between the Amazon
Forest, Caatinga, Cerrado and coastal ecosystems, which has
been observed in other studies (Rebélo et al. 2010; Dos Santos
et al. 2012; Campos et al. 2013; Matavelli et al 2013a, 2013b;
Matavelli et al 2014a, 2014b).

ACKNOWLEDGMENTS

The authors thank Gustavo Klinke for editing the map,
to the project CNPq/Casadinho (620163/2009-8), the anony-
mous referees for valuable suggestions that improved the
manuscript, to CAPES by scholarships granted to RM and
AMC, to the Chico Mendes Institute of Conservation and Bio-
diversity, and the ICMbio/SISBIO for the permit # 20896-1.

LITERATURE CITED

Ab’ Saber, A. 1989. Zoneamento ecolégico e econémico da Amazodnia:
questdes de escala e método. Estudos Avangados 3(5): 4—20 (doi:
10.1590/50103-40141989000100002).

Aratdjo, D.S.D. and L.D. Lacerda. 1987. A natureza das restingas.
Ciéncia Hoje 6(33): 42—48.

Aragjo, D.S.D., ER. Scarano, C.EC. S4, B.C. Kurtz, H.L.T. Zaluar,

® Check List | www.biotaxa.org/cl

R.C.M. Montezuma and R.C. Oliveira. 1998. Comunidades
vegetais do Parque Nacional da Restinga de Jurubatiba; pp.
39-62, in: EA. Esteves (ed). Ecologia das Lagoas Costeiras do
Parque Nacional da Restinga de Jurubatiba e do Municipio de Macaé
(RJ). Rio de Janeiro: UFRJ.

Aquino, PPU.,M. Schneider, M.J.M. Silva, C.P. Fonseca, H.B. Arakawa and
D.R. Cavalcanti. 2009. Ictiofauna dos cérregos do Parque Nacional
de Brasilia, bacia do Alto Rio Parana, Distrito Federal, Brasil Central.
Biota Neotropica 9(1): 217-230 (http://www.biotaneotropica.org.br/
vgni/pt/abstract?inventory+bno2809012009).

Barros, D. de E, J. Zuanon, EP. de Mendon¢a, H.M.V. Espirito
Santo, A.V. Galuch and A.L. M. Albernaz. 2011. The fish fauna
of streams in the Madeira-Purus interfluvial region, Brazilian
Amazon. Check List 7(6): 768-773 (http://www.checklist.org.br/
getpdf?SLoog-11).

Buckup, PA., N.A. Menezes and M.S. Ghazzi. 2007. Catdlogo das
Espécies de Peixes de Agua Doce do Brasil. Rio de Janeiro: Museu
Nacional, Universidade Federal do Rio de Janeiro, Série Livros
23. 195 pp.

Campos, A.M., R. Matavelli, C.L.C. Dos Santos, L.S. Moraes and
JM.M. Rebélo. 2013. Ecology of Phlebotomines (Diptera:
Psychodidae) in a Transitional Area between the Amazon and
the Cerrado in the State of Maranhio, Brazil. Journal of Medical
Entomology 50(1): 52-58 (doi: 10.1603/ME12074).

Castro, R.M.C.1999. Evolucio daictiofauna de riachos sulamericanos:

Volume 11 | Number 1 | Article 1550


http://dx.doi.org/10.1590/S0103-40141989000100002
http://www.biotaneotropica.org.br/v9n1/pt/abstract?inventory+bn02809012009
http://www.biotaneotropica.org.br/v9n1/pt/abstract?inventory+bn02809012009
http://www.checklist.org.br/getpdf?SL009-11
http://www.checklist.org.br/getpdf?SL009-11
http://dx.doi.org/10.1603/ME12074

Matavelli et al. | Ichthyofauna sampled with tadpoles in Maranhdo, Brazil

padrdes gerais e possiveis processos causais; pp. 139-155, in: E.P.
Caramaschi, R. Mazzoni and P.R. Peres-Neto (eds.). Ecologia de
Peixes de Riachos. Volume VI. Rio de Janeiro: PPGEUFRJ, Série
Oecologia Brasiliensis.

De Aratjo, M.I, R.L. Delariva, K.O. Bonato and J.C. da Silva. 2011.
Fishes in first order stream in Ivai River drainage basin, upper
Parana River Basin, Parana state, Brazil. Check List 7(6): 774-777
(http://www.checklist.org.br/getpdf?SLog3-11).

Dos Santos, C.L.C., R. Gregorin and JM.M. Rebélo. 2012. First
record of Saccopteryx gymnura (Chiroptera, Emballonuridae) in
an ecotonal area of eastern Amazonian Brazil. Mammalia 76(3):
341-343 (doi: 10.1515/mammalia-2011-0067).

Gomiero, L.M. and EM.S. Braga. 2008. Feeding habits of the
ichthyofauna in a protected area in the state of Sio Paulo,
southeastern Brazil. Biota Neotropica 8(1): 41—47 (doi: 10.1590/
$1676-06032008000100004).

Graga, W.J. and C.S. Pavanelli. 2007. Peixes da Planicie de Inundagéo do
Alto Rio Parand e Areas Adjacentes. Maringa, PR: EDUEM. 241 pp.

Heyer, W.R., M.A. Donnelly, R.W. McDiarmid, L.A.C. Hayek and
M.S. Foster. 1994. Measuring and Monitoring Biological Diversity
— Standard Methods for Amphibians. Washington and London:
Smithsonian Institution Press. 364 pp.

IBGE. 1984. Instituto Brasileiro de Geografia e Estatistica: Atlas
do Estado do Maranhdo. Rio de Janeiro: Grafica do Instituto
Brasileiro de Geografia e Estatistica. 104 pp.

Klink, C.A.and R.B. Machado. 2005. A conservagio do Cerrado brasileiro.
Megadiversidade 1(1): 147-155 (http://www.conservacao.org/
publicacoes/files/20_Klink_Machado.pdf).

Lovejoy, N.R., J.S. Albert and G.R. Crampton. 2006. Miocene marine
incursions and marine/freshwater transitions: Evidence from
Neotropical fishes. Journal of South American Earth Sciences
21(1-2): 5-13 (doi: 10.1016/j.jsames.2005.07.000).

Lowe-McConnell, R.H. 1999. Estudos Ecolégicos em Comunidades de
Peixes Tropicais. Sio Paulo: EDUSP. 534 pp.

Lucena, C.A.S.D. 2007. Revisio taxondémica das espécies do
género Roeboides grupo-affinis (Ostariophysi, Characiformes,
Characidae). Iheringia, Série Zooldgica 97(2): 117-136 (doi:
10.1590/50073-47212007000200001).

MMA/IBAMA. 2003. Plano de Manejo do Parque Nacional dos
Len¢éis Maranhenses. Ministério do Meio Ambiente, Instituto
Brasileiro do Meio Ambiente e Recursos Naturais Renovaveis.
Sdo Luis, MA. 499 pp.

Machado, R.B., M.B.R. Neto, P.G.P. Pereira, E.F Caldas, D.A.
Gongalves, N.S. Santos, K. Tabor and M. Steininger. 2004.
Estimativas de perda da drea do Cerrado brasileiro. Relatdrio
Técnico. Brasilia: Conservagio Internacional. 26 pp.

Matavelli, R., A.M. Campos, M.A. Mendonga and G.V. de Andrade.
2013a. New records of anurans in the state of Maranhio, Brazil:
Hypsiboas boans (Linnaeus, 1758) (Hylidae) and Leptodactylus
syphax Bokermann, 1969 (Leptodactylidae). Check List 9(4):
899-901. (http://www.checklist.org.br/getpdf?NGDog2-12).

Matavelli, R., A.M. Campos and FEA.B. Silva. 2013b. New records of
Scarabaeinae (Coleoptera: Scarabaeidae) in a biogeographical
transition zone in the state of Maranhio, Brazil. Check List 9(4):
909-911 (http://www.checklist.org.br/getpdf?NGDo72-13).

Matavelli, R., A.M. Campos, G.R. da Silva and G.V. de Andrade. 2014a.
First Record of Rhinella ocellata (Giinther, 1858) (Bufonidae) for
the state of Maranhio, northeastern Brazil. Check List 10(2):
432-433. (doi: 10.15560/10.2.432).

Matavelli, R., A.M. Campos and G.V. de Andrade. 2014b. First record
of Hypsiboas geographicus (Spix, 1824) (Hylidae) and Physalaemus
centralis Bokermann, 1962 (Leptodactylidae) for coastal
ecosystems in the state of Maranhdo, Brazil. Check List 10(3):
702-705 (doi: 10.15560/10.3.702).

Mateus, L.A.F., JM.F Penha and M. Pretere. 2004. Fishing resources

® Check List | www.biotaxa.org/cl

in the Rio Cuiabd basin, Pantanal do Mato Grosso, Brazil.
Neotropical Ichthyology 2(4): 217-227 (doi: 10.1590/S1679-
62252004000400004).

Myers, N., R.A. Mittermeier, C.G. Mittermeier, G.A.B. Fonseca and
J. Kent. 2000. Biodiversity hotspots for conservation priorities.
Nature 403: 853-858 (doi: 10.1038/35002501).

Nunes, J.L.S. and N.M. Piorski. 2011. Peixes Marinhos e Estuarinos do
Maranhéo. Sdo Luis: Café & Lapis, 225 pp.

Piorski, N.M.,A.C.L. Castroand A.M. Sousa-Neto. 2007. Ichthyofauna
from the Cerrado of the southern Maranhio; pp. 197-212. In: L.
Barreto (ed.). North Cerrado of Brazil. Pelotas, RS: USEB.

Piorski, N.M., A. Sanches, L.F. Carvalho-Costa, T. Hatanaka,
M. Carrillo-Avila, PD. Freitas and PM. Galetti Jr. 2008a.
Contribution of conservation genetics in assessing Neotropical
freshwater fish biodiversity. Brazilian Journal of Biology 68(4):
1039-1050 (doi: 10.1590/51519-69842008000500011).

Piorski, N.M., J.C. Garavello, H.M. Arce, M.H.S. Pérez. 2008b.
Platydorasbrachylecis,anewspeciesof thorny catfish (Siluriformes:
Doradidae) from northeastern Brazil. Neotropical Ichthyology
6(3): 481-494 (doi: 10.1590/51679-62252008000300021).

Piorski, N.M., S.S. Serpa and J.L.S. Nunes. 2009. Anélise comparativa
da pesca de curral na Ilha de Sdo Luis, Estado do Maranhio,
Brasil. Arquivos de Ciéncias do Mar 42(1): 65-71.

Ratter, JA., JE Ribeiro and S. Bridgewater. 1998. The Brazilian
Cerrado vegetation and threats to its biodiversity. Annals of
Botany 80: 223—230 (doi: 10.1006/anbo.1997.0469).

Rebélo, JM.M., R.V. Da Rocha, J.L.P. Moraes, C.R.M. Da Silva, ES.
Leonardo and G.A. Alves. 2010. The fauna of phlebotomines
(Diptera, Psychodidae) in different phytogeographic regions of
the state of Maranh3o, Brazil. Revista Brasileira de Entomologia
54(3): 494-500 (doi: 10.1590/S0085-56262010000300022).

Reis, R.E., S.O. Kullander and C. Ferraris Jr. 2003. Check List of the
Freshwater Fishes of South and Central America. Porto Alegre:
Edipucrs. 742 pp.

Rodrigues, A.S.L., G. Malafaia and PT.A. Castro. 2010. A importancia
da avaliacdo do habitat no monitoramento da qualidade dos
recursos hidricos: uma revisdo. SaBios 5(1): 26-42 (http://
revista.grupointegrado.br/revista/index.php/sabios2/article/
view/537/).

Rosa, R.S. 2004. Diversidade e conservagdo dos peixes da Caatinga;
PP 149-161, in: JM.C. da Silva, M. Tabarelli, M.T. da Fonseca
and L.V. Lins (Org.). Biodiversidade da Caatinga: Areas e A¢des
Prioritdrias para a Conservagéo. Volume 1. Brasilia: Ministério do
Meio Ambiente.

Silva, H.G., N. Figueiredo and G.V. Andrade. 2008. Estrutura da
vegetacdo de um cerraddo e a heterogeneidade regional do
cerrado no maranhio, Brasil. Revista Arvore 32(5): 921-930 (doi:
10.1590/50100-67622008000500017).

Staeck, W. and I. Schindler. 2006. Geophagus parnaibae sp. n. — a new
species of cichlid fish (Teleostei: Perciformes: Cichlidae) from
the Rio Parnaiba basin, Brazil. Zoologische Abhandlungen Museum
fiirTierkunde (Dresden), 55: 69—75.

Weitzman, M. and S.H. Weitzman. 2003. Family Lebiasinidae; pp.
241-250, in: R.E. Reis, S.0. Kullander and C.J. Ferraris Jr. (eds.).
Check List of the Freshwater Fishes of South and Central America.
Porto Alegre: Edipucts.

Authors’ contribution statement: RM collected the data and wrote
the text; AMC collected the data and wrote the text; JV helped in the
data sampling; NMP helped in the identification of the species and
photos; PSP helped write the text.

Received: October 2013

Accepted: December 2014
Editorial responsibility: Leandro Sousa

Volume 11 | Number 1 | Article 1550


http://www.checklist.org.br/getpdf?SL093-11
http://dx.doi.org/10.1515/mammalia-2011-0067
http://dx.doi.org/10.1590/S1676-06032008000100004
http://dx.doi.org/10.1590/S1676-06032008000100004
http://www.conservacao.org/publicacoes/files/20_Klink_Machado.pdf
http://www.conservacao.org/publicacoes/files/20_Klink_Machado.pdf
http://dx.doi.org/10.1016/j.jsames.2005.07.009
http://dx.doi.org/10.1590/S0073-47212007000200001
http://www.checklist.org.br/getpdf?NGD092-12
http://www.checklist.org.br/getpdf?NGD072-13
http://dx.doi.org/10.15560/10.2.432
http://dx.doi.org/10.15560/10.3.702
http://dx.doi.org/10.1590/S1679-62252004000400004
http://dx.doi.org/10.1590/S1679-62252004000400004
http://dx.doi.org/10.1038/35002501
http://dx.doi.org/10.1590/S1519-69842008000500011
http://dx.doi.org/10.1590/S1679-62252008000300021
http://dx.doi.org/10.1006/anbo.1997.0469
http://dx.doi.org/10.1590/S0085-56262010000300022
http://revista.grupointegrado.br/revista/index.php/sabios2/article/view/537/
http://revista.grupointegrado.br/revista/index.php/sabios2/article/view/537/
http://revista.grupointegrado.br/revista/index.php/sabios2/article/view/537/
http://dx.doi.org/10.1590/S0100-67622008000500017

