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Abstract: Filamentous fungi are widely diverse and ubiquitous organisms. Such biodiversity is barely known, making 
room for a great potential still to be discovered, especially in tropical environments - which are favorable to growth 
and species variety. Filamentous fungi are extensively applied to the production of industrial enzymes, such as the 
amylases. This class of enzymes acts in the hydrolysis of starch to glucose or maltooligosaccharides. In this work 
twenty-five filamentous fungi were isolated from samples of decomposing material collected in the Brazilian Atlantic 
Forest. The two best amylase producers were identified as Aspergillus brasiliensis and Rhizopus oryzae. Both are 
mesophilic, they grow well in organic nitrogen-rich media produce great amounts of glucoamylases. The enzymes 
of A. brasiliensis and R. oryzae are different, possibly because of their phylogenetical distance. The best amylase 
production of A. brasiliensis occurred during 120 hours with initial pH of 7.5; it had a better activity in the pH range of 
3.5-5.0 and at 60-75°C. Both fungal glucoamylase had wide pH stability (3-8) and were activated by Mn2+. R. oryzae 
best production occurred in 96 hours and at pH 6.5. Its amylases had a greater activity in the pH range of 4.0-5.5 and 
temperature at 50-65ºC. The most significant difference between the enzymes produced by both fungi is the resistance 
to thermal denaturation: A. brasiliensis glucoamylase had a T50 of 60 minutes at 70ºC. The R. oryzae glucoamylase 
only had a residual activity when incubated at 50°C with a 12 min T50.
Keywords: Amylase, Filamentous fungi, Aspergillus brasiliensis, Rhizopus oryzae, Glucoamylase, Bioprospection

Bioprospecção e caracterização da atividade amilolítica de fungos filamentosos da  
Mata Atlântica Brasileira

Resumo: Fungos filamentosos são organismos amplamente diversificados e ubíquos. Esta biodiversidade ainda é pouco 
caracterizada, desta forma, há um grande potencial a ser descoberto, sobretudo em biomas tropicais, que favorecem o 
crescimento e diversificação de espécies. Fungos filamentosos são extensivamente utilizados para a produção industrial 
de enzimas, como as amilases. Esta classe de enzimas atua na hidrólise do amido em glicose ou maltooligossacarídeos. 
Neste trabalho 25 cepas de fungos filamentosos foram isoladas a partir de amostras de material em decomposição 
coletados na Mata Atlântica Brasileira. As duas cepas que produziram mais amilases foram identificadas como 
Aspergillus brasiliensis e Rhizopus oryzae. Ambos os fungos são mesofílicos, crescem bem em meio de cultivo rico 
em nitrogênio orgânico, e produziram grande quantidade de glucoamilase. As enzimas de A. brasiliensis e R. oryzae 
possuem características distintas, possivelmente devido à distância filogenética das espécies. A produção de amilase 
mais expressiva de A. brasiliensis ocorreu em 120 horas de cultivo e pH inicial de 7,5; possui maior atividade em 
temperaturas entre 60-75ºC e pH entre 3,5-5,0. Ambas glucoamilases fúngicas obtiveram ampla estabilidade de pH (3-8) 
e foram ativadas por Mn2+. A melhor produção de R. oryzae ocorreu em 96 horas de cultivo e pH 6,5. Suas amilases 
são mais ativas na faixa de pH de 4,0-5,5 e temperatura entre 50-60ºC. A diferença mais significativa dentre as enzimas 
produzidas pelos fungos selecionados é a resistência à desnaturação térmica, tendo a glucoamilase de A. brasiliensis 
um T50 de 60 minutos a 70ºC, já a glucoamilase de R. oryzae somente obteve atividade residual quando incubada a 
50°C, com um T50 de apenas 12 minutos.
Palavras-Chave: Amilase, Fungos filamentosos, Aspergillus brasiliensis, Rhizopus oryzae, Glucoamilase, Bioprospecção
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Introduction
Fungi are widely diverse and distributed in all terrestrial ecosystems. 

They are decomposers, mutualists or pathogens with crucial roles in the 
cycling of nutrients (Tedersoo et al. 2014). According to Blackwell (2011), 
it is estimated that there are about 5.1 million species of fungi around the 
world. Up to the present date, the dictionary of fungi counts fewer than 
100,000 species (Kirk et al. 2008).

Fungus diversity is spread along a latitudinal gradient. Therefore, 
equatorial and tropical forests, such as the Brazilian Atlantic forest, hold 
a great part of this diversity (Shi et al. 2014; Tedersoo et al. 2014). This 
forest has one of the most diverse and threatened biotas of the world, which 
remains with just 11.4% to 16% of the original coverage (Ribeiro et al. 
2009; Joly et al. 2014).

Filamentous fungi are known as great enzyme producers, like amylases. 
Starch is the main reserve carbohydrate in plants and the second most 
abundant carbohydrate in nature. It is present in corn, potato, rice and wheat, 
what accounts for a great part of the human diet. Starch is enzymatically 
hydrolyzed to maltose, glucose and oligosaccharide syrup (Vielle & Zeikus 
2001). Amylases are widely applied in industries such as textile, paper 
and cellulose, detergent, baking and beverage. They account for about 
30% of total enzymes commercialized (Vielle & Zeikus 2001; Van Der 
Maarel 2002; Souza & Magalhães, 2010). Enzymatic hydrolysis is more 
specific than is chemical hydrolysis and has a theoretical efficiency of 
100% (Ballesteros et al. 2002).

In this research, 25 filamentous fungi present in decaying material from 
the Brazilian Atlantic forest were isolated. The two strains with bigger 
secretion of enzymes had the production optimized and the amylases of 
crude extract were characterized. They showed characteristics with possible 
industrial application.

Material and Methods

1. Isolation of fungi

The fungi were isolated from decaying materials collected in the 
Atlantic forest in Peruíbe, SP, Brazil (Table 1). The samples were stored 
in sterile tubes, diluted in the ration of 1:1000 or 1:10000 and plated in 
oatmeal agar (2% oatmeal flour, 2% bacteriological agar, 0.5% glucose) 
containing traces of pentabiotic (benzathine benzylpenicillin, procain 
benzylpenicillin, potassium benzylpenicillin, dihydrostreptomycin sulfate, 

streptomycin sulfate). The Petri plates were incubated at 30°C for seven 
days. The strains grown were purified through successive streaking.

1.1 Selection of strains

The isolated strains were grown in conical tubes containing oatmeal 
medium. An aqueous suspension of conidia was obtained by scraping the 
surface of each one of these cultures with 10 mL distilled water. A volume 
of 1 mL of the conidia suspension was inoculated in 25 mL Adams modified 
medium (AM) as described by Peixoto et al. (2003) during 72 hours at 
30°C. Then, the cultures were vacuum-filtered and dialyzed overnight in 
distilled water at 4°C for removal of residual reducing sugars. After this 
process, the amylolytic activity was measured.

1.2 Enzymatic assay

Amylolytic activity was determined with 3,5-Dinitrosalicylic acid (DNS) 
(Miller 1959). The assay was composed of 50 µL crude extract and 50 µL 
1% soluble starch in 50 mM sodium citrate buffer, pH 5.5. The mixture was 
incubated at 60°C for 5 min, interrupted by the addition of 100 µL DNS 
reagent, and boiled for 5 minutes. After cooling, 1 mL distilled water was 
added and the assay was read at 540 nm in SpectraMax Plus 384 Microplate 
Reader. The blank was consisted the enzyme inactivated by DNS prior 
to the addition of the substrate. One unit of enzyme activity was defined 
as that catalyzing the conversion of 1 µmol glucose, per minute, in the 
assay conditions.

1.3 Optimization of culture

The cultures were carried out in 125 mL Erlenmeyer flasks containing 
25 mL of one of the following liquid media: AM (Adams 1990, Peixoto et al. 
2003); Khanna (Khanna et al. 1995), Segato Rizzatti (SR, Rizzatti et al. 
2001) or Vogel (Vogel 1964). The pH of the medium was adjusted to 
6.5 and it was supplemented with 1% soluble starch, as carbon source. 
A volume of 105 spores per mL of culture medium was inoculated and 
the incubation occurred in bacteriological incubator (static condition) or 
shaker (100 rpm) for 3 days, at 30ºC.

In order to determine the best temperature for fungal growth, cultures 
were held at 25, 30, 35 and 40ºC during 72 hours in the culture medium 
previously selected (AM and SR). In order to determine the effect of 
the initial pH in the enzymatic production, a pH range of 6.5 to 8.5 was 
tested for Aspergillus brasiliensis and 5.5 to 7.5 for Rhizopus oryzae. 
Time course was performed up to 144 hours to select the time of higher 
enzymatic secretion.

Table 1. Georeferencing means of isolated fungi and amylase activity
Collected 
material

Temperature 
(°C)

GPS precision 
(m) Altitude (m) Latitude Longitude Isolated fungi (Amylase U/mL)

Lichen 30 15 11 S-24°22.405’ H047°03.951’ 1/9A (0); 1A (0); 1B (0); 1C (4.4);1D (0.3)
Flower 29 15 11 S-24°22.405’ H047°03.951’ 2A (0.2); 2B (0.2)
Branch 30 15 11 S-24°22.405’ H047°03.951’ 3A (0.5)
Green Leaf 26 11 34 S-24°26.462’ H047°04.050’ 5A (0.4)
Bracken 26 16 34 S-24°26.462’ H047°04.050’ 6A (0.4); 6B (3.5)
Lichen 26 16 34 S-24°26.462’ H047°04.050’ 7A (0.5)
Leaf litter 26 16 34 S-24°26.462’ H047°04.050’ 8A (4.2); 8B (0.5); 8C (0.3)
Leaf 26 11 2 S-24°24.462’ H047°04.050’ 9A (0.5); 9B (0);
Lichen stone 29 9 2 S-24°26.054’ H047° 03.437’ 10A (0);10B (0.1)
Sand 29 10 0 S-24°26.038’ H047°03.450’ 11A (0)
Fruit 29 9 34 S-24°25.987’ H047°03.440’ 13A (0)
Mushroom 29 14 5 S-24°25.462’ H047°03.440’ 14A (0.5); 14B (0.7); 14C (0)
Atemoya 29 17 25 S-24°25.916’ H047°03.445’ 15A (0.3)
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1.4 Characterization of the crude extract

In order to determine the pH stability, the crude extract was incubated 
in McIlvaine buffer between 2.5 and 8.0 during 24 hours at 25°C 
(McIlvaine 1921). The resistance to thermal denaturation was determined 
at 50, 60 and 70 °C during 10 to 300 minutes.

In order to estimate the most favorable temperature zone and pH for 
enzymatic activity, an experimental design 22 was proceeded with three 
central point repetitions at p<0.5%. The results were analyzed with the 
Statistica 12 software. The points were composed of the variation of pH 
in sodium citrate buffer 50 mM, range 3.5 to 7.5, and the temperature in 
a range of 40 to 70°C.

Several carbon sources (starch, wheat bran, glucose, maltose, barley 
bagasse, ground corn and oatmeal flour), at 1% concentration, were added 
to culture media of both fungi aiming to determine the type of amylase 
synthetized in optimal conditions of the microorganism development. 
After incubation, the samples were collected, dialyzed and incubated 
with 1% starch in sodium citrate buffer, for 20 minutes. The enzymatic 
assays were stopped by boiling. The end-products of the enzymatic assays 
were applied in a Thin-Layer Chromatography (TLC) and a solution of 
1 mg/mL glucose, maltose, maltotriose, maltotetraose, and maltopentose 
was carried as control. The chromatography was developed in a solution 
of n-butanol, ethanol and distilled water (5:3:2). After the plates were 
developed and dried, they were sprayed with a solution containing 18 mL 
methanol, 2 mL sulfuric acid, and 0.04 g orcinol, and it was revealed at 
100°C until the spots came clear.

The following compounds were added in the enzymatic assays at 
concentrations of 2 and 5 mM to determine the effect on the activity: NH4F, 
NaH2PO4, ZnCl2, AlCl3.6H2O, AgNO3, KH2PO4, CuSO4.5H2O, BaCl, NH4Cl, 
CoCl2.6H2O, MgCl2.6H2O, Zn(NO3)2.6H2O, KCl, Pb(C2H3O2)2.3H2O, NaBr, 
CaCl, NaCl, MnCl2.4H2O, β-mercaptoethanol and EDTA.

1.5 Fungi identification and deposit

The fungi 6B and 8A were identified using the regions of 
ITS1-ITS4 (Forward 5’-TCCGTAGGTGAACCTTGCGG-3’ 
– Reverse 5’-TCCTCCGCTTATTGATATGC-3’), Calmodulin 
(Forward 5’-GCCGACTCTTTGACYGARGAR-3’ – Reverse 
5’-TTTYTGCATCATRAGYTGGAC-3’) and β-tubulin 
(Forward 5’-GGTAACCAAATGGTGCTGCTTTC-3’ – Reverse 
5’-ACCCTCAGTGTAGTGACCCTTGGC-3’) (White et al. 1990, Glass 
& Donaldson 1995, Balajee et al. 2009). The DNA extraction occurred 
according to Maki et al (2001). The sequencing was carried out at the blood 
center of Ribeirão Preto-SP. The sequences were aligned on BioEdit and 
blasted on GenBank database. The strains identified were added to the 
Filamentous Fungi Collection from the Faculdade de Filosofia, Ciências 
e Letras de Ribeirão Preto (FFCLRP-USP), and catalogued as CFF124 
to A. brasiliensis and CFF 132 to R. oryzae. The unidentified fungi were 
cryopreserved for future access.

1.6 Phylogenetic analysis

The Phylogenetic analysis with Rhizopus oryzae and Aspergillus 
brasiliensis was based on the regions of Internal Transcribed Spacer 
(ITS) 1 and 4. A multiple alignment of sequences was obtained with 

the MUSCLE 3.6 software (Edgar 2004). Phylogenetic and molecular 
evolutionary analyses were conducted using MEGA version 6 (Tamura et al. 
2013). The phylogenetic trees were based on the Maximum Likehood 
using the Neighbor-Joining method with 500 robustness non-parametric 
bootstrap replicates. The similarity rate between the sequences was shown 
in percentage considering the number of conserved bases and the total 
number of aligned bases.

Results

2. Selection and identification

Twenty-five strains of filamentous fungi were isolated from samples 
of organic material in decomposition (Table 1). The strains were cultivated 
for 3 days in AM liquid medium. The amylolytic activities of the crude 
extracts were measured and are expressed on Table 1. Two strains stood 
out: the fungus 6B (3.5 U/mL) and the fungus 8A (4.2 U/mL).

The regions ITS 1-4 were amplified and sequenced for the identification 
of fungi (Table 2). The fungus 8A was identified as Rhizopus oryzae 
Went & Prinsen Geerligs. The fungus 6B showed a great similarity to the 
fungus Aspergillus brasiliensis Varga, Frisvad & Samson and Aspergillus 
niger van Tiegh. Hence, the amplification of the fragment of β-tubulin 
and calmodulin genes was performed, concluding the identification as 
Aspergillus brasiliensis.

2.1 Optimization of culture

The fungi selected were cultured in Khanna, AM, SR and Vogel media 
for 3 days, at 30°C, either in stirring at 100 rpm or in static condition, 
with initial pH adjusted to 6.5. The inoculum was composed of 105 
spores per mL of culture medium. A. brasiliensis had a greater secretion 
in the SR medium under static fermentation, which saves more energy 
in comparison with the agitation condition (Figure 1). The SR medium 
contains yeast extract (0.45%) as the main source of nitrogen and it was 
the only medium tested with peptone (0.02%). The salt compositions of the 
culture medium are monobasic potassium phosphate in low concentration 
(0.015%), 0.012% magnesium sulfate heptahydrate and 0.05% monobasic 
ammonium phosphate. The latter can be also considered as a source of 
inorganic nitrogen.

R. oryzae had the best secretion of amylases in AM medium under 
agitation. AM medium has the biggest amount of yeast extract between 
the media tested (0.8%). In the Vogel medium, its activity was very low, 
suggesting a low assimilation of inorganic nitrogen. Besides carbon and 
nitrogen sources, the AM medium is composed by only two salts: monobasic 
potassium phosphate (0.3%) and magnesium sulfate heptahydrate (0.05%), 
both in a much higher concentration than the SR medium.

The fungi were grown in several temperatures in the previously 
standardized medium conditions for 3 days. The extracellular amylolytic 
activity was greater at 30°C for both fungi, suggesting that both are to be 
considered as mesophilic (Figure 2A).

In order to determine the ideal initial pH, the culture media were 
adjusted in the range 6.5 - 8.5 to the fungus A. brasiliensis, and in the range 
of 5.5 to 7.5 for R. oryzae. The initial pH of 7.5 favored the production 

Table 2. Homologies found with the nucleotide blast tool from NCBI (National Center for Biotechnology Information) to the fungi 6B and 8A
Fungi Sequence Homology Score Valor E Identity (%)

6B
ITS 1-4 Aspergillus brasiliensis/ 

Aspergillus niger 894/ 893 0.0/ 0.0 100 /100

β-tubulin Aspergillus brasiliensis 819 0.0 100
Calmodulin Aspergillus brasiliensis 1201 0.0 100

8A ITS 1-4 Rhizopus oryzae 791 0.0 100
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of amylases by A. brasiliensis (Figure 2B). The final pH in all conditions 
tested was much lower than the initial one (around 3.5). In contrast, the 
best initial pH to R. oryzae was 6.5 (Figure 2C). The final pH in every 
condition was higher than was it in the initial one (about 8.0).

Time-course of amylase production was carried until 144 hours (Figure 2D). 
The period of 120 hours had the greater amylolytic secretion to A. brasiliensis. 
It was also noted that the pH of the culture medium began decreasing on the 
second day and stabilized after 72 hours. On the other hand, the culture of 
96 hours was more favorable to R. oryzae. The pH of the culture medium 
began increasing on the second day and stabilized after 72 hours.

2.2 Optimum pH and temperature

An experimental design was performed to determine the optimum 
pH and temperature for the enzymatic hydrolysis according the points 
in Table 3. The experimental design was composed of 11 assays with 
3 repetitions at the central point. According to the results, the enzymatic 
activity of the crude extract of A. brasiliensis was determined by the 
following equation:

Activity (U/mL) = 5.55 – 1.99. pH -1. (T°C.pH) – 1.42. (T°C)2 – 1.14. 
(pH)2

Figure 1. Production of amylase in several culture media, under static and agitation conditions. Symbols: (■) A. brasiliensis; (□) R. oryzae.

Figure 2. Determination of the effect of temperature (A), pH (B, C) and time of culture on amylase activity (U/mL) of A. brasiliensis (■), and R. oryzae (□). Final pH 
of A. brasiliensis (-); R. oryzae (- -).
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The surface (Figure 3A) plot shows that the ideal assay temperature 
was in the range of 60 - 75°C, and the pH of 3.5 - 5. Replacing the values 
correspondent to 70°C (0.943) and pH 4 (-0.977), the activity of 6 U/mL 
was obtained. An assay in triplicate was carried out in the same parameters 
and an activity of 6.7 was obtained with a standard variation of ± 0.7, as 
expected to the model, with an r2 of 0.96 and a calculated F 18.2 times 
higher than the tabulated F.

The enzymatic activity of the crude extract of R. oryzae can be 
determined by the following equation:

Activity (U/mL) = 2.52 – 0.68. pH – 0.96. (T°C)2 – 0.68. (pH)2

According to the surface plot (Figure 3B), the ideal assay temperature 
was in the range of 50-65°C and the pH of 4.0-5.5. Replacing the values 
of 60°C (0) and pH 4.0 (-0.977), 2.54 U/mL was obtained. An assay in 
the same conditions obtained 2.94 ± 0.58 U/mL, as expected to the model, 
with an r2 of 0.9 and a calculated F 5.9 times higher than the tabulated F.

2.3 Stability and effect of compounds

The crude extracts were incubated in McIlvaine buffers for 24 hours 
(Figure 4A) at 25°C. The amylase of A. brasiliensis kept the activity 
above 90% in the range of pH 3.0-6.5 and above 88% in the range of pH 

7.0-8.0. The amylase of R. oryzae kept 100% of the activity in the range 
of pH 3.5-8.0. At pH 3.0, it kept 91% of its activity and 75% at pH 2.5.

The thermal denaturation of amylases of both fungi was analyzed at 
several times and temperatures (Figure 4B). Amylases of A. brasiliensis 
were completely stable at 50°C, for 120 minutes. The enzyme was 
completely stable at 60°C, for 100 minutes. However, at 70°C the half-life 
was 32 minutes. R. oryzae amylases, among all assayed conditions, just 
had residual activity after exposure at 50°C, with a half-life of 12 minutes.

The influence of several compounds upon the amylolytic activity was 
tested (Table 4). The Al3+ ions had little influence upon A. brasiliensis 
but, in contrast, at 5 mM, it completely inhibited the R. oryzae amylase. 
Ag2+ decreased the amylase of both fungi extracts, but had a greater effect 
over R. oryzae, with no residual activity at the highest concentration. 
The amylase activity of R. oryzae was 55% inhibited with 5 mM Cu2+ but 
increased 9% in A. brasiliensis. The 2 mM Ba2+ decreased the activity in 
A. brasiliensis and a slight increase (7%) was observed with 5 mM of this 
compound; the opposite happened with R. oryzae, which was activated 
at 2 mM and inhibited at 5 mM. On the other hand, Co2+ ions had little 
effect over A. brasiliensis, but decreased 42% at 5 mM in R. oryzae. Both 
extracts were not affected by Pb2+. The stronger enzymatic activation was 
obtained with 5 mM Mn2+ for A. brasiliensis and at 2 mM for R. oryzae. 
The glucoamylases of both extracts were not considerably influenced by 
β-mercaptoethanol and EDTA.

2.4 Hydrolysis products of amylase on starch revealed by TLC

Amylases produced by both fungi in culture media supplemented with 
several carbon sources (1% starch; wheat bran; maltose; glucose; barley 
bagasse; ground corn and oatmeal flour) were assayed with starch and the 

Table 3. Points used at the experimental design for the crude extract of A. brasiliensis 
and R. oryzae

-1.41 -1 0 +1 +1.41
pH 3.5 4.09 5.5 6.91 7.5
Temperature 40 45.82 60 74.18 80

Figure 4. Stability of glucoamylases to pH, after 24 hours, at 25°C (A) and thermostability in optimal conditions of enzymatic assay (B) of A. brasiliensis and R. oryzae.

Figure 3. Zone of optimum pH and temperature to (A) A. brasiliensis; (B) R. oryzae.
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end-products were applied in TLC. The crude extract of A. brasiliensis 
in all sources enabled a great release of glucose and a small amount of 
oligosaccharides during the hydrolysis (Figure 5A), signaling for a higher 
secretion of glucoamylase. There was the production of glucoamylases even 
in the culture with glucose as an only carbon source, suggesting that it is a 
constitutive enzyme. The fungus R. oryzae also secreted more glucoamylase 
in all media, but there was the release of some more oligosaccharides, in 
small quantities, suggesting also the presence of α-amylases (Figure 5B). 
The glucoamylase of R. oryzae is also constitutive.

2.5 Phylogenetic analysis

The phylogenetic comparison of species close to R. oryzae and 
A. brasiliensis was based on the regions of ITS 1-2 (Internal Transcribed 
Spacer). The sequences were obtained on GenBank and aligned with 
MUSCLE 3.6. From the alignment, an unrooted dendrogram that shows the 
proximity of species was built (Figure 6). The analysis showed similarity 
between the sequences of A. nidulans (Eidam) G. Winter and A. fumigatus 
Fersen of 64.5%; 69.8% between A. brasiliensis and A. awamori; 71.1% 
between A. oryzae (Ahlb.) Cohn and A. flavus Link. The high rate of similarity 
between the species of Aspergillus can be observed with Castrillo et al. 
(2012), where A. brasiliensis and A. awamori belong to the same clade, 
and with Geiser et al. (2000), who demonstrate that A. oryzae and A. flavus 
form a paraphyletic group.

R. oryzae and R. delemar Boidin ex Wehmer & Hanzawa have a high 
rate of similarity (72.9%) and constitute a monophyletic group. R. niveus 
M. Yamaz. is closer to R. oryzae and R. delemar, with a high bootstrap 
value (100). Between the fungi studied, Rhizopus microsporus var. 

Figure 5. Hydrolysis products of A. brasiliensis (A) and R. oryzae (B) in culture with diverse carbon sources. The samples were applied in the following order: 1- controls; 
2-substrate (1% starch); 3- crude extract of the culture with starch; 4- hydrolysis product of assay with starch extract; 5- wheat bran culture; 6- hydrolysis wheat bran 
extract; 7-maltose culture; 8- hydrolysis maltose extract; 9- glucose culture; 10- hydrolysis glucose extract; 11- barley bagasse culture; 12- hydrolysis barley bagasse 
extract; 13- ground corn culture; 14- hydrolysis ground corn extract; 15- oatmeal flour culture; 16- hydrolysis oatmeal flour extract.

Table 4. Effect of compounds at enzymatic activity of A. brasiliensis and R. oryzae.
Residual Activity (%)

A. brasiliensis R. oryzae

Compounds
Concentration Concentration

2mM 5mM 2mM 5mM
None (control) 100 100 100 100
NH4F 84 100 126 102
NaH2PO4 92 94 118 98
ZnCl2 93 103 139 80
AlCl3.6H2O 93 94 93 0
AgNO3 81 58 24 0
KH2PO4 102 97 97 72
CuSO4.5H2O 93 109 107 45
BaCl 55 107 114 66
NH4Cl 104 104 109 102
CoCl2.6H2O 113 99 102 58
MgCl2.6H2O 97 101 117 97
Zn(NO3)2.6H2O 94 100 110 79
KCl 91 105 102 86
Pb(C2H3O2)2.3H2O 105 105 104 107
NaBr 99 101 127 94
CaCl 105 107 115 104
NaCl 101 102 115 88
MnCl2.4H2O 160 176 155 136
β-mercaptoethanol 100 100 100 100
EDTA 100 97 100 89
100% is equivalent to 5.9 U/mL to A. brasiliensis and 3.9 U/mL to R. oryzae
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rhizopodiformis (Cohn) Schipper & Stalpers was the most singular of the 
species, forming an isolated taxon from other fungi of the genera; it also has 
the lowest rate of similarity (49.6% if compared to R. delemar). However, 
R. rhizopodiformis has the necessary apomorphy to be classified close to 
other Rhizopus. Liou et al. (2007) had similar results when they showed 
linages of R. rhizopodiformis among the main glucoamylase-producing 
species, what demonstrates the need for more information on this species.

Discussion
According to Domsch et al. (2007), the fungus distribution is related 

with the weather, soil, vegetation and the kind of organic matter. Fungi 
of the genera Aspergillus and Rhizopus are frequently isolated from 
the Atlantic forest biome (Costa et al. 2012, Schoenlein-Crusius et al. 
2006, Tauk Tornisielo et al. 2005, Schoenlein-Crusius & Milanez 1998). 
The isolation methodology was not intended to recover a maximum number 
of species, but strains that were easily cultivated in laboratory conditions 
and prospective amylase producers.

The amylases have several applications in industry, and each of 
these bioprocesses requires enzymes with diverse characteristics of pH, 

Figure 6: Molecular Phylogenetic analysis (A) by Maximum Likelihood method. The evolutionary history was inferred by using the Maximum Likelihood method 
based on the Tamura et al. (2013) model. The tree with the highest log likelihood (-2874.0908) is shown. The numbers show the bootstrap value analysis of 500 repetitions 
and the percentage higher than 70% of trees in which the associated taxa clustered together is shown next to the branches. The tree is drawn to scale, with branch lengths 
measured in the number of substitutions per site. The analysis involved 10 nucleotide sequences. There was a total of 776 positions in the final dataset. Evolutionary 
analyses were conducted in MEGA6. The species names are followed by the GenBank accession number.
(B) by Neighbor-Joining method. The optimal tree with the sum of branch length = 1.00924206 is shown. The percentage of replicate trees in which the associated taxa is 
clustered together in the bootstrap test (500 replicates) with the percentage higher than 70% are shown next to the branches. The tree is drawn to scale, with branch lengths 
in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Tajima & Nei (1984) 
method and are in the units of the number of base substitutions per site. The rate variation among sites was modeled with a gamma distribution (shape parameter = 2). 
The analysis involved 10 nucleotide sequences. All ambiguous positions were removed for each sequence pair. There was a total of 776 positions in the final dataset. 
Evolutionary analyses were conducted in MEGA6. The species names are followed by the GenBank accession number.

temperature and stability. The importance of bioprospection lies in the 
discovery of novel enzymes, with unique features, that can contribute to 
a more efficient process (Dhali et al. 2016, Singh et al. 2014).

Coutinho & Reilly (1997) divided the glucoamylases following their 
evolutionary history. Fungi of Aspergillus genera are part of the most 
derivative group of glucoamylases, with a high efficient design. They 
have a well-developed starch-binding domain and a longer linker region. 
Fungi from the genera Rhizopus are part of a group with a more primitive 
glucoamylase structure, which reflects in its efficiency and stability.

The time-course of amylase production showed distinct characteristics 
of A. brasiliensis and R. oryzae. The pH of crude extract differed due 
to the production of secondary metabolites, probably the production of 
glycolic and citric acid by A. brasiliensis and ammonia by R. oryzae, as 
previously observed in R. oligosporus Saito when in nitrogen-rich culture 
media (Varga et al. 2007, Sparringa & Owens 1999).

When compared to fungi from the same genera, A. brasiliensis activity 
occurs in a more acidic pH and higher temperature than most of the others. 
Gudi et al. (2013) described that the glucoamylase of A. niger shows an 
optimum pH in the range of A. brasiliensis (4.5-5.5) and temperature below 
(65ºC). A awamori, a species close to A. brasiliensis, has a better activity 
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in higher pH (range 4.8/5.8) and in lower temperatures (range 40/42-
48ºC) (Prakasham et al. 2007, Pestana & Castilho 1985). A. fumigatus 
showed a similar optimum temperature (Silva & Peralta 1998). The great 
temperature stability is also an interesting characteristic of the A. brasiliensis 
glucoamylase. The same enzyme from A. niger has an inferior stability 
(half-life of 45 minutes at 50°C) like A. awamori (40% of residual activity 
after 30 minutes at 50°C) (Gudi et al. 2013, Pestana & Castilho 1985). 
A. fumigatus showed similar stability of temperature (Silva & Peralta 
1998). The pH stability results were similar to the A. niger glucoamylases 
and superior to the stability of A. awamori (Nakaz.) (range pH 6.0-9.0) 
(Gudi et al. 2013, Pestana & Castilho 1985).

The R. oryzae strain isolated in this work produced glucoamylases 
with pH and temperature of activity with characteristics similar to the same 
species strain of Roch-chui & Hang (1990). R. delemar has glucoamylases 
that act better in pH within the range of R. oryzae (4.5) and lower optimum 
temperature (40°C) (Soccol et al. 1994). R. niveus has the activity pH in 
a higher range (4.5-6) and the same optimum temperature than R. oryzae 
(Saha & Ueda 1983). The tolerance from thermal denaturation of the 
glucoamylase in the absence of the substrate was extreme low. The pH 
stability results were again like the strain in the work of Roch-chui & Hang 
(1990). Rhizopus microsporus var. rhizopodiformis, a thermo-tolerant strain, 
showed lower stability of pH (approximately 80% of residual activity in 
the range of 2.5-7.5, after only 2 hours of incubation) (Peixoto et al. 2003).

Therefore, from environmental samples from the Brazilian Atlantic 
Forest, it was possible to isolate filamentous fungi strains that produced 
high amounts of amylases with distinct biochemical characteristics. 
These differences reflect upon the evolutionary history of R. oryzae, a 
basal filamentous fungus that alkalinizes the culture media during growth 
and secretes a less stable glucoamylase, with half-life of 12 minutes at 
50°C; A. brasiliensis, a derivative species that produces a highly stable, 
glucoamylase with half-life of 1 hour at 70°C, and an acidic one, with 
great activity at pH 3.5, so that it has interesting characteristics for future 
large-scale applications.
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Abstract: We describe here the diet of the microhylid frog Chiasmocleis leucosticta based on the stomach contents of 
72 individuals (47 males and 25 females) collected in pitfall traps at the Reserva Florestal de Morro Grande, state of 
São Paulo, southeastern Brazil. We identified 1,981 food items distributed in 13 prey categories of arthropods, mainly 
ants, mites and collembolans. Formicidae was the most abundant and frequent prey category, including 16 genera from 
seven subfamilies, and data on ant availability in the habitat suggest that C. leucosticta selects ants actively. The second 
main prey category was Acari, predominantly represented by mites of the suborder Oribatida. This is the first work 
identifying mites to the family level in the diet of a Microhylidae. There was no statistical difference between males 
and females regarding diet composition.
Keywords: Acari, Anuran, Atlantic Rainforest, Food habits, Formicidae, Myrmecophagy.

Diversidade de formigas e ácaros na dieta do anuro brasileiro Chiasmocleis leucosticta 
(Anura: Microhylidae)

Resumo: Descrevemos neste trabalho a dieta do anuro Chiasmocleis leucosticta, pertencente à família Microhylidae, com 
base no conteúdo estomacal de 72 indivíduos (47 machos e 25 fêmeas) coletados em armadilhas-de-queda na Reserva 
Florestal de Morro Grande, SP. Foram identificados 1981 itens alimentares, distribuídos em 13 categorias de artrópodes, 
especialmente formigas, ácaros e colêmbolos. Formicidae foi a categoria de presas mais abundante e frequente, incluindo 16 
gêneros pertencentes a sete subfamílias. Os dados de disponibilidade de formigas no ambiente sugerem que C. leucosticta 
seleciona formigas ativamente. A segunda categoria de presas mais relevante foi Acari, predominantemente representada 
por ácaros da subordem Oribatida. Este é o primeiro trabalho que identifica os ácaros ao nível de família na dieta de um 
Microhylidae. Não houve diferença estatística entre machos e fêmeas quanto à composição da dieta.
Palavras-chave: Acari, Anuros, Mata Atlântica, Hábitos alimentares, Formicidae, Mirmecofagia.

Introduction

The anuran family Microhylidae is composed of 13 subfamilies and 
612 species (Frost 2017), comprising about 8% of the global anuran 
diversity (Sá et al. 2012), and distributed worldwide, except in Europe 
(Vitt & Caldwell 2013, Pough et al. 2016). Microhylids are extremely 
diversified in habits, and fossorial and semifossorial species tend to be 
myrmecophagous, feeding on ants and termites (Vitt & Caldwell 2013). 
The gastrophrynine genus Chiasmocleis (Méhelÿ, 1904) is widely 
distributed and the most speciose genus among tropical microhylids 
(Van Sluys et al. 2006, Forlani, 2010). Currently, the genus comprises 29 
species, which are spread from Panama to Southern Brazil (Frost 2017), 
including 11 species found in the Atlantic rainforest of southeastern Brazil.

Information about the food habits of Chiasmocleis species is scarce, 
ants being the most common item of the diet (Duellman 1978, Schlüter 
& Salas 1991; Caramaschi & Cruz 2001, Van Sluys et al. 2006).

Chiasmocleis leucosticta (Boulenger, 1888) is found in Brazilian 
Atlantic rainforest areas from São Paulo to Santa Catarina states (Cruz et al. 
1997). Similarly to the other species of the genus, C. leucosticta is 
fossorial and an explosive breeder, characterized by large aggregations 
in temporary water bodies during a very short period of the year (Van 
Sluys et al. 2006). Thereby, due to their fossorial habits and annual 
breeding pattern, individuals are rarely found, and natural history data 
about the species are rare.

We describe here the diet of Chiasmocleis leucosticta based on 
stomach contents and test if there are dietary differences between the sexes.

Material and Methods
This study was conducted with individuals of C. leucosticta 

collected accidentally in pitfalls traps used to sample arthropods in a 
study on rodent ecology (Bovendorp 2013) in the Reserva Florestal 
de Morro Grande, Cotia municipality, state of São Paulo, southeastern 
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Brazil (23º39’–23º48’ S, 46º55’– 47º01’ W). Climate in this area is Cfb 
of Koeppen, warm temperate and humid, and mean annual rainfall is 
1339 mm (Metzger et al. 2006). The reserve locates in a continuum of 
montane rainforest, between the Atlantic and the Semideciduous forests 
(Aragaki & Mantovani 1998, Catharino et al. 2006), occupying an area 
of 9,400 ha; vegetation is composed by a mosaic of secondary forests in 
different stages of conservation and mature forests (Metzger et al. 2006).

Sampling occurred monthly (five days) between January 2008 and 
January 2010. Two additional samples were performed in July 2010 (16 days) 
and January 2011 (13 days). Traps (400 mL plastic cups) were buried at 
soil level and filled with 200 mL 92% alcohol in three areas with different 
successional stages in a grid consisting of six lines with 100 m separated 
by 20 m (six equidistant traps in each line), totalling 36 traps per area.

All frogs had their snout-vent length (SVL) measured with digital 
callipers to the nearest 0.5 mm. Animals were dissected, and food items were 
determined to the lowest possible taxonomic level under stereo microscopes 
(Motic K-700L and Zeiss Discovery V20) with the aid of dichotomy keys 
(Rafael et al. 2012, for insect orders, Fernández 2003, for subfamilies 
and genera of Formicidae). Mites were mounted in Hoyer´s medium on 
microscope slides and identified to family using keys provided in Krantz 
& Walter (2009). Total number of each prey category was counted, and 
frequency of occurrence was calculated by the ratio between the number of 
stomachs with the prey category and the total number of stomachs (empty 
stomachs were excluded).

All results were compared between males and females with t-student 
test (Zar 1999). The sexes were determinate by the presence or the absence 
of ovaries and oviducts. Voucher material (frogs and stomach contents) was 
deposited in the herpetological collection of the Laboratório de Zoologia de 
Vertebrados, Escola Superior de Agricultura Luiz de Queiroz, Universidade 
de São Paulo (acronym VESALQ), but mites were deposited in the mite 
reference collection of the Departamento de Entomologia e Acarologia 
of the same institution.

Results
We analyzed 72 individuals of C. leucosticta (47 males and 25 females). 

Only one stomach was empty, which was excluded from the analysis. 
We identified 1,981 food items distributed in 13 prey categories (Table 1). 
The diet was composed solely of arthropods, mainly ants, mites and 
collembolans. Formicidae was the more abundant and frequent prey 
category. Furthermore, we found a high diversity of ants in the diet 
(16 genera from seven subfamilies), Myrmicinae being the most abundant 
and frequent ant subfamily, mostly represented by the genera Pheidole 
and Solenopsis (Table 2).

The second main prey category was Acari, predominantly represented by 
the suborder Oribatida, with 33 individuals (Table 3). Other prey categories 
appeared in low abundances (one to five individuals). Crustaceans and 
hemipterans were identified only in males, while non-ant hymenopterans 
and carabid larva were found only in females. The presence of plant material 
in the stomachs was interpreted as accidental ingestion.

There was no statistical difference between males and females regarding 
diet composition (t = 0.5022, p > 0.05).

Discussion
In this study, only one stomach (1.4%) was empty. The proportion of 

empty stomachs is highly variable in Chiasmocleis species whose diet was 
determined, varying from 19.3% in C. capixaba (Van Sluys et al. 2006) 
to 82.3% in C. ventrimaculata (Schluter & Salas 1991).

Our results suggest that Chiasmocleis leucosticta is an ant and mite 
specialist anuran (sensu Toft 1981), as many other Neotropical [C. antipes, 
C. bassleri (Duellman 1978), C. ventrimaculata (Schluter & Salas 1991), 
C. capixaba (Van Sluys et al. 2006), C. albopunctata (Araújo et al. 2009), 
Hamptophryne boliviana (Schluter & Salas 1991), Elachistocleis ovalis 
(Solé et al. 2002), and E. bicolor (Berazategui et al. 2007, Araujo et al. 
2009)], and Australian [e.g., Cophyxalus spp. (Williams et al. 2006, Hoskin 
& Aland 2011] microhylids. Data on arthropod availability at Reserva 

Table 1. Food items of the diet of the microhylid frog Chiasmocleis leucosticta. N = total number of prey by category; F = frequency of prey categories.

Prey categories
Males (n = 47) Females (n = 24)

N F N F
ARACHNIDA
Acari 34 0.447 18 0.542
Araneae 7 0.149 2 0.083
CRUSTACEA 3 0.064 – –
HEXAPODA
Collembola 16 0.191 8 0.208
Diptera 1 0.021 2 0.083
Hemiptera

Heteroptera 2 0.043 – –
Sternorryncha 8 0.149 2 0.083

Hymenoptera
Formicidae 498 0.830 328 0.917
Remains of Formicidae (number of ant heads) 740 0.894 272 0.833
Other (no-ant) – – 4 0.167

Insect larvae
Carabeidae – – 1 0.042
Diptera 6 0.064 2 0.042
undetermined 1 0.021 1 0.042

PLANT MATERIAL 0.213 0.250
UNIDENTIFIED 18 0.255 7
Total 1334 647
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Florestal do Morro Grande indicate that Formicidae was not the most 
abundant item along the year neither in number of individuals nor in biomass 
(Bovendorp 2013), which suggests that the prevalence of ants in the diet 
of C. leucosticta in this study is related to prey selection by C. leucosticta.

Myrmicinae ants dominated the diet of C. leucosticta, which can be 
explained by the higher diversity of genera and habits (arboreal, soil and 
leaf litter inhabitants, and some associated with plants, fungus and other 
ants) of this taxon when compared with other ant subfamilies (Fernández 
2003). All Myrmicinae genera found in our study include leaf litter or 
epigean ants, except Crematogaster, an arboreal genus that can be associated 
with plants and other ants (Fernández 2003). Crematogaster ants were 

found only in one stomach, suggesting the predation event occurred when 
those were foraging in the leaf litter. Among Myrmicinae, Pheidole was 
the most speciose genus, followed by Solenopsis; Pheidole is the most 
common genus in the Neotropics and very abundant locally, comprising 
up to 70 species by locality, while Solenopsis includes about 90 species 
(Fernández 2003). These two genera were also the most abundant in the 
diet of the microhylid Elachistocleis ovalis (Solé et al. 2002).

Considering males and females together, Formicinae and Ectatomminae 
were the second most abundant food category in our study. Formicinae 
ants are characterized by the production of formic acid and by the presence 
of venom gland; Brachemyrmix is a common genus in the soil and leaf 
litter, and Paratrechina is a cosmopolitan genus in natural and disturbed 
habitats (Fernández 2003). Solé et al. (2002) found that although the genus 
Paratrechina is present in the diet of E. ovalis, in field experiments the 
frogs adopted defensive postures when these ants were offered to them as 
potential prey. The relatively high consumption of Formicinae in this study 
(10 frogs) indicates that this behavior may not be present in C. leucosticta.

The only Ectatomminae ants our frogs ingested belong to the genus 
Gnamptogenys, represented in the Neotropics by 81 species of predatory ants 
inhabiting the forest floor or the vegetation (Fernández 2003). Ecitoninae ants 
are the famous legionary ants, nomad predators that live in dense colonies, 
alternating stationary and migratory stages; ants in the genus Labidus 
impose heavy impact on invertebrate populations (Fernández 2003). Six 
out the nine ant genera consumed by the microhylid Elachistocleis ovalis 
(Solé et al. 2002) were also consumed by C. leucosticta (Cyphomyrmex, 
Pheidole, Solenopsis, Wasmannia, Gnamptogenys, and Hypoponera).

Table 2. Subfamilies and genera of Formicidae found in the diet of the microhylid frog Chiasmocleis leucosticta. N = total number of ants; F = frequency of ants.

Subfamilies Genera
Males (n = 47) Females (n = 24)

N F N F
Cerapachyinae 6 0.064 1 0.042

Acanthostichus 4 0.043 1 0.042
Undetermined 2 0.021 – –

Ecitoninae 3 0.043 75 0.167
Labidus 3 0.043 75 0.167

Ectatomminae 50 0.340 40 0.333
Gnamptogenys 50 0.340 40 0.333

Formicinae 43 0.085 47 0.250
Brachemyrmex – – 17 0.021
Paratrechina 9 0.043 2 0.042
Undetermined 34 0.043 28 0.167

Heteroponerinae 4 0.064 3 0.125
Heteroponera 4 0.064 3 0.125

Myrmicinae 372 0.596 139 0.667
Acanthognatus – – 1 0.042
Adelomyrmex 1 0.021 – –
Basiceros 2 0.043 – –
Crematogaster – – 10 0.042
Cyphomyrmex 5 0.042 – –
Pheidole 306 0.383 86 0.500
Solenopsis 40 0.234 40 0.250
Strumigenys 4 0.064 – –
Wasmania 5 0.021 – –
Undetermined 9 0.128 2 0.042

Ponerinae 18 0.213 15 0,167
Odontomachus 1 0.021 3 0.042
Hypoponera 16 0.191 12 0.125
Undetermined 1 0.021 – –

Unidentified 1 0.021 1 0.042

Table 3. Mites found in the diet of the microhylid frog Chiasmocleis leucosticta. 
N = total number of mites; F = frequency of mites.

Males (n = 47) Females (n = 24)
N F N F

Mesostigmata 4 0.064 7 0.250
Laelapidae – – 2 0.042
Macrochelidae – – 2 0.083
Podocinidae 4 0.064 1 0.042
Rhodacaridae – – 1 0.042
Veigaiidae – – 1 0.042
Oribatida 25 0.298 8 0.250
Prostigmata – – 1 0.042
Smarididae – – 1 0.042
Unidentified 5 0.106 2 0.083
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Mites have been rarely reported as food items to anurans. Duellman 
(1978) did not find mites in the diet of Chiasmocleis anatipes, C. bassleri and 
C. ventrimaculata, while Schluter & Salas (1991) reported two individuals 
C. ventrimaculata feeding on mites at night (but did not find them in the 
stomachs). The importance of mites in the diet of C. leucosticta may be 
explained by the fact that this group of organisms is the most abundant 
in the forest floor, especially the Oribatida (Franklin et al. 2001), which 
suggests that its presence could be due to the great abundance rather than 
a food preference. Mites of this group are mostly known for being mainly 
saprophagous and/or fungivorous, thus being more numerous in soil 
covered with abundant litter (Norton & Behan-Pelletier 2009). All other 
mite families found in this study are known mainly for their predatory 
habits, being typically soil inhabitants (Carrillo et al. 2015).

Some Chiasmocleis species are considered important mite predators in 
leaf litter communities, the level of acarophagy being negatively correlated 
to the anuran body size (Simon and Toft 1991). Chiasmocleis leucosticta 
is a small (male SVL = 18.3 ± 2.80 mm; female SVL = 23.5 ± 1.72 mm) 
fossorial frog that forages in the leaf litter, being included in Class 2 of 
Simon & Toft (1991), which could explain the presence and the relative 
abundance of mites in its diet. Mites were also well represented in the diet 
of the Amazonian microhilyd Sincope antenori (Simon & Toft 1991) and 
in the Atlantic forest microhylid Chiasmocleis capixaba (Van Sluys et al. 
2006). To our knowledge this is the first work to identify mites to the 
family level in the diet of a Microhylidae frog.

Some dendrobatid frogs are able to remove alkaloids from their diets 
(especially from ants, bees, millipedes and mites) and turn them into 
chemical defenses (Saporito et al. 2004). Myrmicinae ants have several 
alkaloids, such as pyrrolidine, pyrrolizidine, piperidine, indolizidine, and 
quinolizidine decahydroquinoline (Daly et al. 1994a, 2000). Similarly, 
pumiliotoxins were also found in Brachemyrmix and Paratrechina ants 
(Saporito et al. 2004). Since most microhylids are ant-specialists, some 
studies have investigated whether microhylids are able to remove alkaloids 
from the diet. Berazategui et al. (2007) pointed out that the high consumption 
of Myrmicinae suggests that Elachistocleis bicolor is able to capture 
alkaloids. However, as toxicity is generally associated to diurnal activity 
and aposematism, the adaptive nature of this character in E. bicolor, a 
cryptic and nocturnal species, remains unclear. Additionally, Mebs et al. 
(2010) were unable to detect alkaloids in the skin of Elachistocleis sp. 
from Bolivia, but have detected them in the dendrobatid Ameerega picta, 
concluding that “myrmecophagy provides dendrobatids with alkaloids, 
which they sequester and store in their skin, but an alkaloid sequestering 
system is absent in the microhylid Elachistocleis sp.” This system of alkaloid 
sequestration was previously described for dendrobatids by Daly et al. 
(1994b), and it is probably absent in ant-specialized microhylids.

Some studies have been conducted to verify the presence of alkaloids in 
mites. Saporito et al. (2007) isolated more than 80 alkaloids from oribatid 
mites, and half of them are also present in the dendrobatid Oophaga 
pumilio. Oribatid mites are the main source of alkaloids to Dendrobatidae 
and Eleutherodactylidae (Raspotnig et al. 2011). For the same reason 
discussed above for ants, microhylids seem to be unable to sequester 
alkaloids from their mite prey.
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Abstract: The anostracan Artemia is one of the few organisms that can inhabit hypersaline lakes. In Argentina, this 
genus is represented by two species: the invasive A. franciscana Kellogg, 1906 and the autochthonous A. persimilis 
Piccinelli & Prosdocimi, 1968, the latter being the only one recorded in the province of La Pampa. Some of the biological 
aspects of A. persimilis are known based on laboratory studies, and data on its ecology in natural conditions are scarce. 
The aim of this work is to present information on the density, biomass, and population structure of A. persimilis in 
relation to environmental variables in Utracán, a hypersaline lake of the semiarid Central Pampa of Argentina. Water and 
zooplankton samples were taken monthly from May 2009 until August 2010. The mean density and biomass were 
56.98 ind.L-1 (± 106.64) and 1.23 mg.L-1 (± 1.35), respectively. The species was negatively affected by salinity, and it 
was absent between November and February, when salinity exceeded 320 g.L-1. However, when it was present, even 
during the months of higher salinity, a high proportion of naupliar stages was found, which could indicate that, in nature, 
A. persimilis can reproduce with high salinity. Although it has been indicated that A. persimilis could be displaced 
by A. franciscana, the highest tolerance of the former at low temperatures, which allowed the population to continue 
reproducing at values close to 3°C, would limit its displacement. However, an increase in the temperature of lakes as 
a result of global warming could modify this situation and allow the advance of the introduced species to the south.
Keywords: Artemia persimilis, hypersaline lakes, Pampa Argentina

Dinámica poblacional de Artemia persimilis Piccinelli & Prosdocimi, 1968 (Crustacea, 
Anostraca) en un lago hipersalino de la Pampa Central (Argentina)

Resumen: Los anostracos del género Artemia son algunos de los pocos organismos que pueden habitar los lagos 
hipersalinos. En Argentina, este género está representado por dos especies: la introducida A. franciscana Kellogg, 
1906 y la autóctona A. persimilis Piccinelli & Prosdocimi, 1968, esta última, la única especie registrada en la provincia 
de La Pampa. Algunos aspectos de la biología de A. persimilis basados en estudios de laboratorio son conocidos, pero 
la información sobre su ecología en condiciones naturales es muy escasa. El objetivo de este trabajo es presentar 
información sobre la densidad, biomasa y la estructura de la población de A. persimilis en relación con parámetros 
ambientales en Utracán, un lago hipersalino de la Pampa Central semiárida de Argentina. Se tomaron muestras mensuales 
de zooplancton y agua desde mayo de 2009 hasta agosto de 2010. La densidad y biomasa medias a lo largo del estudio 
fueron 56.98 ind.L-1 (± 106.64) y 1.23 mg.L-1 (± 1.35). La especie fue afectada negativamente por la salinidad, dado que 
no se registró entre noviembre y febrero, cuando la misma excedió los 320 g.L-1. Sin embargo, cuando estuvo presente, 
aún en los meses de mayor salinidad se encontró una proporción de estadios naupliares elevada, lo que podría indicar 
que, en la naturaleza, A. persimilis puede reproducirse con alta salinidad. A pesar de que se ha indicado que A. persimilis 
podría ser desplazada por A. franciscana, la mayor tolerancia de la primera a bajas temperaturas, que permitió que a 
valores cercanos a 3°C la población continuara reproduciéndose, limitaría su desplazamiento. Sin embargo, un aumento 
de la temperatura de los lagos como consecuencia del calentamiento global podría modificar esta situación y permitir 
el avance de la especie introducida hacia el sur.
Palabras-clave: Artemia persimilis, lagos hipersalinos, Pampa Argentina
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Introduction

The anostracan Artemia is one of the few organisms that can inhabit 
hypersaline lakes (total dissolved solids > 50 g.L-1) because it has physiological 
mechanisms to withstand osmotic stress (Gajardo & Beardmore 2012). 
In Argentina, the genus Artemia is represented by two species: Artemia 
franciscana Kellogg, 1906 and Artemia persimilis Piccinelli & Prosdocimi, 
1968 (Cohen 2012). The former is a species of North America that 
would have been introduced to South America by the migrations of 
birds (Muñoz et al. 2013), and its distribution is limited to the latitude 
of 33°S (Ruiz et al. 2008). A. persimilis is autochthonous, restricted 
to environments in Chile and Argentina (Clegg & Gajardo 2009), and 
at present is the only species recorded in the province of La Pampa 
(Vignatti et al. 2014, Echaniz et al. 2015).

The species of this genus have economic importance, since from 
the naupliar stage until adulthood they are used as live food in the 
breeding of several fish and crustaceans of commercial value, because 
they constitute a source of proteins, lipids, essential amino acids, and 
unsaturated fatty acids beneficial to the organisms in culture (Dhont 
& Lavens 1996, Dhont & Sorgeloos 2002). This has caused some 
biological aspects of A. persimilis to be studied in the laboratory 
(Pastorino et al. 2002, Mechaly et al. 2004, 2013, Sato et al. 2004, 
Medina et al. 2007), but there is little information about its geographical 
distribution and its ecology under natural conditions. In addition, 
increasing knowledge about the biology of the species is an important 
aspect, as its geographical distribution could be in decline, because it 
has been proven that A. franciscana tends to displace native species of 
the places it colonizes (Green et al. 2005) due to its higher phenotypic 
plasticity (Browne & Wanigasekera 2000, Clegg & Gajardo 2009, 
Vikas et al. 2012).

In the central semi-arid region of Argentina, the presence of A. persimilis 
was registered in some hypersaline lakes. In Guatraché, located to the 
southeast of the province of La Pampa, the species was found at a time 
when the concentration of dissolved solids was higher than 400 g.L-1, the 

highest salinity reported for this species in the literature (Vignatti et al. 
2014). The population dynamics of A. persimilis have been described 
in La Amarga, but it is a lake with unique characteristics, because it 
belongs to a river system that is inactive due to strong anthropogenic 
influence (Echaniz et al. 2015).

Given the scarcity of information on the population dynamics of 
the species under natural conditions and the influence of environmental 
factors, the objectives of this work were to know the main limnological 
parameters, density, biomass, and population structure of A. persimilis 
and to establish relationships between the biotic and environmental 
variables in Utracán, a typical hypersaline lake in the Central Pampa 
of Argentina.

Materials and methods

1. Study area

Utracán (37°16´N, 64°35´W) is a shallow lake located in the central 
region of the province of La Pampa (Figure 1) in a protected area of 
the municipality of the city of General Acha. It is located in a dune 
landscape, surrounded by natural vegetation, with grasslands and native 
forest (Figure 2).

Utracán Lake is fed principally by rainfall and groundwater inputs. 
It is in a region where the average annual rainfall is around 600 mm 
(Casagrande et al. 2006), with peaks in summer and early autumn (Vergara 
& Casagrande, 2012). However, the rains during 2009 and 2010 only 
reached 312 and 499 mm respectively (http://www.policia.lapampa.gov.
ar/contenidos/ver/lluvias). Since the lake is located in an arheic basin, 
water outlets are usually produced by evaporation.

Fish have never been recorded in Utracán, probably due to the high 
salinity and lack of connection to other aquatic ecosystems. In its basin 
only livestock farming is done. During the period included in this work, 
only scarce flamingoes (Phoenicopterus chilensis Molina, 1782) were 
spotted sporadically in the lake’s avifauna.

Figure 1. Geographic location of Utracán Lake. The light blue area is the extension of the lake in May 2009. 1, 2, and 3: sampling sites
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2. Field and laboratory work

Samples were collected monthly from May 2009 until August 2010. 
Between May and October 2009 the sampling was conducted in the 
three stations along the longest axis of the lake (Figure 1), totaling 
18 samples. Subsequently, the station located in the west of the lake 
(Figure 1, point 1), disappeared when the water level decreased, 
which meant that only samples at sites 2 and 3 were taken (for a total 
of 22 samples).

Water temperature, dissolved oxygen concentration (oximeter 
Lutron OD 5510), water transparency (Secchi disc), and pH (digital 
pH meter Cornning PS 15) were determined in each station.

Salinity was determined by means of the gravimetric method 
with drying at 104°C. Chlorophyll a concentration (Chl-a) was 
measured by extraction with aqueous acetone and spectrophotometry 
(Arar 1997, APHA 1992), the total phosphorus (TP) by the ascorbic 
acid method after digestion with acidic persulfate, and the Kjeldahl 
total nitrogen (TKN) by the digestion method with sulfuric acid and 
colorimetric determination with Nessler reagent (APHA 1992).

Quantitative zooplankton samples were collected in each site. 
Because of the shallow depth, these samples were taken with graduated 
containers that integrated the water column and were filtered through 
a 0.04 mm mesh-size net. A qualitative sample was also taken with 
a similar net. All the samples were anesthetized with CO2 to avoid 
contractions that may deform the individuals collected and were kept 
refrigerated until fixation with formaldehyde 4%.

Counts to determine the density of zooplankton were made in 
Bogorov chambers under a stereomicroscope. The stages of A. persimilis 
were determined in Sedgwick Rafter chambers under a microscope at 
40–100X following the criteria of Cohen et al. (1999). These authors 
grouped the development of this species into five periods. The first, 
or naupliar period, is characterized by the presence of a naupliar, 
polygonal and frontal eye, segmentation sketches in the post-mandibular 
region, and a thin middle indentation in the posterior region which, 
towards the end of the period, becomes a deep proctodeal invagination. 
The metanaupliar period is characterized by the presence of protuberances 
corresponding to compound eyes. On each side of the naupliar eye, 
thoracic segments delimited by furrows and protuberances correspond 
to the first pairs of phyllopods. The third period, the post-metanaupliar, 

is characterized by the development of the peduncle of the compound 
eyes, which become prominent and pigmented, and by the presence of 
seven to eleven thoracic segments, whose phyllopods are progressively 
acquiring setae and, as a result, their functions of locomotion and 
feeding. During this period the delimitation of the abdomen occurs. 
During the fourth or post-larval period, the antennae gradually reach 
the shape, size, and characteristics that distinguish males and females. 
In both sexes the genital region and related structures reach their full 
development and each furcal branch (uropod) carries two setae and a 
thorn or three setae. During the fifth and final adult period, the male 
penises reach the typical morphology of the species, with a mound 
with spines in the inner angle of its basal portion and spines in the 
eversible portion. The female’s ovaries show oocytes and the ovisacs 
acquire the typical triangular form. The posterior end of the abdomen 
of both sexes carries a pair of furcal branches (uropods), each with 
three to five feathery silks.

The biomass was determined by drying to constant weight of all 
specimens (previously washed) of 5 mL subsamples, obtained with a 
Russell subsampler.

To examine relations between environmental factors and A. persimilis 
attributes, Spearman correlation coefficients were calculated (Sokal 
& Rohlf 1995, Zar 1996) and principal components analysis (PCA) 
(Pérez López 2004) was performed. We used Infostat software 
(Di Rienzo et al. 2010).

All applicable international, national, and institutional guidelines 
for the care and use of animals were followed.

Results

1. Environmental parameters

The depth was always reduced. It was at maximum at the beginning of 
the study, and, after fluctuating markedly by evaporation and the influence 
of relatively small precipitations, the lake was dried in September 2010 
(Figure 3). The mean salinity was higher than 230 g.L-1 (Table 1) and also 
varied widely and abruptly, from a maximum of 424.7 g.L-1, registered in 
February 2010, to a minimum of 99.2 g.L-1, the following month (Figure 3). 
Significant negative correlation was found between both parameters 
(rs = -0.91; p < 0.0001).

Figure 2. Utracán Lake in February 2010
Figure 3. Monthly variation of the maximum depth and salinity in Utracán Lake 
between May 2009 and August 2010
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The water temperature varied between a minimum of 3.43 °C (July 2009) 
and a maximum of 31.2 °C (February 2010) (Figure 4). The dissolved 
oxygen concentration ranged from values close to 1.5 mg.L-1 in November 
and February to a maximum of 12 mg.L-1 in April. Negative correlation 
was found between both parameters (rs = - 0.72; p = 0.0054).

Chl-a mean concentration was close to 38 mg.m-3 (Table 1) and was 
very variable, although it did not show a seasonal pattern. The concentration 
was less than 20 mg.m-3 on three occasions but had a peak of 101.26 mg.m-3 
in January (Figure 4) and no significant correlation was found with salinity 
(rs = 0.33; p = 0.2189) and water temperature (rs = 0.10; p = 0.6984). 
The transparency of the water was always highly reduced and highly 
variable, since it fluctuated between 0.05 m, registered on five occasions, 
and a maximum of 0.25 m, recorded in March and no seasonal pattern 
was detected. A positive correlation was found between this variable and 
maximum depth of the lake (rs = 0.93; p< 0.0001) but a negative one between 
water transparency and salinity (rs = -0.89; p< 0.0001). The correlation 
between water transparency and Chl-a concentration was not significant 
(rs = -0.40; p = 0.1352).

2. Artemia persimilis biology

The species was recorded over 11 months, from the beginning of 
the study until October 2009, when the salinity fluctuated between 
155.5 and 264.5 g.L-1, and between March and July 2010, when the 
salinity fluctuated between 99.2 and 228.4 g.L-1. It was not registered 
between November 2009 and February 2010, when the concentration of 
dissolved solids exceeded 320 g.L-1, nor in August 2010, when salinity 
exceeded 380 g.L-1, just before the drying of the lake. The species’ mean 
density and biomass throughout the study were 56.98 ind.L-1 (± 106.64) 
and 1.23 mg.L-1 (± 1.35), respectively, and correlation was found between 
both parameters (rs= 0.94; p= 0.000). Since the two biological parameters 
were lower on the occasions when the concentration of dissolved solids 
was higher, a correlation was found between total population density and 
biomass and salinity (rs = -0.75; p = 0.0008 and rs = -0.67; p = 0.0049), 
but not with other environmental parameters.

The PCA analysis, whose first two components explained 67.1% of the 
variance (Figure 5), also showed that the salinity was the environmental factor 
that has the greatest influence on the density and biomass of A. persimilis 
and also showed certain influence of this species on concentration of 
phytoplankton chlorophyll-a and therefore, on the water transparency.

In both years, the density peaks were recorded during the autumn and 
were 180.75 ind.L-1 in June 2009 and 399.3 ind.L-1 in April 2010 (Figure 6), 
when the naupliar stages predominated in the population (Figure 7). However, 
during 2009 the maximum biomass was recorded during the winter, in 

August, when it reached 2.56 mg.L-1, when the adult specimens predominated 
in the population. In 2010 the biomass peak was higher, since it reached 
4.88 mg.L-1 and coincided with that of density. The lowest densities were 
recorded in the months prior to the recordings of the maximum salinities, 
16.33 ind.L-1 in October 2009 and only 0.83 ind.L-1 in July 2010, times at 
which the population was dominated by postlarvae and adults (Figure 7).

Table 1. Main limnological parameters, total density of Artemia persimilis, and stages (mean values ± standard deviation) in saline lakes of La Pampa in which the 
species was recorded.

Utracán (2009–2010) Guatraché (2011–2012)* La Amarga (2007)**
Water temperature (°C) 16.53 ± 7.61 23.78 ± 10.87 14.58 ± 7.99
Salinity (g.L-1) 238.05 ± 92.34 345.40 ± 48.25 115.51 ± 19.02
pH 9.21 ± 0.09 7.73 ± 0.23 7.82 ± 0.53
Transparency (m) 0.11 ± 0.06 > 0.2 1.54 ± 0.15
Chlorophyll-a (mg.m-3) 39.16 ± 22.69 8.39 ± 6.97 1.65 ± 1.16
Dissolved oxygen (mg.L-1) 8.11 ± 3.07 N/D 6.83 ± 1.23
Total density (ind.L-1) 56.98 ± 106.64 9.60 ± 16.12 1.56 ± 2.17
Nauplii density (ind.L-1) 11.59 ± 33.68 2.15 ± 1.12 0.46 ± 0.63
Metanauplii density (ind.L-1) 16.10 ± 38.54 1.22 ± 1.50 0.82 ± 1.35
Postmetanauplii density (ind.L-1) 22.87 ± 43.04 5.77 ± 11.80 0.08 ± 0.08
Postlarvae density (ind.L-1) 3.78 ± 6.48 1.08 ± 1.57 0.14 ± 0.16
Adults density (ind.L-1) 2.73 ± 3.95 1.30 ± 2.05 0.05 ± 0.06
*Vignatti et al. 2014; ** Echaniz et al. 2015

Figure 4. Monthly variation of the water temperature and phytoplankton chlorophyll-a 
concentration in Utracán Lake between May 2009 and August 2010

Figure 5. Biplot with results of Principal Component Analysis
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Discussion
Artemia persimilis was present for most of the sampling occasions; 

however, the negative effect of salinity was evident, since the species was 
absent between November and February, when the salinity was close to 
370 g.L-1.

Later recolonization may have been due to the hatching of cysts 
deposited in the egg bank of the sediments, since during all occasions a 
large number of dormant eggs were observed in the borders (Vignatti & 
Echaniz, pers. observ.)

The situation in Utracán is different from that found in Guatraché, 
another pampean lake, where the species was recorded when the salinity was 
higher than 400 g.L-1, after which, due to an increase in the concentration 
of dissolved solids, it was not found (Vignatti et al. 2014). In La Amarga, 
the third hypersaline lake studied in La Pampa, A. persimilis was found 
at all times, probably because the maximum salinity remained within the 
tolerance range of the species (Echaniz et al. 2015).

In both Utracán and Guatraché populations (Vignatti et al. 2014), a 
relatively high proportion of naupliar stages was found in the months of 
higher salinity, although the population later disappeared from the water 
column. This could indicate that, in the wild, A. persimilis can reproduce 
up to these limits of salinity. On the other hand, in both lakes a relatively 
high proportion of larval stages were found during the colder months, which 
could indicate that the low temperatures would not affect reproduction.

Whereas in Guatraché and La Amarga the average density was reduced, 
in Utracán it was almost 6 and 35 times higher, respectively (Table 1). 
Considering that the concentrations of phytoplankton chlorophyll-a that 
were determined in the former two lakes were considerably lower than 
those of Utracán (Table 1), the greater density of the species in the latter 
could be due to the greater availability of food, given the greater quantities 
of phytoplankton present in this lake.

Although information on the geographic distribution of the Artemia 
genus in Argentina is scarce, in the few saline lakes in the north of the 
country where specimens were found, they corresponded to A. franciscana 
(Ruiz et al. 2008). The southernmost register corresponded to Las Tunas 
Lake in the province of Cordoba, where it could have come because of 
dispersal by birds (Muñoz et al. 2013). At present, all records to the south of 
33 ° latitude, both in the center of the country and in Patagonia, correspond 
to A. persimilis (Ruiz et al. 2008, Vignatti et al. 2014, Echaniz et al. 2015).

As previously mentioned, it is thought that A. franciscana could be 
in geographical range expansion due to its great colonizing ability (Clegg 
& Gajardo, 2009), which may displace the native species (Green et al. 
2005). One possible limitation to A. franciscana’s progress towards the 
south would be its lower tolerance to low temperatures (Amat et al. 2004, 
Vignatti et al. 2014), to the point that it was not recorded in the Great 
Salt Lake of Utah with temperatures below 3 °C (Wurtsbaugh & Gliwicz 
2001). In Argentina, where there are few studies that cover annual cycles in 
saline lakes of this species, there is only the record in winter (July) in Mar 
Chiquita Lake, when the water temperature was 10.7 °C (Pilati et al. 2016).

In Utracán, located much to the south, A. persimilis was recorded in 
July, with a temperature only above 3°C. Considering that a high proportion 
of juvenile stages were counted at that time, the species’ reproduction 
may not be affected by the low temperature, which could constitute an 
effective defense against possible invasions of their congeneric species. 
However, considering that climate change is a particularly important 
phenomenon in Argentina’s arid diagonal (D’Ambrosio et al. 2016), this 
situation could change drastically, since a small increase in the mean water 
temperature of the lakes would allow A. franciscana to colonize lakes 
located farther south than its present distribution, which could potentially 
lead to local extinctions of the native species. This necessitates new studies 
on both species in saline lakes located between 33° and 37° S, in what 
can be considered the actual transition zone between the distributions of 
A. franciscana and A. persimilis.
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Abstract: Alocasia macrorrhizos (L.) G.Don grows and proliferates in shaded areas in several forest fragments in urban 
zones. The adult plant has axils that accumulate rain water (phytotelmata) and serve as breeding sites for several families 
of aquatic insects. The objective of this study was to determine the composition of the entomofauna associated with 
water accumulations in axils of A. macrorrhizos in urban areas of Manaus, Brazil. Individuals of A. macrorrhizos were 
sampled in five forest fragments, between April/2005 and March/2007 in urban areas of Manaus, totaling 184 sampling 
units. A manual suction hose was used for the removal of entomofauna. A total of 1,941 immatures of Diptera were 
collected representing the following families: Culicidae (96.5%), Chironomidae (2%), Psychodidae (0.7%), Ephydridae 
(0.7%) and Corethrellidae (0.1%). Five Culicidae species were identified: Wyeomyia melanocephala Dyar & Knab, 
1906 (91.7%), Wy. ypsipola Dyar, 1922 (4.3%), Aedes albopictus (Skuse, 1894) (2.3%), Ae. aegypti (Linnaeus, 1762) 
(1.5%) and Johnbelkinia longipes (Fabricius, 1805) (0.1%). The members of Culicidae were the most abundant, 
confirming the importance of this group in communities associated with phytotelmata, with a positive relation to the 
volume of water (p < 0.05). The occurrence of Ae. aegypti and Ae. albopictus in axils of A. macrorrhizos demonstrates 
the potential of this Araceae as a breeding site of these medically important species. However, the real contribution of 
this Araceae in the maintenance and dispersion of populations of these two species of mosquitoes throughout the year 
should be further studied.
Keywords: Culicidae, forest fragments, mosquitoes, phytotelmata, vectors

Comunidade de Diptera (Insecta) colonizando axilas de Alocasia macrorrhizos (L.) 
G.Don (Araceae), com registros de Aedes aegypti (L.) e Aedes albopictus (Skuse) 

na área urbana de Manaus, Amazonas

Resumo: A. macrorrhizos (Araceae) é cultivada e se prolifera naturalmente em locais sombreados em diversos fragmentos 
de mata na zona urbana de Manaus. A planta adulta apresenta axilas que acumulam água da chuva (phytotelmata) e 
servem de criadouro para diversas famílias de insetos aquáticos. O objetivo do trabalho foi conhecer a composição da 
entomofauna associada às axilas de A. macrorrhizos, na área urbana de Manaus, Amazonas, Brasil. Entre 2005 e 2007, 
indivíduos de A. macrorrhizos foram amostrados em cinco fragmentos urbanos de mata, totalizando 184 unidades 
amostrais. Uma mangueira de sucção manual foi utilizada para coletar a fauna associada. Um total de 1.941 imaturos de 
Diptera foram coletadas, representadas pelas seguintes famílias: Culicidae (96,5%), Chironomidae (2%), Psychodidae 
(0,7%), Ephydridae (0,7%) e Corethrellidae (0,1%). Foram identificadas cinco espécies de Culicidae: Wyeomyia 
melanocephala Dyar & Knab, 1906 (91,7%), Wy. ypsipola Dyar, 1922 (4,3%), Aedes albopictus (Skuse, 1894) (2,3%), 
Ae. aegypti (Linnaeus, 1762) (1,5%) e Johnbelkinia longipes (Fabricius, 1805) (0,1%). Os representantes de Culicidae 
foram os mais abundantes confirmando a importância desse grupo nas comunidades associadas a fitotelmatas, com 
relação positiva com o volume de água por planta (p < 0.05). A ocorrência de Ae. aegypti e Ae. albopictus nas axilas 
de A. macrorrhizos demonstra o potencial dessa Araceae como criadouro para estas espécies de importância médica. 
Contudo, a real contribuição dessa Araceae na manutenção e dispersão populacional dessas duas espécies de mosquitos 
ao longo do ano precisa ser melhor estudada.
Palavras-chave: Culicidae, fitotelmata, fragmentos florestais, mosquitos, vetores.
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Introduction
Plant structures capable of storing rain water, such as modified leaves, 

stem holes, leaf axils, flowers, open fruits and fallen leaves are known by 
the term phytotelmata (Fish 1983). Among the best-known phytotelmata are 
the axils of plants. Plants with these structures that occur in South America 
include: Phenakospermum Endl. (“bananeira-brava”: Strelitziaceae), 
Musa L. (Musaceae), Bambusa Schreb. (Poaceae), Mauritia L. (Arecaceae), 
Heliconia L. (Heliconiaceae), Calathea G. Mey. (Maranthaceae), Guzmania 
Ruiz & Pavón and Vriesea Lindl. (Bromeliaceae), Alocasia (Schott) G. Don 
(Araceae) (Kitching 2000) and Eryngium (Apiaceae) (Campos 2010). Some 
of these plants have been used as ornaments, such as giant taro or “tajá” 
(Araceae), a plant from Asia that is well distributed through Venezuela, 
Colombia and Brazil. In Brazil, 12 genera and 55 species of Araceae are 
known in Reserva Florestal Ducke, which is adjacent to the city of Manaus 
(Ribeiro et al. 1999).

The fauna associated with phytotelmata is mainly composed of insects, 
with more than 70 families and 11 orders recorded so far, with Diptera as 
the most abundant order (Greeney 2001). In these environments aquatic 
larvae of Diptera are considered to be an ecologically important group 
because it occupies several aquatic ecosystems and contributes to the diet 
of other animals in these environments (Kitching 2000, 2001).

Many families of Diptera have medical or veterinary importance because 
they are involved in the transmission of etiological agent. The habitats 
of the immature forms of Culicidae have therefore received attention. 
Ecological and epidemiological studies show the increasing number of 
recipients in urban areas as a result of waste discarded by modern society 
(Soares et al. 2008). Consequently, providing sites for mosquitoes of 
Aedes (Stegomyia) Theobald, in urban areas (Cunha et al. 2002), being 
responsible for transmitting dengue, Chikungunya, zika virus and yellow 
fever throughout the Americas, Africa and Asia (Marcondes & Ximenes 
2016, Lopes et al. 2014).

The capacity of Araceae (genera Alocasia, Colocasia and Xanthosoma) 
to hold immature forms of aquatic insects, mainly Diptera, in the 
water stored in their axils has been studied in forest areas in Venezuela 
(Delgado & Machado-Allison 2006). Members of Sabethini (Culicidae) 
were the most frequent and abundant (Machado-Allison et al. 1986, 
Delgado & Machado-Allison 2006). Some species have the capacity to 
detect favorable habitats for oviposition, with varying degrees of specificity 
as to the host plant, and this can be specific to only one plant or to several 
plant species with similar structures within a specific area (Kitching 2000). 
We also need to consider that the axil size, volume of water, number of 
leaves, and quantity of debris are all variables that influence the structure 

of the communities associated with phytotelmata (Ambruster et al. 2002, 
Melnychuk & Srivastava 2002, Ospina-Bautista et al. 2004, Torreias et al. 
2010).

Forest fragments in urban or suburban areas of Manaus offer favorable 
places for the development of several insect species in public and private 
areas. These environments, if not monitored, may become locations used by 
city residents for disposal of artificial recipients – the main breeding sites of 
Aedes aegypti (L., 1762) (Lopes et al. 1985, Consoli & Lourenço-de-Oliveira 
1994). In addition, many of these fragments have secondary forest, where 
populations of Alocasia macrorrhizos (L.) G.Don are abundant and grow 
naturally in these uninhabited areas (personal observations).

The objective of the present study was to determine the composition of 
entomofauna associated with the axils of A. macrorrhizos and to verify the 
potential of this species of ornamental plant as a breeding site for Ae aegypti 
and Ae. albopictus (Skuse, 1894) in urban zones of Manaus, Brazil.

Material and Methods
Samples were collected in urban areas of the municipality of Manaus, 

Amazonas state. The region in which the city is located has two seasons 
during the year: the rainy season (December to May) being March the 
rainiest month, and the dry season (June to November) being August the 
driest month (Fisch et al. 1998). Alocasia macrorrhizos (Figure 1a) is grown 
and proliferates naturally in shaded areas, mainly on wet and acidic soils. 
The adult plant has leaves up to one-meter long, thus having large leaf 
axils that can store a significant quantity of water (Gómez Zuluaga 2003).

Sampling was done where more individuals of A. macrorrhizos were available, 
in five forest fragments: Area 1: Campus I of the Instituto Nacional de Pesquisas 
da Amazônia / INPA (03º 05’ 46.97” S, 59º 59’ 23.58” W), Area 2: Paraiba 
Street (03º 05’ 31.92” S, 60º 00’ 30.19” W), Area 3: Parque Municipal 
do Mindu (03º 04’ 41.6” S, 60º 00’ 29.5” W), Area 4: Franceses 
Road (03º 04’ 25” S, 60º 02’ 10” W), Area 5: Passeio do Mindu 
(03º 05’ 12.4” S, 60º 00’ 33” W).

Areas 1 and 3 have plant species that are characteristic of primary 
forest that survived cutting mainly due to resprouting from the original 
stem, as well as species introduced by gardening. These areas make a major 
contribution to the conservation of the natural and cultural resources in 
Manaus municipality. By contrast, forest fragments in Areas 2, 4 and 5 are 
characterized by heavy anthropic intervention, with pioneer species characteristic 
of secondary vegetation. These areas have rainwater retained in permanently 
waterlogged soil, favoring the development of palms, “bananeira-brava” 
and large individuals of giant taro (more than 1 m in height).

Figure 1. a) Group of A. macrorrhizos, located at INPA Campus I, Manaus, AM; b) Manual suction hose used to collect aquatic entomofauna.
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Campus I of INPA (Area 1) and Parque do Mindu (Area 3) were 
considered to be the sites with the lowest anthropic impact because, despite 
having masonry constructions, they had a broad cover of primary vegetation 
and ornamental plants. Area 2 (Paraiba Street) was considered to be the 
most impacted because it has lowland vegetation that is exposed to sewage 
disposal and the waste dumping. Areas 4 and 5 have secondary vegetation 
fragments of approximately 1 ha each and low canopy vegetation, which 
partially covers Araceae plants. These are found grouped on sites covered 
by Selaginella (Pteridophyta).

Sampling periods corresponded to transition months between wet and 
dry periods in the hydrological regime: April to July 2005, January to August 
2006, and March 2007, for a total of 13 months. A manual suction hose 
was used for the removal of the entomofauna (Figure 1b) and all of the 
liquid content was transferred to plastic 500 mL recipients. To ensure the 
removal of any specimens from the bootom, a second wash was performed 
on each leaf axil, with distilled water, and the liquid deposited in another 
container properly labeled. All material was transported to the Laboratório 
de Insetos Aquáticos da Coordenação de Biodiversidade (CBio/INPA). 
Fourth-instar larvae and pupae of Culicidae were individualized to obtain 
adults and to help in species-level identification (Lane 1953a, b, Motta 
& Lourenço-de-Oliveira 2000). The remaining samples were fixed in 
80% ethanol for identification at the family level. Mosquito genera were 
abbreviated according to Reinert (2009). The positivity index for each 
species of Culicidae was estimated by dividing the number of positive 
sampled axils for a given species by the total A. macrorrhizos axils 
investigated (Gomes 1998). The positivity index is usually used in studies 
with Culicidae and is important because it reveals the percentage frequency 
of occurrence of a particular species on the sampled sites throughout the 
investigated period (Resende et al. 2013).

In order to characterize the phytotelmata environment, we measured pH 
with a Warterproof PC 300, Oakton Instruments and the volume of water 
retained in A. macrorrhizos axils using a graduated cylinder. Such parameters 
were selected for having influence phytotelmata communities structuring 
(Yanoviak 1999, Kitching 2001). Simple linear regression (Ln (x+1)) was 
used to evaluate relationships between total mosquito abundance and the 
total amount of water (mL), and also between total mosquito abundance 
and pH values (significance level, p < 0.05) (Zar 1996). The collected 
material is deposited in the Coleção de Invertebrados do Instituto Nacional 
de Pesquisas da Amazônia – INPA, Manaus, Brazil.

Results
A total of 1,941 immatures of Diptera were collected in 184 sampling 

units. As expected in communities of phytotelmata, the members of family 
Culicidae were the most abundant, being 96.5% of all individuals, followed 
by Chironomidae (2%), Psychodidae (0.7%), Ephydridae (0.7%) and 
Corethrellidae (0.1%) (Table 1 and 2). Of the total of 184 samples analyzed, 
147 had immature insect in their axils, with an average of 10.5 (SE = 16.8) 
individuals per plant.

Wyeomyia melanocephala Dyar & Knab, 1906 was the most abundant 
species (91.7%), followed by Wy. ypsipola Dyar, 1922 (4.3%) (Table 2). 
These species occurred in all of the sampling sites. They had high rates of 
positivity index (78.3% and 24.5%, respectively). Johnbelkinia longipes 
(Fabricius, 1805), a wild mosquito, was found in only one sample (Table 2). 
Immatures of Ae. albopictus and Ae. aegypti was found in four areas with 
low abundance (Table 2) and low index of positivity (Table 3).

The volume of water in the plants ranged from a minimum of 10 to a 
maximum of 210 mL (average of 40 mL), and the abundance of Culicidae 
larvae was positively related to the water volume (p < 0.05, Figure 2). 
The pH varied from 6 to 7.2, and did not influence the abundance of 
mosquitoes (r2 = 0.0286, y = -2.43970427 + 0,644322259*x, p > 0.05).

Discussion

Two Culicidae tribes were found in this study: Sabethini and Aedini. 
Sabethini species are known by their strong association with phytotelmata 
formed by the axils of plants such as bromeliads, Araceae, Rapataceae 
and Heliconiaceae, and also phytotelmata formed in bamboo internodes, 
fallen husks of fruits and fallen flower bracts of palms (Navarro et al. 2007, 
Kitching 2000). In these environments, females lay their eggs in isolation 
and larvae usually develop in confined spaces.

The two mosquito species most abundant and frequent, Wy. melanocephala 
and Wy. ypsipola, occurred in all of the sampling sites, with high rates of 
positivity index, indicating a strong affinity with the phytotelmata studied 
in the urban area. This corroborates the studies by Machado-Allison et al. 
(1986) and Delgado & Machado-Allison (2006), who recorded these 
two species as being the most frequent and abundant larvae collected in 
A. macrorrhizos in a forest in Venezuela. In urban areas, Wy. melanocephala 
was also recorded colonizing Zingiberaceae axils, which have a similar 

Table 1. Abundance of Diptera families collected in A. macrorrhizos (n = 184) in urban areas of Manaus, AM, 2005 to 2007. Caption: Area 1: Campus I – INPA; Area 
2: Paraiba Street; Area 3: Parque do Mindu; Area 4: “Franceses” Road; Area 5: “Passeio do Mindu”.

Families Area 1 Area 2 Area 3 Area 4 Area 5 Total
Culicidae 771 613 184 184 121 1,873

Chironomidae 0 40 0 0 0 40
Psychodidae 0 8 0 4 1 13
Ephydridae 10 1 1 0 1 13

Corethrellidae 0 2 0 0 0 2
Total 781 664 185 188 123 1,941

Table 2. Abundances and percentages of total (%) of Culicidae species collected in A. macrorrhizos (n = 184) in urban areas of Manaus, AM, 2005 to 2007. Area 1: 
Campus I/INPA; Area 2: Paraiba Street; Area 3: Parque do Mindu; Area 4: “Franceses” Road; Area 5: “Passeio do Mindu”.

Species Area 1 (%) Area 2 (%) Area 3 (%) Area 4 (%) Area 5 (%) Total (%)
Wy. melanocephala 696 (37.2) 557 (29.7) 174 (9.3) 172 (9.2) 118 (6.3) 1,717 (91.7)

Wy. ypsipola 54 (2.9) 8 (0.4) 5 (0.3) 10 (0.5) 3 (0.2) 80 (4.3)
Ae. albopictus 14 (0.7) 27 (1.4) 1 (0.1) 2 (0.1) 0 44 (2.3)

Ae. aegypti 7 (0.4) 21 (1.1) 1 (0.1) 0 0 29 (1.5)
Jo. longipes 0 0 3 (0.2) 0 0 3 (0.2)

Total 771 (41.2) 613 (32.7) 184 (9.8) 184 (9.8) 121 (6.5) 1,873 (100)
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ways of retaining water (Machado-Allison et al. 1986, Consoli & 
Lourenço-de-Oliveira 1994).

Wyeomyia specimens are often found in bromeliads, bamboo internods 
and tree holes located in forest fragments in Brazil (Marques & Forattini 2008, 
Torreias et al. 2010, Ceretti-Junior et al. 2014). It is known that adult 
females are eclectic in the search for hosts. However, detailed studies of 
feeding behavior and biology of the group are still incipient (Forattini 2002). 
In Brazil, the genus Wyeomyia may be involved in the natural transmission 
of arbovirus Ilheus, causing fever and encephalitis (Lopes et al. 2014). 
However, the species of this genus are not yet listed as important vectors 
of viral agents.

On the field, observations were made regarding the feeding habit 
that corroborated with the results by Machado-Allison et al. (1986): 
Wy. melanocephala larvae uses the siphon as a supporting organ to fix itself 
in the deepest part of the axil and filter organic matter particles. By contrast, 
Wy. ypsipola larvae stays at the bottom searching for prey (smaller larvae of 
Culicidae and Ephydridae, which are common in these Araceae), directing 
its mouth apparatus to the surface. This species has a bucal apparatus that 
is well developed for predatory habits; however, if prey is lacking, it can 
also feed on filtered organic matter (Machado-Allison et al. 1986).

We found Jo. longipes in only one sample (with three individuals) 
in June 2006. Anthropic alterations, including use of ornamental plants 
for landscaping purposes, may offer a stimulus for the presence of 
these species, which previously were found exclusively in wild areas 
(Consoli & Lourenço-de-Oliveira 1994). Specimens of Johnbelkinia 
Zavortink, appear to be specific to phytotelmata formed by axils of Araceae 
(Navarro et al. 2007), as reported by Machado-Allison et al. (1986) and 
Delgado & Machado-Allison (2006), who recorded larvae of Jo. ulopus 
(Dyar & Knab) only in axils of the aroids plants Alocasia, Colocasia and 
Xanthosoma in Venezuela.

Regarding Aedini, we identified members of Ae. albopictus and 
Ae. aegypti. Immatures of Ae. albopictus and Ae. aegypti were collected 
in areas with low anthropic impact (Areas 1 and 3) and also in an area with 
high impact (Area 2), but always in shaded areas provided by well-developed 
leaves of large Araceae located a few meters from human constructions 
and residential areas. In Brazil, Ae. albopictus has been previously found 
in phytotelmata, such as holes in trees, bamboo internodes (Gomes et al. 
1992, Muller & Marcondes 2010) and bromeliads (Marques et al. 2001, 
Mocellin et al. 2009).

Ae. albopictus is only considered to be a primary vector for the spread 
of dengue and yellow fever in some regions of Asia; additionally, many 
studies show the capacity of this species to serve as a potencial vector for 
several arboviruses (Alencar et al. 2008), including dengue, Chikungunya 
and zika virus (Marcondes & Ximenes 2016). Thus, the possibility of local 
transmission of all these arboviruses by this insect cannot be discarded, 
indicating the need for studies of their breeding sites, especially in urban 
areas. Aedes albopictus can easily adapt to rural areas as well as urban 
areas, becoming a zoonotic bridge in both places. Therefore, due to the 
wide ecological valence and the susceptibility of this species to the main 
arboviruses registered in Brazil, it is important that this mosquito is also 
included in epidemiological monitoring and control programs together with 
Ae. aegypti (Alencar et al. 2008, Marcondes & Ximenes 2016).

Ae. aegypti is the only known vector of dengue, Chikungunya and 
zika virus in urban areas in many Brazilian States. The occurrence of 
Ae. aegypti tends to indicate a public health problem. This species has 
synanthropic behavior and usually occupies anthropic areas (Forattini 2002). 
In urban areas, it usually breeds in discarded recipients; however, studies 
show that this species uses natural breeding sites in urban and rural 
areas with a great variety of microorganisms and organic matter for the 
development of its immature forms, such as domesticated bromeliads 
whether or not they are used for decorative purposes (Cunha et al. 2002, 
Delgado & Machado-Allison 2006, Gonçalves & Messias 2008).

In the present study, Ae. aegypti and Ae. albopictus was found in low 
number and with sporadic nature of occurrence, as shown by the low 
index of positivity for both species. As demonstrated in other studies in 
urban areas (Mocellin et al. 2009; Santos et al. 2011), this kind of habitat 
(axils of plants) does not seem to play an important role as breeding site for 
the larvae of these mosquitoes, being the water held in manmade containers 
the main oviposition sites for Ae. aegypti and Ae. albopictus females 
(Soares et al. 2008). These two species of mosquitoes were more abundant 
in Areas 1 and 2, especially Area 2, considered to be the most impacted 
anthropically, with greater discarding of domestic waste, which may have 
contributed to the higher number of Ae. aegypti and Ae. albopictus in this 
sample site in comparison with the other sample areas. The record of these 
species colonizing axils of A. macrorrhizos is important, since this small 
population of mosquitoes can serve as a reservoir for the introduction of 
these species in nearby residences.

Other organisms were collected in the axils of A. macrorrhizos, 
including Chironomidae, Psychodidae, Ephydridae and Corethrellidae 
larvae, some of which inhabited the axils with Culicidae. These families 
are very common in these environments, but according to the literature 
they had low number of species when compared with other studies of 
phytotelmata in forest areas in Central Amazon (Neiss 2007, Torreias & 
Ferreira-Keppler 2011).

Chironomidae were found in only one sample (Area 2). Nevertheless, 
after Culicidae, this is the second most abundant and diverse group in 
phytotelmata, colonizing various species of plants that are capable of 
storing water (Kitching 2000) in addition to breeding in sites formed 
by mycotelmata (Ferreira et al. 2001, Serpa-Filho et al. 2007). In this 

Table 3. Positivity index (frequency of occurrence) of Culicidae species collected 
in A. macrorrhizos (n = 184) in urban areas of Manaus, AM, 2005 to 2007.

Culicidae species Positivity index
Wy. melanocephala 78.26

Wy. ypsipola 24.45
Ae. albopictus 8.15

Ae. aegypti 6.52
Jo. longipes 0.54

Figure 2. Simple linear regression (Ln (x+1)) of Culicidae abundance and the volume 
of water (mL) retained in the axils of A. macrorrhizos, Manaus, AM.
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environment, chironomid larvae have broad feeding plasticity (preying, 
filtering-collecting, scraping and collecting).

Information on Corethrellidae is relatively scarce in the Brazilian 
Amazon. According to Borkent (2008) there are 12 species recorded from 
this area. The females of Corethrella Coquillett, the only extant genus 
of the family, are hematophagous, feeding exclusively on frog blood. 
The immature forms are generalist predators which develop in still waters, 
lakes, bamboo internodes and plant axils (Borkent 2008). Corethrella was 
collected only once in the present study. Larvae of the genus was also 
found in the bromeliad Guzmania brasiliensis Ule, in forest areas in the 
Amazon (Torreias & Ferreira-Keppler 2011).

Ephydridae larvae were found in the axils of Araceae, usually with little 
water and high quantities of organic matter. These organisms are detritivorous 
(Delgado & Machado-Allison 2006) and feed on fine sediments from 
allocthonous components that, in these locations, depend on retained rain 
water, leading to a diet with extrinsic characteristics. Larvae of Ephydridae 
has already been registered in bamboo internodes (Sanchez & Liria 2009), 
and has been previously found in A. macrorrhizos, as related by Delgado & 
Machado-Allison (2006). It seems that this family mainly inhabits places 
with plenty of organic matter where they feed on debris.

The positive relationship between immature mosquitoes and water 
volume, corroborate other studies on Culicidae that use phytotelmic habitats 
(Yanoviak 1999, Torreias et al. 2010). In A. macrorrhizos, as in other 
phytotelmic habitats, the increase in the volume and persistence of water 
are essential factors to maintain an aquatic community in these ecosystems 
(Srivastava & Lawton 1998, Kitching 2000, Ospina-Bautista et al. 2004, 
Yanoviak et al. 1999 and 2006).

Through this study it was possible to verify the potential of 
A. macrorrhizos as breeding sites for Ae. aegypti and Ae. albopictus, as 
well as other wild Culicidae. The results show that giant taro (Araceae), 
commonly used as ornamental plants in urban areas of Manaus, can be 
used sporadically by epidemiologically important mosquitoes species. 
However, the real contribution of this Araceae in the maintenance and 
dispersion of populations of these two species of mosquitoes throughout 
the year should be further studied.
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Abstract: Malaria elimination is now set to occur in Brazil until 2030. While this achievement is feasible, as it is for 
other endemic regions worldwide, it is important to recognize resistance of parasites and vectors against anti-malarial 
interventions. Resistance against drugs and insecticides can lead to discontinuities of malaria transmission, known 
as residual malaria transmission. Herein, we described a novel phenomenon that is occurring in a residual malaria 
transmission scenario in the southeastern Atlantic forest. This novel phenomenon does not belong to what is known and 
therefore we decided to explain it based on an evolutionary perspective. Although it shall not be viewed as a threat to 
public health, the phenomenon has important aspects that should be highlighted. Specifically, it represents an adaptation 
of P. falciparum among vectors and hosts in the southeastern Atlantic forest. Knowledge about this phenomenon could 
be of importance, including to the on-going malaria elimination programs.
Keywords: Anopheles, Biological Evolution, Malaria, Plasmodium falciparum, Rainforest.

Destaque para o sistema evolutivo de Plasmodium falciparum no sudeste da Mata Atlântica

Resumo: A eliminação da malária pode ocorrer no Brasil antes de 2030. Embora seja viável no Brasil e em outras regiões 
endêmicas do mundo, reconhece-se a importância da resistência de parasitos e vetores às intervenções. A resistência 
contra drogas e inseticidas pode levar à malária residual. Aqui, descrevemos um novo fenômeno que está ocorrendo 
em um cenário residual de transmissão de malária no sudeste da Mata Atlântica. Esse fenômeno não faz parte do 
conhecimento atual e, portanto, propomos uma perspectiva evolutiva para explicá-lo. Não sugerimos uma nova ameaça à 
saúde pública; entretanto, ressaltam-se aspectos importantes sobre o fenômeno. Especificamente, o fenômeno representa 
uma adaptação de P. falciparum entre vetores e hospedeiros no sudeste da Mata Atlântica. O conhecimento sobre essa 
adaptação pode ser importante para os programas de eliminação da malária em andamento.
Palavras-chave: Anopheles, Evolução Biológica, Floresta Tropical, Malária, Plasmodium falciparum.

Malaria eradication is the permanent reduction to zero of the incidence 
of infection worldwide. In contrast, elimination is the permanent reduction 
to zero of the incidence of Plasmodium infection on a country or regional 
scale. A new perspective on, and enthusiasm for, malaria elimination 
in this century have together overcome the failure of the first malaria 
eradication program (1950 - 1969) (Cotter et al. 2013). The current 
support appears to be justified, because the malaria burden is declining 
in endemic countries, 18 of which have reached the goal of elimination 
between 2007-2015 (WHO 2016). The on-going malaria elimination 
programs adopted by many endemic countries are making headway, 
with a general understanding that elimination is possible in Brazil until 
2030 (Ferreira & Castro 2016).

Interventions (e.g., drug administration on infected individuals, 
vector control management) can control malaria transmission and thus 
have strong impact on these malaria elimination programs (Cotter et al. 
2013). Resistant fraction of parasite and vector populations, however, 

can persist in the environment of transmission even after intensive 
malaria control programs (Haji et al. 2013, Barbosa et al. 2014, 
Guyant et al. 2015, Waltmann et al. 2015). This strong selective pressure 
on Plasmodium parasite and Anopheles mosquito populations had been 
documented in many situations in the past and have been still occurring 
nowadays (Najera et al. 2011, Haji et al. 2013, Waltmann et al. 2015). 
The mechanism of resistance is evolutionary-based, because it favors 
adaptation of Plasmodium transmission among vectors and hosts, leading 
to rare and discontinuous cycles (Corey et al. 2016, Chang et al. 2016). 
Such discontinuity in transmission dynamics is represented by persistent 
transmission post-intervention and occurs when frequent malaria outbreaks 
are replaced by rare randomly-distributed malaria clusters in an endemic 
region, i.e., residual malaria transmission (Killeen 2014). Residual malaria 
transmission is often overlooked because there is neither a strong nor 
an obvious impact on public health.
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The southeastern Atlantic forest is historically known to hold a 
residual malaria transmission recognized as ‘bromeliad-malaria’. The main 
characteristics are: very few annually reported Plasmodium vivax cases 
among residents and high abundance of the primary vector Anopheles 
cruzii, a forest-loving bromeliad-mosquito species (Gadelha 1994). 
This paradigmatic scenario has been challenged recently, resulting in a new 
puzzle to be solved (Maselli et al. 2014, Sallum et al. 2014, Laporta et al. 
2015). While these authors recognize that systematic studies and specific 
funding are needed, an effort towards solving that puzzle is made and thus 
a novel theoretical view is hypothesized in the present work.

Setting the Scene: a New Puzzle
Plasmodium falciparum is the most threatening malaria-parasite 

because of the magnitude of deaths attributable to this species. In many 
parts of the world, however, scientists are observing high prevalence of 
sub-microscopic P. falciparum infections among asymptomatic residents 
(Elbadry et al. 2015, Tiedje et al. 2017). For instance, we investigated blood 
samples for Plasmodium falciparum contamination in a center of blood 
donation in hospital of the University of São Paulo. As a result, we found 
10.6% prevalence of P. falciparum subclinical infections among residents 
living in the southeastern Atlantic forest (Maselli et al. 2014). On the one 
hand, this evidence represented an institutional incident among scientists 
and directorial board of blood donation center (Mendrone et al. 2014). 
On the other hand, it allowed thinking more theoretically and concluding 
that an interesting phenomenon related to evolution of malaria transmission 
system was taking place (Sallum et al. 2014).

Given the hypothesis of locally P. falciparum transmission in the 
southeastern Atlantic forest, we tested field collected anophelines 
throughout that region for malaria parasites. We found 4.4% (21/480) of 
P. falciparum-infected anophelines and 99% similarity of the P. falciparum 
18S rDNA fragments shared with P. falciparum sequences previously 
isolated from wild monkeys in Amazonia (Laporta et al. 2015). With the 
real-time quantitative curves from Laporta et al. 2015, we estimated the 
average number of P. falciparum sporozoites per anopheline (Figure 1).

The scientific puzzle-solving game is now setup. It has the following 
pieces of evidence: 1) high prevalence of P. falciparum subclinical 
infections among residents of the southeastern Atlantic forest, 2) widespread 

distribution of P. falciparum-infected anophelines in the same region, 3) close 
relationship between P. falciparum found in anophelines with non-human 
primates, and 4) low number of P. falciparum sporozoites in anophelines. 
One could see all these pieces of information as totally independent from 
each other. On the contrary, other would view all of them connected on a 
web of causal mechanisms.

Considering the assumption that these evidences are interconnected, the 
next step is very straightforward: to propose an explanation that combines 
it all in a single theoretical hub. Acknowledging that a malaria transmission 
system is flexible and persistent, the working hypothesis herein is the 
evolution pathways of such a system under anti-malarial intervention.

Working Hypothesis: Malaria Transmission System 
Under Anti-malarial Intervention

Mechanisms of resistance to anti-malarial interventions are still a threat 
to the programs of malaria elimination today. For instance, the spread of 
artemisinin-resistant P. falciparum in the Greater Mekong subregion, Asia 
is challenging the current triumph, i.e., artemisinin combination therapy, 
in the so-called malaria elimination era (Imwong et al. 2017). The Lancet 
Infectious Diseases’ editorial (“Is malaria elimination within reach?”; 2017) 
is not more optimistic than results by Imwong et al. (2017).

When a malaria transmission system is resistant to anti-malaria 
interventions, it means that clinical cases of malaria will keep continuing. 
Other possibilities are that anti-malarial interventions can kill the most 
pathogenic and virulent fractions of the malaria parasites involved, 
resulting in sub-microscopic (Elbadry et al. 2015, Tiedje et al. 2017) 
and/or sub-clinical infections (Maselli et al. 2014). Individuals had few 
clinical symptoms and sub-microscopic P. falciparum infections in Central 
America (Elbadry et al. 2015) and Africa (Tiedje et al. 2017), meaning 
that transmission is still occurring despite anti-malarial interventions. 
Sub-clinical P. falciparum infections in Maselli et al. (2014) are yet 
more complex, because 100% of tested individuals had no symptoms. 
The pathways that malaria transmission systems create to resist against 
anti-malaria interventions should be less looked from a medical view and 
more studied from an evolutionary perspective.

In ecological systems, one important property is resilience of fundamental 
processes for a system under disturbance (Holling 1973). Resilience has 
two dimensions: 1) stochastic, variations on the behavior of a system under 
disturbance without losing the deterministic dimension, 2) deterministic, 
achievement of the goals of such a system (Holling 1973). Deterministic 
dimension of a malaria transmission system is to persist on parasite 
transmission among vectors and hosts. When an anti-malaria intervention 
collides with such a deterministic dimension, malaria transmission 
system’s stochastic dimension finds new pathways for keeping up the 
transmission goal. The compounds of a malaria transmission system are 
the key to understand its resilience. For instance, while parasite’s asexual 
reproduction is made within host, parasite’s sexual reproduction inside 
mosquito produces important genetic variability for malaria transmission 
(Talman et al. 2004). It seems therefore that biology of mosquito vectors 
should contribute decisively to the behavior of stochastic dimension of 
malaria transmission system.

Biology of Malaria Vectors and the Transmission of 
Parasites among Hosts

Several Anopheles species in many parts of the African continent, 
Western Pacific, and throughout the Amazon, can transmit malaria parasites 
to humans (Massey et al. 2016). Biology of each of these anopheline 
species defines important features of malaria epidemiology. For instance, 
forested anopheline species are highly associated with transmission of 

Figure 1. Number of P. falciparum sporozoites per anopheline according to the 
real-time quantitative curves from Laporta et al. 2015.
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Evolution of P. falciparum resilience

Plasmodium in forested landscapes in the Western Pacific. Anopheline 
species associated with open and deforested areas are abundant and make 
thousands of people sick annually in urbanized zones in Sub-Saharan 
Africa (Guerra et al. 2006). Anopheles darlingi is associated with forest 
fringe, resulting in the current paradigm of malaria transmission called 
‘the frontier malaria’ in Amazon (Barros & Honório 2015). Plasmodium 
falciparum transmission in the southeastern Atlantic forest (Maselli et al. 
2014, Laporta et al. 2015) could also be explained by means of biology 
of the main malarial vector in this system, An. cruzii.

Anopheles cruzii is a forest-loving species that inhabits the southeastern 
Atlantic forest. Beyond its importance as a vector of P. vivax to humans, it 
is related to transmission of Plasmodium simium among monkeys and/or 
humans (Pina-Costa et al. 2014). Recently, Brasil et al. (2017) suggested 
that transmission of P. simium to humans may have been neglected 
because it seems more important than previously thought. Additionally, 
out of twenty-one (4.4%) P. falciparum-infected anophelines found in the 
southeastern Atlantic forest, eighteen (3.75%) were An. cruzii (Laporta et al. 
2015). Considering that An. cruzii can interchangeably transmit P. vivax 
to humans and P. simium to monkeys and/or humans, it is possible that 
P. falciparum circulation in the southeastern Atlantic forest is helped by 
vector contact with both humans and monkeys.

Beyond the vector ability of An. cruzii, this species seems to live longer 
than other anophelines. Anopheles cruzii females had been recaptured 
up to two months after the release date (Santos 2001). This means that a 
malaria parasite can have a long period for completing its development 
inside this mosquito (Poulin 2011). Availability of such a long period means 
that transmission will be exponentiated. But, what would happen if a long 
period for parasite development is combined with efficient anti-malarial 
interventions? Considering the efficient anti-malarial interventions in the 
southeastern Atlantic forest (Smith 1952) and the current low number of 
sporozoites found in this mosquito species (Figure 1), it is possible that a 
selection of a less efficient parasite occurred.

Plasmodium falciparum Evolutionary System in the 
Southeastern Atlantic Forest

Oocytes of P. falciparum were commonly found in An. cruzii females 
and other anophelines during malaria epidemics period that reached the 
cities of Blumenau, Joinville, and Florianopolis in the 1940s (Smith 1952). 
Plasmodium falciparum was considered eliminated in the southeastern 
Atlantic forest after the malaria eradication programme in the 1950-60s 
(Gadelha 1994, Griffing et al. 2015). A long gap lasted for approximately 
40 years (1970 – 2010) in when P. falciparum circulation had not been 
documented in this region. It is either possible that this parasite remained 
in silent cycles inside the forest with monkeys as a reservoir or that it was 
re-introduced by migration of infected humans from endemic counties 
of Amazon without being noticed. Anyway, a cornerstone publication 
was made in 2008 suggesting that Alouatta monkeys could be reservoirs 
of P. falciparum in the southeastern Atlantic forest (Duarte et al. 2008). 
Following, a high proportion of P. falciparum was found throughout the 
southeastern Atlantic forest, mainly in An. cruzii mosquitoes, and infecting 
high fractions of asymptomatic human hosts and potentially circulating 
among reservoir monkeys (Maselli et al. 2014, Laporta et al. 2015).

Notwithstanding the above, having a P. falciparum adapted to monkeys 
would be an idiosyncrasy. Not only an idiosyncrasy, but this adaptation 
has not yet been proved or published. The most comprehensive study on 
interactions among human malaria parasites on non-human primates by 
Liu et al. (2010) showed that P. falciparum is not infecting great apes in 
Africa nowadays. Great apes have infections with species closely related 
to P. falciparum; for instance, gorillas can be infected by P. praefalciparum 
(Liu et al. 2010). Then, there is not a scientific consensus that it can occur 

species permeability (Molina-Cruz et al. 2016). In other words, there is 
not a strong support for the parasite being transmitted in both directions: 
1) from humans to apes, and 2) from apes to humans. This is because 
infections found in nature so far, apes with P. falciparum, were not effective 
(Loy et al. 2016).

Now we are set into the most important step of this puzzle solving 
game. While P. falciparum should not circulate among monkeys and 
humans, a novel system of P. falciparum transmission is taking place in 
the southeastern Atlantic forest. In such malaria transmission system, two 
mechanisms may be contributing to the P. falciparum circulation: 1) Elevated 
host tolerance (asymptomatic infected humans; Maselli et al. 2014), 
2) Inefficient vector adaptation (low number of P. falciparum sporozoites 
in An. cruzii; Laporta et al. 2015, Figure 1). These mechanisms could be 
further related to the evolution of P. falciparum resilience.

Open Remarks for New Opportunities
A close adaptation of P. falciparum to its vector could occur. This adaptation 

was discussed by Sallum et al. (2014) and exemplified by Molina-Cruz et al. 
(2016). An adaptation would be selected in the environment if P. falciparum 
could not cause symptoms in human hosts (as evidentiated in Maselli et al. 
2014); because then it would be invisible to the surveillance system, which 
is based mainly on symptomatic malaria individuals. For instance, São 
Paulo State has not reported any autochthonous case of P. falciparum in the 
southeastern Atlantic forest since 1980 (Couto et al. 2010, São Paulo 2017).

The average number of sporozoites in the glands of an infective anopheline 
is expected to be 1,000 (Ross 1910). We estimated a low mean number 
(95) of P. falciparum sporozoites in 18 An. cruzii and 3 other anophelines 
in the southeastern Atlantic forest (Figure 1). This low number in the 
mosquito’s glands would lead to an absence of viable sporozoites to be 
inoculated into humans and thus no transmission should occur. However, 
we also observed a high prevalence of P. falciparum subclinical infections 
in humans (Maselli et al. 2014). What is the underlying mechanism behind 
these evidences?

The high prevalence of P. falciparum subclinical infections in humans 
could be triggered by the low number of sporozoites in An. cruzii in the 
southeastern Atlantic forest, evidentiated in Laporta et al. 2015 (Figure 1). 
Exposure to an irrelevant load of inoculum of P. falciparum could help in 
decreasing the recovery time among susceptible hosts. These exposures 
with a very low load of P. falciparum along time could serve as a natural 
immunization for residents in the southeastern Atlantic forest.

Adaptation of P. falciparum to sylvatic transmission among exclusively 
asymptomatic humans is hypothetically suggested as belonging to evolution 
of P. falciparum resilience. Resilience in such case is defined as the capacity 
of an infectious disease to adapt to an environment under a disturbance 
regime represented by an eradication programme.

To prove evolution of resilience is not trivial. It needs data and evidences 
within a profound temporal framework, such as shown in Figure 2, which 
is not always available, particularly in the southeastern Atlantic forest, a 
neglected malaria region.

Figure 2 is a hypothetical temporal framework that represents steps of 
malaria transmission system. Prior to the 1870s, during the pre-biological 
invasion phase, the only known malaria-parasite was P. simium in 
non-human primates, and the prevalent mosquitoes were identified as 
Kerteszia species. From approximately 1890-1910, massive European 
immigration to southern Brazil occurred (Carvalho Filho & Monasterio 
2012), a biological invasion that resulted in forest clearing, the emergence 
of Nyssorhynchus species and a notable increase in P. falciparum and 
P. vivax. This invasion resulted in a subsequent acute malaria epidemic 
that lasted for approximately 20 years (1930-1950). During this time, both 
Kerteszia and Nyssorhynchus species transmitted both human parasites at 
an unprecedented scale (Smith 1950). By the 1950s the worldwide malaria 
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Figure 2. Hypothetical temporal framework that represents steps of malaria transmission system.



5Biota Neotrop., 17(3): e20160314, 2017

http://dx.doi.org/10.1590/1676-0611-BN-2016-0314 http://www.scielo.br/bn

Evolution of P. falciparum resilience

burden was so high that governments of endemic countries began to take 
serious control measures instigated by the Global Malaria Eradication 
Program (GMEP). In Brazil, transmission decreased after an intense 
eradication campaign that included chloroquine treatment of infected 
humans and control of Kerteszia mosquitoes by rapid bromeliad destruction 
(Griffing et al. 2015). During this elimination phase (1970-1990) in the 
Atlantic forest, chloroquine resistance plus vector persistence in forest 
fragments resulted in residual malaria, known as the bromeliad-malaria 
paradigm (Gadelha 1994). This paradigm is essentially the dynamics of 
vivax-malaria transmitted by local Kerteszia and Nyssorhynchus vectors. 
Finally, the finding of P. falciparum in humans who have never travelled 
to the Amazon or any other malaria endemic region, suggests an alternative 
cycle of transmission dynamics may have evolved, which is recognized 
herein as evolution of P. falciparum resilience (Figure 2).

It should be further suggested studies in such an intriguing scenario 
of P. falciparum resilience. This may be relevant because it may reveal 
important aspects of evolution of malaria transmission under environment 
disturbances (i.e., anti-malarial interventions). This should be therefore 
important to the implementation of malaria elimination programs in 
endemic countries.
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Abstract: The scale of impact that the São Francisco River transposition project will have on the drainage basins 
ichthyofauna is still unclear, however, changes in the fish community diversity and abundance is probable. Surveys 
and registries of the fish fauna within key systems of the catchment basins are priority actions for the conservation of 
the aquatic diversity. This study conducted a taxonomic survey of the Epitácio Pessoa (Boqueirão municipality) and 
Argemiro de Figueiredo (Itatuba municipality), reservoirs ichthyofauna, both belonging to the Paraíba do Norte River 
basin, important socioeconomic and environmental systems for the transposition project. Monthly sampling was carried 
out between October/2014 to September/2015 in the upstream and downstream zones of the reservoirs. The specimens 
were collected using dip nets, drag nets, and sieves, and placed on ice in the field. Later in the laboratory, they were 
transferred to 10% formaldehyde and then preserved in 70% alcohol. A total of 2,328 specimens were collected 
representing five orders, 14 families, and 31 species in both systems. At the upstream zones 2057 specimens were 
collected representing 17 species, and at the downstream zones 271 specimens were collected representing 24 species. 
Of the 31 species recorded, 13 species are endemic to watersheds that drain rivers from the Brazilian semi-arid region, 
and seven species (Apareiodon davisi, Characidium bimaculatum, Hypostomus pusarum, Parotocinclus jumbo, 
P. spilosoma, Pimelodella enochi, and Prochilodus brevis) are endemic to the Mid-Northeastern Caatinga Ecoregion 
(MNCE). Among the latter, Parotocinclus spilosoma and Pimelodella enochi are endemic to the Paraíba do Norte River. 
Apareiodon davisi is classified as Endangered according to the current published Brazil’s official list of endangered 
species of fish and aquatic invertebrates. This pre-transposition ichthyofaunistic survey will serve as a basis for future 
post-transposition analyzes, considering this action will change the scope of the ecosystems diversity.
Keywords: Endemism, Paraíba, Basins Transposition.

Composição da ictiofauna em reservatórios do semiárido brasileiro

Resumo: A dimensão do impacto que a transposição do rio São Francisco provocará na ictiofauna das bacias receptoras ainda 
é imprecisa, entretanto, é provável que haja alterações na riqueza e abundância da comunidade de peixes. Levantamentos 
e registros prévios da fauna íctica em sistemas chaves das bacias receptoras são ações prioritárias para a conservação da 
diversidade aquática. Este estudo realizou o levantamento taxonômico da ictiofauna dos reservatórios Epitácio Pessoa 
(município de Boqueirão), e Argemiro de Figueiredo (município Itatuba), ambos pertencentes a bacia hidrográfica do rio 
Paraíba do Norte, estado da Paraíba, importantes sistemas sócioeconômicos e ambientais para o projeto da transposição. 
Assim, foram realizadas amostragens mensais de Outubro/2014 a Setembro/2015 nas zonas lacustres e a jusante dos 
reservatórios. Os espécimes foram coletados com redes de espera, tarrafa, arrasto, peneiras e puçás, em seguida acondicionados 
em gelo no campo, posteriormente no laboratório, transferidos para o formol a 10% e conservados em álcool 70%. 
Foram coletados um total de 2328 espécimes distribuídas em 31 espécies, 14 famílias e cinco ordens nos dois sistemas. 
Nas zonas lacustres foram coletados 2057 espécimes distribuídos em 17 espécies e nas áreas a jusantes foram coletados 
271 indivíduos, distribuídos em 24 espécies. Das 31 espécies registradas, 13 são endêmicas das bacias hidrográficas que 
drenam rios do semiárido brasileiro, destas, sete (Apareiodon davisi, Characidium bimaculatum, Hypostomus pusarum, 
Parotocinclus jumbo, P. spilosoma, Pimelodella enochi e Prochilodus brevis) são endêmicas do Nordeste Médio Oriental. 
Dentre estas últimas, P. spilosoma e P. enochi são endêmicas do rio Paraíba do Norte. Apareiodon davisi é classificada 
como Em Perigo de acordo com a atual lista oficial de espécies ameaçadas de peixes e invertebrados aquáticos no Brasil. 
Este levantamento ictiofaunístico pré-transposição servirá de base para análises futuras pós-transposição, considerando 
que esta ação acarretará mudanças no âmbito de diversidade dos ecossistemas em questão.
Palavras-chave: Endemismo, Paraíba, Transposição de bacias.



Costa, S.Y.L. et al.

2 Biota Neotrop., 17(3): e20170334, 2017

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2017-0334

Introduction
Approximately 5,160 freshwater fish species are described from 

South America, representing 20 orders, 69 families, and 739 genera 
(Reis et al. 2016). Brazil covers majority of the Neotropical region, and 
its ichthyofauna consists of more than 3,000 freshwater species (Reis et al. 
2016). According to Buckup et al. 2007, the number of freshwater fish 
species described in Brazil has increased significantly in recent years, 
with an annual growth greater than 20%, an average never yet recorded. 
However, the knowledge about the Brazilian ichthyofaunistic diversity is 
focused within certain regions, with the Northeast region displaying the 
lowest volume of published studies and a limited number of researchers 
(Rosa & Menezes 1996, Langeani et al. 2009, Ramos et al. 2014).

The lack of accurate knowledge related to systematics and distribution 
of fish taxa within Northeast Brazil is one of the main aspects limiting the 
ichthyofaunistic diversity evaluation and fish biogeographic determination 
of this region (Rosa et al. 2003, Ramos et al. 2014). However, in recent 
decades the number of research articles related to the ichthyofauna diversity 
of Brazilian semi-arid region has increased (Ramos et al. 2005, Novaes et al. 
2013, Sánchez-Botero et al. 2013, Gurgel-Lourenço et al. 2013, Silva et al. 
2014, Ramos et al. 2014, Silva et al. 2015, Gurgel-Lourenço et al. 2015).

In Brazil, approximately 12% of its territory is classified as being semi-arid 
with a population of about 23 million inhabitants (INSA 2015). Thus, the 
aquatic ecosystems are fundamental to the survival of local communities, 
taking into account that the construction of dams was primarily intended 

to increase water storage capacity for the urban network (Maltchik 1996, 
Rebouças et al. 2006, Medeiros et al. 2010).

Currently, Northeast region of Brazil is undergoing the process of 
channel construction that will transport water from the largest hydrographic 
basin in the region, the São Francisco River basin, to the basins of the 
Mid-Northeastern Caatinga Ecoregion - MNCE (ecoregion composed 
of hydrographic basins located between the São Francisco and Parnaíba 
basins - Rosa et al. 2003), among which is the Paraíba do Norte River basin. 
The Paraíba do Norte River watershed is the third largest of this ecoregion. 
In order to contribute to the knowledge of this systems ichthyofauna prior 
to the commencement of the transposition project, an ichthyofauna survey 
was undertaken focusing on two large reservoirs of the Paraíba do Norte 
River basin, the Epitácio Pessoa and the Argemiro de Figueiredo reservoirs, 
and their respective downstream areas.

Material and Methods

1. Study area

The study was carried out in the Epitácio Pessoa (Boqueirão) and 
Argemiro de Figueiredo (Acauã) reservoirs and their respective downstream 
areas. These reservoirs are situated in the Paraíba do Norte River basin, in 
Paraíba State (Figures 1 and 2). The Paraíba do Norte River is about 360 km 
in length, rising above a thousand meters elevation in the Serra de Jabitacá 
in Monteiro municipality, and flows into the Atlantic Ocean in Cabedelo 

Figure 1. Map of Paraíba do Norte River basin (A): Boqueirão (B) and Acauã (C) reservoirs.
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municipality. The basin comprises an area of 20,071.83 km2, making it 
the second largest in Paraíba State. It has five main reservoirs, among 
them are the Epitácio Pessoa and Argemiro de Figueiredo (Paraíba 2007).

The Epitácio Pessoa reservoir (7°29’20’’ S and 36º17’3” W), 
popularly known as Boqueirão, is located in the upper basin at Boqueirão 
municipality in the northeastern semi-arid region. It is the largest and main 
reservoir of the Paraíba do Norte River basin with a maximum capacity 
of 411,686.287m3 and covering an area of about 14,000 km2, supplying 
water to 26 municipalities in Paraíba State. Its main uses are human supply 
(approximately 600,000 people), animal husbandry and irrigation (Silva 
1987, AESA 2015).

The Argemiro de Figueiredo reservoir, commonly known as Acauã, 
is located in the middle course of the Paraíba do Norte River between 
the geographical coordinates 7º36’51’’ S and 35º33’01’’ W in Itatuba 
municipality, supplying several cities as well as irrigation, water for 
livestock, and aquaculture. This reservoir has an area of 1,725 hectares 
with a 253,144,247 m3 of accumulation capacity (SEMARH 2006).

2. Sampling

Sampling in the Epitácio Pessoa and Argemiro de Figueiredo 
Reservoirs was conducted monthly for one year, between October/2014 
and September/2015. In addition, the downstream ebbing (environments 
that usually have a lotic regime) areas of the reservoirs were also sampled. 
In Argemiro de Figueiredo reservoir, the specimens were collected using 
a trawl net (20 m long, 2 m high and 10 mm mesh), cast net (2.4 m high, 
and 12 mm mesh) and gill nets (10 m long and 35, 45 and 55 mm meshes). 

Epitácio Pessoa specimens were collected by means of gill nets only. 
Gill nets were set at dusk and retrieved at dawn, having a soaking time 
of 12 hours in each of the sampled environments. Additional sampling 
methods were used when sampling downstream of the two reservoirs, 
including the use of sieves, grips and a trawl net (4 m long, 2 m high, and 
5 mm mesh). Specimens collected in the reservoirs were placed on ice 
and taken to the Universidade Estadual da Paraíba (UEPB). Majority of 
the material was used for feeding studies, and the remaining specimens 
together with the material collected from the downstream areas were treated 
according to the scientific curatorial standards, by fixing the specimens 
in formaldehyde for two to eight days, then transferring them to a 70° 
GL ethyl alcohol solution, and labeling and sorting specimens into lots 
according to Malabarba & Reis (1987).

Specimen sampling and identifications were carried out at the 
Laboratório de Ecologia Aquática da Universidade Estadual da Paraíba 
(LEAQ/UEPB), Laboratório de Sistemática e Morfologia de Peixes da 
Universidade Federal da Paraíba (LASEP/UFPB) and Laboratório de 
Ictiologia Sistemática e Evolutiva da Universidade Federal do Rio Grande 
do Norte (LISE/UFRN). After identification, specimens were deposited in 
the Ichthyological collections at the UFPB (29 lots) and UFRN (two lots).

Meristic and morphometric data involved in the identification process 
were obtained according to Hubbs & Lagler (2006). Species identification 
was performed according to specialized literature (e.g., Kullander 1983, 
Britski et al. 1984, Vari 1989, Castro & Vari 2004, Ramos 2012). Taxonomic 
classification and endemism of species followed Eschmeyer et al. (2017) 
and Rosa et al. (2003), respectively.

Figure 2. Epitácio Pessoa Reservoir (A) and its downstream area (B), Argemiro de Figueiredo Reservoir (C) and its downstream area (D).
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3. Data analysis

Species occurrence was analyzed according to occurrence frequency 
(FO in percentage) of the species against evaluation criteria for values: Very 
common (FO > 70%); Common (FO between 50% and 70%); Uncommon 
(FO between 10% and 50%) and Rare (FO < 10%).

To evaluate abundance of each species, total number of species captured 
was considered and relative abundance of each species was obtained by 

dividing the number of individuals captured from each species by total 
number of specimens.

Results
A total of 2,057 specimens were collected in the Epitácio Pessoa and 

Argemiro de Figueiredo Reservoirs, representing freshwater fish from three 
orders, 10 families, 16 genera, and 17 species (Table 1). In the Argemiro de 

Table 1. List of fish species recognized in Argemiro Figueiredo (AF) and Epitácio Pessoa (EP) reservoirs and their respective downstream areas (DAF) and (DEP), 
Paraíba do Norte River basin, Northeastern Brazil with their respective names. Endemic: endemism in Caatinga biome; Allochthonous: introduced from other regions; 
Autochthonous: native to the region; Exotic: introduced from other countries.

Taxon Popular name Origin AF EP DAF DEP Voucher
CHARACIFORMES
Crenuchidae
Characidium bimaculatum Fowler, 1941 “Filhote de traíra” Endemic X UFPB-10631
Erythrinidae
Hoplias cf. malabaricus (Bloch, 1794) “Traíra” Autochthonous X X X X UFPB-10604
Parodontidae
Apareiodon davisi Fowler, 1941 “Piau” Endemic X X UFPB-10601
Anostomidae
Leporinus piau Fowler, 1941 “Piau” Endemic X X X X UFPB -10606
Curimatidae
Psectrogaster rhomboides Eigenmann & Eigenmann, 1889 “Cumatã” Endemic UFPB-10607
Steindachnerina notonota (Miranda Ribeiro, 1937) “Piaba” Endemic X X UFPB-10616
Prochilodontidae
Prochilodus brevis Steindachner, 1875 “Curimatã” Endemic X X X X UFPB - 10608
Triportheidae
Triportheus signatus (Garman, 1890) “Sardinha” Endemic X X X X UFPB-10600
Characidae
Astyanax aff. bimaculatus (Linnaeus, 1758) “Piaba” Autochthonous X X X X UFPB -10603
Astyanax aff. fasciatus (Cuvier, 1819) “Piaba” Autochthonous X X X UFPB-10635
Compsura heterura Eigenmann, 1915 “Piaba” Autochthonous X UFPB-10627
Hemigrammus rodwayi Durbin, 1909 “Piaba” Autochthonous X UFPB-10632
Hemigrammus marginatus Ellis, 1911 “Piaba” Autochthonous X UFPB-10630
Serrapinnus heterodon (Eigenmann, 1915) “Piaba” Autochthonous X UFPB-10634
Hyphessobrycon parvellus Ellis, 1911 “Piaba” Autochthonous X UFPB-10633
SILURIFORMES
Heptapteridae
Pimelodella enochi Fowler, 1941 “Cascudo” Endemic X X UFRN-0443
Rhamdia quelen (Quoy & Gaimard, 1824) “Jundiá” Autochthonous X UFPB-10625
Loricariidae
Hypostomus pusarum (Starks, 1913) “Cascudo” Endemic X X X UFPB-10602
Parotocinclus jumbo Britski & Garavello, 2002 “Cascudinho” Endemic X UFPB-10628
Parotocinclus spilosoma (Fowler, 1941) “Cascudinho” Endemic X UFRN-0731
CYPRINODONTIFORMES
Poeciliidae
Poecilia reticulata Peters, 1859 “Barrigudinho” Allochthonous X UFPB-10629
Poecilia vivipara Bloch & Schneider, 1801 “Barrigudinho” Autochthonous X X UFPB-10626
SYNBRANCHIFORMES
Synbranchidae
Synbranchus aff. marmoratus Bloch, 1795 “Mussum” Autochthonous X UFPB-10623
PERCIFORMES
Sciaenidae
Plagioscion squamosissimus (Heckel, 1840) “Pescada” Allochthonous X X UFPB-9983
Cichlidae
Astronotus ocellatus (Agassiz, 1831) “Óscar” Allochthonous X UFPB-10605
Cichla ocellaris Bloch & Schneider 1801 “Tucunaré” Allochthonous X UFPB-10609
Cichlasoma orientale Kullander, 1983 “Corró preto” Endemic X X UFPB-9951
Crenicichla menezesi (Ploeg, 1991) “Quatro-olho” Endemic X X X X UFPB-9980
Geophagus brasiliensis (Boulenger, 1897) “Acará” Autochthonous X X X X UFPB-9952
Oreochromis niloticus (Linnaeus, 1758) “Tilápia-do-Nilo” Exotic X X UFPB-9985
Coptodon rendalli (Boulenger, 1897) “Tilápia” Exotic X X UFPB-2883
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Figueiredo Reservoir a total of 1,482 specimens were collected, representing 
13 species and in the Epitácio Pessoa reservoir a total of 575 specimens were 
collected, belonging to 16 species. Of the 17 species recorded, 12 species 
were common to both reservoirs, one species, Apareiodon davisi, was 
recorded only in the Argemiro Figueiredo Reservoir, and four species in 
the Epitácio Pessoa Reservoir: Astronotus ocellatus, Cichlasoma orientale, 
Cichla ocellaris, and Psectrogaster rhomboides.

Characiformes and Perciformes showed the highest species richness 
in the reservoir ichthyofauna, both with eight species (47.1%) of the 
17 species registered. However, five species of the order Perciformes were 
introduced: Astronotus ocellatus, Cichla ocellaris, Oreochromis niloticus, 
Coptodon rendalli, and Plagioscion squamosissimus. Species from the 
order Characiformes were distributed within seven families and seven 
genera, and those species from the order Perciformes were distributed 
within two families and eight genera. The order Siluriformes, within the 
reservoirs, was represented by only one species (Hypostomus pusarum).

Cichlidae was family with the highest species richness in the Epitácio 
Pessoa and Argemiro Figueiredo Reservoirs, representing 41,1% with 
seven species. However, this family comprised only three species (17.7%) 
when allochthonous and exotic species are removed from this account, 
this is also the case of the Characidae family. Oreochromis niloticus 
(exotic species) was most abundant species, representing a total of 
with 473 (23%) specimens collected, and Plagioscion squamosissimus 
(allochthonous species) was second most abundant species, representing 
a total of 430 (21%) collected specimens. Astyanax aff. bimaculatus 
was the most abundant among the native species, representing a total of 
189 (9%) collected specimens, followed by Geophagus brasiliensis with a 
total of 172 (8%) collected specimens. Cichlidae and Sciaenidae were the 
families with highest relative abundance values, comprising 45% and 21%, 
respectively, of all sampling of the two reservoirs. It is important to note 
that Sciaenidae family was represented by only one species, Plagioscion 
squamosissimus. Other families had a relative abundance percentage below 
10%. Perciformes was the most abundant order in the Epitácio Pessoa and 
Argemiro de Figueiredo Reservoirs, representing a total of 1,372 (67%) 
collected specimens, followed by Characiformes with a total of 598 (29%) 
specimens and Siluriformes with a total of 87 (4%) specimens.

Analysis of frequency of occurrence (FO%) in the Argemiro de 
Figueiredo reservoir showed that six species were classified as “Very 

Common”, four species as “Common”, two species as “Uncommon” and 
one species as “Rare” (Table 2). For the Epitácio Pessoa Reservoir, five 
species were classified as “Very Common”, six species as “Common”, 
four species as “Uncommon” and a single species as “Rare” (Table 2).

In the lotic portion of the river downstream from Argemiro de 
Figueiredo and Epitácio Pessoa reservoirs, 271 specimens were collected 
and represented 24 species, 20 genera, 11 families, and five freshwater fish 
orders (Table 1). Additional species were recorded through downstream 
sampling but these were not recognized within the reservoirs. In the area 
downstream of Epitácio Pessoa Reservoir, 12 species were recorded in 
which five species were not collected in the reservoir: Apareiodon davisi, 
Steindachnerina notonota, Parotocinclus spilosoma, Pimelodella enochi, 
and Poecilia vivipara. In the area downstream of Argemiro de Figueiredo 
Reservoir, 20 species were recorded in which 11 species were not 
collected in the reservoir: Characidium bimaculatum, Compsura heterura, 
Hyphessobrycon cf. parvellus, Hemigrammus marginatus, Hemigrammus 
rodwayi, Parotocinclus jumbo, Poecilia reticulata, Rhamdia quelen, 
Serrapinnus heterodon, Steindachnerina notonota, and Synbranchus aff. 
marmoratus. In these two downstream areas, 12 families were recognized 
but seven of these families bear only one species.

A total of 31 species were collected in Argemiro Figueiredo and Epitácio 
Pessoa Reservoirs and their downstream areas, distributed within 27 genera, 
14 families, and five orders (Table 1). Characiformes was the order with 
the largest species richness, comprising 15 species within 13 genera and 
eight families, and representing 48% of recorded species (Figure 3A). 
Perciformes was the second richest order with eight species recognized 
within eight genera and two families, and representing 26% of recorded 
species. Characidae and Cichlidae were families with the highest number 
of species, both with seven species representing 23% of species sampled, 
followed by Loricariidae with three (10%) species (Figure 3B).

Discussion
The dams built in the intermittent rivers of Brazilian Northeast region 

serve as a refuge for freshwater fishes during drought periods. The number 
of species (17) recorded in the two reservoirs in our study is in accordance 
to other reservoirs in the region. Gurgel-Lourenço et al. (2013) also listed 
17 species from Paulo Sarasate and Edson Queiroz Reservoirs, both located 

Table 2. Occurrence Frequency Classification (F.O.%) for species from Epitácio Pessoa (EP) and Argemiro de Figueiredo (AF) Reservoirs.

Species
EP AF

N FO (%) Classification N2 FO (%) Classification
Hoplias cf. malabaricus 45 100 Very common 9 50 Common
Astronotus ocellatus 34 91,6 Very common - - -
Cichla ocellaris 53 83,3 Very common - - -
Prochilodus brevis 52 83,3 Very common 2 8,33 Rare
Geophagus brasiliensis 52 75 Very common 120 83,3 Very common
Leporinus piau 54 66,6 Common 6 41,6 Uncommon
Psectrogaster romboides 19 66,6 Common - - -
Hypostomus pusarum 63 58,3 Common 24 50 Common
Triportheus signatus 58 58,3 Common 29 83,3 Very common
Cichlasoma orientale 19 50 Common - - -
Crenicichla menezesi 11 50 Common 149 100 Very common
Oreochromis niloticus 67 41,6 Uncommon 406 100 Very common
Astyanax aff. bimaculatus 34 25 Uncommon 155 50 Common
Plagioscion squamosissimus 8 25 Uncommon 422 100 Very common
Coptodon rendalli 5 25 Uncommon 23 50 Common
Astyanax aff. fasciatus 1 8,3 Rare 30 16,6 Uncommon
Apareiodon davisi - - - 104 75 Very common
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in Ceará State. Sánchez-Botero et al. (2013) recognized 9 species by 
conducting monthly samplings for a period of six months in Santo Anastácio 
Reservoir at Ceará State. Silva-Filho et al. (2011) recorded 14 species in 
Duas Unas reservoir, review at Jaboatão River basin, Pernambuco State. 
Marinho et al. (2006) recognized seven species in Namorados (municipality 
of São João do Cariri) and Soledade (Soledade municipality) reservoirs at 
Paraíba do Norte River basin, which are under the hydrographic domain of 
Taperoá sub-basin. Montenegro et al. (2012) listed 11 species for Taperoá II 
reservoir, located in Taperoá municipality at Paraíba do Norte River basin. 
Our study supports a much higher number of species when compared to 
these previous studies in the same basins.

Characiformes and Siluriformes generally present the greatest species 
richness Neotropical regions (Lowe-McConnel 1987, Reis et al. 2003), 
as well as in Brazil (Buckup et al. 2007). The proportional richness of the 
order Characiformes has been a natural tendency of ichthyofauna basins 
under influence of the Caatinga biome (Ramos et al. 2005, Silva et al. 
2014, Ramos et al. 2014, Silva et al. 2015). The Characidae family, one 
of the richest families in this study, generally has the greatest richness in 
fish diversity in Northeast Brazil (Ramos et al. 2005, Paiva et al. 2014, 

Silva et al. 2014, Ramos et al. 2014, Silva et al. 2015). Rosa et al. (2003) 
observed that Characidae was the most diversified family (50 species) 
when studied the diversity of Caatinga ichthyofauna. Most of its species 
are associated to inland waters of Brazil (Britski 1972).

However, order Perciformes displays higher species diversity than 
the order Siluriformes when it comes to reservoirs (Marinho et al. 2006, 
Montenegro et al. 2012, Sánchez-Botero et al. 2013, Gurgel-Lourenço et al. 
2015). The higher species diversity of the order Perciformes in the semiarid 
reservoirs can be correlated to the lentic habit of Caatinga reservoirs, to 
which Cichlidae species, the most diverse family within the order, are 
well adapted (Kullander 2003, Langeani et al. 2007). Whereas species of 
the order Siluriformes are adapted to running water (lotic) environments 
(Nelson 2006). Epitácio Pessoa and Argemiro de Figueiredo Reservoirs 
as well as other Caatinga reservoirs are lentic environments that are more 
suitable for the predominance of cichlids. Most of the exotic species within 
the Caatinga rivers belong to the Cichlidae family, as pointed out in our 
results previously that noticed five out of eight Cichlidae species were 
introduced in these two reservoirs.

Figure 3. Fish species richness by Order (A) and Family (B) collected in Argemiro Figueiredo and Epitácio Pessoa reservoirs and their respective downstream areas.



7

Composition of the ichthyofauna

Biota Neotrop., 17(3): e20170334, 2017

http://dx.doi.org/10.1590/1676-0611-BN-2017-0334 http://www.scielo.br/bn

Oreochromis niloticus, popularly known as “Nile tilapia”, is an exotic 
species that is well established in the Brazilian semiarid region and the 
most abundant species recorded in Epitácio Pessoa and Argemiro de 
Figueiredo Reservoirs. This species feeds mainly on phytoplankton and 
zooplankton, and it has great trophic plasticity and it is highly tolerant 
to environmental variations (Gurgel & Fernando 1994, Starling et al. 
2002, Attayde et al. 2007). The abundance of Oreochromis niloticus is 
related to breeding in tanks from Argemiro Figueiredo Reservoir where 
406 out of 473 specimens were collected. In addition to competition for 
food resources, mostly zooplankton, this species may affect other species 
through changes in habitat quality. Omnivorous filter-feeding fish such as 
tilapia tend to increase total phytoplankton biomass through predation on 
zooplankton and nutrient recycling (Drenner et al. 1996, Attayde et al. 2007).

Plagioscion squamosissimus, the second most abundant species, was 
introduced in reservoirs in Northeast Brazil during the early 1950s by 
Departamento Nacional de Obras Contra a Seca (DNOCS). However, 
fisheries were only productive from 1970s onwards (Fontenele & Peixoto 
1978, Sato & Godinho 1999). Introduction of exotic species is considered 
to be one of the major reasons for biodiversity loss and the second major 
cause of animal extinction (Fontana et al. 2003, Ziller & Zalba 2007). Exotic 
fish may act as predators, competitors or even disseminate pathogenic 
organisms (Reis et al. 2003).

Astyanax aff. bimaculatus is a native species, is the third most abundant 
representative in the two reservoirs, along with other small Characidae 
species, popularly known as “piabas” in Northeastern Brazil, that is generally 
the most abundant group in the region (Ramos 2012, Paiva et al. 2014, 
Silva et al. 2014). These species are not valuable for fisheries purposes due 
to their relatively small size (Ramos 2012). However, these species are of 
importance as a food source for carnivorous species (Câmara et al. 1991). 
The relative low frequency of “piabas” in these reservoirs, and particularly 
in Epitácio Pessoa reservoir, when compared to Oreochromis niloticus and 
Plagioscion squamosissimus may be related to the abundance of Cichla 
ocellaris and Hoplias cf. malabaricus. The latter two species, such as 
P. squamosissimus, are considered top predators that have piscivorous habits 
and feed on small whole fishes such as “piabas” when adults (Goldstein 
1973, Lowe-McConnell 1975, Peixoto 1982, Lowe-McConnell 1987, 
Resende et al. 1996, Almeida et al. 1997, Bennemann & Shibatta, 2002.).

Apareiodon davisi, one of the most representative species in our survey, 
was collected in Argemiro de Figueiredo Reservoir only, and registered 
during most of the sampling period. Species of the genus Apareiodon 
are generally found in habitats characterized by flowing water with high 
oxygen concentrations and rocky substrates, typical of lotic environments. 
Most of its species are found in rapids, and scrape rock-adhered algae off 
rocks as their food source (Pavanelli 2006). However, A. davisi was one 
of the six most abundant species from Argemiro de Figueiredo Reservoir, 
which leads us to infer that a population of this species is adapted to lentic 
conditions that are distinctive of this reservoir.

Apareiodon davisi is endemic to the Mid-Northeastern Caatinga 
ecoregion and it was described from specimens collected in drainages 
of Jaguaribe, Piranhas-Açu, and Paraíba do Norte rivers by Rodolfo Von 
Ihering during the decade of 1930 in Ceará and Paraíba States (Fowler, 
1941). Apareiodon davisi is the only threatened species among those 
herein recognized, according to the criteria from the Brazil’s official list 
of endangered species of fish and aquatic invertebrates (Brasil, 2014), 
due to the following aspects: 1) recent records detected reduction of 
population size. In the decades of 1940 and 1950, samples of A. davisi were 
abundant (around 100 specimens collected). However, recent expeditions 
have shown a decrease in the number of collected specimens (less than 
10 specimens). Additionally, a single specimen has been recently collected 
in the type locality of A. davisi (b iv), in the North Paraíba River basin, 
with few additional specimens collected in recent years; 2) continuous 

decline of habitat quality (b iii). The locations in which A. davisi has been 
registered have suffered anthropogenic impacts such as deforestation due 
to expansions of sugar cane farming and extensive livestock, erosion, and 
river siltation. In addition, the main basins where this species is recognized 
are characterized by an intermittent regime and will receive water from 
the San Francisco River transposition. The consequences of changes 
in the hydrological regime (intermittent to perennial) are unknown to 
A. davisi. 3) severe fragmentation of its populations (a). Uninterrupted 
dams contribute to population fragmentation in the basins where A. davisi 
are registered. Population regressions were not yet quantified for this 
species, but occupation area (AOO) together with current records of this 
species were calculated as 93,9 Km2 (B2), which categorize A. davisi as 
“endangered (EN)”, according to B2 ab (iii,iv) criteria (Brasil, 2014).

Characiformes and Siluriformes, and the families Characidae, Loricariidae, 
and Cichlidae in the downstream area of Epitácio Pessoa and Argemiro 
de Figueiredo reservoirs were the most representative groups, which is 
in agreement with other studies from Northeast Brazil such as those by 
Ramos et al. (2005), Silva et al. (2014), Ramos et al. (2014), Silva et al. 
(2015). These results, however, differed regarding ichthyofauna within 
the reservoirs, as mentioned above.

Poecilia reticulata is the only species considered as introduced 
into the region that was not recorded within the two reservoirs among 
24 species recognized in the downstream area of Argemiro de Figueiredo 
and Epitácio Pessoa Reservoirs. This is a small and well-disseminated 
species in Northeast Brazil, commonly used for aquarium trading and as 
pest control (Ramos 2012).

Two new occurrences were recorded from Paraíba do Norte River 
basin: Hemigrammus rodwayi Durbin, 1909, previously known from 
Guyana, Suriname, French Guiana Rivers and the Amazon basin; and 
Hyphessobrycon cf. parvellus Ellis, 1911 known from the coastal drainage of 
Bahia State, Brazil (Reis et al. 2003, Buckup et al. 2007). The occurrence of 
Hemigrammus rodwayi in the Brazilian Northeast is considered natural due 
to environmental similarities between the ichthyofauna of these regions as 
mentioned in Agassiz & Agassiz (1938) and Paiva (1978). Hyphessobrycon 
cf. parvellus was previously recorded from São Francisco River basin and 
its distribution is now extended to the MNCE. Both Hemigrammus rodwayi 
and Hyphessobrycon cf. parvellus were collected in several coastal rivers 
of Northeastern Brazil (Telton Ramos, personal communication).

Six species out of 31 species recorded in the present study were 
introduced, and 25 autochthonous species (Figures 4 and 5) in which 
13 species (52%) are endemic to the basins that drain Caatinga biome. 
Six species (Apareiodon davisi, Characidium bimaculatum, Hypostomus 
pusarum, Parotocinclus jumbo, P. spilosoma and Pimelodella enochi) 
are endemic to the MNCE. Parotocinclus spilosoma and Pimelodella 
enochi are endemic to Paraíba do Norte River drainage, to which the water 
bodies of the studied regions belong (Reis et al. 2003, Rosa et al. 2003, 
Buckup et al. 2007). Studies on the biology of these endemic species that 
address adaptations in intermittent rivers such as Paraíba do Norte River 
are unknown, which makes it difficult to predict environmental impacts 
that changes in the hydrological regime may cause to them after the river 
transposition. However, special heterogeneity created from different 
hydrological phases and environmental variables (characteristics from the 
intermittent rivers) are important factors in the maintenance of a rich and 
mutable ichthyofauna as it decreases the comprehensive pattern of species 
dominance. Formation of pools of a variety of sizes and shapes in riverbeds 
increase fish resilience after flooding as many species use them as a habitat 
for reproduction (Medeiros & Maltchick 2001, Barbosa et al. 2012).

According to Maltchik (1999), fish diversity in rivers of the semi-arid 
region shows an inverse relationship with the hydrological stability, meaning 
that rivers of greater hydrological stability with minimal seasonal variability 
have lower rates of biological diversity than rivers with a more instable 
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Figure 4. Fishes from the sampled areas of the Argemiro Figueiredo and Epitácio Pessoa reservoirs and their respective downstream areas. a) Prochilodus brevis, 
120.5 mm SL; b) Leporinus piau, 101.2 mm SL; c) Astyanax aff. bimaculatus, 62.1 mm SL; d) Astyanax aff. fasciatus, 66.7 mm SL; e) Compsura heterura, 38.4 mm 
SL; f) Hemigrammus rodwayi, 26.2 mm SL; g) Hemigrammus marginatus, 34.7 mm SL; h) Serrapinnus heterodon, 35.2 mm SL; i) Hyphessobrycon parvellus, 21.4 mm 
SL; j) Characidium bimaculatum, 30.3 mm SL; k) Triportheus signatus, 84.5 mm SL; l) Apareiodon davisi, 75.4 mm SL; m) Hoplias cf. malabaricus, 92.7 mm SL; 
n) Psectrogaster rhomboides, 140.5 mm SL; o) Steindachnerina notonota, 96.5 mm SL; p) Pimelodella enochi, 175.3 mm SL.
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Figure 5. Fishes from the sampled areas of the Argemiro Figueiredo and Epitácio Pessoa reservoirs and their respective downstream areas. a) Rhamdia quelen, 129.1 mm 
SL; b) Hypostomus pusarum, 124.5 mm SL; c) Parotocinclus jumbo, 53.6 mm SL; d) Parotocinclus spilosoma, 38.1 mm SL; e) Poecilia vivipara, 27.1 mm SL; 
f) Cichlasoma orientale, 74.3 mm SL; g) Crenicichla menezesi, 89.7 mm SL; h) Geophagus brasiliensis, 118.4 mm SL; i) Synbranchus aff. marmoratus., 170.5 mm SL.

hydrology. The author further states that this pattern may be explained by 
the presence of dominant species in rivers of greatest hydrological stability.

The Northeast region of Brazil is currently undergoing a water 
transposition process, in which waters of São Francisco River basin, which 
is characterized by a perennial regime, will be artificially connected to the 
four largest basins of the MNCE that have an intermittent regime. In addition 
to Paraíba do Norte basin, the watersheds of the Apodi-Mossoró (Rio 
Grande do Norte), Jaguaribe (Ceará) and Piranhas-Açu Rivers (Paraíba 
and Rio Grande do Norte) will also receive water from São Francisco River 
basin through two main channels (Pittock et al. 2009). The transposition of 
water from the São Francisco basin to MNCE basins may cause changes 
in species composition, structure and dynamics of these ecosystem fish 
communities. Taxonomic studies such as the current study are crucial for 
comparative reevaluation post-transposition. The study of the ichthyofauna 
of Argemiro de Figueiredo and Epitácio Pessoa Reservoirs and their 
downstream areas improved the knowledge of fish diversity from Paraíba 
do Norte River basin, reinforcing subsidies for environmental protection 
and conservation of its watersheds. Understanding the local ichthyofauna 

and their ecosystems is essential for assessing future impacts caused by 
the transposition of São Francisco River as an example of direct anthropic 
action as well as by introducing exotic species.
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Abstract: Fifty-nine length-weight (LWR) and length-length (LLR) relationships were estimated for 18 fish species, 
belonging to 10 families. The fish specimens were captured in rockpools of 21 sites along a stretch of 4,900 km of the 
Brazilian coast, between latitudes 00° and 22°S, in 2012. This study represents the first reference available for five fish 
species (Gobiesox barbatulus, Bathygobius geminatus, Labrisomus nuchipinnis, Malacoctenus delalandii, Lutjanus 
alexandrei) in LLR and six (Gobiesox barbatulus, Bathygobius geminatus, Hypleurochilus fissicornis, Omobranchus 
punctatus, Entomacrodus vomerinus, Diplodus argenteus) in LWR.
Keywords: intertidal fish, tidepool, allometry.

Relações comprimento-peso e comprimento-comprimento para os peixes de poças de maré 
na costa brasileira

Resumo: Cinquenta e nove relações peso-comprimento (RRC) e comprimento-comprimento (RCC) foram estimadas 
para 18 espécies de peixes, distribuídos em 10 famílias. Os espécimes de peixes foram capturados em poças de maré 
de 21 locais amostrados, ao longo de um trecho de 4.900 km da costa brasileira, entre as latitudes 00° e 22°S, durante 
o ano de 2012. Este estudo apresenta a primeira referência disponível para 5 espécies de peixes (Gobiesox barbatulus, 
Bathygobius geminatus, Labrisomus nuchipinnis, Malacoctenus delalandii, Lutjanus alexandrei) em RCC e 6 (Gobiesox 
barbatulus, Bathygobius geminatus, Hypleurochilus fissicornis, Omobranchus punctatus, Entomacrodus vomerinus, 
Diplodus argenteus) em RPC.
Palavras-Chave: peixes de entremarés, poças de maré, alometria.

Introduction

In most fishery studies length–weight relationship (LWR) equations 
have been extensively used to estimate the fish weight from length 
given the technical difficulties (e.g., bobbing motion of the boat) and 
the amount of time required to record weight in the field (Morato et al. 
2001, Morey et al. 2003). However, the LWR of the same species could 
vary in space (e.g., habitats and regional variation), so the use of a 
single equation throughout a large geographical area could introduce a 
bias in the estimates of weight (Morato et al. 2001, Mendes et al. 2004, 
Joyeux et al. 2008). Therefore, obtaining accurate local LWR parameter 
estimates is an important factor in the assessment of fish stocks and 
to subsidize the ecosystem modelling (Vaz-dos-Santos & Gris 2016). 
Additionally, length–length relationship (LLR) is very important for 
fisheries management and for comparative studies of population growth 
(e.g., Moutopoulos & Stergiou 2002). In this study we report 59 LWR and 
LLR for 18 fish species caught in rockpools of 21 sites along a stretch 
of 4,900 km of the Brazilian coast, between latitudes 00° and 22°S.

Material and Methods
A Brazilian coastal sector between the Amazon estuary (0° of latitude) 

and Rio de Janeiro (22° S) was sampled between March and December 
2012, in 21 rockpool sites spaced in average ~210 km apart (Figure 1).

The rockpool fish fauna was caught at low tide using anesthetic 
clove oil (40 ml from anesthetic dissolved in 1000 ml of ethanol) and 
small hand-nets (length 150 mm; mouth 101.6 mm and mesh 3 mm). 
The specimens were fixed in 10% formalin, preserved in 70% alcohol and 
identified at the lowest taxonomic level possible (Figueiredo & Menezes 
1978, 1980a, 1980b, Menezes & Figueiredo 1985, Carvalho-Filho 1999, 
Carpenter 2002a, 2002b, Eschmeyer et al. 2016). Specimens were 
measured (nearest 0.01 cm standard length, SL and total length, TL) 
using digital slide calipers and weighed (nearest 0.01 g total weight, TW) 
using a digital balance.

The length–weight relationships (LWR) were calculated using the equation 
TW = aTLb. Data were log transformed into: log TW = log a + blog TL 
(plots were performed for visual inspection of outliers, with extremes 
being excluded from the regression analyses) where TW is weight in 
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grams, TL is total length in centimeters, a is a constant, and b is the slope 
of the linear regression that sets the allometric growth (Froese 2006). 
Furthermore, length-length relationships (LLR) were estimated by the 
method of least squares to fit a simple linear regression model using the 
equation TL = a + bSL (Hossain et al. 2006). The association degree 
between variables (TW and TL for LWR and SL and TL for LLR), was 
measured by the coefficient of determination (r2). In order to verify if b was 
significantly different from the isometric value (i.e., b = 3 for LWR), the 
one-tailed Student’s t-test (H0: b = 3) with a confidence level of ± 95% 
(α = 0.05) was employed (Sokal & Rohlf 1987, Froese et al. 2011).

Results and Discussion
Overall, 4,299 specimens representing 18 different fish species 

belonging to 10 families were analyzed. The family Blenniidae were the 
most richness with four species, followed by Gobiidae and Pomacentridae 
(tree species each one), and Labrisomidae (two species). The five remaining 
families (Gobiesocidae, Carangidae, Gerreidae, Haemulidae, Sparidae and 
Lutjanidae) were represented by only one species. Sample size ranged from 
9 specimens for Labrisomus nuchipinnis (Quoy & Gaimard, 1824) in Pirangi 
do Sul-RN (site 12), to 735 for Scartella cristata (Linnaeus, 1758) in Canoa 
Quebrada-CE (site 10). The inclusion of species with small sample size 
(< 20 individuals) is justified by using individuals with a spread in length 
broad enough to obtain the relationships (Froese 2006, Froese et al. 2011).

A total of 59 LLR and LWR were computed for all 18 fish species caught 
in one or more sampling sites (Table 1 and 2). All regressions were highly 
significant (p < 0.001), with the coefficient of determination r2 ranging 
from 0.911 to 0.999.

The present study provides the first information on LLR and on LWR for 
five [Gobiesox barbatulus (Starks, 1913), Bathygobius geminatus (Tornabene, 
Baldwin & Pezold, 2010), Labrisomus nuchipinnis (Quoy & Gaimard, 1824), 
Malacoctenus delalandii (Valenciennes, 1836), Lutjanus alexandrei 
(Moura & Lindeman, 2007)] and five [Gobiesox barbatulus, Bathygobius 
geminatus, Hypleurochilus fissicornis (Quoy & Gaimard, 1824), Entomacrodus 
vomerinus (Valenciennes, 1836), Diplodus argenteus (Valenciennes, 1830)] 
native species (Table 1 and Table 2), respectively. It also presents the LWR 

Table 1. Estimated parameters of length–length simple linear regression (LLR) to convert standard length (SL) to total length (TL) for 18 rockpool fish species in 21 
sites along Brazilian coast.

Family/Species Site/State Site 
Code n

Regression parameters
a b 95% CL of a 95% CL of b r2

Gobiesocidae
Gobiesox barbatulus Starks, 1913 Areuá-PA 4 23 0.157 1.187 -0.009 to 0.325 1.131 to 1.243 0.98

Farol Velho-PA 5 36 0.032 1.234 -0.173 to 0.238 1.162 to 1.278 0.98
Blenniidae
Hypleurochilus fissicornis (Quoy & Gaimard, 
1824) Jericoacara-CE 8 82 0.131 1.139 0.0521 to 0.211 1.108 to 1.170 0.98

Omobranchus punctatus (Valenciennes, 1836) Areuá-PA 4 11 0.007 1.176 -0.101 to 0.115 1.144 to 1.208 0.99
Farol Veho-PA 5 50 -0.030 1.170 -0.145 to 0.084 1.140 to 1.200 0.99

Scartella cristata (Linnaeus, 1758) Jericoacara-CE 8 264 0.106 1.169 0.034 to 0.178 1.155 to 1.184 0.98
Canoa Quebrada-CE 10 735 0.060 1.182 0.018 to 0.102 1.171 to 1.192 0.98
São M. do Gostoso-RN 11 39 0.038 1.166 -0.091 to 0.168 1.127 to 1.204 0.99
Cabo Branco-PB 13 10 0.069 1.170 -0.128 to 0.267 1.117 to 1.222 0.99
Boa Viagem-PE 14 65 0.121 1.134 0.059 to 0.1842 1.106 to 1.163 0.99
Itapoã-BA 17 110 -0.022 1.203 -0.059 to 0.013 1.188 to 1.217 0.99
Milagres-BA 18 97 0.117 1.145 0.051 to 0.183 1.118 to 1.172 0.98

Entomacrodus vomerinus Valenciennes, 1836 Itapoã-BA 17 90 0.037 1.201 -0.034 to 0.108 1.186 to 1.216 0.99
Carangidae
Caranx latus Agassiz, 1831 Saco-SE 15 15 -0.476 1.296 -1.137 to 0.183 1.165 to 1.427 0.97
n, number of specimens; CL, confidence limits; Species in bold have length-length relationships estimates included in fishBase database (Froese & Pauly 2016) and 
literature.

Figure 1. Geographic location of the 21 rockpools sites along the Brazilian coast. 
The names of locations are available in Table 1.
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Family/Species Site/State Site 
Code n

Regression parameters
a b 95% CL of a 95% CL of b r2

Gerreidae
Eucinostomus melanopterus (Bleeker, 1863) Saco-SE 15 90 -0.129 1.305 -0.177 to -0.081 1.278 to 1.333 0.99
Gobiidae
Ctenogobius boleosoma (Jordan & Gilbert, 1882) Saco-SE 15 216 -0.096 1.300 -0.179 to -0.012 1.262 to 1.339 0.95

Castelhanos-ES 20 24 -0.122 1.292 -0.300 to 0.059 1.202 to 1.381 0.97
Bathygobius soporator (Valenciennes, 1837) Mata Fome-PA 1 95 -0.003 1.262 -0.168 to 0.161 1.223 to 1.301 0.97

Joanes-PA 2 213 0.106 1.198 -0.014 to 0.228 1.166 to 1.231 0.96
Paraiso-PA 3 55 0.079 1.219 -0.057 to 0.215 1.186 to 1.251 0.99
Calhau-MA 6 34 -0.120 1.260 -0.200 to -0.040 1.244 to 1.277 0.99
Barra Grande-PI 7 29 0.011 1.222 -0.109 to 0.131 1.187 to 1.256 0.99
Jericoacara-CE 8 267 0.081 1.229 0.014 to 0.149 1.216 to 1.242 0.99
Canoa Quebrada-CE 10 10 -0.096 1.254 -0.726 to 0.533 1.134 to 1.375 0.98
Pirangi do Sul-RN 12 25 0.032 1.197 -0.130 to 0.194 1.153 to 1.241 0.99
Cabo Branco-PB 13 141 -0.062 1.246 -0.114 to -0.010 1.231 to 1.262 0.99
Saco-SE 15 122 0.010 1.234 -0.079 to 0.099 1.214 to 1.254 0.99
Milagres-BA 18 17 0.078 1.164 -0.023 to 0.181 1.123 to 1.205 0.99
Cabralia-BA 19 24 0.004 1.199 -0.063 to 0.072 1.165 to 1.233 0.99
Castelhanos-ES 20 38 -0.080 1.253 -0.246 to 0.085 1.204 to 1.303 0.98
Tartaruga-RJ 21 46 0.036 1.204 0.284 to -0.210 1.246 to 1.161 0.98

Bathygobius geminatus Tornabene, Baldwin & 
Pezold, 2010 Jericoacara-CE 8 96 0.085 1.227 0.169 to 0.169 1.253 to 1.253 0.98

Canoa Quebrada-CE 10 13 0.108 1.193 -0.158 to 0.375 1.127 to 1.258 0.99
Pirangi do Sul-RN 12 36 0.025 1.226 -0.091 to 0.143 1.185 to 1.268 0.99
Cabo Branco-PB 13 132 0.108 1.182 0.010 to 0.207 1.145 to 1.220 0.96
Saco-SE 15 24 0.240 1.198 -0.113 to 0.594 1.103 to 1.293 0.96
Forte-BA 16 20 -0.003 1.222 -0.446 to 0.438 1.048 to 1.396 0.94
Itapoã-BA 17 21 -0.044 1.219 -0.329 to 0.240 1.071 to 1.367 0.94
Cabralia-BA 19 15 -0.082 1.277 -0.245 to 0.079 1.216 to 1.337 0.99
Castelhanos-ES 20 67 0.190 1.125 0.074 to 0.306 1.072 to 1.178 0.96
Tartaruga-RJ 21 17 -0.126 1.244 -0.264 to 0.012 1.212 to 1.276 0.99

Haemulidae
Genyatremus luteus (Bloch, 1790) Farol Velho-PA 5 14 0.266 1.137 -0.304 to 0.837 0.992 to 1.282 0.96
Sparidae
Diplodus argenteus (Valenciennes, 1830) Tartaruga-RJ 21 21 -0.508 1.416 -1.384 to 0.366 1.208 to 1.624 0.91
Labrisomidae
Labrisomus nuchipinnis (Quoy & Gaimard, 1824) Pirangi do Sul-RN 12 9 0.024 1.203 -0.398 to 0.447 1.132 to 1.274 0.99

Forte-BA 16 14 -0.086 1.204 -0.504 to 0.331 1.153 to 1.255 0.99
Itapoã-BA 17 18 0.116 1.160 0.0298 to 0.202 1.146 to 1.174 0.99
Milagres-BA 18 28 0.149 1.157 0.005 to 0.292 1.102 to 1.212 0.98

Malacoctenus delalandii (Valenciennes, 1836) Jericoacara-CE 8 85 0.075 1.194 -0.059 to 0.210 1.158 to 1.230 0.98
São Miguel do 
Gostoso-RN 11 10 0.015 1.230 -0.154 to 0.186 1.168 to 1.291 0.99

Pirangi do Sul-RN 12 15 -0.056 1.231 -0.277 to 0.164 1.138 to 1.323 0.98
Lutjanidae
Lutjanus alexandrei Moura & Lindeman, 2007 Jericoacara-CE 8 11 0.170 1.226 -0.157 to 0.497 1.176 to 1.275 0.99
Pomacentridae
Abudefduf saxatilis (Linnaeus, 1758) Jericoacara-CE 8 180 -0.145 1.393 -0.249 to -0.041 1.366 to 1.420 0.98

Canoa Quebrada-CE 10 41 -0.184 1.356 -0.369 to 0.001 1.273 to 1.439 0.96
Saco-SE 15 136 0.030 1.286 -0.053 to 0.115 1.247 to 1.326 0.96

Stegastes fuscus (Cuvier, 1830) Pirangi do Sul-RN 12 11 -0.388 1.378 -0.957 to 0.180 1.221 to 1.535 0.97
Forte-BA 16 33 -0.063 1.320 -0.190 to 0.062 1.292 to 1.348 0.96
Itapoã-BA 17 51 -0.052 1.304 -0.146 to 0.041 1.282 to 1.326 0.99

Stegastes variabilis (Castelnau, 1855) Forte-BA 16 92 -0.021 1.324 -0.124 to 0.080 1.302 to 1.346 0.99
Itapoã-BA 17 16 0.515 1.165 0.050 to 0.981 1.039 to 1.291 0.96

n, number of specimens; CL, confidence limits; Species in bold have length-length relationships estimates included in fishBase database (Froese & Pauly 2016) and 
literature.

Table 1. Continued...
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Table 2. Estimated parameters of length-weight relationships (LWR) for 18 fish species in 21 rockpool sites along Brazilian coast.

Family/Species Site 
code n

TL (cm) TW (g) Regression parameters
T-test

Min Max Min Max a b 95% CL of a 95% CL of b r2

Gobiesocidae
Gobiesox barbatulus Starks, 1913 4 23 1.9 6.0 0.08 3.64 0.013 2.912 0.010 to 0.017 2.681 to 3.143 0.97 0.22

5 36 1.6 5.9 0.06 2.80 0.012 2.994 0.011 to 0.012 2.870 to 3.118 0.99 0.46
Blenniidae
Hypleurochilus fissicornis (Quoy & Gaimard, 1824) 8 82 1.7 5.6 0.04 2.05 0.010 3.116 0.008 to 0.011 2.969 to 3.261 0.96 0.06
Omobranchus punctatus (Valenciennes, 1836) 4 11 1.8 5.5 0.03 0.9 0.005 3.086 0.003 to 0.007 2.753 to 3.418 0.98 0.28

5 50 1.8 6.8 0.02 1.61 0.005 3.064 0.004 to 0.006 2.949 to 3.178 0.98 0.13
Scartella cristata (Linnaeus, 1758) 8 264 2.3 10 0.15 13.19 0.012 3.002 0.011 to 0.013 2.935 to 3.069 0.97 0.47

10 735 1.5 8.6 0.03 8.0 0.010 3.135 0.009 to 0.010 3.101 to 3.169 0.97 0.00
11 39 1.2 6.5 0.02 3.42 0.009 3.099 0.007 to 0.011 2.960 to 3.238 0.98 0.07
13 10 2.4 6.3 0.12 2.33 0.009 2.988 0.007 to 0.013 2.775 to 3.202 0.99 0.45
14 65 1.0 8.3 0.01 5.85 0.009 3.037 0.008 to 0.010 2.890 to 3.185 0.96 0.30
17 110 1.1 7.8 0.01 5.61 0.009 3.082 0.008 to 0.010 2.952 to 3.206 0.96 0.09
18 97 1.1 6.4 0.02 2.53 0.009 3.019 0.008 to 0.010 2.911 to 3.127 0.97 0.35

Entomacrodus vomerinus Valenciennes, 1836 17 90 2.0 10 0.06 8.33 0.007 3.090 0.006 to 0.008 3.015 to 3.164 0.99 0.01
Carangidae
Caranx latus Agassiz, 1831 15 15 4.8 8.9 1.53 9.52 0.014 2.962 0.009 to 0.021 2.745 to 3.179 0.99 0.35
Gerreidae
Eucinostomus melanopterus (Bleeker, 1863) 15 90 1.1 4.4 0.01 0.79 0.009 2.812 0.009 to 0.010 2.693 to 2.931 0.96 0.01
Gobiidae
Ctenogobius boleosoma (Jordan & Gilbert, 
1882) 15 216 1.1 4.2 0.01 0.39 0.006 2.878 0.005 to 0.006 2.803 to 2.952 0.96 0.01

20 24 1.1 4.0 0.01 0.35 0.006 2.901 0.006 to 0.008 2.724 to 3.077 0.98 0.13
Bathygobius soporator (Valenciennes, 1837) 1 95 1.4 9.3 0.02 9.46 0.010 3.046 0.008 to 0.012 2.956 to 3.135 0.98 0.15

2 213 2.6 7.8 0.22 6.62 0.009 3.151 0.008 to 0.011 3.072 to 3.230 0.97 <0.001
3 55 2 10.4 0.11 13.93 0.013 2.968 0.011 to 0.015 2.887 to 3.049 0.99 0.22
6 34 0.8 9.9 0.01 13.79 0.009 3.129 0.007 to 0.012 2.960 to 3.298 0.98 0.06
7 29 1.5 7.0 0.03 3.92 0.008 3.165 0.007 to 0.009 3.079 to 3.251 0.99 <0.001
8 267 1.5 10.5 0.05 15.8 0.009 3.169 0.008 to 0.010 3.114 to 3.225 0.98 <0.001
10 10 1.4 9.3 0.03 10.15 0.010 3.051 0.008 to 0.013 2.922 to 3.180 0.99 0.19
12 25 0.8 8.5 0.01 7.06 0.008 3.137 0.006 to 0.010 2.930 to 3.345 0.98 0.09
13 141 1.0 7.8 0.01 5.97 0.008 3.198 0.007 to 0.008 3.149 to 3.247 0.99 <0.001
15 122 1.0 10.6 0.01 15.78 0.008 3.155 0.008 to 0.009 3.114 to 3.195 0.99 <0.001
18 17 1.2 6.5 0.01 2.75 0.007 3.169 0.006 to 0.009 2.974 to 3.365 0.99 0.04
19 24 1.0 4.5 0.01 0.7 0.007 3.042 0.006 to 0.009 2.820 to 3.263 0.97 0.34
20 38 2.2 7.8 0.12 4.76 0.011 2.913 0.010 to 0.013 2.795 to 3.032 0.99 0.07
21 46 1.0 10.9 0.01 12.08 0.011 2.973 0.009 to 0.012 2.900 to 3.046 0.99 0.23

Bathygobius geminatus Tornabene, Baldwin & 
Pezold, 2010 8 96 1.6 6.9 0.04 4 0.008 3.135 0.007 to 0.010 3.034 to 3.237 0.98 <0.001

10 13 1 7.8 0.01 4.25 0.010 3.008 0.008 to 0.013 2.844 to 3.173 0.99 0.45
12 36 1.5 6.1 0.03 1.64 0.008 3.002 0.007 to 0.011 2.829 to 3.175 0.97 0.49
13 132 1.6 4.7 0.04 1.06 0.009 3.055 0.008 to 0.010 2.969 to 3.141 0.97 0.10
15 24 1.8 8.6 0.06 7.69 0.008 3.142 0.007 to 0.009 3.040 to 3.244 0.99 0.49
16 20 1.8 3.4 0.05 0.46 0.010 3.066 0.008 to 0.012 2.854 to 3.278 0.98 0.26
17 21 1.2 3.8 0.01 0.47 0.007 3.096 0.006 to 0.009 2.846 to 3.346 0.97 0.21
19 15 1.7 4.5 0.04 0.83 0.007 3.084 0.005 to 0.010 2.819 to 3.350 0.98 0.25
20 67 1.1 4.2 0.01 0.66 0.009 3.008 0.008 to 0.010 2.878 to 3.138 0.97 0.45
21 17 2.7 7.5 0.22 4.63 0.010 2.997 0.009 to 0.011 2.925 to 3.070 0.99 0.47

Haemulidae
Genyatremus luteus (Bloch, 1790) 5 14 3.8 6.2 0.85 3.97 0.019 2.910 0.012 to 0.031 2.609 to 3.210 0.97 0.26
Sparidae
Diplodus argenteus (Valenciennes, 1830) 21 21 3.6 6.4 0.51 2.99 0.010 3.045 0.008 to 0.014 2.871 to 3.218 0.99 0.30
Labrisomidae
Labrisomus nuchipinnis (Quoy & Gaimard, 1824) 12 9 2.3 11.0 0.10 17.09 0.006 3.258 0.004 to 0.008 3.109 to 3.407 0.99 0.01

16 14 6.2 11.9 2.95 20.66 0.007 3.184 0.005 to 0.012 2.990 to 3.379 0.99 0.01
17 18 2.2 13 0.08 29.4 0.006 3.261 0.005 to 0.008 3.135 to 3.387 0.99 <0.001

n. number of specimens; TL. total length; TW. weight; CL. Confidence limits; Species in bold have length-weight relationships estimates included in FishBase 
database (Froese & Pauly 2016) and literature.
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information of Omobranchus punctatus (Valenciennes, 1836), an exotic 
fish species from Indo-Pacific region widely introduced in the Western 
Atlantic Coast (Lasso-Alcalá et al. 2011).

Conversions among length measurements are given in Table 1. The parameter 
b of the LLR ranged from 1.125 for Bathygobius geminatus from Castelhanos 
beach (site 20, Espírito Santo state), to 1.416 for Diplodus argenteus from 
Tartaruga beach (site 21, Rio de Janeiro state). The slope (b) of LWR ranged 
from 2.81 for Eucinostomus melanopterus (Bleeker, 1863) from Saco 
beach (site 15, Sergipe state), to 3.26 for Labrisomus nuchipinnis from 
Itapuã beach (site 17, Bahia state), thus within the expected range of 
2.50–3.50, as suggested by Froese (2006). The calculated mean value of 
all 59 estimations of b (± SE) was 3.06 (± 0.09), thus indicating a tendency 
towards positive allometry, which is in agreement with the majority of 
fish species (Froese 2006). Concerning the type of growth, 39 estimations 
(66.1% of the overall 59 estimations species × sites) evidenced isometric 
growth (b = 3), 17 estimations (28.8%) showed positive allometry (b > 3), 
and three estimations (5.1%) negative allometry (Figure 2). The most 
represented families in terms of species richness did not show a consistent 
tendency in type of growth among species.

Almost 90% of all fish collected were juveniles of larger species or adults 
of small species. Samples of three species [i.e. Caranx latus (Agassiz, 1831), 
Diplodus argentus and Abdefduf saxatilis (Linnaeus, 1758)] were represented 
by small length ranges due to the nursery function of the sampled tidalpools. 
Therefore, LWRs biased by inclusion of small specimens, should be used 
with caution (Giarrizzo et al. 2006). As pointed out by Petrakis and Stergiou 
(1995), the application of these LWRs should be limited to the size ranges 
used to estimate the parameters. Geographical differences in type of growth 
were observed for nine fish species. Seven species presented isometry or 
positive allometry, depending on the geographic site sampled [Scartella 
cristata, Bathygobius geminatus, Labrisomus nuchipinnis, Malacoctenus 
delalandii (Valenciennes, 1836), Abudefduf saxatilis, Stegastes fuscus 
(Cuvier, 1830) and Stegaste variabilis (Castelnau, 1855)]. One species 
presented isometry or negative allometry [Ctenogobius boleosoma (Jordan 
& Gilbert, 1882)] and the Bathygobius soporator species showed isometry 
and negative and positive allometry. The observed differences among 
localities could be explained by a number of factors including temperature, 
salinity, food availability, gonadal development, number of specimens, and 
the variations in the range of length of the sample populations (Pauly 1984, 
Weatherley & Gill 1987, Giarrizzo et al. 2006, Joyeux et al. 2008, Macieira 
& Joyeux 2008).

In conclusion, this study has provided baseline information on the 
LWR and LLR of rockpool fish fauna sampled along a wide coastal sector 
of Brazil. The results obtained from this study will be useful to fishery 
biologists to employ adequate estimations for specific geographic areas.
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Family/Species Site 
code n

TL (cm) TW (g) Regression parameters
T-test

Min Max Min Max a b 95% CL of a 95% CL of b r2

18 28 2 7.3 0.04 2.41 0.004 3.196 0.003 to 0.005 2.935 to 3.457 0.96 0.06
Malacoctenus delalandii (Valenciennes, 1836) 8 85 3 6.5 0.31 3.16 0.012 2.987 0.010 to 0.013 2.898 to 3.076 0.98 0.39

11 10 2 5.1 0.06 1.32 0.006 3.175 0.005 to 0.009 2.936 to 3.414 0.99 0.03
12 15 1.7 4.2 0.04 0.65 0.008 3.028 0.006 to 0.010 2.792 to 3.263 0.98 0.40

Lutjanidae
Lutjanus alexandrei Moura & Lindeman, 2007 8 11 4.4 11.3 1.25 19.76 0.015 2.955 0.007 to 0.030 2.625 to 3.285 0.98 0.38
Pomacentridae
Abudefduf saxatilis (Linnaeus, 1758) 8 180 1.6 11.3 0.07 32.64 0.020 2.973 0.018 to 0.022 2.904 to 3.041 0.98 0.22
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17 51 1.4 12.0 0.07 41.63 0.014 3.135 0.012 to 0.017 3.039 to 3.230 0.99 <0.01

Stegastes variabilis (Castelnau, 1855) 16 92 1.5 10.4 0.08 26.18 0.016 3.083 0.014 to 0.018 3.0213 to 3.145 0.99 <0.01
17 16 2.6 6.7 0.36 5.68 0.016 3.069 0.011 to 0.023 2.8287 to 3.310 0.99 0.27

n. number of specimens; TL. total length; TW. weight; CL. Confidence limits; Species in bold have length-weight relationships estimates included in FishBase 
database (Froese & Pauly 2016) and literature.
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Abstract: There are few studies on the diet of Common Vampire Bat (Desmodus rotundus), despite its wide geographic 
distribution. The species is considered exclusively hematophagous, and medium and large-sized mammals are their 
main prey. In this study we report evidences of Common Vampire Bat feeding on Lowland Tapir (Tapirus terrestris) 
in a protected area located in the north of the state of Espírito Santo, southeastern Brazil, from camera trap records. 
The bat tried to access the Lowland Tapir by the posterior dorsolateral side of the body, and used the mean stratum of 
the vegetation as a point of support and observation between the consecutive offensives on the prey. In the same reserve, 
there were also two events of bat offensives on domesticated ox (Bos sp.). But in these cases the attacks occurred from 
the scapular region of the prey. The record here reported represents the first documented attack of Desmodus rotundus on 
Tapirus terrestris in the Brazilian Atlantic Forest and one of the first records in the South America as a whole. Previous 
records were in the Pantanal (Brazil) and in the Amazon rainforest (Ecuador). The feeding on wild and domestic prey by 
Desmodus rotundus in the same locality may favor the transmission of rabies to populations of wild mammals, as well 
as to domestic animals, and may represent an economic and public health issue with negative effects also for wildlife.
Keywords: camera trap, Chiroptera, hematophagy, micro predator, Sooretama Biological Reserve.

Predação de antas (Tapirus terrestris) por morcegos vampiros (Desmodus rotundus) em área 
de Mata Atlântica no sudeste do Brasil

Resumo: Apesar de sua ampla distribuição geográfica, pouco se conhece sobre a dieta do morcego vampiro (Desmodus 
rotundus). A espécie é considerada exclusivamente hematófaga, sendo os mamíferos de médio e grande porte suas 
principais presas. O presente trabalho apresenta evidências de predação de antas (Tapirus terrestris) por morcegos 
vampiros a partir de registros obtidos por armadilhas fotográficas em uma área protegida localizada no norte do estado do 
Espírito Santo, sudeste do Brasil. A partir dos registros fotográficos obtidos, foi possível observar que o morcego tentou 
acessar a anta pela parte dorsolateral posterior do corpo, utilizando o estrato médio da vegetação como ponto de apoio 
e observação entre as consecutivas investidas sobre a presa. Na mesma área, também foram registrados dois eventos 
de investida de morcegos sobre boi-doméstico (Bos sp.), mas, nestes casos, os ataques ocorreram a partir da região 
escapular da presa. O registro obtido representa o primeiro registro documentado de ataque de Desmodus rotundus sobre 
anta na Mata Atlântica brasileira e um dos primeiros na América do Sul de forma geral, havendo registros anteriores no 
Pantanal (Brasil) e na Floresta Amazônica (Equador). Ressalta-se que a utilização de presas silvestres e domésticas por 
Desmodus rotundus em uma mesma localidade pode favorecer a transmissão de raiva para populações de mamíferos 
silvestres, bem como para os rebanhos e outras espécies domésticas, podendo vir a representar um problema econômico 
e de saúde pública com efeitos negativos também sobre as espécies silvestres.
Palavras-chaves: armadilha fotográfica, Chiroptera, hematofagia, micropredação, Reserva Biológica de Sooretama.



Gnocchi, A.P. & Srbek-Araujo, A.C.

2 Biota Neotrop., 17(3): e20170326, 2017

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2017-0326

Introduction
The Common Vampire Bat, Desmodus rotundus (É. Geoffroy, 1810) 

(Chiroptera, Phyllostomidae, Desmodontinae), is endemic to Latin 
America and is widely distributed, occurring from Mexico to central 
Argentina and Uruguay (Eisenberg & Redford 1999). It can be found 
in all Brazilian territory (Reis et al. 2013). Bats of this species roost in 
places of difficult access and form relatively small colonies, ranging from 
10 to 200 specimens (Mayen 2003). Studies carried out in the Amazon 
region indicated Desmodus rotundus is not abundant, both in terra firme 
and in várzea forests (Bobrowiec et al. 2014), although the species is more 
frequently recorded in villages (Bobrowiec 2012). These areas would 
represent important foraging areas for Common Vampire Bats, where 
they would feed mainly on domestic animals, although human attacks 
may also occur (Bobrowiec 2012). Thus, when there are farms or villages 
near the areas where the Common Vampire Bats occur, the populations of 
Desmodus rotundus tend to increase due to the great availability of food 
(Bobrowiec et al. 2015).

There are few studies on the diet of Desmodus rotundus, despite its 
wide geographic distribution. Since the first report of Desmodus rotundus 
feeding, based on direct observations made by Charles Darwin in Chile 
(Darwin 1839), diverse techniques have been employed by researchers, 
including molecular (Bobrowiec et al. 2015) and isotopic analyzes (e.g. 
Voigt & Kelm 2006, Voigt et al. 2012, Streicker & Allgeier 2016), in 
addition to the camera traps (e.g. Castellanos & Banegas 2015, Galetti et al. 
2016). Even with these methodological advances, the available records of 
diet of Common Vampire Bat are isolated and mainly from the western 
portion of South America (see discussion for details). It is known that 
this species is exclusively hematophagous and that its main prey are wild 
medium and large-sized mammals (Greenhall 1988). Common Vampire 
Bats use visual, acoustic and olfactory sensory abilities (Joermann et al. 
1988) and infrared imaging pit organs (Campbell et al. 2002) to detect 
their potential prey, so they may also usually feed on livestock, horses, 
mules, goats, sheep, swine, and domestic birds (e.g. Delpietro et al. 1994, 
Bobrowiec 2012, Bobrowiec et al. 2015). These animals are frequently 
grouped in rural properties, being easily detected by Common Vampire 
Bats (Delpietro et al. 1994).

Here we report evidences of Common Vampire Bats feeding on Lowland 
Tapir, Tapirus terrestris (Linnaeus, 1758) (Perissodactyla, Tapiridae), in a 
protected area located in the north of the state of Espírito Santo, southeastern 
Brazil, from camera trap records.

Material and Methods
The records were obtained at Sooretama Biological Reserve (Reserva 

Biológica de Sooretama – RBS; 18º53’ and 19º55’ S, 39º55’ and 40º15’W; 
24,250 ha), located in the northern portion of the state of Espírito Santo, 
covering territories of Sooretama, Vila Valério, Jaguaré and Linhares 
municipalities. The RBS, together with the Vale Natural Reserve (Reserva 
Natural Vale – RNV; 22.711 ha), the Recanto das Antas Private Natural 
Heritage Reserve (Reserva Particular do Patrimônio Natural – RPPN 
Recanto das Antas) (221 ha) and the RPPN Mutum-Preto (379 ha), forms 
the largest continuous block of native vegetation in Espírito Santo, called 
Linhares-Sooretama Block (Srbek-Araujo et al. 2015). These reserves 
account for approximately 50,000 ha, representing more than 10% of the 
remaining forest area in the state (based on data available in FSOSMA 
& INPE 2014).

The Linhares-Sooretama Block is composed by a mosaic of habitats, 
in which the dense lowland forest (Tabuleiro forest) predominates (Jesus 
& Rolim 2005). This forest is interspersed with várzea forests, less dense 
forest on sandy soils (Mussununga) and occasional native grassland 
(Campo nativo) (Jesus & Rolim 2005, Kierulff et al. 2014). The climate 

in the region is tropical with dry winter, type Aw, according to Köppen 
classification (Alvares et al. 2014). The mean annual temperature in 
the region is 24.3°C, ranging between maximums around 30°C and 
minimum of 19°C (Kierulff et al. 2014). The average annual rainfall is 
around 1,214 mm, and the relative humidity of air is 84% (Kierulff et al. 
2014). The Linhares-Sooretama Block is surrounded mainly by pastures, 
agricultural crops (especially fruit and coffee), and eucalyptus plantations.

The records were obtained by Bushnell Trophy Cam HD Aggressor 
digital camera traps (Bushnell Inc., Overland Park, USA). The camera 
traps were installed on 15 sampling points distributed along internal 
unpaved roads and in the forested interior of RBS and RNV. The camera 
traps were operated 24 hours a day. For each occasion of capture, a video 
(10 seconds duration) and two photographs were taken. The delay between 
consecutive records was set to 10 seconds. Camera traps were in place from 
October 2015 to August 2016, totaling 2,461 camera-days (for details on 
the calculation of the sampling effort, see Srbek-Araujo & Chiarello 2005).

Results and Discussion
Records evidencing the attempted predation of Lowland Tapir by Common 

Vampire Bats were obtained on November 17, 2015, at a sampling point 
located circa 30 m from Barra das Abóboras Road, close to the northern 
limit of RBS (18º59’ S and 40º02’ W). The feed attempts began at 02:04 h 
and followed for approximately three minutes, until 02:07 h. According to 
the sequence of videos and photographic records (six sets of records as a 
whole), the bat makes several attempts of attack, accessing the tapir by the 
posterior dorsolateral side of the body. Among the consecutive offensives 
on the prey, the bat rests on tree trunks with small diameter, in the middle 
layer of the vegetation, and wait for the best moment to make new attacks 
(Figure 1). During the record-keeping period, the Common Vampire Bat 
attempted to land on the posterior dorsolateral side of the tapir at least 
three times, all of them unsuccessful, and an aborted landing on the prey 
was also recorded. The tapir seems to notice the touch of the bat on all 
landing attempts and turns quickly to the side (Video 1).

On December 12, 2015, two other events of attempted predation by 
Desmodus rotundus were obtained at RBS, but on these occasions the 
attempts were on domesticated ox, Bos sp. (Linnaeus, 1758). The two events 
were obtained at the same sampling point, located at Barra das Abóboras 
Road, at the northern boundary of RBS (18º58’ S e 40º06’ W). Due to the 
proximity to pasture areas, which surrounding the reserve (neighboring 
properties), it is not uncommon to record domestic cattle on this road. 
Records were obtained between 21:30 h and 21:31 h (two consecutive 
videos and respective photos) and at 23:57 h (one set of records). The two 
events were on the same individual. On these occasions, at least two bats 

Figure 1. Common Vampire Bat (Desmodus rotundus) perched on tree trunk after 
one of the attempted attacks on Lowland Tapir (Tapirus terrestris) at Sooretama 
Biological Reserve, Espírito Santo state, southeastern Brazil.
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Desmodus rotundus feeding on Tapirus terrestris

were observed simultaneously attacking the animal (Figure 2; Video 2). 
The attacks, with four offensives in the first event, occurred on the anterior 
part of the ox’s body, near the scapular region, different from the attack 
observed on the tapir.

The record here reported represents the first documented record of 
Desmodus rotundus attack on Tapirus terrestris in the Brazilian Atlantic 
Forest. Previous records of Lowland Tapir predation by Common Vampire 
Bats in Brazil were obtained in the Pantanal (Galetti et al. 2016). There 
is also a record obtained in Ecuador (Amazon rainforest), in the region of 
the Yasuni National Park, where a bat was observed on the scapular region 
of a tapir (Castellanos & Banegas 2015). In these two studies, the records 
were also obtained from camera traps. Predation records of Desmodus 
rotundus on other wild mammals are still known, such as the South 
American Sea Lions, Otaria flavescens (Shaw, 1800), on islands along 
the coast of Peru (Catenazzi & Donelly 2008); the South American Red 
Brocket, Mazama americana (Erxleben, 1777), in the Atlantic Forest and 
in the Pantanal (Galetti et al. 2016); and the White-tailed Deer, Odocoileus 
virginianus (Zimmermann, 1780), in the El Platanal tropical forest, located 
in the Sierra Gorda Biosphere Reserve in Mexico (Sanchez-Cordero et al. 
2011). Common Vampire Bats feed on invasive wild feral pigs (Sus scrofa 
Linnaeus, 1758) in the Atlantic Forest and in the Pantanal (Galetti et al. 
2016). There are also reports of attacks on goats, cows and domestic pigs on 
farms in Argentina (Delpietro et al. 1994) and in different locations in the 
Amazon region, including attacks on domestic dogs (e.g. Bobrowiec 2012, 
Bobrowiec et al. 2015). Attacks on domestic pigs were also observed in 
the Atlantic Forest (Galetti et al. 2016). Records of predation of Desmodus 
rotundus on avian species are rare. There are records of attack on juvenile 
Humboldt Penguins (Spheniscus humboldti Meyen, 1834), in Pan de 
Azucar island in Chile (Luna-Jorquera & Culik 1995), and on chickens 
in Amazonia (e.g. Bobrowiec 2012, Bobrowiec et al. 2015).

To avoid predation, hematophagous bats exhibit cryptic foraging 
behavior, hunting their prey preferentially on darkest hours of the night 
(Flores-Crespo et al. 1974) and/or on darker nights (Delpietro et al. 1994). 
This behavior is corroborated by that recorded on the present study. 
According to the moon phase’s calendar, the moon was in its New Moon 
phase on the days when our records were obtained.

The attacks on domesticated ox, in which at least two bats were 
observed, may constitute a typical hunting strategy of Common Vampire 
Bats (Greenhall 1971). According to Greenhall (1971), haematophagous 
bats usually hunt in groups of 2-6 individuals, and these groups live inside 
the colonies as a social structure. In our recorded cases, both the tapir and 
the domesticated ox, bats accessed their prey from the dorsal part of the 
body, although in distinct specific regions, similar to that observed in other 
records of attacks on medium and large sized mammals (e.g. Sanchez-

Cordero et al. 2011, Castellanos & Banegas 2015, Galetti et al. 2016). 
It may characterize the typical attack strategy of Desmodus rotundus when 
the prey are moving. On the other hand, when feeding on South American 
Sea Lions, the prey were lying on the ground and the Common Vampire 
Bats were observed feeding on the neck and on the flipper of individuals 
(Catenazzi & Donelly 2008). In a resting domestic pig, the Common 
Vampire Bats feed on the ear of the prey (Galetti et al. 2016).

Similarly to the behavior observed in the present study, the perception of 
the approach of the bats resulting in sudden movements to avoid predation 
was also registered in South American Red Brocket in the Atlantic Forest 
(Galetti et al. 2016). In both cases, bats tried to access the prey by the 
posterior dorsolateral side of the body resulting on unsuccessful attacks. 
It may suggest a lower attack efficiency performed by Desmodus rotundus 
attacking the posterior dorsal part of wild prey.

Only three independent records (more than 1 hour interval between 
records of the same species for each sampling point) of predation by 
Common Vampire Bats were obtained in the Linhares-Sooretama Block 
from a total of 1,087 independent nocturnal records of mammals. By 
analyzing only Lowland Tapir records, 191 independent nocturnal records 
of the species were obtained, resulting in a 0.5% predator-prey encounter 
rate recorded by camera traps (1 independent record of predation). For 
the domestic ox, only four independent nocturnal records were obtained, 
resulting in a 50% predator-prey encounter rate (2 independent records of 
predation). These values may indicate a preference in feeding on domestic 
prey by Desmodus rotundus even inside protected areas. The consumption 
of blood of wildlife species may decline in areas where the availability 
of livestock is greater (Streicker & Allgeier 2016). In these areas, cattle 
may become the main food source of Desmodus rotundus (Streicker & 
Allgeier 2016), with a high degree of preference for cows in some sites 
(Voigt & Kelm 2006). In the study developed by Galetti et al. (2016), the 
chances of a tapir being attacked by a Common Vampire Bat was estimated 
at 11% in the Pantanal. Although there is no abundance data available 
for Desmodus rotundus in the Linhares-Sooretama Block, the difference 
in rate of attack of tapirs between the two studies may indicate that the 
density of Common Vampire Bat in our study area is lower than in the 
region studied by Galetti et al. (2016).

The Common Vampire Bats can become infected with the rabies virus, 
which can lodge in the salivary glands of bats, allowing the transmission 
of the disease through its bite (Mayen 2003). Rabies can cause the death of 
wild mammals, including carnivores and ungulates (e.g. MacDonald 1993, 
Bengis et al. 2008), and domestic species, leading to heavy economic losses 
as result of herd infection and death of livestock (Almeida et al. 2008). 
We highlighted that diseases transmitted between wild and domestic species 
can be bidirectional, as in the case of rabies, and may be fatal for both 
groups and with potential for transmission to humans (Bengis et al. 2008). 
In this way, the potential transmission of rabies to humans and domestic 
animals, whether through the bite of infected bats or from the bite of sick 
domestic animals (especially domestic dog and domestic cat), can result 
in public health problems, mainly in rural areas and more isolated human 
villages. For this reason, it is important to maintain the vaccination of cattle 
and other domestic animals in areas subject to the presence of Common 
Vampire Bats, both for domestic animal welfare and for the protection 
and conservation of wildlife. In addition, it can be done the vaccinating 
of Desmodus rotundus against rabies applying a paste mixed with oral 
vaccine on the back of captured animals to indirectly protect other bats 
from the same colony (Almeida et al. 2008). The Lowland Tapir is classified 
as Vulnerable to extinction at global level (IUCN 2016) and in Brazilian 
territory (Ministério do Meio Ambiente 2014), and as Endangered in the 
state of Espírito Santo, where the species is restricted to a small number of 
protected areas (Chiarello et al. 2007, Flesher & Gatti 2010). It makes the 

Figure 2. Two Common Vampire Bats (Desmodus rotundus) attacking a domesticated 
ox (Bos sp.) inside the Sooretama Biological Reserve, Espírito Santo state, 
southeastern Brazil.
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contamination of the remaining populations of Lowland Tapir with rabies 
virus even more serious, particularly in Espírito Santo.

The records reported in the present study reinforce that camera traps 
may assist in obtaining sporadic records of predation by Common Vampire 
Bats, thus contributing to the investigation of their prey in natural habitat. 
The record here reported represents one of the first documented cases of 
Desmodus rotundus attack on Tapirus terrestris in Brazil and in South 
America as a whole, with previous records only in the Brazilian Pantanal 
and in the Ecuadorian Amazon. The feeding on wild and domestic prey by 
Desmodus rotundus in the same locality, as observed in the present study, 
may favor the transmission of rabies to populations of wild mammals, as 
well as to domestic species, and may represent an economic and public 
health issue with negative effects also for wildlife.

Supplementary material
The following online material is available for this article:
Video 1: Common Vampire Bat (Desmodus rotundus) attacking a 

Lowland Tapir (Tapirus terrestris) at Sooretama Biological Reserve, 
Espírito Santo state, southeastern Brazil.

Video 2: Two Common Vampire Bats (Desmodus rotundus) attacking 
a domesticated ox (Bos sp.) at Sooretama Biological Reserve, Espírito 
Santo state, southeastern Brazil.
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Abstract: The occurrence of anomalous coloration (albinism, leucism and melanism) in mammals is a rare phenomenon in 
nature, but this phenomenon has been reported for several species of mammals. In this study, we report on the occurrence 
of leucism in Eira barbara by examining three road-killed individuals and two sightings of live animals in Reserva 
Particular do Patrimônio Natural Santuário do Caraça, southeastern Brazil. In addition, we examined tayra specimens 
housed in mammal collections from Brazil and USA. The animals found dead and those sighted had a whitish yellow 
fur on the body and head, resulting in lighter coloration than the coloring pattern commonly observed in tayras. Despite 
these lighter color pattern, the specimens showed parts of soft tissue, such as iris and the skin, with pigmentation very 
similar to that present in individuals with the typical color pattern. This set of factors indicates the specimens recorded 
were in fact leucistic and not albino. Among the specimens examined in the scientific collections, we found nine 
individuals from different localities that presented the whitish yellow color pattern. Some studies attribute the higher 
frequency of cases of leucism due to small populations and / or with some mechanism of reproductive isolation. Thus, 
analysis of the genetic variability of populations containing individuals with such characteristics should be considered. 
On the other hand, the occurrence of polymorphic color phenotype in tayras indicates that hypotheses related to the 
fixation of recessive characteristics, or on possible environmental adaptive advantages of these phenotypes can be tested.
Keywords: Leucism, fur coloration, tayra, Serra do Caraça

Ocorrência de leucísmo em Eira barbara (Carnivora, Mustelidae) no Brasil

Resumo: A ocorrência de coloração anômala (albinismo, leucísmo e melanismo) em mamíferos é um fenômeno raro na 
natureza, mas ela tem sido relatada para diversas espécies. Neste trabalho nós relatamos a ocorrência de leucísmo em 
Eira barbara por meio do exame de três indivíduos encontrados mortos atropelados por veículos e pela visualização 
direta de indivíduos vivos na Reserva Particular do Patrimônio Natural Santuário do Caraça, sudeste brasileiro. 
Em adição, nós consultamos coleções de mamíferos em museus do Brasil e dos Estados Unidos da América. Os animais 
encontrados mortos e os avistados apresentavam pelagem amarela esbranquiçada no corpo e na cabeça, resultando em 
uma coloração muito mais clara que o padrão de coloração comumente observado em iraras. Apesar deste padrão de 
coloração mais claro, os espécimes apresentavam partes do tecido mole, tais como a íris e a pele, com pigmentação 
muito semelhante àquela presente em indivíduos com padrão de coloração típico da espécie. Este conjunto de fatores 
indicou que os espécimes registrados eram de fato leucísticos e não albinos. Dentre os espécimes examinados nas 
coleções científicas, nós encontramos nove indivíduos de diferentes localidades que apresentavam o padrão de coloração 
esbranquiçado. Alguns estudos atribuem a frequência elevada de casos de leucísmo a pequenas populações e / ou com 
algum mecanismo de isolamento reprodutivo. Dessa forma, análises da variabilidade genética de populações contendo 
indivíduos com essas características devem ser consideradas. Por outro lado, a ocorrência de fenótipos de coloração 
polimórficos em iraras indica que hipóteses podem ser testadas tanto com relação à fixação de caraterísticas recessivas, 
quanto sobre possíveis vantagens adaptativas ambientais desses fenótipos.
Palavras-chave: Leucísmo, coloração de pelagem, irara, Serra do Caraça



Talamoni, S. et al.

2 Biota Neotrop., 17(3): e20170328, 2017

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2017-0328

Introduction
Mammalian hair and skin coloration are related to concealment intra 

and interspecific communication, protection from ultraviolet (UV) radiation 
and to physiological functions (Caro 2005). The hair, skin and eye color 
are primarily determined by the quantity and distribution of eumelanin 
(black and brown coloration) and phaeomelanin (red and yellow coloration), 
which are produced by melanocytes present in the epithelium, iris, and hair 
(Prota 1980; Sanchez-Ferrer et al. 1995). The occurrence of phenotypic 
variations in the coat of animals is related to geographic distribution, 
seasonal climatic variations, age, sex, weight, and other factors (Ortolani 
1999; Stoner et al. 2003; Kawanishi et al. 2010; Ancilloto & Mori 2017). 
Anomalous colors occur when integumentary pigments are present in 
excess or in deficient amounts in parts or in totality of the body; white 
is the complete lack of pigment (Prota 1980; Ortolani 1999; Caro 2005; 
Fertl & Rosel 2002). Such conditions have been categorized as melanism, 
leucism and albinism (Fertl & Rosel 2002).

Leucism is a condition involving the partial or total reduction of 
pigmentation without affecting soft tissues such as eyes and skin, which 
retain normal coloration (Miller 2005; Acevedo & Aguayo 2008). The causes 
of leucism are often attributed to the presence of recessive mutant alleles 
(Bensch et al. 2000), or to the lack of production of tyrosinase, the enzyme 
involved in melatonin biosynthesis, so that the body cannot synthesize 
melanin (Sanchez-Ferrer et al. 1995). Leucism differs from albinism, which 
is caused by a recessive disorder, causing the individual to have pink skin 
and eyes, and in mammals, a white fur (Cademartori & Pacheco 1999; 
Rodrigues et al. 1999; Oliveira 2009). Leucism is commonly confused 
with partial albinism or piebaldism (Fertl & Rosel 2002; Miller 2005), 
a type of disorder related to the lack of pigmentation in certain areas of 
the body of the animal, but maintaining normal eye color. On the other 
hand, melanism is an increase in the amount of pigment in an individual 
(Acevedo & Aguayo 2008).

In a recent study, 198 cases of abnormal coloration in 26 Neotropical 
mammal species was reported (Abreu et al. 2013), with cases being 
much more common in cetaceans, chiropterans and rodents (Pessôa & 
Reis 1995; Fertl et al. 2004; Abreu et al. 2013, Neves et al. 2014). Except 
for the report of the occurrence in pinniped species (Acevedo & Aguayo 
2008; Abreu et al. 2013), anomalous colors in other Carnivora is known 
in Eira barbara (Trolle 2003; Reis et al. 2005; Tortato & Althoff 2007), 
in Nasua narica (Silva-Caballero et al. 2014), and in Lontra longicaudis 
(Arriaga-Flores et al. 2016).

Eira barbara (Linnaeus, 1758), from the Mustelidae family, is known 
as tayra and is a species unique in its genus. It is found from central 
Mexico to northern Argentina (Presley 2000). In Brazil, the tayra occurs 
in almost all of the territory, where it is more common in areas of dense 
vegetation (Cheida et al. 2006). The color of tayras may vary throughout 
its distribution area, but the dark brown coat of its body is predominant, 
with varying amounts of white or tan on the head and throat extending to 
the chest (Presley 2000). In Panama, specimens are usually completely 
black, but individuals presenting fur variations with a yellow-whitish body 
have been described in Guyana (Presley 2000) and in the Madidi National 
Park, Bolivia (Tarifa et al. 2001).

In Brazil, there are four reports of tayras with a yellow-whitish body; 
one individual was registered in the Jauaperi region, in the sub-basin of 
the Rio Negro, in the state of Amazonas (Trolle 2003); whitish tayras 
were sporadically sighted on the Monte Alegre farm, in the state of Paraná 
(Reis et al. 2005); six records of tayras were made in the State Biological 
Reserve of Sassafras in the state of Santa Catarina (Tortato & Althoff 
2007). One recent record was made in the surroundings of the Itatiaia 
National Park, Rio de Janeiro state (Aximoff & Rosa 2016). In this study, 
we reported on the occurrence of individuals of Eira barbara with leucism 
characteristic at the Reserva Particular do Patrimônio Natural (R.P.P.N) 
Santuário do Caraça in Minas Gerais, southeastern Brazil. In order to 

expand the account of occurrence of leucism in tayras, we consulted some 
of the most representative mammal collections from Brazil, and also the 
mammal collection of the American Museum of Natural History (USA).

Material and Methods
The R.P.P.N. Santuário do Caraça is located (20°0’51”S, 43°29’28”W; 

11,233 ha) between the cities of Catas Altas and Santa Bárbara, Minas Gerais, 
in southeastern Brazil. The “Santuário do Caraça” forms a mountainous 
setting, surrounding an interior plateau, whose altitude ranges from 750m 
to 2072 m above sea level. It is situated on the slopes of the mountain range 
known as the Serra do Espinhaço, and possesses a mosaic of different plant 
communities including semi deciduous forests, cerrado, and open areas 
such as high-altitude rocky fields (Talamoni et al. 2014).

We obtained the records of three tayras in 2009, all road-killed and 
found on the main road of the R.P.P.N. Two of them were taxidermized 
and their respective skulls and skins were deposited in the Mammalian 
Collection of the Museu de Ciências Naturais (MCNM PUC Minas) of the 
Pontifícia Universidade Católica de Minas Gerais. Two other records of 
tayras were made in the reserve, one occurred in 2012 and another in 2016.

We also examined the specimens of tayras deposited in the mammal 
collections of some Brazilian museums: Museu Nacional da Universidade 
Federal do Rio de Janeiro (MN-UFRJ), Museu de Zoologia da Universidade 
de São Paulo (MZUSP), Museu Paraense Emílio Goeldi (MPEG), Museu 
de Ciências Naturais da Pontifícia Universidade Católica de Minas Gerais 
(MCNM-PUC Minas), Museu João Moojen (MJM) and Mammal Collection 
of the Department of Zoology of Universidade Federal de Minas Gerais 
(UFMG collection), as well as the mammal collection of the American 
Museum of Natural History (AMNH).

Results
In this study, we report on 13 tayras with recorded characteristics of 

leucism, of which 11 are related to skins deposited in museums (Table 1). 
Some of the skins have biometric data available, while others do not 
(Table 1). Of the tayras found dead and deposited in MCNM-PUC Minas, 
one showed a pale cream color on the body and head (Figure 1A), while 
another (Figure 1B) had an intermediate color between a pale cream color 
and the common color pattern, typical for tayras in the state of Minas Gerais 
(Figure 1C). Another tayra found dead in 2009 (Figure 1D) also featured 
a pale cream color and the same was donated to a didactic collection in 
an educational institution, and therefore there was no collection number 
for this specimen. In 2012, a living tayra (Figure 1E) was sighted and 
photographed under an avocado pear tree, near the central area of the 
R.P.P.N., where there are several buildings and the constant presence of 
people. In 2016, a new sighting of a tayra showing the same characteristics 
of leucism occurred in the same place, and may have been the same 
individual sighted in 2012 (Figure 1F).

Regarding to museum specimens, we found nine individuals with 
pale cream color (Table 1, Figure 2 and 3). In the MPEG collection, we 
find four specimens deposited in the 1970s (Figure 2A - D, Table 1) from 
Oriximiná, state of Pará, in the Trombetas River basin, a tributary of the 
Amazonas River. In the UFMG collection a specimen from the same 
region was recently deposited (UFMG 4193, deposited in November 
2009, Figure 2E, Table 1).

Four specimens have been recorded in the collection of MZUSP, 
being one from Boiuçu, state of Pará, two from the Public Garden of São 
Paulo, today known as Parque da Luz, and another from Iporanga in São 
Paulo (Figure 3A - D, Table 1). These specimens were compared with 
other species featuring a color similar to the pattern commonly known 
in tayras in Brazil and deposited in the last century: male (MZUSP 441, 
housed in 1901, Fig. 3E), Corupá, Santa Catarina. There is no biometric 
data available for these specimens (Table 1). The museums MN, João 
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Table 1. Collection site, sex and external measurements of leucistic tayras. Measurements are in millimeters, except weights, which are in grams.
Museum / 
Collection

Voucher 
number Date Locality Geographic 

coordinate Sex Weight Body 
length

Tail 
length

Hind foot 
length Ear

MCNM 2981 Jan 11, 2009 R.P.P.N. Santuário do Caraça, Catas 
Altas, Minas Gerais

20°0’51” S
43°29’28” W Female 2,450 550 283 98 32

MCNM 3012 Feb 22, 2009 R.P.P.N. Santuário do Caraça, Catas 
Altas, Minas Gerais

20°0’51” S
43°29’28” W Male 9,150 691 394 114 39

MPEG 9210 Jul 15, 1978 Rio Trombetas, Oriximiná, Pará Male 5,000 650 118 105-113 20-40

MPEG 10013 Apr 4, 1977 Cachoeira Porteira, Oriximiná, Pará 1°06’57.20” S
57°05’24.50” W Female 4,100 630 450 95-105 25-35

MPEG 10014 Jul 26, 1978 Cachoeira Porteira, Oriximiná, Pará 1°06’57.20” S
57°05’24.50” W Male 5,000 600 420 100-108 17-37

MPEG 10223 - Porto Trombetas, Oriximiná, Pará 1°28’20.0” S 
56°22’35.5” W

UFMG 2981 Nov, 2007 Porto Trombetas, Oriximiná, Pará 1°28’20.0” S 
56°22’35.5” W Male 5,870 635 425 118 38

MZUSP 5186 Apr 26, 1965 Boiuçú, Pará 1°48’0.000” S
50°16’59.880” W Female

MZUSP 2061 Nov, 1905 Jardim Público de São Paulo 
(current Parque da Luz), São Paulo Female

MZUSP 2062 Dec, 1905 Jardim Público de São Paulo 
(current Parque da Luz), São Paulo Male

MZUSP 6295 Jan 28, 1944 Iporanga, São Paulo 24°58’41.67” S
48°59’27.00” W

Figure 1. Eira barbara specimens with a yellow-whitish color recorded at R.P.P.N. 
Santuário do Caraça, Minas Gerais, Brazil. A. Female found dead in the road. 
Voucher number: MCNM 2981, registration date: 11/01/2009. B. Male found dead 
in the road. Voucher number: MCNM 3012, registration date: 02/22/2009. C. Male 
collected in the Municipality of Belo Vale, Minas Gerais, Brazil. Voucher number: 
MCNM 1915, registration date: 21/01/2011; this specimen was used in this study 
to represent the default color of the species E. barbara in the state of Minas Gerais. 
D. Eira barbara specimen found dead in the road. Registration date: 06/12/2009. 
E. Male recorded living at R.P.P.N., registration date: 07/17/2012. F. Individual 
recorded living at R.P.P.N., date of registration: 03/2016.

Figure 2. Eira barbara specimens with a yellow-whitish color recorded at Oriximiná, 
state of Pará, Brazil. A. Male collected in Rio Trombetas. Voucher number: 
MPEG: 9210, registration date: 15/07/1978. B. Female collected in Cachoeira 
Porteira. Voucher number: MPEG: 10013, registration date: 04/04/1977. C. Male 
collected in Cachoeira Porteira. Voucher number: MPEG: 10014. Registration date: 
26/07/1978. D. no biological data, individual collected in Porto Trombetas, Voucher 
number: 10223, no date. E. Male collected in Porto Trombetas. Voucher number: 
UFMG: 2981, registration date: 11/2007.
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Moojen and the AMNH do not have any tayra with characteristics of 
leucism in their collections.

Discussion
Based on the available definitions about anomalous color (Fertl & 

Rosel 2002), and on the characteristics shown by individuals such as a lack 
of color in the guard hairs, maintenance of color in the under-hairs and 
body extremities (nose, ears, feet and tail) having dark pigmentation, we 
consider that the recorded individuals can be considered to have leucism. 
There is no information in the literature regarding the analysis of the 
consequences of the variation in coat color in tayras throughout its area of 
distribution, nor in relation to the consequences of leucism. Mammalian 
hair and skin color provides concealment for the mammals (Deblase & 
Martin 1980), while it is expected that leucism and/or albinism imposes 
on the individuals a greater difficulty in camouflage, possibly subjecting 
them to a greater risk of predation (Parsons & Bonderup-Nielsen 1995). 
Peles et al. (1995), however, in a rare study addressing this topic, it was 
shown that albinism in meadow voles (Microtus pennsylvanicus) proved 
not to be a disadvantageous trait in grassland habitats with high nutritional 
quality and heavy vegetative cover.

The MZUSP and MN are the natural history museums with the largest 
collections of mammals in the country. The rarity of older specimens and 
the absence of deposit of newly collected specimens in these two collections 
may indicate the rarity of leucism in tayras. Of the museum specimens 
analyzed, two of the MZUSP are dated to the beginning of the 20th century, 
both from Jardim Público, where today it houses the Parque da Luz within 
the city of São Paulo. Parque da Luz was created in 1825 as a Botanical 
Garden and in 1838 it was named the Jardim Público. Throughout the 
second half of the nineteenth century the Jardim Público underwent a 
series of reformulations, and the last major reform was the creation of a 
zoo, the first in the city of São Paulo, in the 1890s. This zoo housed species 
native to Brazil and some exotic (Ohtake & Dias 2011). In the middle of 
the nineteenth century and at the beginning of the twentieth century the 
area around Jardim da Luz was already quite urbanized (Ohtake & Dias 
2011) and it was practically impossible that wild tayras could live freely 
in this central region of the city. Thus, the specimens of tayras from the 
Jardim Público were probably not native to the park and surrounding areas 
and may have come from other regions of Brazil.

Another specimen of the MZUSP collection comes from Boiuçu, 
in the state of Pará. Considering the records of Oriximiná, this region 
of the Amazon basin holds the largest number of cases of leucism in 
tayras. In addition, there is already the case reported in the region of the 
Jauaperi River, a sub-basin of Rio Negro (Toller 2003), a tributary of the 
Amazon River. It is notable that between the first and last record for the 
region of Oriximiná there is a time interval of 30 years. In Oriximiná and 
in the village of Porto Trombetas, in the mid-Amazonas region, several 
socio-environmental conflicts have been registered in the last five decades 
due to the establishment of a bauxite extraction plant in the region (Monteiro 
2005; Wanderlei 2008). The local extraction of bauxite has led to numerous 
negative impacts such as deforestation, the contamination and silting of 
rivers and the displacement of riparian and “quilombola” peoples (Wanderlei 
2008). The surroundings of the Caraça reserve is also characterized by 
intense mining activities (Marent et al. 2011), however, the reserve, with 
its more than 100 km2, borders the Parque Nacional Serra do Gandarela 
(Marent et al. 2011), which has 312 km2 of forested area (ICMBio 2017).

The occurrence of leucism is based on the expression of recessive 
alleles and individuals with leucism are more frequent in small and isolated 
populations because endogamy causes recessive alleles to be expressed 
(Bensch et al. 2000). Thus, if reproductive isolation occurs among local 
populations of tayras, it is necessary to understand it. Considering the 
number of records reported the analysis of the patterns of genetic diversity 
within and among local populations would be important. The occurrence of 
the leucistic phenotype observed in the Oriximiná and Caraça populations 
may represent an opportunity to investigate the possibility of establishing a 
recessive trait in these populations, such as the near fixation of melanism, 
another recessive color anomaly, observed in leopards of the Malay 
Peninsula (Kawanishi et al. 2010). On the other hand, the occurrence of 
different coloration phenotypes in tayras throughout its distribution area, 
provides an opportunity to investigate possible adaptive advantages of 
these phenotypes (Silva et al. 2016) in relation to the ecological conditions 
present in their areas of occurrence.
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Abstract: This study presents the species of echinoderms found inside rhodolith branches from Seixas Beach, State 
of Paraíba, Brazil, during one year of rhodolith sampling. A total of 64 specimens were analyzed and identified into 
12 species, belonging to 11 genera, eight families and three classes. Brief taxonomic descriptions, figures and ecological 
notes for recorded species are provided. Ophiuroidea and Holothuroidea were the most representative taxa. Biogenic 
structures are an important habitat for young specimens and some small species of Echinodermata. Some species 
complete their life cycle in these structures, while others spend part of their life in these substrates and may also migrate 
to other habitats. The work complements the knowledge of echinoderm biodiversity from Northeastern of Brazil and 
aims to support future projects of protection and sustainable management of this area.
Keywords: Echinoderms, inventory, Brazilian coast.

Echinodermata associados a rodolitos da Praia do Seixas, Estado da Paraíba, 
Nordeste do Brasil

Resumo: O presente estudo apresenta as espécies de equinodermos encontradas dentro de ramos de rodolitos provenientes 
da Praia do Seixas, Estado da Paraíba, Brasil. Um total de 64 espécimes foi analisado, sendo identificadas 12 espécies, 
pertencentes a 11 gêneros, oito famílias, e três classes. As amostras foram coletadas ao longo de um ano a partir de 
rodolitos. O artigo fornece uma breve descrição taxonômica, figuras e notas ecológicas para cada espécie. Ophiuroidea 
e Holothuroidea foram os grupos mais representativos. Os resultados mostram que essas estruturas biogênicas formam 
um habitat importante para espécies jovens e espécies pequenas de Echinodermata. Algumas espécies completam seu 
ciclo de vida dentro dos rodolitos, enquanto outras passam uma parte da vida nesses substratos para depois explorar 
em outros ambientes. O estudo complementa o conhecimento da biodiversidade de equinodermos para o nordeste do 
Brasil e fornece suporte para futuros projetos de proteção e uso sustentável da área.
Palavras-chave: Equinodermos, inventário, costa brasileira.

Introduction
Rhodoliths are aggregates of nodules of unarticulated encrusting 

coralline algae (Amado-Filho et al. 2012). These structures occur in 
shallow waters up to depths of 150 m, forming extensive rhodolith 
beds and hard bottom habitats. In Brazil, rhodolith beds are among 
the largest deposits of CaCO3 in the world (Amado-Filho et al. 2012). 
These rhodoliths provide refuge, food and other resources, protecting 
organisms from competitive exclusion, predation, and physical disturbance 

(Riul et al. 2009, Horta et al. 2016). The Seixas Beach has a large bank 
of rhodoliths susceptible to degradation by anthropogenic impact, in the 
form of tourism and commercial exploitation.

Echinoderms can be found in various substrata. Small species and 
young specimens usually live associated with coral reefs, rhodolith 
beds, and algae. These animals are exclusively marine and belong to the 
benthic fauna, with many species inhabiting rocky shores, beaches, bays 
and subtidal zones, including the deep-sea (Pawson 2007). The phylum 
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consists of approximately 7,000 living species and 13,000 extinct species, 
comprising the classes Crinoidea, Asteroidea, Ophiuroidea, Echinoidea 
and Holothuroidea (Pawson 2007). According to Ventura et al. (2012), 
very few studies on the biogeography of echinoderms have been done in 
Brazil. In part, this is due to the lack of reliable information on taxonomy 
and distribution ranges. About 340 species of Echinodermata are recorded 
along the Brazilian coast (Ventura et al. 2012). Here, we list the species 
of echinoderms found associated with rhodoliths from the Seixas Beach, 
followed by brief descriptions, ecological notes for species, and a discussion 
on the importance of this habitat for young and small species of echinoderms.

Material and Methods

1. Study site

The Seixas Beach is located about 700 m to the south of the municipality 
of João Pessoa, capital of the State of Paraíba, Brazil (Melo et al. 2008). 
The beach is located within the Tropical Northwesternn Marine Ecoregion 
(Spalding et al. 2007). The climate is tropical and humid, with a conspicuous 
seasonal pattern of rainfall. The rainy season goes from March to August, 
and the dry season extends from September to February. Temperature ranges 
are small, with annual averages varying from 20 to 37ºC. Mean yearly 
humidity is 80%, and yearly precipitation varies from 900 to 1800 mm 
(Lima & Heckendorff 1985).

Around this rhodolith formation, water depths vary from 0.50 m to 
1.50 m at low tides, except for some areas that become exposed during the 
lowest tides. The deeper portions vary from 3.0 to 6.0 m (Melo et al. 2014). 
The region is located between the coordinates of 07º08’45”S to 07º09’20”S 
and 34º47’45”W to 34’47’35”W. Figure 1 indicates collecting locations 
at the Seixas Beach (PB).

2. Sampling

Expeditions were conducted in the infralittoral of the Seixas Beach. 
Small boats were used to access to the reef environment. Collecting location 
were positioned at depths of 1.5 and 4.0 m. Geographical coordinates of 
each collecting site were recorded with a GPS. The depth of 1.5 m has 
coordinates 07º09’13”S and 34º47’21”W, while the depth of 4.0 m has the 
coordinates 07º09’13”S and 34º47’10”W. Collections were made in January, 
March, May, July, September and November, during the lowest tides along 
the year of 2015. Samples were replicated each month, totaling 12 samples 
in the year. Specimens were collected manually, with the help of a square 
of 15 X 15 cm, within which 4-5 rhodoliths were collected. The samples 
was conditioned in labelled plastic bags and sorted in the Laboratory of 
Aquatic Ecology (LABEA), Federal University of Paraíba (UFPB).

In the lab, samples were maintained separate in trays with sea water, with 
salinity at 35 ppm and continuously aerated, up to the time of processing of 
the material with a hammer and stylets. Echinoderms were separated and 
subsequently anesthethized with menthol, fixed in formalin at 4%, diluted 
with sea water, and finally preserved in alcohol at 70%. Additional material 
present in the Collection of Invertebrates Paulo Young (CIPY) was also 
considered.

Taxonomic identifications were based on Tommasi (1970), Hendler et al. 
(1995), Borges et al. (2002), Borges & Amaral (2005), Manso (2008), 
Benavides-Serrato et al. (2011), Borrero-Pérez et al. (2012), Tommasi 
(1969), Pawson et al. (2010), and Martins et al. (2012). Specimens were 
photographed with a Canon Powershot A2000IS digital camera, and a 
Leica MZ12.5 stereomicroscope. Measurements were obtained from 
fixed specimens. All specimens were deposited at CIPY, Department of 
Systematics and Ecology (DSE), Federal University of Paraíba (UFPB).

Figure 1. Study area with location of collecting points at Seixas Beach, João Pessoa, Paraíba, Brazil.
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Results
A total of 62 individuals were recorded from inside rhodoliths, belonging 

to three classes, four orders, eight families, 11 genera and 12 species of 
echinoderms, as listed below.

Class Ophiuroidea Gray, 1840
Order Ophiurida Müller & Troschel, 1840
Family Amphiuridae Ljungman, 1867
Genus Amphipholis Ljungman, 1866
Amphipholis squamata (Delle Chiaje, 1828)
(Figure 2)
Axiognathus squamatus—Lima-Verde, 1969: 11.
Amphipholis squamata—Albuquerque, 1986: 103, fig. 18a–c, est. V, 

fig. 1a–c; Tommasi, 1999; Borges, 2006: 34; Magalhães et al., 2005: 63; 
Gondim et al. 2008; Manso et al. 2008: 191, fig. 18 e–g; Oliveira et al., 
2010: 6; Barboza & Borges, 2012: 11; Paim et al., 2015: 5; Alitto et al. 2016: 4.

Material examined: 5 specimens (UFPB.ECH–2260), Seixas Beach, 
Paraíba State, Brazil, depth 1.5 m; 1 specimen (UFPB.ECH–2275), Seixas 
Beach, Paraíba State, Brazil, depth 4.0 m.

Description: Disk rounded, covered by medium size scales, with circular 
to semicircular imbricated scales (Figure 2a, 2b). Primary scales large, easily 
observed (Figure 2c). Radial shields slightly long than wider, separated 

by a thin scale up to the distal region of the shields. Ventral surface of the 
disk covered by scales similar to dorsal scales (Figure 2d). Bursal slits 
narrow, near the first plate of the arms. Diamond-shaped oral shield, adoral 
shields longer than wide, touching the proximal edge. Two oral papillae in 
each side of jaw, the more distal bigger and trapezoidal, other rounded and 
smaller. A pair of elongated infradental papillae (Figure 2e). Five arms, 
about five times the disk diameter. Dorsal arm plate slightly pentagonal, 
with distal edge rounded (Figure 2f). Ventral arm plate pentagonal, two 
tentacular scales (Figure 2g). Lateral arm plates meeting in the longitudinal 
mid-line, with four arm spines (Figure 2h). Color white.

Distribution: In the Western Atlantic, the species is found from Canada to 
Argentina (Hendler et al. 1995, Benavides-Serrato et al. 2011). In Brazilian 
coast, it was reported in Pará, Maranhão, Ceará, Paraíba (Gondim et al. 
2013), Alagoas (Lima et al. 2011), Bahia (Magalhães et al. 2005), Rio de 
Janeiro (H.L. Clark 1915) and, São Paulo (Borges et al. 2002). The species 
occurs from shallow waters to 1962 m depth (Pawson et al. 2009).

Ecological notes: The specimens were found inside rhodoliths but 
can be buried in crevices, sand and coral rocks. The species presents 
bioluminescence (Bernasconi & Agostino 1975) and incubates the juveniles 
(Borges & Amaral, 2005).

Amphipholis januarii Ljungman, 1866
(Figure 3)
Amphipholis januarii—Tommasi, 1967: 1, fig. 1; Lima-Verde, 1969: 11; 

Alves & Cerqueira, 2000: 545; Magalhães et al. 2005: 63; Gondim et al., 
2008: 154; Manso et al., 2008: 190, fig. 18a–d; Oliveira et al., 2010: 6; 
Barboza & Borges, 2012: 11; Paim et al., 2015: 3-4; Alitto et al. 2016: 4.

Material examined: 16 specimens (UFPB.ECH–2248, 2249, 
2252, 2265, 2276), Seixas Beach, Paraíba State, Brazil, depth 1.5 m; 
19 specimens (UFPB.ECH–2253, 2256, 2257, 2258), Seixas Beach, Paraíba 
State, Brazil, depth 4 m.

Description: Disk circular to pentagonal, with reentrances in inter-radial 
areas (Figure 3a). Disk covered by small and imbricated scales. Radial shields 
narrow, longer than wide, usually separated by one or two scales, the internal 
more elongated (Figure 3c). Ventral side of the disk covered by smaller 
scales, imbricated (Figure 3d). Bursal slit long, near the first arm plate. 
Oral shield diamond-shaped, adoral shield triangular. Two oral papillae 
in each side of jaw, the distal triangular and robust, a pair of elongated 
and robust infradental papillae (Figure 3e). Five elongated arms, about 
seven to ten times the diameter of the disk (Figure 3b). Arms tapering 
distally. Dorsal arm plate wider than long (Figure 3f), ventral arm plate 
pentagonal (Figure 3g), with rounded edges. Two tentacle scales, small 
and flattened. Lateral arm plate with three to four elongated spines, similar 
in size (Figure 3h). The arm spine of middle with one or two teeth at the 
apex. Color white to yellow.

Distribution: South Carolina, Florida, Texas, Mexico, Antilles, 
Belize, Panama and Brazil (Hendler et al. 1995, Alvarado et al. 2008). 
In Brazilian coast, the species was reported in Pará (Albuquerque 1986), 
Ceará (Lima-Verde 1969), Paraíba (Gondim et al. 2008), Alagoas (Lima et 
al 2011), Bahia (Magalhães et al. 2005), Rio de Janeiro (Ljungman 1867), 
and São Paulo (Tommasi 1970, Alitto et al. 2016). From 1 to 311 m depth 
(Laguarda-Figueras et al. 2009).

Ecological notes: This species usually is found in sand bottom and 
gravel (Tommasi 1970), algae, under rocks (Hendler et al. 1995).

Genus Microphiopholis Turner, 1985
Microphiopholis gracillima (Stimpson, 1854)
(Figure 4)
Micropholis gracillima—Tommasi, 1970: 39, figs. 39–40; 

Alves & Cerqueira, 2000: 545.
Amphipholis gracillima—Guille & Albuquerque, 1987: 147; Albuquerque 

& Guille, 1991: 6; Oliveira et al., 2010: 6.

Figure 2. Amphipholis squamata. a, dorsal view of the animal; b, ventral view of 
the animal; c, dorsal view of the disk; d, ventral view of the disk; e, detail of the 
jaws; f, dorsal view of the arm; g, ventral view of the arm. ADS, adoral shield; 
AS, arm spine; BS, bursal slit; CD, central dorsal scale; DAP, dorsal arm plate; 
IP, infradental papillae; LAP, lateral arm plate; OP, oral papillae; OS, oral shield; 
RS, radial shield; TS, tentacle scale; VAP, ventral arm plate. Scales: a-d, f, 1 mm; 
e, 0.5 mm. The arms are oriented from the distal to proximal region.
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Microphiopholis gracillima—Tommasi, 1999; Magalhães et al., 2005: 
63; Barboza & Borges, 2012: 13.

Material examined: 3 specimens (UFPB.ECH–2259), Seixas Beach, 
Paraíba State, Brazil, depth 4 m.

Description: Disk rounded with indentations in the radial region 
(Figure 4a). Disk covered by numerous small and imbricated scales. 
Radial shields narrow and elongated, joined at half of length, and then 
separated by three scales on the proximal edge (Figure 4c). Ventral surface 
of disk covered by small and imbricated scales. Bursal slit large, near the 
first to fourth ventral arm plate (Figure 4d). Oral shield diamond-shaped. 
Adoral shield elongated and slightly wide distally. Jaws with three oral 
papillae, the more distal rectangular, bigger than proximal papilla. Arms long, 
about six to eight times the diameter of the disk (Figure 4b). Dorsal arm 
plate trapezoidal (Figure 4f). Ventral arm plate square-shaped, with distal 
edge rounded (Figure 4g). Two tentacle scales, the most internal robust. 
Lateral arm plate with four arm spines (Figure 4h). Second arm spine near 
the ventral arm plate, with small teeth. Color light brown to yellowish.

Remarks: Young specimens with only three arm spines, the first 
smaller than others.

Distribution: South Carolina, Florida, Antilles, Puerto Rico, Tobago, 
Curaçao, Belize and Brazil. In Brazilian coast, the species was reported 
in Paraíba (Gondim et al. 2008), Bahia (Alves & Cerqueira 2000), and 

Rio de Janeiro (Tommasi 1970). From intertidal zone to 26 m depth 
(Hendler et al. 1995).

Ecological notes: This species is usually found in soft bottom 
(Tommasi 1970), with intermediate granulometry and high organic content 
(Zimmerman 1988).

Family Ophiactidae Matsumoto, 1915
Genus Ophiactis Lütken, 1856
Ophiactis savignyi (Müller & Troschel, 1842)
(Figure 5)
Ophiactis krebsii—Verril, 1868: 366.
Ophiactis savignyi—Brito, 1960a: 4, fig.3; 1962: 2; Lima–Verde, 

1969: 12; Tommasi, 1970: 24, figs.16–17; 1999; Nunes, 1975: 181; Alves 
& Cerqueira, 2000: 545; Magalhães et al., 2005: 63; Gondim et al., 2008: 
154; Manso et al., 2008: 188, fig. 14f–h; Lima & Fernandes, 2009: 61; 
Oliveira et al., 2010: 6; Barboza & Borges, 2012: 9; Paim et al., 2015: 
10-11; Alitto et al., 2016: 7.

Material examined: 1 specimen (UFPB.ECH–2277), Seixas Beach, 
Paraíba State, Brazil, depth 1.5 m; 9 specimens (UFPB.ECH–2250, 2251), 
Seixas Beach, Paraíba State, Brazil, depth 4 m.

Description: Disk rounded to pentagonal, covered by medium size 
scales, imbricated, more numerous in the center and in the interradial 
surface (Figure 5a). Small rough-tipped spines scattered over the disk, more 

Figure 3. Amphipholis januarii. a, dorsal view of the animal; b, ventral view of the 
animal; c, dorsal view of the disk; d, ventral view of the disk; e, detail of the jaws; f, 
dorsal view of the arm; g, ventral view of the arm; h, lateral view of the arm. ADS, 
adoral shield; AS, arm spine; BS, bursal slit; CD, central dorsal scale; D, distal 
region; DAP, dorsal arm plate; IP, infradental papillae; MP, madreporite; OP, oral 
papillae; OS, oral shield; P, proximal region; RS, radial shield; TS, tentacle scale; 
VAP, ventral arm plate. Scales: a-b, 10 mm; c-d, f-h, 2 mm; e, 1 mm.

Figure 4. Microphiopholis gracilimna. a, dorsal view of the animal; b, ventral view 
of the animal; c, dorsal view of the disk; d, ventral view of the disk; e, detail of the 
jaws; f, dorsal view of the arm; g, ventral view of the arm; h, lateral view of the arm. 
ADS, adoral shield; AS, arm spine; BS, bursal slit; CD, central dorsal scale; D, dorsal 
region; DAP, dorsal arm plate; IP, infradental papillae; LAP, lateral arm plate; MP, 
madreporite; OP, oral papillae; OS, oral shield; P, proximal region; RS, radial shield; 
TS, tentacle scale; VAP, ventral arm plate. Scales: a-b, 5 mm; c, 1 mm; d-h, 2 mm.
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numerous at the edges. Radial shield large and triangular, occupying more 
than half the disk. They are united distally and separated by two scales 
proximally, the most internal more elongated (Figure 5c). Ventral surface 
of the disk covered by small and imbricated scales (Figure 5d). Bursal slits 
large. Oral shield sub-diamond shaped. Adoral shield longer than wide, 
more wide distally, separated proximally. Two oral papillae flattened and 
robust, similar in size. An apical papillae large and triangular (Figure 5e). 
Six arms, about five times the diameter of the disk, tapering distally 
(Figure 5b). Dorsal arm plate trapezoidal (Figure 5f). Ventral arm plate 
octagonal (Figure 5g). A flattened and large tentacle scale. Lateral arm 
plate with five arm spines, short and flattened. They are more robust and 
elongated near the dorsal arm plate. The arm spines with marginal teeth. 
Color olive green in the disk, with some white spots. Arms with olive 
green plates interspersed with white plates. Radial shields with a white 
spot on the distal edge.

Distribution: This species occurs in the Indo-West-Pacific, eastern 
Pacific, and Atlantic Ocean. In the western Atlantic it can be found in 
South Carolina, Bermuda, Puerto Rico, Gulf of Mexico, Colombia and 
Brazil (Hendler et al. 1995, Benavides-Serratto et al. 2011). In Brazilian 
coast, it was reported in Amapá, Pará, Maranhão (Albuquerque 1986), 
Ceará (Lima-Verde 1969), Paraíba (Gondim et al. 2008), Pernambuco 
(Tommasi 1970), Alagoas (Lima et al. 2011), Bahia, Rio de Janeiro 
(Rathbun 1879), and São Paulo (Tommasi 1970). From intertidal zone to 
550 m depth (Pawson et al. 2009).

Ecological notes: This species occurs in hard bottoms, coral reefs, 
algae, and mangroves. Young specimens are found in sponges or algae 
(Tommasi 1970, Pawson et al. 2009).

Family Ophiocomidae Ljungman, 1867
Genus Ophiocomella A.H. Clark, 1939
Ophiocomella ophiactoides (H.L. Clark, 1900)
(Figure 6)
Ophiocomella ophiactoides—Magalhães et al. 2005: 63; Oliveira et al. 

2010: 7.
Material examined: 2 specimens (UFPB.ECH–2255), Seixas Beach, 

Paraíba State, Brazil, depth 1.5 m; 1 specimen (UFPB.ECH–2254), Seixas 
Beach, Paraíba State, Brazil, depth 4 m.

Description: Disk pentagonal, covered by imbricated scales with spine-like 
granules (Figure 6a). Radial shields small, a little wider than long, separated 
by some scales and spine-like granules (Figure 6c). Ventral surface of disk 
covered by imbricated scales (Figure 6d). Bursal slits slender, long, from 
first to second or third ventral arm plate. Oral shield sub-elliptical. Adoral 
shield longer than wide, sub-triangular. Four flattened oral papillae and a 
pair of apical papillae (Figure 6e). Six arms, about three times the diameter 
of the disk, tapering distally (Figure 6b). Dorsal arm plate sub-pentagonal, 
proximal edge rounded (Figure 6f). Ventral arm plate slightly as wide as 
long (Figure 6g). Tentacle scale diamond-shaped. Lateral arm plate with 
four arm spines. That near the ventral plate longer and robust. Arm spines 
with small teeth. Color orange or whitish to white.

Figure 5. Ophiactis savignyi. a, dorsal view of the animal; b, ventral view of the 
animal; c, dorsal view of the disk; d, ventral view of the disk; e, detail of the jaws; 
f, dorsal view of the arm; g, ventral view of the arm. ADS, adoral shield; AP, apical 
papillae; AS, arm spine; BS, bursal slit; CD, central dorsal scale; D, dorsal region; 
DAP, dorsal arm plate; DS, dorsal scales; LAP, lateral arm plate; OP, oral papillae; 
OS, oral shield; P, proximal region; RS, radial shield; SP, spines of the disk; TS, 
tentacle scale; VAP, ventral arm plate. Scales: a-b, 5 mm; c-g, 1 mm.

Figure 6. Ophiocomella ophiactoides. a, dorsal view of the animal; b, ventral view 
of the animal; c, dorsal view of the disk; d, ventral view of the disk; e, detail of 
the jaws; f, dorsal view of the arm, oriented from the distal to proximal region; g, 
ventral view of the arm, oriented from the proximal to the distal region. ADS, adoral 
shield; AP, apical papillae; AS, arm spine; BS, bursal slit; D, distal region; DAP, 
dorsal arm plate; LAP, lateral arm plate; MP, madreporite; OP, oral papillae; OS, 
oral shield; P, proximal region; RS, radial shield; SP, spines of the disk; TS, tentacle 
scale; VAP, ventral arm plate. Scales: a-b, d-f, 1 mm; c, g, 2 mm.
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Distribution: From Florida, Mexico, Bermuda, Puerto Rico, Jamaica, 
Virgin islands, Curaçao, Trinidad and Tobago, Belize, Panama, Colombia 
and Brazil (Hendler et al. 1995, Pawson et al. 2009). In Brazilian coast, 
the species was reported in Paraíba (Oliveira et al. 2010), Alagoas 
(Lima et al. 2011) and Bahia (Albuquerque & Guille 1991). From one 
to 18 m depth (Hendler et al. 1995).

Ecological notes: This species is found in reef systems (Hendler et al. 
1995), usually associated with algae, inside rhodoliths.

Family Ophiodermatidae Ljungman, 1867
Genus Ophioderma Müller & Troschel, 1840
Ophioderma appressa (Say, 1825)
(Figure 7)
Ophioderma appressum—Lima–Verde, 1969: 12; Tommasi, 1999; 

Gondim et al., 2008: 154; Lima & Fernandes, 2009: 60.
Ophioderma apressum—Brito, 1962: 1, fig. 8; Alves & Cerqueira, 

2000: 546; Magalhães et al., 2005: 63; Oliveira et al., 2010: 7.
Ophioderma appressa—Tommasi, 1970: 65, figs. 62–63. Barboza & Borges, 

2012: 7; Paim et al., 2015: 12-13.
Material examined: 1 specimen (UFPB.ECH–2261), Seixas Beach, 

Paraíba State, Brazil, depth 1.5 m.
Description: Disk pentagonal, covered by small granules (Figure 7a). 

Radial shields small, covered by granules. Ventral surface of the disk 
covered by a thin granulation. Bursal slits short and slender, with two 
openings (Figure 7c). That the most proximal appear before the first 

ventral arm plate and the more distal occur from third to fourth ventral arm 
plates. Oral shield diamond-shaped, rounded on the edge. Adoral shield 
flattened, triangular, not touching the proximal edge. Eight oral papillae, 
the most proximal slender, the second more proximal robust and elongated. 
Others gradually decrease along the length. The most distal papillae larger 
and flattened. Small apical papillae (Figure 7e). Five arms, about five 
times the diameter of the disk. Dorsal arm plate trapezoidal, proximal edge 
rounded (Figure 7b). Ventral arm plate squared to trapezoidal (Figure 7d). 
Two tentacle scales, the most internal elongated, and the external scale 
flattened with a slight projection at the apex. Lateral arm plate with eight 
arm spines, the most internal more robust (Figure 7f). Color gray to dark 
brown, arms with light and dark brown bands.

Distribution: From South Carolina, Florida, Mexico, Bermuda, Bahama 
Islands, Tortugas, Gulf of Mexico, Antilles, Belize, Panama, Colombia, 
Venezuela, and Brazil (Hendler et al. 1995, Laguarda-Figueras et al. 2009, 
Pawson et al. 2009). In Brazilian coast, the species was reported in Paraíba 
to Bahia (Rathbun 1879), Rio de Janeiro, São Paulo (Tommasi 1970). From 
intertidal zone to 364 m depth (Tommasi 1970).

Ecological notes: Ophioderma appressa usually occurs under rocks or 
in association with algae in reef ecosystems (Hendler et al. 1995).

Class Echinoidea Leske, 1778
Order Echinoida Claus, 1876
Family Echinometridae Gray, 1825
Genus Echinometra Gray, 1825
Echinometra lucunter (Linnaeus, 1758)
(Figure 8a-b)
Echinus lucunter—Linnaeus, 1758: 665.
Echinometra subangularis—Rathbun, 1879: 143.
Echinometra lucunter—Bernasconi, 1955: 62-63; Tommasi, 1957: 

29, pr. 1, fig. 1-2; Brito, 1960b: 4; 1968: 21-22; 1971: 263; Lima-Verde, 
1969: 10; Alves & Cerqueira, 2000: 547; Fernandes et al., 2002: 422; 
Magalhães et al., 2005: 63.

Material examined: 1 specimen (UFPB.ECH–2262), Seixas Beach, 
Paraíba State, Brazil, depth 1.5 m.

Diagnosis: Elongate oval test with two rows of large tubercules along 
the ambulacra and interambulacra, pairs of pores arranged in arcs of six, 
and a large peristome. Spines long and slender, thickened at the base, and 
sharply pointed at the tips. On aboral side, primary and secondary spines 
dark olive green, with greenish violet to purple tips. In general, the color 
is blackish (Hendler et al. 1995).

Remarks. Specimen young, 3 cm in diameter (Figure 8a, b).
Distribution: Western Atlantic, from North Carolina to South Brazil 

(Pawson et al. 2009). In Brazilian coast, the species was reported in Ceará 
(Martins & Martins de Queiroz 2006), Paraíba (Gondim et al. 2008), 
Pernambuco to Santa Catarina (Rathbun, 1879). It is found until 45 m 
depth (Hendler et al. 1995).

Ecological notes: The species is usually found in hard bottoms 
(Tommasi 1966). It prefers exposed areas, where there are large quantities 
of macroalgae and food available.

Class Holothuroidea
Order Dendrochirotida Grube, 1840
Family Phyllophoridae Oestergren, 1907
Genus Euthyonidiella Heding & Panning, 1954
Euthyonidiella occidentalis (Ludwig, 1875)
(Figure 8c-i)
Thyonidium occidentale—Ludwig, 1875: 119.
Phyllophorus occidentalis—Deichmann, 1930: 148.
Euthyonidium occidentalis—Deichmann, 1938: 380; 1941:124.
Thyonidium constituta—Sluiter, 1910: 340; Deichmann, 1926: 124.
Trachythyonidium occidentale—Deichmann, 1954: 402.
Phyllophorus (Urodemella) occidentalis— Heding & Panning, 1954: 

164; Domantay, 1959: 191; Tommasi, 1969: 10.
Euthyonidiella occidentalis—Martins & Souto, 2015: 362-374.

Figure 7. Ophioderma apressa. a, dorsal view of the disk; b, dorsal view of the arm; 
c, ventral view of the disk; d, ventral view of the arm; e, detail of the jaws; f, lateral 
view of the arm. ADS, adoral shield; AS, arm spine; BS, bursal slit; D, dorsal region; 
DAP, dorsal arm plate; LAP, lateral arm plate; OP, oral papillae; OS, oral shield; 
P, proximal region; TS, tentacle scale; VAP, ventral arm plate. Scales: a, 10 mm; 
b, d, f, 2 mm; c, 5 mm; e, 1 mm.
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Material examined: 1 specimen (UFPB.ECH-2264), Seixas Beach, 
Paraíba State, Brazil, depth 1.5 m.

Description: Rounded body, slightly narrow in the ends (Figure 8c). 
Tegument thin, smooth. Mouth and anus terminal. Tube feet numerous, 
small, arranged in the radii and some in interradii. Calcareous ring complex, 
with high radial pieces and posterior processes divided in two small pieces. 
Color brown. Body wall with tables of dentate margins, four large central 
holes and some lateral, about three in each side or two more proximal 
bigger than other distal tables (Figure 8g). Spire of two pillars ending in 
three teeth at the apex. Disk of tables from ventral region with eight or 
more holes and three or more spines in each side of the margin. Tube feet 
with supporting plates, large endplate (Figure 8h) and supporting rods 
(Figure 8i). Introvert with rosettes, rods and tables. Tentacles with rosettes 
(Figure 8d), rods (Figure 8f) and tables (Figure 8e).

Geographical distribution: Florida, Puerto Rico, Antilles, Aruba, 
Trinidad, Suriname and Brazil (Hendler et al. 1995). In Brazilian coast, the 
species was reported in (Gondim et al. 2008), Alagoas (Miranda et al. 2012), 
Bahia (Deichmann 1930), Espírito Santo, Rio de Janeiro (Mondin 1973), 
São Paulo (Ancona Lopez 1962). It found until 45 m deep (Hendler et al. 
1995). The species can be found until 99 m depth (Miller & Pawson 1984).

Ecological notes: The specimen was found in rhodoliths, but can also 
be found in rocks, gravel, sand and coral stones.

Genus Stolus Selenka, 1867
Stolus cognatus (Lampert, 1885)
(Figure 9a-f)

Thyone cognita—Deichmann, 1930: 169; Tommasi, 1969: 14.
Thyone cognate—Clark, 1933: 115; Mondin, 1973: 9.
Stolus cognatus—Caycedo, 1978: 165; Hendler et al., 1995: 275; 

Laguarda-Figueras et al., 2001: 33–34.
Material examined: 1 specimen (UFPB.ECH-1954) Seixas Beach, 

Paraíba State, Brazil.
Description: Young specimen. Body curved, with tapered ends, posterior 

end narrower (Figure 9a). Tegument slightly thick, rough. Mouth and anus 
terminal. Ten small dendritic tentacles, similar size. Tube feet arranged in 
double rows in the radii, larger ventrally. Calcareous ring complex, formed 
by small distinct pieces, posterior processes long. Color white, tentacles light 
brown. Body wall with numerous elongated plates, with two rows of holes 
(Figure 9d), sometimes perforations alternate; small buttons plate-shape 
with four subequal holes. Tube feet with small endplate, and supporting 
rods (Figure 9e), some with a third arm, and supporting plates (Figure 9f). 
Introvert with irregular rosettes, and large thick plates. Tentacles with rods 
(Figure 9c), some with holes in the ends, and rosettes (Figure 9b).

Distribution: Florida, Antilles, Venezuela and Brazil (Hendler et al. 1995). 
In Brazilian coast, the species was reported in Paraíba (Gondim et al. 2008), 
Alagoas (Miranda et al. 2012), Bahia (Deichmann 1930), Espírito Santo, 
Rio de Janeiro (Mondin 1973), São Paulo (Tommasi 1969). The species 
is found until 5 m depth (Laguarda-Figueras et al. 2001).

Ecological notes: The specimen was found inside rhodoliths. This species 
can be found also in coral reefs, and under rocks.

Genus Thyone Oken, 1815
Thyone pawsoni Tommasi, 1972
(Figure 9g-i)

Figure 8. Echinometra lucunter. a, dorsal view of the animal; b, ventral view of the 
animal; Euthyonidiella occidentalis. c, dorsal view of the animal; d, rosette from 
tentacle; e, table from tentacles; f, rods from tentacle; g, tables from body wall; 
h, endplate from tube feet; i, rod from tube feet. Scales: a-b, 5 mm; c, 2 mm; d, f, 
10 µm; e, g, i, 20 µm; h, 50 µm.

Figure 9. Stolus cognatus. a, dorsal view of the animal; b, rosettes from tentacle; 
c, rods from tentacles; d, plates from body wall; e, supporting rod from tube feet; 
f, supporting plate from tube feet. Thyone pawsoni. g, dorsal view of the animal; 
h, tables from body wall; I, tables from tube feet. TE, tentacles; TF, tube feet. Scales: 
a, 2mm; b-c, 10 µm; d-e, 50 µm; f, h-i, 20 µm; g, 1 mm.



Prata, J. et al.

8 Biota Neotrop., 17(3): e20170363, 2017

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2017-0363

Thyone pawsoni—Tommasi, 1972: 19; Pawson & Miller, 1981: 397-398; 
Miller & Pawson, 1984: 42; Pawson et al., 2010: 30; Martins et al., 2012: 3-5.

Material examined: 1 specimen (UFPB.ECH-2266), Seixas Beach, 
Paraíba State, Brazil, depth 1.5 m.

Description: Short body, slightly curved (Figure 9g). Mouth and 
anus terminal. Tube feet elongated, numerous, scattered over the body, 
arranged in double rows in each end on the radii, and several tube feet 
in interradii, arranged into two to three rows, more abundant and bigger 
ventrally. Calcareous ring complex, with long posterior processes. 
Color light brown, with brown and white spots. Body wall with tables of 
disk oval, four holes and high spire of two pillars, ending in two to four 
teeth (Figure 9h). Tube feet with elongated supporting tables (Figure 9i), 
with four large central holes and one or more small holes in the ends, 
endplate and supporting plates with irregular holes. Introvert with tables, 
rosettes and plates. Tentacles with rosettes and small rods, with some 
perforations and sometimes prolongations.

Distribution: From North Carolina, Gulf of Mexico, Venezuela, and 
Brazil (Bahia) (Pawson et al. 2010, Martins et al. 2012). The species is found 
until 5 m deep (Laguarda-Figueras et al. 2001). It is found from 6 to 51 m 
depth (Pawson et al. 2010, Martins et al. 2012).

Ecological notes: The specimen was found in rhodoliths. The species 
also can be found buried in crevices and sand (Martins et al. 2012).

Family Psolidae Burmeister, 1837
Genus Lissothuria Verrill, 1867
Lissothuria braziliensis (Théel, 1886)
(Figure 10)
Psolus braziliensis—Thèel, 1886: 15.
Thyonepsolus braziliensis—Deichmann, 1930: 192; Clark, 1933: 117; 

Deichmann, 1954: 401.
Lissothuria braziliensis—Pawson, 1967: 8–10; Tommasi, 1969: 8–9.
Material examined: 1 specimen (UFPB.ECH-2274), Seixas Beach, 

Paraíba State, Brazil, depth 1.5 m.
Description. Body elongate, ventrally flattened, forming a sole 

(Figure 10a, b, c). Tegument covered by imbricate scales, thick. Ten dendritic 
tentacles, with two ventral ones smaller. Mouth antero-dorsal, surrounded by 
numerous pointed scales. Anus postero-dorsal, surrounded by scales, small 
plates alternating with large plates. Five anal teeth present. Introvert short, 
well delimited. Tube feet from dorsal side small, covering the whole 
surface uniformly. Tube feet from ventral side arranged into set of four to 
five rows in each radius. Color light pink to white. Body wall from dorsal 
side with large scales (Figure 10g), with small holes and more than one 
network. Numerous high tables hourglass-shaped (Figure 10d, e), small 
tables of four pillars of reticulate structure and small perforated plates. 
Sole with plane plates, with irregular margins (Figure 10i). Ventral tube 
feet with endplate (Figure 10f), several elongated and curved supporting 
rods (Figure 10h, j), and irregular smooth buttons with five central holes. 
Tentacles with rosettes, large, flattened, perforated plates, and small plates 
with irregular holes and rods.

Distribution. From Antilles to Brazil (Tommasi 1969). In Brazilian 
coast, the species was reported in Paraíba, Alagoas (Miranda et al. 2012), 
Bahia (Théel, 1886), Espírito Santo (Mondin 1973). The species can be 
found until 5 m depth (Laguarda-Figueras et al. 2001).

Ecological notes. The species usually is found in rhodoliths and other 
algae.

Order Apodida Brandt, 1835
Family Chiridotidae Östergren, 1898
Genus Chiridota Eschscholtz, 1829
Chiridota rotifera (Pourtalès, 1851)
(Figure 11)
Synapta rotifera—Pourtalès, 1851: 15.
Chiridota rotifera—Ludwig, 1881: 41; Clark, 1907: 115; Sluiter, 1910: 

341; Heding, 1928: 293; Deichmann, 1930: 212; 1963: 112; Pawson, 
1976: 381; Hendler et al., 1995: 313; Laguarda-Figueras et al., 2001: 36.

Figure 10. Lissothuria braziliensis. a, dorsal view of the animal; b, lateral view of 
the animal, c, ventral view of the animal; d-e tables hourglass-shaped; f, endplate; 
g, scales from body wall; h, j, curved supporting rods from tube feet; i, with plane 
plates from tube feet. SC, large scales from dorsal side; TE, tentacles; TF, tube feet. 
Scales: a-c, 6 mm; d-e, h-j, 20 µm; f, 40 µm; g, 100 µm.

Figure 11. Chiridota rotifera. a, dorsal view of the animal; b, wheel ossicles from 
body wall; c, rods from body wall. TE, tentacles; WT, warts or papillae formed by 
agglomeration of ossicles. Scales: 2 mm; b, 50 µm; c, 20 µm.

Material examined: 1 specimen (UFPB.ECH–2263), Seixas Beach, 
Paraíba State, Brazil, depth 1.5 m.

Description: Body cylindrical, elongated. Tegument thin, with some 
papillae or warts formed by agglomeration of ossicles (Figure 11a). 
Mouth and anus terminal. Color light pink to translucent. Body wall with 
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wheels with six holes (Figure 11b). Small, straight to curved (C-shaped) rods 
in radial zones (Figure 11c). Tentacles with rods similar to those of body.

Distribution: From Florida, Mexico, Belize, Antilles, Puerto Rico, 
Bonaire and Brazil (Hendler et al. 1995). In Brazilian coast, the species 
was reported in Ceará (Martins & Martins de Queiroz 2006), Paraíba 
(Gondim et al. 2008), Pernambuco (Fernandes et al. 2002), Alagoas 
(Miranda et al. 2012), Bahia (Rathbun 1879), Rio de Janeiro (Brito 1960), 
São Paulo (Ancona Lopez 1957). The species occurs up to about 15 m 
depth (Hendler et al. 1995).

Ecological notes: The species can be found buried in the sand, under 
rocks, in coral reefs, rhodoliths and sponges (Hendler et al. 1995).

Discussion
The Seixas Beach has a diverse echinoderm fauna, with species 

of Ophiuroidea and Holothuroidea being most abundant. The species 
recorded here were similar to those recorded from the Cabo Branco beach 
(Gondim et al. 2008), an area adjacent to the Seixas Beach. We found eight 
of the species previously recorded from Cabo Branco Beach. Another area 
from the State of Paraíba, Areia Vermelha, has also been inventoried for 
its echinoderm fauna (Gondim et al. 2011), but only four species were 
recorded additionally at Seixas. The species Ophiocomella ophiactoides 
was found only at the Seixas Beach. Amphipholis januarii Ljungman was 
the most abundant species, with 34 specimens.

The species inventoried from rhodoliths of the Seixas Beach were 
recorded in other areas of Northeastern coast: in Ceará, by Martins & Martins 
de Queiroz (2006); in Pernambuco, by Lima & Fernandes (2009); in 
Alagoas, by Lima et al. 2011 and Miranda et al. (2012); and in Bahia, by 
Alves & Cerqueira (2000), Magalhães et al. (2005), Manso et al. (2008) 
and Paim et al. (2015). These species also occur in the Caribbean Sea. 
Thus, the echinoderm fauna of the Seixas Beach presents tropical species, 
usually found in shallow waters and with a large distribution in the Tropical 
Atlantic Marine Province.

Rhodolith beds provide refuge for very small species of marine invertebrates 
(Scherner et al. 2010). The results show that these biogenic structures 
are an important habitat for young specimens and some small species of 
Echinodermata. Lissothuria braziliensis has been found only rarely in other 
substrata. The small species Pentamera paraibanensis Prata & Christoffersen, 
2016 was also found inside rhodoliths (Prata & Christoffersen 2016). 
The fauna associated with rhodoliths needs more research in order to know 
what species live there, and if these species complete their life cycle in 
these structures or if the species spend only part of their life in rhodoliths 
and then explore other environments.

According to the analyzed material, Amphipholis januarii and 
Microphiopholis gracillima are represented by young and mature species. 
This suggests that these species have part of their life cycle in rhodoliths 
in this environment. Usually, both species are found buried in mud or sand 
(Hendler et al. 1995). Ophioderma appressa usually lives under rocks, and the 
specimen found is a young form. The small species Amphipholis squamata, 
Ophiactis savignyi and Ophiocomella ophiactoides seem to spend their life 
cycle in the rhodoliths. Usually these species are common in association with 
algae, among its leaves (Hendler et al. 1995, Benavides-Serrato et al. 2011). 
The found specimen of Echinoidea represents a young individual; these 
animals usually build holes in hard substrata.

Small dendrochirotids holothurians Lissothuria braziliensis and Thyone 
pawsoni seem to prefer to live in rhodoliths and can pass the whole life 
cycle in these structures. The specimens of Euthyonidiella occidentalis 
and Stolus cognatus are young; this can suggest that these species have 
a part of their life cycle inside rhodoliths. This substrate can provide 
protection and easy access to food, ensuring species survival in the initial 

ages. The species Chiridota rotifera presents viviparity and inhabit several 
kinds of substrates (Hendler et al. 1995, Laguarda-Figueras et al. 2001). 
Probably this species also passes the whole life cycle inside these rodoliths 
and may reproduce there.

Most species were found at depths of 1.5 m. The species Amphipholis 
squamata, Amphipholis januarii, Ophiactis savignyi and Ophiocomella 
ophiactoides were observed at both depths, 1.5 m and 4m. Microphiopholis 
gracillima (Stimpson, 1854) was found only while sampling at 4 m. 
In general, these species have a wide bathymetric distribution; however, 
the species recorded at 1.5 m seems to prefer shallower waters.

Shallow reef ecosystems are threatened environments due to various 
interferences resulting from human activities (Leão et al. 2003). The area 
of Cabo Branco and Seixas beaches is utilized for fisheries and tourism. 
Tourists walk over the fauna and collect souveniers. Residents modify the 
natural scenery by buildings on the waterfront, mainly for commercial 
activities and in an attempt to control coastal erosion (Costa et al. 2007). 
Sustainable exploitation and management of resources in marine and coastal 
areas depend heavily on adequate scientific knowledge of the physical, 
chemical and biological processes in the oceans and their interactions 
with coastal areas (Awozika & Marone 2000). Studies should thus be 
encouraged towards inventorying the entire fauna of echinoderms and 
other marine invertebrates of the Seixas Beach. Surveys of species should 
be conducted in other substrata as well as the rhodoliths. This study shows 
the need for further research in the area and the importance of rhodoliths 
for the survival of some species of Echinodermata.
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Abstract: Mimicry is an excellent example of how natural selection can act on color, morphology, and behavior of 
species. Herein we assess predation rates on coral snake mimics in Central Brazil, a region with many mimics but only 
a single model, to answer the following questions: (i) Do predators avoid attacking coral snake mimics? (ii) Does the 
degree to which mimics resemble their venomous model affect the frequency of predator attacks? (iii) Do predators 
attack different body regions in mimics with different color patterns? Our experiment was conducted in the Chapada dos 
Veadeiros National Park, in the municipality of Alto Paraíso de Goiás, state of Goiás, Brazil. To evaluate predation rates 
on the different mimic patterns, we made 2,400 clay snake replicas using pre-colored nontoxic plasticine and distributed 
them in open savanna landscapes within the park. A total of 164 (6.83%) replicas were attacked by predators of snakes. 
Among these attacks, 121 were attacks by birds, and 43 were attacks by carnivorous mammals. Logistic regression and 
Fisher’s exact test indicated that replicas with red, white, and black coloration are less likely to be attacked than were 
grey replicas, and coral snake replicas were attacked more often at the “head” end. Also, the greater the similarity to 
the pattern of venomous coral snakes, the rarer the attack on the replica. Our study underscores the strong selective 
force that protects coral snake mimics from predators. Our findings reinforce resemblance to the model as an extremely 
effective strategy in a complex natural system with only one model and numerous mimics.
Keywords: mimicry, coral snake, Central Brazil, predation.

Vantagem seletiva atribuída à semelhança de mímicos aposemáticos ao modelo venenoso

Resumo: O mimetismo é um ótimo exemplo de como a seleção natural pode agir sobre a coloração, morfologia 
e comportamento das espécies. Neste trabalho nós utilizamos as taxas de predação em mímicos de cobras corais 
no Brasil Central, uma região com muitos mímicos mas apenas um modelo, para responder as seguintes questões: 
(i) Os predadores evitam atacar os mímicos das cobras-corais? (ii) O grau de semelhança de cada mímico em relação ao 
modelo afeta a frequência de ataque dos predadores? (iii) A região do corpo na qual os predadores atacam varia entre os 
diferentes mímicos? O estudo foi realizado no Parque Nacional da Chapada dos Veadeiros, município de Alto Paraíso 
de Goiás, estado de Goiás, Brasil. Para avaliar as taxas de predação nos diferentes padrões, nós utilizamos 2400 réplicas 
construídas com massa de modelar pré-colorida e não tóxica e distribuídas em fitofisionomias abertas de Cerrado do 
Parque. Um total de 164 (6.83%) réplicas foram atacadas por predadores de serpentes, sendo 121 réplicas atacadas por 
aves e 43 por mamíferos. A análise de regressão logística e o teste exato de Fisher indicaram que as réplicas com cores 
vermelha, preto e branco são menos propensas a serem atacadas do que as réplicas cinzas e que essas réplicas com 
cores de cobra-coral são mais atacadas na extremidade da “cabeça”. Além disso, quanto maior a semelhança do padrão 
da cobra-coral verdadeira, menor a probabilidade da réplica ser atacada. Este estudo evidencia a grande força seletiva 
de serpentes corais sobre a proteção de serpentes miméticas e reforça a semelhança do modelo como uma estratégia 
extremamente eficiente em um sistema complexo com um modelo e vários mímicos.
Palavras-chave: mimetismo, cobra coral, Brasil Central, predação.
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Introduction
Mimicry is an excellent example of how natural selection can act on 

color, morphology, and behavior of species. In order to avoid predation, 
plants, invertebrates, and vertebrates have evolved a myriad of mimicry 
strategies worldwide (Ruxton et al. 2004). Coral snake mimicry systems 
enable the study of the selective pressures driving the evolution of mimicry 
in vertebrates and involve the following understandings. (i) Brightly 
banded neotropical snakes are mimics of elapid coral species. In spite of 
a previous debate, coral snake mimicry is widely supported by studies of 
geographic concordance (Greene & McDiarmid 1981, Marques & Puorto 
1991, Harper & Pfennig 2007), allopatric mimicry (Pfennig et al. 2001, 
Pfennig et al. 2007, Pfennig & Mullen 2010, Akcali & Pfennig 2014), 
and genetics and evolution (Harper & Pfennig 2008, Pyron & Burbrink 
2009, Kikuchi & Pfennig 2010, Pfennig et al. 2015). (ii) A wide range of 
mimics of poisonous species are protected from predation. This assumption 
was confirmed by various experiments with clay models (Brodie 1993, 
Buasso et al. 2006, Kikuchi & Pfennig 2010). (iii) The success of avoiding 
predation increases with resemblance to the model. Brodie (1993) suggested 
some mimics would be less predated than others. Furthermore, he proposed 
that predation rate on mimics would decline as resemblance to the model 
increased. However, he stated that testing this hypothesis would be difficult 
because there are multiple models in his study area and suggested further 
experimentation on assemblages with multiple mimics and a single model 
pattern to address this issue. Pfennig & Kikuchi (2012) demonstrated 
differences in predation rates among mimics of Lampropeltis elapsoides 
(Holbrook, 1838) (Colubridae), in which poor mimics are more susceptible 
to attacks than perfect or good mimics.

Herein we assess predation rates on coral snake mimics in Central 
Brazil, a region with many mimics but only a single model, to answer the 
following questions: (i) Do predators avoid attacking coral snake mimics? 
The hypothesis is that snakes with bright red, white, and black coloration 
are attacked less often than brown/grey snakes, as these colors work as 
an aposematic signal for natural predators of snakes, and predators avoid 
these colors even when the patterns presented are imperfect (Smith 1975, 
Greene & McDiarmid 2005, Kikuchi & Pfennig 2010). (ii) Does the degree 
to which mimics resemble their venomous model affect the frequency of 
predator attacks? The hypothesis is that mimics that closely resemble the 
pattern of venomous coral snakes (tricolor triads in red, white, and black 
along the entire body) will be less attacked than false-coral snakes with 
dissimilar patterns (imperfect patterns). The prediction is that predators, 
even if they generally avoid aposematic color snakes, can distinguish poor 
mimics from good ones in an aposematic system (Brodie 1993, Pfennig & 
Kikuchi 2012). (iii) Does the body region that predators attack vary among 
mimics with different patterns? The hypothesis is that predators principally 
attack coral snakes and mimics in the head, to avoid possible injuries from 
a bite, whereas they attack harmless snakes in the body (Brugger 1989, 
Greene & McDiarmid 2005).

Material and Methods
Our experiment was conducted in the Chapada dos Veadeiros National 

Park (CVNP) (13o 51’S to 14o 10’S and 47o 25’W to 47o42’W), a 65,512-ha 
protected area at the core of the Cerrado biome, in the municipality of 
Alto Paraíso de Goiás, northern Goiás state, central Brazil. Approximately 
50 species of snakes live in the park (França & Braz 2013), of which one 
species is venomous, Micrurus frontalis (Duméril, Bibron & Duméril, 
1854) (Elapidae). There are also nine coral snake mimics: Tantilla 
melanocephala (Linnaeus, 1758) (Colubridae), Apostolepis ammodites 
Ferrarezzi, Barbo & Albuquerque, 2005 (Elapomorphini: Xenodontinae: 
Dipsadidae), Erythrolamprus aesculapii (Linnaeus 1758) (Xenodontini: 
Xenodontinae: Dipsadidae), Oxyrhopus guibei Hoge & Romano 1977 

(Pseudoboini: Xenodontinae: Dipsadidae), Oxyrhopus rhombifer Duméril, 
Bibron & Duméril, 1854 (Pseudoboini: Xenodontinae: Dipsadidae), 
Oxyrhopus trigeminus Duméril, Bibron & Duméril, 1854 (Pseudoboini: 
Xenodontinae: Dipsadidae), Oxyrhopus petolarius digitalis (Reuss, 
1834) (Pseudoboini: Xenodontinae: Dipsadidae), juvenile Pseudoboa 
nigra (Duméril, Bibron & Duméril, 1854) (Pseudoboini: Xenodontinae: 
Dipsadidae), and juvenile Boiruna maculata (Boulenger 1896) (Pseudoboini: 
Xenodontinae: Dipsadidae).

Snake replicas were made using pre-colored nontoxic plasticine (Acrilex) 
threaded onto a plastic tube and a wire to create an S-shape (following 
Brodie 1993). All snake models looked very similar to juvenile or adult 
snake species found in the CNPV. Replicas were 1.5 cm in diameter and 
20 cm in length, and each replica had a “head” representing the anterior end 
of the snake, while the posterior end was anchored into the ground by wire. 
Six different color patterns were constructed following the classification 
proposed by Savage & Slowinski (1992): (A) TT (the model/perfect mimic, 
a tricolor triad characteristic of the venomous coral snake M. frontalis and 
mimics such as Simophis rhinostoma, O. trigeminus, and O. guibei), (B) TD 
(tricolor dyad characteristic of E. aesculapii), (C) TSB (black diamond 
blotches (outlined in yellow) on red, characteristic of the imperfect mimic 
O. rhombifer), (D) BIR (red and black bicolor, characteristic of O. petola), 
(E) UCD (unicolor in red with black nuchal collar characteristic of non- or 
mildly venomous rear-fanged colubrid snakes of the genera Apostolepis and 
Phalotris and juveniles of Clelia) and (F) CTR (uniformly gray control, 
similar to non-venomous colubrid snakes of the genera Chironius and 
Erythrolamprus) (Figure 1).

Figure 1. Clay model replicas of six snake patterns. The patterns are: A- TT (tricolor 
triad), B- TD (tricolor diad), C- TSB (black diamond blotches (outlined in yellow) 
on red), D- BIR (red and black bicolour), E- UCD (unicolor in red with black nuchal 
collar), and F- CTR (uniformly gray control).
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To evaluate predation rates on the different mimic patterns, we used 
2,400 clay replicas. We distributed 600 clay replicas (100 of each pattern) 
during each of four months (May, June, September, and November 2007). 
These 600 clay replicas were distributed randomly in four transects, in 
commonly open landscapes within the CVNP, such as grasslands and 
montane savannas. The transects were at least 30 km apart from one 
another, and replicas inside each transect were placed at least 10 m apart. 
Transects were not located exactly in the same places each month but were 
allocated in the same region of the CVNP, with the following geographical 
coordinates (SAD69): (1) 14o09’S and 47o46’W; (2)14o08’S and 47o45’W; 
(3) 14o06’S and 47o38’W; (4) 14o05’S and 47o37’W. Each replica remained 
in the field for seven consecutive days, after which any attack marks were 
registered and the replica was then removed. Replicas were not reused in 
subsequent months.

We did not attempt to compensate for the relative conspicuousness of the 
models in the environment because previous studies on aposematic snakes 
demonstrated that there were no differences in attack rates when snakes 
had different backgrounds (Brodie 1993, Wüster et al. 2004, Buasso et al. 
2006). All replicas in each transect were in place for 10 consecutive 
days, after which we checked replicas for evidence of predator attacks. 
We counted only marks made by birds (V- and U-shaped) and carnivorous 
mammals (Canidae, Didelphidae, Mustelidae) (teeth-shaped) as predator 
attacks. Marks made by rodents and arthropods were ignored. Replicas 
with evidence of more than one predator attack were scored for only a 
single predator attack based on Brodie (1993). All marked replicas were 
preserved and housed in the Laboratório de Ecologia Animal of Universidade 
Federal da Paraíba (UFPB).

We employed logistic regression to model differences in predation 
rates among coloration patterns and estimate the odds of a predator 
attack for each pattern (Tabachnick & Fidell 2007). The binary logistic 

model was used to estimate the probability of a binary response based on 
one or more predictor (or independent) variables (Tabachnick & Fidell 
2007). To perform logistic regression, we considered predation a binary 
dependent variable (0 = non attack, 1 = attack) tested against the different 
color patterns of replicas of snakes (TT, TD, TSB, BIR, UCD, CTR). Each 
attacked replica was computed as 1, regardless of the type of predator or 
number of attacks. We tested the null hypothesis that the color patterns did 
not influence predation on snake replicas. Also, we used Fisher’s exact test 
to determine whether the body region attacked by predators differed by 
pattern. We carried out statistical analyses using R (R Development Core 
Team 2010), with a significance level of 5% to reject the null hypothesis. 
Logistic regression was done using the lmr function of the rms package 
(Harrell 2011).

Results
Of the 2,400 clay models, 164 (6.83%) were attacked by predators of 

snakes. Among these attacks, 121 (74%) were inflicted by birds and 43 
(26%) were attacks by carnivorous mammals. In addition to marks on the 
models, there was other evidence of predators near some models, such 
as foot imprints, feathers, or fur. We recorded attacks on nine models of 
pattern TT, 14 of TD, 21 of TSB, 25 of BIR, 29 of UCD, and 66 of CTR. 
Logistic regression indicated that pattern significantly affected the probability 
of being predated (likelihood ratio X2 = 71.18, df = 5, p < 0.0001) and 
estimated the odds of being attacked for each pattern (Table 1). We observed 
that CTR pattern was more attacked than any other red, black and white 
patterns and also an increase in predation odds as resemblance to the 
model decreased (Figure 2). There were more attacks on the head than 
on the body for patterns TT (Fisher’s exact test, p = 0.004), BIR (Fisher’s 
exact test, p = 0.013), and UCD (Fisher’s exact test, p = 0.002), but the 
number of attacks did not significantly differ between the head and body 
(p < 0.05) for TD (Fisher’s exact test, p = 0.055), TSB (Fisher’s exact test, 
p = 0.183), and CTR (Fisher’s exact test, p = 0.7).

Discussion
We observed that models with patterns that mimicked coral snakes were 

less predated than were models that did not mimic coral snakes; there was 
a direct relationship between predation and resemblance to the model, and 
predators appeared to target the heads of mimics more often. The single 
venomous model in the CVNP, the coral snake M. frontalis, conferred some 
degree of protection from predators to an ample range of imperfect mimics. 
Coral snakes (TT) combine dangerous venom with difficulty of capture, 
secretive habits, and defensive behavior, making them excellent models 
for mimicry (Greene & McDiarmid 1981). Imperfect mimics receive some 
protection even in allopatric regions (Pfennig & Mullin 2010). Moreover, 
frequency-dependent selection predicts that if harmless and edible perfect 
mimics become too common, predators will learn to ignore the warning 
coloration. Very similar morphs should receive the best protection, leading 
to the possibility of stable polymorphisms (Mallet & Joron 1999).

Figure 2. The number of attacks by natural predators on each of six patterns of 
snakes. Solid lines above bars indicate groups that differ significantly from each 
other by Kruskal-Wallis analysis. Solid lines on the side of the bars denote the 
number of attacks on the head of clay models.

Table 1. Summary of the Logistic regression results of predation in intensity in snake models. The intercept includes the pattern TT.
Parameter Estimate Standard Error Wald Chi-Square Pr >Chi-Sqr Odds Ratio

Intercept -3.7715 0.3371 -11.19 <0.0001 0.02
TD 0.4547 0.4332 1.05 0.2939 1.58

TSB 0.8785 0.4049 2.17 0.0300 2.41
BIR 1.0634 0.3954 2.69 0.0072 2.90
UCD 1.2226 0.3884 3.15 0.0016 3.40
CTR 2.1500 0.3631 5.92 <0.0001 8.58
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The small number of attacks on TT, TD, and TSB patterns agrees with 
the results of a previous study in the Argentinian Chaco (Buasso et al. 
2006). Furthermore, the UCD result was similar to findings in Costa Rica, 
in which the collar pattern was the most attacked coral snake phenotype 
(Brodie 1993). Our findings support Brodie’s (1993) prediction and suggest 
that the most similar phenotypes enjoy a selection advantage for predator 
deterrence over imperfect mimics. Kikuchi & Pfennig (2010) changed the 
proportion and the order of the colors and demonstrated no difference in 
predation between a perfect mimic and a good one (with a different order 
of colors), but both were less predated than a poor mimic (with both a 
different proportion and order of colors). These results confirm Brodie’s 
prediction that predation on mimics will increase as difference to the 
model increase. Kikuchi & Pfennig (2013) also predicted loose selection 
(i.e., an increase in predation rate) on the proportions of dorsal colors, a 
generalization of the deadly model scenario. Although our data cannot 
confirm any specific assumptions regarding colors, our results match 
the prediction of an increase in predation rate as resemblance with the 
model decreased, using the natural assemblage of species as a proxy for 
a resemblance gradient. Finally, regarding the higher predation on CTR, 
most snakes in neotropical assemblages are plain brown or grey, and all 
previous studies have found the highest rates of attacks on control patterns 
(Brodie 1993, Buasso et al. 2006).

The attacks directed to the head end instead the body portion in 
aposematic (red, white, and black) replicas are evidence that the predators 
recognize them as potentially dangerous snakes. Advantages for head-first 
attack include a decrease in the probability of incurring injury when 
handling dangerous prey, such as deadly coral snakes, and a reduction in 
swallowing time (Greene 1976).

Our study underscores the strong selective force protecting coral snake 
mimics from predators. Although all mimic phenotypes appear to have 
an advantage over gray-colored snakes, selection favors the best mimics. 
Our findings reinforce resemblance to the model as an extremely effective 
strategy in a complex natural system with only one model and a variety of 
mimics. Even imperfect mimics were less predated than non-coral snakes, 
revealing that even imperfect mimicry carries an advantage. This result 
confirmed previous assumptions regarding the avoidance of good mimics 
(Greene & McDiarmid 2005, Kikuchi & Pfennig 2013) and suggests that 
this evolutionary strategy may be widespread in dissimilar neotropical 
environments.
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Abstract: The Guandu River Basin is extremely important to state of Rio de Janeiro, as a water supplier of several 
municipalities. However, the malacological knowledge and environmental status is not well known to this basin. 
The aim of this paper is to present an inventory of freshwater mollusks, as well as an environmental assessment through 
a Rapid Assessment Protocol, of ten sampling sites at Guandu River basin in six municipalities (Piraí, Paracambi, Japeri, 
Seropédica, Queimados and Nova Iguaçu). Thirteen species of molusks were found, eight native (Pomacea maculata, 
Biomphalaria tenagophila, Gundlachia ticaga, Gundlachia radiata, Omalonyx matheroni, Diplodon ellipticus, Anodontites 
trapesialis and Eupera bahiensis) and five exotics (Melanoides tuberculata, Ferrissia fragilis, Physa acuta, Corbicula 
fluminea and Corbicula largillierti). The environmental analysis ranked most sites as “modified”. The expansion of 
exotic species with their associated negative effects, as well the gap in knowledge of native species calls attention to 
the need of future studies of biology and ecology of the species found.
Keywords: Gastropoda, Bivalvia, Mollusca, exotic species, RAP.

Moluscos de água doce e avaliação ambiental do rio Guandu, Rio de Janeiro, Brasil

Resumo: A bacia do rio Guandu é de extrema importância para o estado do Rio de Janeiro, pois abastece grande parte 
da região metropolitana. Contudo, aspectos malacológicos e ambientais desta bacia são pouco conhecidos. O presente 
trabalho teve por objetivo realizar um inventário das espécies de moluscos de água doce ocorrentes na região, assim 
como uma avaliação ambiental através de um Protocolo de Avaliação Rápida, de dez estações de coleta na bacia do 
rio Guandu em seis municípios (Piraí, Paracambi, Japeri, Seropédica, Queimados e Nova Iguaçu). Foram encontradas 
13 espécies, sendo oito nativas (Pomacea maculata, Biomphalaria tenagophila, Gundlachia ticaga, Gundlachia radiata, 
Omalonyx matheroni, Diplodon ellipticus, Anodontites trapesialis e Eupera bahiensis) e cinco exóticas (Melanoides 
tuberculata, Ferrissia fragilis, Physa acuta, Corbicula fluminea e Corbicula largillierti). A avaliação ambiental 
caracterizou a maior parte das estações de coleta como “modificado”. A dispersão das espécies exóticas e os efeitos 
negativos a elas associados, além da nossa falta de conhecimento sobre as espécies nativas chama a atenção para a 
necessidade de futuros estudos biológicos e ecológicos das espécies encontradas.
Palavras-chave: Gastropoda, Bivalvia, Mollusca, espécies exóticas, RAP.

Introduction

Few molluscan studies were conducted in Guandu River Basin. 
Tubbs-Filho & Vettorazzi (2012) recorded the occurrence of the exotic 
bivalve Corbicula fluminea (Müller, 1774) in the tributaries of Ribeirão 
das Lajes which is an affluent of Guandu River. Lacerda et al. (2013) 
reported the first occurrence of Gundlachia radiata (Guilding, 1828) 
from southeast Brazil in this area. Thiengo et al. (2001) reported sixteen 
species of limnic gastropods in the municipalities of Itaguaí, Seropédica, 

Queimados, Japeri, Paracambi and Nova Iguaçu, but without the 
information of the water body surveyed.

The concern with the conservation of natural resources is growing 
due to constant alteration of habitats, overuse of natural resources and 
introduction of exotic species, which causes loss or reduction of the 
diversity at all scales (Lydeard et al. 2004, Amaral et al. 2008, Santos et al. 
2012, Miyahira et al. 2012). An important step for conservation is making 
the information of occurrence and distribution of different taxa available 
(Metzger & Casatti 2006). Therefore it is necessary to inventory native 
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flora and fauna, in order to support conservation plans (Moulton et al. 
2000). Molluscan fauna were not considered in most surveys, although it 
is the most diverse group after arthropods, occurring in different freshwater 
habitats such as streams, rivers, lakes, wetlands, swamps, dams, ponds 
and drainage ditches, with different degrees of eutrophication. Moreover, 
freshwater molluscs are among the most threatened faunal group in the world 
(Lydeard et al. 2004, Bogan 2008, Strong et al. 2008, Pereira et al. 2014).

Thus, the goals of this work were to: 1) study the freshwater mollusks 
diversity and distribution at the Guandu River Basin and, 2) evaluate the 
degree of preservation of the studied area through the application of a 
Rapid Assessment Protocol (RAP).

Material and methods

1. Study area and sampling

The Guandu River is formed mainly by the Ribeirão das Lajes River 
and the waters transposed of the Paraiba do Sul River (Tubbs-Filho & 
Vettorazzi 2012, Costa et al. 2013). The total length of the Guandu River 
is 108.5 km (Costa et al. 2013), flowing through the municipalities of Piraí, 
Paracambi, Japeri, Seropédica, Queimados, Nova Iguaçu and Rio de Janeiro, 
all in the state of Rio de Janeiro. In Guandu River Basin there are crops, 
pastures, sand extraction areas, cities, industries, hydroelectric plants and 
a reservoir at the responsibility of CEDAE (Companhia Estadual de Águas 
e Esgotos), that provide water to approximately eight million people in 
the metropolitan area of Rio de Janeiro (Tubbs-Filho & Vettorazzi 2012).

It were performed 10 sampling sites in six municipalities: Piraí 
(PR1; -43.81638, -22.68165 and PR2; -43.81779, -22.68307), Paracambi 
(PA1; -43.80007, -22.69054 and PA2; -43.71366, -22.64109), Itaguaí 
(ITA; -43.78791, -22.69493), Japeri (JAP; -43.66498, -22.65561), Seropédica 
(SE1; -43.64508, -22.73790 and SE2; -43.63964, -22.71110), and Nova 
Iguaçu (NI1; -43.62473, -22.80675 and NI2; -43.62626, -22.80764) 
(Figure 1). The sampling sites were done at confluence of Floresta River and 

Ribeirão das Lajes River (PR1), Ribeirão das Lajes River (PR2 and PA1), 
Guandu River (PA2, ITA, JAP, SE1 and SE2) and at Guandu Reservoir 
(NI1 and NI2). The sampling sites have different degrees of anthropic 
impacts (Figure 2). PR1 and PR2, as also NI1 and NI2 are sites close 
together (Figure 1).

1.1. Collection and analysis

The mollusks were searched in all suitable habitats, including marginal 
and floating vegetation, using a handled metallic scoop as described by 
Fernandez et al. (2008). Large freshwater mussels (Unionida) were searched 
in sand and muddy substrates using bare hands and feet. The search was 
made by three collectors during 20 minutes, totalizing one hour per sampling 
site. The abundance values presented are the sum of the specimens obtained 
in each site. The field work was done at May/2013 and January/2014.

After field work the gastropods were submitted to a parasitological 
test, light/dark cycle exposures test (Fernandez et al. 2008). The cercariae 
were identified following Schell (1970) and preserved in AFA. Thereafter, 
the mollusks were anesthetized with menthol (C10H20O), sacrificed in hot 
water (only gastropods), soft parts were preserved in 70% ethanol and 
shells were preserved dry.

Mollusks were identified under a stereomicroscope according to 
specialized literature (e.g., Santos 2003, 2012, Simone 2006, Arruda et al. 
2006, Lacerda et al. 2011, 2013, Miyahira et al. 2013) and with the 
assistance of specialists. The classification above genus level followed 
Bouchet & Rocroi (2005), Simone (2006) and Albrecht et al. (2007) for 
the gastropods and Graf & Cummings (2006) and Bieler et al. (2010) for 
bivalves. The mollusks collected were housed at Mollusk Collection of 
Universidade do Estado do Rio de Janeiro (UERJ).

We used the RAP developed by Callisto et al. (2002) to evaluate the 
conservation status in each sampling site at the Guandu River Basin. 
This protocol evaluates 22 characteristics of the water body, margins and 
surroundings. The final score reflects the conservation level of the site: 

Figure 1. Studied area and the ten sampling sites at Guandu River Basin in six municipalities of the state of Rio de Janeiro.
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Figure 2. Overview of the sampled sites at Guandu River Basin. A - Piraí (PR1), B - Piraí (PR2), C – Paracambi (PA1), D - Paracambi (PA2), E - Itaguaí (ITA), F - Japeri 
(JAP), G - Seropédica (SE1), H - Seropédica (SE2), I - Nova Iguaçu (NI1) and J - Nova Iguaçu (NI2).
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zero to 40 points is “impacted”, 41 to 60 points is “modified” and above 
61 points is “natural”.

Results

1. Species diversity, distribution and parasitological test

Thirteen species of freshwater mollusks were found: eight gastropods 
and five bivalves (Table 1, Figure 3). Only two genera were represented by 
more than one species: Gundlachia Pfeiffer, 1849 and Corbicula Megerle 
von Mühlfeld, 1811. Five species were exotic: C. fluminea, Corbicula 
largillierti (Philippi, 1844), Melanoides tuberculata (Müller, 1774), Physa 
acuta Draparnaud, 1805 and Ferrissia fragilis (Tyron, 1863).

Figure 3. Freshwater molluscs from Guandu River Basin. A- Pomacea maculata Perry, 1810. B – Melanoides tuberculata (Müller, 1774). C – Physa acuta Draparnaud, 
1805. D – Biomphalaria tenagophila (d’Orbigny, 1835). E – Ferrissia fragilis (Tryon, 1863). F – Gundlachia radiata (Guilding, 1828). G – Gundlachia ticaga (Marcus 
& Marcus, 1962). H – Omalonyx matheroni (Potiez & Michaud, 1835). I – Diplodon ellipticus Spix in Wagner, 1827. J – Anodontites trapesialis (Lamarck, 1819). 
K – Eupera bahiensis (Spix in Wagner, 1827). L – Corbicula fluminea (Müller, 1774). M – Corbicula largillierti (Philippi, 1844). Scale bar: A, B, H, I, J, L and M = 1 cm; 
C, D, E, F, G and K = 1 mm.

Only the exotic species C. fluminea was found in all sampling 
sites. Another widespread exotic species in Guandu River Basin was 
M. tuberculata, missing in only one sampling site. The native species with 
widest distribution was Pomacea maculata Perry, 1810 found in seven 
sites. However, most species presented smaller distributions, restricted to 
three, Diplodon ellipticus Spix in Wagner, 1827, G. radiata, Gundlachia 
ticaga (Marcus & Marcus, 1962) and Omalonyx matheroni (Potiez & 
Michaud, 1835); two, F. fragilis and Anodontites trapesialis (Lamarck, 
1819), or even only one sampling site, Eupera bahiensis (Spix in Wagner, 
1827) (Table 2).

Gundlachia ticaga is found at upstream-intermediate sites (PR1, PA1 and ITA); 
F. fragilis is found at intermediate sites (ITA and SE2); and G. radiata, 
D. ellipticus, A. trapesialis and E. bahiensis at intermediate-downstream 
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sites (SE2, NI1 and NI2). The other species not presented a distribution 
limited to any specific section of the basin.

The most abundant species at Guandu River Basin was C. fluminea 
(431 specimens), and the less abundant was F. fragilis (3 specimens) and 
O. matheroni (5 specimens) (Table 2). Gundlachia radiata, D. ellipticus 
and E. bahiensis were restricted to few sampling sites; however these 
species were abundant locally.

The parasitological survey revealed only the interaction of G. ticaga 
with Longifurcate pharyngeate monostome cercaria (Vivax cercaria) 
(Trematoda: Digenea) in PR1. The exposition of the other gastropods to 
light/dark cycles returned negative results.

2. Habitat and environmental evaluation

All bivalves were found buried in soft sediment with some organic 
matter, except by E. bahiensis found attached to the roots of Eichornia 
sp. Ferrissia fragilis, G. radiata, G. ticaga and P. acuta were found 
attached to aquatic plants, decayed debris and on artificial substrates such 
as plastic bottles. Melanoides tuberculata and P. maculata were found 
over soft and hard substrates. Omalonyx matheroni was found on plants 
at interface water-air.

Only PR1 and PR2 were considered as “natural” on RAP; NI1 was 
characterized as “impacted” and the remaining sites as “modified” (Table 2). 
The downstream stations received the lowest scores on the RAP.

Discussion
Five exotic species were found: three freshwater snails (M. tuberculata, 

P. acuta and F. fragilis) and two freshwater bivalves (C. fluminea and 
C. largillierti); except by F. fragilis, a cryptic species that were recently 
reported to Brazil (Lacerda et al. 2015), the other species can also be considered 
as invasive. Among these species, the most widespread and harmful are 
C. fluminea and M. tuberculata. Both species can cause modification of 
community (Santos et al. 2012). Melanoides tuberculata is widespread 
in Brazil (Fernandez et al. 2003, Thiengo et al. 2007, Santos et al. 2012), 
reaching high population densities that affect native species (Freitas et al. 
1987, Giovanelli et al. 2003, Braga et al. 2014). Furthermore, it is the first 
host of different parasites that causes human diseases (Vaz et al. 1986, 
Guimarães et al. 2001, Pinto & Melo, 2010). However, no parasitological 
interaction was found for this species in Guandu River Basin.

Corbicula fluminea is a widespread species in Brazil compared to 
C. largillierti, that has a restrict distribution (Santos et al. 2012). These 

Table 1. Taxonomic list of freshwater molluscs found at Guandu River basin.
Gastropoda

Caenogastropoda Ampullariidae Pomacea maculata Perry, 1810 (Figure 3A)
Thiaridae Melanoides tuberculata (Müller, 1774) (Figure 3B)

Hygrophila Physidae Physa acuta Draparnaud, 1805 (Figure 3C)
Planorbidae Biomphalaria tenagophila (d’Orbigny, 1835)

Ferrissia fragilis (Tryon, 1863) (Figure 3E)
Gundlachia radiata (Guilding, 1828) (Figure 3F)
Gundlachia ticaga (Marcus & Marcus, 1962) (Figure 3G)

Eupulmonata Succineidae Omalonyx matheroni (Potiez & Michaud, 1835) (Figure 3H)
Bivalvia

Paleoheterodonta Unionida Hyriidae Diplodon ellipticus Spix in Wagner, 1827 (Figure 3I)
Mycetopodidae Anodontites trapesialis (Lamarck, 1819) (Figure 3J)

Heterodonta Venerida Sphaeriidae Eupera bahiensis (Spix in Wagner, 1827) (Figure 3K)
Cyrenidae Corbicula fluminea (Müller, 1774) (Figure 3L)

Corbicula largillierti (Philippi, 1844) (Figure 3M)

Table 2. Distribution and abundance of freshwater molluscs in Guandu River basin. PR – Piraí, PA – Paracambi, ITA – Itaguaí, JAP – Japeri, SE – Seropédica, NI – Nova 
Iguaçu. RAP - Rapid Assessment Protocol. I – Impacted, M – Modified, N – Natural.

Species
Sampling sites

Material studied (UERJ numbers)
PR1 PR2 PA1 PA2 ITA JAP SE1 SE2 NI1 NI2

Pomacea maculata 1 - 3 - 22 1 - 6 9 54 10557-58; 10577; 10588; 10593; 10601; 10610;

Melanoides tuberculata 1 1 3 1 2 22 37 20 - 8 10561; 10582; 10584; 10591; 10597; 10599; 10603; 
10606; 10612

Physa acuta 1 - 17 - - 3 2 2 - 1 10564; 10579; 10585; 10600; 10604; 10608;
Omalonyx matheroni 1 - 3 - - - - - - 1 10567; 10576; 10587
Ferrissia fragilis - - - - 1 - - 2 - - 10595; 10554
Gundlachia radiata - - - - - - - 41 28 91 10409; 10611; 10560
Gundlachia ticaga 6 - 2 - 9 - - - - - 10578; 10589; 10594
Biomphalaria tenagophila - - 12 - 3 - - 2 - 1 10586;10562; 10592; 10609
Diplodon ellipticus - - - - - - - 21 12 72 10555; 10566; 10607
Anodontites trapesialis - - - - - - - - 3 3 10556; 10570
Eupera bahiensis - - - - - - - - - 96 10559

Corbicula fluminea 17 66 11 55 16 57 37 150 5 17 10565; 10571-72; 10580; 10583; 10590; 10596; 
10598; 10602; 10605

Corbicula largillierti - 14 - - - - - - 5 2 10568-69; 10581
Richness 6 3 7 2 6 4 3 8 6 11 -
RAP Score 76 80 48 59 57 55 59 58 38 43 -
RAP Category N N M M M M M M I M -
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observations are consistent with the situation that we found in the Guandu 
River Basin, where C. largillierti had a restricted distribution whereas 
C. fluminea was found everywhere. Previous record of C. fluminea on 
Guandu River Basin stated only tributaries of Ribeirão das Lajes River 
(Tubbs-Filho & Vettorazzi 2012), but it is clear that is widespread at 
the basin. This last species also has caused serious economic damage 
to industries and power plants, due to obstruction of water pipes and 
competition with native bivalves (like D. ellipticus and A. trapesialis that 
occurs at Guandu River Basin), reducing their populations (Mansur et al. 
2004, Santos et al. 2012). Corbicula fluminea is also the most abundant 
species at Guandu River Basin, as already observed by other authors in 
other sites (e.g., Mansur et al. 2004, Santos et al. 2012, Pereira et al. 2014, 
Meyer et al. 2017).

The Unionida species needs a minimum amount of nutrients in the 
water to survive and usually occurs in lower sections of the rivers, where 
there is large amount of nutrients (Pereira et. al. 2011, 2014), as observed 
for D. ellipticus and A. trapesialis at Guandu River Basin. Gundlachia 
radiata also prefer the large section of the river, at least at Guandu River 
Basin (Table 2), and it is possible that have higher nutrients requirements 
compared to other ancylids species. The first record of this species was in 
this section of the river, also occurring downstream of Guandu Reservoir 
(Lacerda et al. 2011). It is not possible to found a reason to the restricted 
distributions of G. ticaga and F. fragilis based in our data.

Eupera bahiensis is recorded for the first time to the state of Rio 
de Janeiro and it is also the southernmost record of this species. Until 
now, it was found in the states of Bahia (Mansur & Meier-Brook 2000), 
Pernambuco (Haas 1939), Ceará (Haas 1939), Pará (Haas 1949 a,b; Haas 
1952) and Amazonas (Haas 1949b).

All other species were previously recorded to state of Rio de Janeiro. 
However some of them, like A. trapesialis was rarely reported. This species 
was recorded only one time to state of Rio de Janeiro at Juturnaíba Reservoir, 
municipality of Silva Jardim (Alvarenga et al. 1979). Diplodon ellipticus 
is only mentioned to Paraíba do Sul River in the state of Rio de Janeiro 
(Morretes, 1949). These new records evidence the gaps on the distribution 
of freshwater mollusks species as a result of the low sampling effort.

We noticed some new municipalities occurrences compared to Thiengo 
et al (2001): F. fragilis to Seropédica; G. radiata to Seropédica and Nova 
Iguaçu; and M. tuberculata, O. matheroni and P. maculata to Paracambi 
and Nova Iguaçu.

We noticed only the presence of Longifurcate pharyngeate monostome 
cercaria (Vivax cercaria) in G. ticaga. Previous studies in the state of 
Rio de Janeiro have pointed out other cercaria types in this species: 
Gymnocephalous cercaria to the municipality of Angra dos Reis (Lopes et al. 
2011), Echinostome cercaria to Itaguaí and Vassouras (Thiengo et al. 2001) 
and Nova Friburgo (Thiengo et al. 2002). The final host of longifurcate 
pharyngeate monostome cercaria are birds and mammals (Pinto & Melo 
2013).

The RAP classification identified the most upstream collecting sites 
(PR1 and PR2) as natural environments. In PR1 were found more species 
than in PR2 (Table 2) due the greater environmental heterogeneity (more 
habitats available). In PR1 there are more macrophytes and some side 
pools, habitats for O. matheroni and G. ticaga. As the Guandu River 
flows across the cities of Paracambi, Itaguaí, Japeri, Seropédica and Nova 
Iguaçu, receives domestic and industrial sewage and margins are sharply 
modified. NI2 was the richest in freshwater molluscs species, and also 
one of the most clearly anthropized. However, it was on a small bay near 
the main channel of the river, thus with a good water renovation. In NI1, 
near to NI2, with same habitats available (soft and hard substrates, as also 
rooted and floating macrophytes) but with more organic input and less 
water circulation sustained fewer species (Table 2).

In a dense populated area, in the metropolitan area of Rio de Janeiro, 
we found new municipalities records, and even a new record to the state 
of Rio de Janeiro. The dominance and wide distribution of M. tuberculata 
and C. fluminea in almost all sampling sites, emphasizes the need for a 
continuous monitoring and control of the spread of exotic species. Also, 
biological and ecological aspects of native species must be studied to 
support conservation strategies and reduce the effects of exotic species.
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Abstract: Here we provide an updated checklist of the odonates from Bodoquena Plateau, Mato Grosso do Sul state, 
Brazil. We registered 111 species from the region. The families with the highest number of species were Libellulidae 
(50 species), Coenagrionidae (43 species) and Gomphidae (12 species). 35 species are registered in the IUCN Red List 
species, four being Data Deficient, 29 of Least Concern and two species being in the threatened category. Phyllogomphoides 
suspectus Belle, 1994 (Odonata: Gomphidae) was registered for the first time in the state.
Keywords: Dragonfly, Damselfly, inventory, Cerrado, Brazil

Libélulas da Serra da Bodoquena: lista de espécies e informações sobre espécies ameaçadas

Resumo: Nós apresentamos um inventário atualizado das espécies de libélulas ocorrentes na Serra da Bodoquena, 
Estado de Mato Grosso do Sul, Brasil. Nós registramos 111 espécies para a região. As famílias com o maior número 
de espécies foram Libellulidae (50 espécies), Coenagrionidae (43 espécies) e Gomphidae (12 espécies). 35 espécies 
são registradas na Lista Vermelha de espécies da IUCN e duas estão em categorias de ameaçadas. Phyllogomphoides 
suspectus Belle, 1994 (Odonata: Gomphidae) foi registrado pela primeira vez no estado.
Palavras-chave: Libélulas, donzelinhas, Inventário, Cerrado, Brasil

Introduction
Insects are arthropod group with largely unknown distribution patterns 

(Diniz-Filho et al. 2010), due to their high species richness, difficulties 
related to sampling and lack of taxonomic experts. Applying all of 
these conditions, odonates (Insecta: Odonata) constitutes an important 
group that play a major role as predators, with several insects making 
up a large portion of their diets. This group is also a good indicators of 
water quality, with their nymphs being an important link in food chains 
for fish and other aquatic vertebrates and serve as an inspired subject 
for artists, naturalists and collectors (Abbott 2015).

Even with important taxonomists in the recent Brazilian history, 
odonates are still poorly described and its distribution is deficiently known 
in the Neotropical region (Kalkman et al. 2008). Local inventories are 
recorded to several parts of Brazil like São Paulo (Costa et al. 2000), 
Espirito Santo (Costa & Oldrini 2005), Rio de Janeiro (Anjos-Santos & 
Costa 2006), Goiás and Distrito Federal (Nóbrega & De Marco 2011), 
Minas Gerais (Souza et al. 2013), and Rio Grande do Sul (Renner et al. 
2016). In Mato Grosso do Sul, state originally covered by Cerrado, 
Pantanal, Atlantic Forest and Chaco vegetation, 198 odonatan species were 
registered (Rodrigues & Roque 2017). Despite this number, information 
gaps are recognized from many areas in this state (Vianna & De Marco 
2012, Rodrigues & Roque 2017).

Bodoquena Plateau is a threatened area in the Mato Grosso do Sul state 
because of the broad conversion of natural areas to pastures and croplands 
(Roque et al. 2016). In the last five years, several research projects about 
biodiversity and the ecology of aquatic insects have been developed in 
Bodoquena Plateau, (e.g. LTER Planalto da Bodoquena, Dragonflies of 
Serra da Bodoquena Project and Observagua Project). These projects have 
promoted a great opportunity for extending sampling effort of aquatic 
insects, especially for odonates (e.g. Koroiva et al. 2016, Rodrigues et al. 
2016a, Rodrigues et al. 2016b, Valente-Neto et al. 2016). Until 2011, 
about 68 Odonata species were registered to Bodoquena Plateau; a number 
that was considered underestimated because of the broad unsampled 
area (Dalzochio et al. 2011b). Therefore, even with the publications of 
checklists (Dalzochio et al. 2011a, Dalzochio et al. 2011b, Rodrigues & 
Roque 2017), the amount of information generated by these new sampling 
efforts and visits to museums demand an update.

Here, we provide an updated checklist of the odonates from Bodoquena 
Plateau, including species records from recent sampling efforts, from 
the literature, and from specimens deposited in the Reference Collection 
of the Federal University of Mato Grosso do Sul (CEUFMS). We also 
provide information about endangered species from the IUCN Red List 
(IUCN 2016), which is fundamental for updating the status of Brazilian 
species, as recently emphasized in the 1st Meeting of the Latin American 
Odonatological Society - SOL.
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Material and Methods

1. Sources of data

We used different sources of information to produce the checklist, 
including samplings (from 2011 to 2016), previous available records on 
literature and information collected in zoological reference collections of 
the Mato Grosso do Sul state. For each source, we searched for names 
and geographic coordinates of the locations. For records that did not have 
latitude and longitude values, geographic coordinates of the centroid of 
the place where the site is located.

2. Sampling in study region

All the sampling sites were located within Bodoquena Plateau region 
(21º08’02” to 20º38’26”S and 56º48’31” to 56º44’28”W). The Bodoquena 
Plateau is located in the mid-southern portion of Mato Grosso do Sul 
State, including the cities of Bodoquena, Bonito and Jardim. The region 
is characterized by a mountain chain, with altitudes varying between 
450 and 800 m. The climate is temperate humid with hot summers and 
two well-defined seasons. The average annual temperature varies between 
20 and 22ºC and annual rainfall varies between 1300 and 1700 mm. 
The hydrography of the region is characterized by limestone, rivers with 
high alkalinity and low turbidity. Its tributaries are part of the Paraguay 
River watershed (PCBAP 1997).

Bodoquena Plateau has both areas of the Cerrado (Brazilian savanna) 
and Atlantic Forest biomes. This region is an important ecological corridor 
for biodiversity and one of the most important areas of Ecotourism in 
Brazil (Klein et al. 2011). Considered a priority area for conservation by 
the Brazilian Ministry of Environment (MMA) (Brasil 2016), the region 
is currently threatened by inadequate exploitation of its resources and the 
progressive agricultural expansion.

The dataset used in this checklist included 85 lotic environments (Figure 1) 
sampled during the period between 2011 and 2016. These samples were 
concentrated on adults from Odonata and were performed during Ph.D 
studies (Valente-Neto 2015, Rodrigues 2016), Long term ecological research 
in the Bodoquena Plateau (LTER-Serra da Bodoquena), Dragonflies of Serra 
da Bodoquena Project and Observagua Project. The sampling method used 
handhold insect nets, in sunny days, during the peak time of Odonata activities 
(between 09:00 h to 16:00 h). The collection authorization process was 
issued by IBAMA, through SISBio system under the number 41313-3 and 
54386-1. All specimens collected were deposited in the Reference Collection 
of the Universidade Federal de Mato Grosso do Sul (CEUFMS), afterwards 
determined in laboratory according to Garrison et al. (2006, 2010), Heckman 
(2006, 2008) and Lencioni (2005, 2006). For the systematics classification, 
we followed Dijkstra et al. (2014) and for scientific names and followed 
the synonymic list of Garrisson & von Ellenrieder (2016). In the laboratory, 
dragonflies were analyzed under Zeiss Discovery V20 stereoscope and 
recorded with an AxioCam Icc 5 Microscope Camera. For capturing and 
editing images, we used the software Zen 2-2011.

3. Data analysis

We estimated the sampling accuracy of sampling sites with incidence-based 
non-parametric estimators: Chao 2, Jacknife 1 and Jacknife 2. Non-parametric 
methods have better performance compared to others estimators for aquatic 
insects (Melo & Froelich 2001). These analyses were performed with 
EstimateS version 9.1.0 software (Colwell 2013). We set 1000 repetitions 
to calculated mean values with confidence intervals of 95%.

4. Literature and reference collections information

Aiming to improve our list of species, we used online available databases 
to find registers of Odonata species from Bodoquena Plateau, specifically 
Web of Knowledge (which includes the main journals of world), Scielo 
(which include the main journals of South America) and Google Scholar. 

Figure 1. Sampling locations in the Bodoquena Plateau region. On the north is the municipality of Bodoquena; on the middle is the municipality of Bonito and on the 
south is the municipality of Jardim.
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We did the search on general keywords like “Odonata”, “dragonfly” or 
“libélula” (“Dragonfly” in Portuguese) in combination with “Mato Grosso 
do Sul”, “Bodoquena Plateau” or “Serra da Bodoquena” (“Bodoquena 
Plateau” in Portuguese). Souza (2003), Dalzochio et al. (2011a) and 
Dalzochio et al. (2011b) provided additional information about registers 
of Odonata species (“Reference” in Table 1).

In addition, we analyzed the deposited specimens from two important 
Zoological collections of Mato Grosso do Sul state: Reference Collection 
Universidade Federal de Mato Grosso do Sul (CEUFMS) and Biodiversity 
Museum of Universidade Federal da Grande Dourados (UFGD). CEUFMS 
provided additional register besides that found in the project samples or 
in literature (“CEUFMS” in Table 1).

Table 1. Inventory list of Odonata species from Bodoquena Plateau with information about endangered species (IUCN). CR = Critically Endangered, VU = Vulnerable, 
LC = Least Concern, DD = Data Deficient; *, first record to Bodoquena Plateau.

Suborder Family Species Source IUCN Red list 
status

Anisoptera Aeshnidae Castoraeschna sp Calvert, 1952 * This study (BOMS 0052/UFMS BOMS 0053/UFMS) -
Staurophlebia reticulata Burmeister, 1839 * This study (CANI 414/UFMS) -

Gomphidae Agriogomphus ericae Belle, 1966 Reference (Dalzochio et al. 2011b) -
Archaeogomphus sp Williamson, 1919 Reference (Dalzochio et al. 2011b) -
Cyanogomphus sp Selys, 1873 Reference (Dalzochio et al. 2011b) -
Gomphoides infumata Rambur, 1842 Reference (Dalzochio et al. 2011a) -
Phyllogomphoides suspectus Belle, 1994 * This study (6-R15-04/UFMS DD
Phyllocycla sp Calvert, 1948 This study (CANI336/UFMS) -
Progomphus amazonicus Belle, 1973 Reference (Dalzochio et al. 2011a) DD
Progomphus intricatus Hagen in Selys, 1858 Reference (Dalzochio et al. 2011b) LC
Progomphus montanus Belle, 1973 Reference (Dalzochio et al. 2011a) LC
Progomphus sp1 Selys, 1854 This study (CANI 411/UFMS) -
Progomphus sp2 Selys, 1854 This study (CANI 334/UFMS) -
Remartinia sp Navás, 1911 * This study (CANI 017/UFMS) -

Libellulidae Brechmorhoga sp Kirby, 1894 Reference (Dalzochio et al. 2011b) -
Dythemis sterilis Hagen, 1861 This study (6-R15-21/UFMS) -
Elasmothemis cannacrioides Calvert, 1906 * This study (6-R15-28/UFMS, 6-R15-14/UFMS, 

6-R15-8/UFMS)
-

Elasmothemis williamsoni Ris, 1919 Reference (Dalzochio et al. 2011a) -
Elga newtonsantosi Machado, 1992 * This study (CANI 833/UFMS, CANI 413/UFMS) CR
Erythemis vesiculosa Fabricius, 1775 This study (1-R19-3/UFMS) LC
Erythemis mithroides Brauer in Therese, 1900 * CEUFMS (CEUFMS 6048) LC
Erythemis peruviana Rambur, 1842 * CEUFMS (CEUFMS 6044, CEUFMS 6046, 

CEUFMS 6047)
-

Erythemis plebeja Burmeister, 1839 CEUFMS (CEUFMS 6043) LC
Erythrodiplax basalis Kirby, 1897 * This study (CANI 011/UFMS, CANI 015/UFMS, 

CANI 09/UFMS, CANI 222/UFMS)
-

Erythrodiplax branconensis Sjöstedt, 1929 * This study (CANI 217/UFMS) -
Erythrodiplax famula Erichson in Schomburgk, 1848 Reference (Dalzochio et al. 2011a) -
Erythrodiplax fusca Rambur, 1842 This study (3-R14-11/UFMS, 3-R14-10/UFMS, 

3-R14-24/UFMS, 6-R15-3/UFMS)
-

Erythrodiplax kimminsi Borror, 1942 * This study (CANI 088/UFMS) -
Erythrodiplax lativittata Borror, 1942 * This study (CANI 405/UFMS, CANI 499/UFMS, 

CANI 505/UFMS, CANI 502/UFMS)
-

Erythrodiplax ochracea Burmeister, 1839 This study (8-R22-1/UFMS, 8-R22-4/UFMS, 8-R22-
5/UFMS)

LC

Erythrodiplax paraguayensis Förster, 1905 This study (BNBTO-0005/UFMS) LC
Erythrodiplax umbrata Linnaeus, 1758 This study (7-R21-1/UFMS, 7-R21-2/UFMS, 7-R21-

4)
-

Macrothemis flavescens Kirby, 1897 * This study (CANS 480/UFMS) LC
Macrothemis hemichlora Burmeister, 1839 This study (BOMS-0328/UFMS) LC
Macrothemis heteronycha Calvert, 1909 Reference (Dalzochio et al. 2011b) LC
Macrothemis imitans imitans Karsch, 1890 Reference (Dalzochio et al. 2011a) -
Macrothemis sp Hagen, 1868 * This study (BOMS0379/UFMS) -
Miathyria marcella Selys in Sagra, 1857 This study (2-R16-3/UFMS, 7-R21-6/UFMS) LC
Micrathyria catenata Calvert, 1909 Reference (Souza 2003) LC
Micrathyria hesperis Ris, 1911 CEUFMS (CEUFMS 6019, CEUFMS 6020, 

CEUFMS 6021)
-

Micrathyria laevigata Calvert, 1909 This study (CANI 019/UFMS) -
Micrathyria longifasciata Calvert, 1909 Reference (Dalzochio et al. 2011b) LC
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Suborder Family Species Source IUCN Red list 
status

Micrathyria ocellata Martin, 1897 CEUFMS (CEUFMS 5998, CEUFMS 5999, CEUFM 
6008)

-

Micrathyria pseudeximia Westfall, 1992 Reference (Souza 2003) -
Micrathyria pseudhypodidyma Costa, Lourenço & Viera, 
2002 *

This study (CANI 433/UFMS, CANI 432/UFMS) VU

Micrathyria stawiarskii Santos, 1953 * This study (BOMS0076/UFMS) LC
Micrathyria tibialis Kirby, 1897 Reference (Souza 2003) LC
Micrathyria ungulata Förster, 1907 * This study (CANI 013/UFMS) -
Oligoclada sp. Karsch, 1890 Reference (Souza 2003) -
Orthemis cultriformis Calvert, 1899 * This study (BNBTO202-12/UFMS) -
Orthemis discolor Burmeister, 1839 This study (1-R19-7/UFMS) -
Orthemis ferruginea Fabricius, 1775 * CEUFMS (CEUFMS 5886, CEUFMS 5888, 

CEUFMS 5889)
LC

Orthemis schmidti Buchholz, 1950 CEUFMS (CEUFMS 59891) -
Pantala flavescens Fabricius, 1798 This study (BOMS0088/UFMS) LC
Pantala hymenae Say, 1839 * This study (CANI 041/UFMS) -
Perithemis electra Ris, 1930 * This study (CANI 588/UFMS, CANI 514/UFMS, 

CANI 517/UFMS, CANI 501/UFMS)
LC

Perithemis icteroptera Selys in Sagra, 1857 * This study (13-R31-2/UFMS) LC
Perithemis lais Perty, 1834 This study (CANI 301/UFMS, CANI 459/UFMS) LC
Perithemis mooma Kirby, 1889 This study (CANI 460/UFMS) -
Perithemis thais Kirby, 1889 This study (CANI 481/UFMS, CANI 468/UFMS, 

CANI 464/UFMS, CANI 463/UFMS)
-

Tauriphila australis Hagen, 1867 Reference (Souza 2003) -
Tramea cophysa Hagen, 1867 * CEUFMS (CEUFMS 6082, CEUFMS 6093, 

CEUFMS 6084)
-

Tramea minuta De Marmels & Rácenis, 1982 Reference (Dalzochio et al. 2011a) -
Tramea rustica De Marmels & Rácenis, 1982 * CEUFMS (CEUFMS 6074, CEUFMS 6075, 

CEUFMS 6076)
LC

Zygoptera Calopterygidae Hetaerina mortua Hagen in Selys, 1853 * This study (CZYG 693/UFMS) -
Hetaerina rosea Selys, 1853 This study (6-R15-23/UFMS, 02-R16-01/UFMS, 

4-R17-1/UFMS, 4-R17-2/UFMS)
-

Coenagrionidae Acanthagrion aepiolum Tennessen, 2004 This study (12-R25-18/UFMS, 9-R27-5/UFMS, 10-
R28-8/UFMS, 13-R30-16/UFMS)

-

Acanthagrion apicale Selys, 1876 Reference (Dalzochio et al. 2011a) -
Acanthagrion ascendens Calvert, 1909 Reference (Dalzochio et al. 2011a) -
Acanthagrion chararum Calvert, 1909 Reference (Dalzochio et al. 2011b) -
Acanthagrion cuyabae Calvert, 1909 This study (10-R28-2/UFMS, 10-R28-6/UFMS, 10-

R28-7/UFMS)
LC

Acanthagrion gracile Rambur, 1842 This study (8-R22-2/UFMS, 12-R25-20/UFMS, 12-
R25-17/UFMS)

-

Acanthagrion temporale De Marmels, 1985 Reference (Souza 2003) -
Acanthagrion truncatum Selys, 1876 Reference (Souza 2003) LC
Aeolagrion dorsale Burmeister, 1839 * This study (CZYG 1011/UFMS, CZYG 1551/UFMS) -
Argentagrion ambiguum Ris, 1904 * CEUFMS (CZYGO 5001/UFMS) -
Argia chapadae Calvert, 1909 * This study (5-R13-1/UFMS, 3-R14-16/UFMS, 6-R15-

1/UFMS, 1-R19-10/UFMS)
-

Argia croceipennis Selys, 1865 This study (CZYG 1504/UFMS, CZYG 1837/UFMS, 
CZYG 1328/UFMS, CZYG 1329/UFMS)

LC

Argia cupraurea Calvert, 1902 Reference (Souza 2003) -
Argia hasemani Calvert, 1909 * This study (CZYG 1779/UFMS, CZYG 1791/UFMS, 

CZYG 501/UFMS)
-

Argia indocilis Navás, 1934 This study (CZYG 873/UFMS) -
Argia lilacina Selys, 1865 * This study (CZYG 412/UFMS) -
Argia modesta Selys, 1865 * This study (BNBTO-0288/UFMS) -
Argia mollis Hagen in Selys, 1865 * This study (3-R14-17/UFMS) -
Argia reclusa Selys, 1865 * This study (6-R15-16/UFMS, 1-R19-11/UFMS, 

9-R27-1/UFMS, 13-R30-2/UFMS)
-

Argia smithiana Calvert, 1909 * This study (BNBTO-0093) -

Table 1. Continued...
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Results

1. Species list

Sampling projects data recorded 67 species, belonging to 42 genera 
in six families, totaling 1902 collected specimens. The estimators showed 
that this richness corresponds to 79.99, 76.35 and 69.99% of the medium 
estimated richness by, respectively, Chao 2 (Sest = 83.76, standard 
deviation. = ±9.59), Jackknife 1 (Sest = 87.75, standard deviation = ±4.85) 
and Jackknife 2 (Sest = 95.72). The accumulation curves obtained are 
non-asymptotic (Figure 2), thus indicating that total species richness would 
probably increase with additional sampling effort.

The Odonata list records from the Bodoquena Plateau are presented 
in Table 1. We added another fourty-four species that were registered in 
the literature (34 species) or deposited in the Reference Collection of the 
Federal University of Mato Grosso do Sul (10 species). Thus, we have 
considered the presence of 111 Odonata species. We recorded for the first 
time the presence of 42 species from Bodoquena Plateau (24 anisopterans 
and 18 zygopterans). In this inventory list, 35 species are registered in 
IUCN red List (IUCN 2016), with four being in Data Deficient (DD), 
29 in Least Concern (LC) and two species are in threatened categories, 
Elga newtonsantosi Machado, 1992 like Critically Endangered (CR) 

Suborder Family Species Source IUCN Red list 
status

Argia subapicalis Calvert, 1909 * This study (CZYG 509/UFMS) DD
Argia tamoyo Calvert, 1909 This study (BNBTO-0289/UFMS) -
Enallagma novaehispaniae Calvert, 1907 This study (CZYG 742/UFMS, CZYG 1128/UFMS, 

CZYG 1137/UFMS)
-

Epipleoneura metallica Rácenis, 1955 * This study (BNBTO244-12/UFMS) LC
Epipleoneura venezuelensis Rácenis, 1955 This study (CZYG 958/UFMS, CZYG 1112/UFMS, 

CZYG 1116/UFMS)
-

Forcepsioneura sp. Lencioni, 1999 Reference (Souza 2003) -
Homeoura chelifera Selys, 1876 Reference (Dalzochio et al. 2011a) -
Homeoura nepos Selys, 1876 * This study (CZYG 433/UFMS, CZYG 437/UFMS) -
Ischnura capreolus Hagen, 1861 Reference (Souza 2003) -
Ischnura fluviatilis Selys, 1876 Reference (Souza 2003) LC
Metaleptobasis lillianae Daigle, 2004 * This study (CZYG 1358/UFMS, CZYG 1359/UFMS) DD
Neoneura bilinearis Selys, 1860 * This study (CZYG 2091/UFMS, CZYG 2101/UFMS, 

CZYG 2099/UFMS)
LC

Neoneura ethela Williamson, 1917 This study (CZYG 1815/UFMS, CZYG 1828/UFMS, 
CZYG 1397/UFMS)

-

Neoneura rubriventris Selys, 1860 This study (CZYG 8908/UFMS, CZYG 8907/UFMS, 
CZYG 8906/UFMS

-

Neoneura sylvatica Hagen in Selys, 1886 This study (05-R13-09/UFMS, 06-R15-31/UFMS, 
13-R30-22/UFMS)

-

Oxyagrion chapadense Costa, 1978 Reference (Dalzochio et al. 2011b) -
Oxyagrion sulmatogrossense Costa, Souza & Santos, 
2000 *

This study (9-R27-3/UFMS) -

Oxyagrion terminale Selys, 1876 * This study (CZYG 189/UFMS) -
Peristicta aeneoviridis Calvert, 1909 This study (CEUFMS 8925, CEUFMS 8926, 

CEUFMS 8924)
-

Peristicta muzoni Pessacq & Costa, 2007 Reference (Dalzochio et al. 2011b) -
Telebasis sanguinalis Calvert, 1909 Reference (Souza 2003) -
Telebasis willinki Fraser, 1948 Reference (Dalzochio et al. 2011a) LC
Tigriagrion aurantinigrum Calvert, 1909 * This study (13-R30-24/UFMS) -

Lestidae Lestes forficula Rambur, 1842 This study (CEUFMS 8903, CEUFMS 8902, 
CEUFMS 8901)

-

Lestes curvatus Belle, 1997 Reference (Souza 2003) LC

Table 1. Continued...

Figure 2. Accumulation curves for observed and estimated number of species 
collected at 85 sample points. The estimates were calculated with the estimator 
Chao 2, Jackknife 1 and Jackknife 2. Black diamonds = number of species observed 
(est); Black squares = Chao 2 richness estimator; Grey circles = Jackknife 1 richness 
estimator; Grey stars = Jackknife 2 richness estimator . All curves are plotted form 
the means of 1000 randomizations of sample accumulation order.
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and Micrathyria pseudhypodidyma Costa, Lourenço & Viera, 2002 like 
Vulnerable (VU).

The families with the higher number of species were Libellulidae 
(45.05%), Coenagrionidae (38.74%) and Gomphidae (10.81%) (Table 2). 
The most speciose genus were Argia, Micrathyria and Erythrodiplax, 
represented by twelve, ten and nine species, respectively. The endangered 
species classified in the IUCN Red List, Elga newtonsantosi and Micrathyria 
pseudhypodidyma, were registered only in two and one sampled sites, 
respectively.

2. New record

We found that Phyllogomphoides suspectus Belle, 1994 represents a new 
records of odonate species for Mato Grosso do Sul state, compared with the 
list published by Rodrigues & Roque (2017). The genus Phyllogomphoides 
Belle, 1970, is composed of 45 species in the Neotropical Region, 29 of 
these in South America (Belle 1994). Phyllogomphoides suspectus Belle, 
1994 has a distribution recorded by Belle (1994) and von Ellenrieder 
(2009a) and is considered exclusive to Brazil. The species distribution 
ranges from Rondonia to the Mato Grosso with specimens found in Rio 
Ouro Preto and Sinop, respectively (Belle 1994), around 800 km northwards 
of our sampling site.

We collected one male adult of Phyllogomphoides in the rural area of 
Bonito, Mato Grosso do Sul state, Brazil. This specimen was identified 
as P. suspectus (Figure 3a), according to the characteristics indicated by 
Belle (1994) and Heckman (2008), like spines along ventral tergal margins 
of abdominal segment 7 small and largely black (Figure 3b), the cerci, in 

dorsal view, with forcipate shape (Figure 3c) and with a hatchet-shaped 
inferior protuberance near the base (Figure 3d) and anterior genital hamules 
without a posterior black hook (Figure 3e).

Discussion
Inventories promote skeletal support in many fields, including 

biogeography, population and community ecology. Such data establish 
a baseline of biodiversity and ecological information, which allow 
their application in conservation strategies. The list of species shown 
here represents 55.77% of all species recorded for Mato Grosso do Sul 
(199 species) (Rodrigues & Roque 2017, Rodrigues et al. 2016a), and is 
a significant advance in comparison with previous accounts (Souza 2013, 
Dalzochio et al. 2011a, Dalzochio et al. 2011b), increasing by 42 odonate 
species list of Bodoquena Plateau region.

Considering that insect inventories, especially those of very species-
rich taxa in tropical region, are often incomplete (Gotelli & Colwell 2001), 
our results show that accumulation curves have not tended to stabilize. 
The reference source emphasize this result, because there are 44 species 
registered by Souza (2003) and Dalzochio et al. (2011a, 2011b) and not 
sampled by the projects. Other reasons for the high number of non-sampled 
species are the large territory of the Bodoquena Plateau and many of these 
species had been collected in the southern part, region not sampled by the 
projects. Furthermore, the projects sample sites, like the other previous 
studies (Souza 2003, Dalzochio et al. 2011a, Dalzochio et al. 2011b), 
focused on lotic system rather lentic ones, such as lakes and reservoirs. 
Thus, future inventories in lentic environments and with other sampling 
methods (e.g. visual record, Malaise trap, light trap) may still increase the 
species records for Bodoquena Plateau, highlighting the importance of this 
region, which lies into two highly threatened biomes.

Our new records extend the register of distribution to many species, 
information considered critical for the definition of their threatened status 
(IUCN 2016). When considering the IUCN red list, the Odonata species of 
the Neotropical region have a high number of species listed as Data Deficient 
(Clausnitzer et al. 2009) or without status definition. In this study, 2/3 of 
the species do not have classification, which reinforces this information 
gap related to conservation for the group. Regarding the species classified 
as threatened, Elga newtonsantosi and Micrathyria pseudhypodidyma have 
limited information available about their distribution (number of locations), 
population size, and ability to survive in reduced habitat (von Ellenrieder 

Table 2. Number of Odonata species collected per family in the Bodoquena Plateau.
SUBORDER FAMILY Number %
ANISOPTERA
Aeshnidae 2 1.80
Gomphidae 12 10.81
Libellulidae 50 45.05
ZYGOPTERA
Calopterygidae 2 1.80
Coenagrionidae 43 38.74
Lestidae 2 1.80
TOTAL 111 100

Figure 3. Phyllogomphoides suspectus (Belle, 1994): (A) adult male specimen; (B) lateral overview of abdomen (segment 7); (C) male caudal appendices: dorsal view; 
(D) male caudal appendices: lateral view; (E) male genital hamule: lateral view.
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2009b, von Ellenrieder 2009c). From a conservation perspective, the 
knowledge about threatened species distributions is crucial for biodiversity 
management, especially for the development and implementation of 
conservancy plans. Thus, both of them shall be targets of governmental 
protection plan, as required in the Brazilian legislation on endangered 
species. In summary, this study highlighted the Bodoquena Plateau as an 
important habitat for odonates, including species classified as threatened.
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Abstract: The objective of this study was to provide a comprehensive list of the fish fauna of headwater streams of the 
Miranda River in the Upper Paraguay River Basin. Our primary data set was constructed from sampling of fish using 
a rectangular sieve, trawl, and gill nets from 2004 to 2015. Our secondary data were derived from published reports 
conducted in the Miranda River Basin, in addition to taxonomic and distribution data from other studies conducted in the 
basin. All data were compiled, which in the end encompassed a period from 1999 to 2015. The datasets yielded a total 
of 143 species, 104 from the primary data (72.7%) and 39 from the secondary data (27.3%). Species were distributed 
among seven orders and 30 families were found in the Miranda River Basin. Characiformes and Siluriformes were 
the predominant orders, and the families Characidae and Loricariidae had the greatest number of species. Our results 
indicate a greater number of species compared to other studies of the Upper Paraguay Basin headwaters, likely due to 
the longer time frame covered by our primary and secondary datasets.
Keywords: Species List, Pantanal, streams ichthyofauna, plateau, Paraguay basin.

Levantamento das espécies de peixes da bacia do Rio Miranda em riachos do planalto, 
Alto Rio Paraguai, Brasil

Resumo: O objetivo deste trabalho é o de prover uma listagem da ictiofauna de riachos de cabeceira da bacia do 
Rio Miranda, Alto Rio Paraguai. Os peixes foram amostrados utilizando uma peneira retangular, rede de arrasto e 
rede de espera no período de 2004 a 2015, além disso, outros trabalhos realizados na bacia do Rio Miranda foram 
compilados e adicionados na listagem total, assim como, artigos de descrição e distribuição de espécies amostradas 
na bacia compreendendo o período de 1999 a 2015. A bacia do Rio Miranda apresentou um total de 143 espécies, 
104 espécies oriundas de dados primários (72,7%) e 39 de dados secundários (27,3%). As espécies estão distribuídas 
em sete ordens e 30 famílias. Characiformes e Siluriformes foram as ordens predominantes e as famílias Characidae 
e Loricariidae apresentaram maior número de espécies. Os resultados obtidos neste estudo demonstram um maior 
número de espécies quando comparados com outros estudos realizados em cabeceiras na bacia do Alto Rio Paraguai 
decorrente ao longo período de estudo.
Palavras-chave: Lista de espécies, Pantanal, ictiofauna de riachos, planalto, bacia do Paraguai.

Introduction

The Paraguay River Basin is an important drainage of the La Plata 
River Basin (Lowe-McConnell 1999), and occupies a total area of about 
496,000 km2 (Junk et al. 2006). The Brazilian Pantanal has a total area 
of approximately 361,700 km2, with 72.7% of the total territory lying in 
Brazil and the remainder in Bolivia and Paraguay. The upper Paraguay 

basin in Brazilian divided into two distinct regions: a floodplain known 
as the ‘Pantanal’, which at approximately 138,200 km2 constitutes one 
of the largest wetland areas in the world; and a plateau comprised of 
areas with altitudes greater than 200 m encompassing approximately 
223,500 km2 (Silva & Abdon 1998). These two regions are distinguished 
by geological and geomorphological characteristics, however they are 
also interdependent since the headwaters of the most important rivers 
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draining into the Pantanal are in the plateau region, resulting in strong 
hydrologic connectivity (Willink et al. 2000, Teresa et al. 2010).

Approximately 270 fish species have been identified in the Paraguay River 
Basin (Britski et al. 2007). However, the total number of species would likely 
be higher if the plateau streams had been included (Alho & Sabino 2012). 
Numerous studies have been carried out in the basin over the past two decades, 
including the floodplain region (Catella & Petrere-Jr 1996, Willink et al. 
2000, Junk et al. 2006, Baginski et al. 2007, Pacheco & Silva 2009, Pains-
Silva et al. 2010, Tondato et al. 2013, Súarez et al. 2013, Pains-Silva et al. 
2014, Polaz et al. 2014, Botini et al. 2015 and Severo-Neto et al. 2015) 
and plateau waters (Súarez et al. 2007, Terra & Sabino 2007, Teresa et al. 
2010, Casatti et al. 2010, Teresa & Romero 2010, Castro & Vizzotto 2013, 
Krinski et al. 2015 and Oliveira et al. 2015). In studies of the plateau 
portion of the basin, analyses at small spatial scales were the predominant.

Compared to Brazilian hydrographic basins (e.g. the Upper Paraná River 
system), the fish fauna of central Brazil is poorly described (Casatti et al. 
2010). Despite being a hotspot for endemic fauna (Willink et al. 2000) 
the main Pantanal headwater streams are understudied. The goal of this 
study was thus to describe the ichthyofauna of plateau region streams 
of the Miranda River Basin by combining primary and secondary data 
compiled from previous studies on the basin.

Materials and Methods

1. Study site

The Miranda River Basin is entirely within the limits of the Brazilian 
region, in Mato Grosso do Sul State. The total basin area is 42,993.83 km2, 
with Serra da Bodoquena as the western boundary and the Paraguay 
River as the northwestern boundary (Plano de Recursos Hídricos da 
Bacia Hidrográfica do Rio Miranda 2014). The main tributaries are the 
Miranda and Aquidauana Rivers. The rivers and streams of the Aquidauana 
and Miranda Rivers flow into the Brazilian Cerrado (savanna), which is 
composed of patches of deciduous, semi-deciduous, and riparian forest 
that vary in density depending on the ecological drainage system in which 
they lie (Jesus 2003, Junk et al. 2006).

Surveys were conducted at 42 sites in the Miranda River Basin from 
January 2004 to January 2015 (primary data). Additional secondary data 

were compiled from 16 collection sites from published work on stream fish 
assemblages in the Miranda River Basin (Willink et al. 2000, Casatti et al. 
2010, Teresa et al. 2010, Teresa & Romero 2010). These 58 sampling sites 
are distributed among streams from first to third order in 18 municipalities 
in Mato Grosso do Sul, Brazil (Figure 1). Taxonomic and distribution data 
from additional studies were also added to the final species list (Sabino 
& Trajano 1997, Willink et al. 2000, Ribeiro et al. 2007, Terra & Sabino 
2007, Zawadzki et al. 2014, Shibatta 2016).

2. Sampling

For the primary data set, fish were sampled predominantly using a 0.8 x 1.2 m 
rectangular sieve and 5 x 1.5 m trawl nets, both with 2 mm mesh. In streams 
with a higher volume, sampling was supplemented with 10 x 1.5 m gill 
nets with mesh sizes of 15, 25, 30, 40, and 50 mm between adjacent knots. 
Sampled fish were anesthetized with Eugenol solution and subsequently 
fixed by immersion in 4% formaldehyde solution for at least 48 hours. 
Specimens were then washed and transferred to 70% ethanol.

Fish identification was performed mainly using the Pantanal fish 
identification key of Britski et al. (2007), and specific keys were used 
when necessary. Voucher specimens were deposited in the fish collection 
at the Universidade Federal de Mato Grosso do Sul (ZUFMS/UFMS) and 
the Núcleo de Pesquisa em Limnologia, Ictiologia e Aquicultura at the 
Universidade Estadual de Maringá (Nupelia/UEM). For the secondary 
data set, obtained by published articles and fish collection, voucher 
specimens were deposited in the fish collection of the Departamento de 
Zoologia e Botânica at the Universidade Estadual Paulista, São José do 
Rio Preto (DZSJRP/UNESP), Fish collection of Laboratório de Ictiologia 
de Ribeirão Preto (LIRP/USP) and Fish collection of Museu de Zoologia 
of University of Londrina (MZUEL/UEL). Collections were authorized 
by IBAMA (collection permit number SISBIO; process number 13458-1). 
Fish classification follows Eschmeyer et al. (2017).

3. Data analysis

To evaluate sampling efficiency, the total richness in the basin 
was estimated using a species accumulation curve with the bootstrap 
method (Smith & Van Belle 1984), as well as standard error using the 
function ‘specaccum’ in the ‘vegan’ package (Oksanen et al. 2011) in 
R (R Development Core Team 2013).

Figure 1: Locations of the sampling points in the Miranda River Basin of the Upper Paraguay River, Mato Grosso do Sul, Brazil. Black dots: Primary data; Red dots: 
Secondary data.
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Results
The datasets yielded a total of 143 species, 104 from the primary 

data (72.7%) and 39 from the secondary data (27.3%) data. Species were 
distributed among seven orders and 30 families (Table 1). Characiformes 
(75 species) and Siluriformes (48 species) were the predominant orders, 
representing together 86% of the recorded species. Among the families 
of these orders, the largest numbers of species were from Characidae and 
Loricariidae, representing 32.2% (46 species) and 15.4% (22 species) of 
the total sample, respectively (Figure 2).

The species accumulation curve shows that richness does not reach 
the asymptotic threshold (Figure 3), indicating the need for further 
collection efforts (i.e., increasing the number of sampling sites should 
increase estimates of species richness). The bootstrap method estimated 
approximately 169 with confidence interval (α=0.05) from 150 to 188 species, 
represent approximately 84.6% of the estimated by datasets (primary 
and secondary) the total number of species in the Miranda River basin.

In relation the species sampled Piaractus mesopotamicus (Holmberg 1887), 
Pseudoplatystoma corruscans (Linnaeus 1766) are on the National List 

Table 1: Final list of species from sampled and compiled data from the Miranda River Basin, Upper Paraguay River. Location of voucher deposition: DZSJRP (Departamento 
de Zoologia e Botânica da Universidade Estadual Paulista, São José do Rio Preto – UNESP); ZUFMS (Coleção Zoológica da Universidade Federal do Mato Grosso do 
Sul – UFMS); LIRP (Coleção de Peixes do Laboratório de Ictiologia de Ribeirão Preto, Universidade de São Paulo - USP); MZUEL (Museu de Zoologia da Universidade 
Estadual de Londrina - UEL); NUP (Núcleo de Pesquisa em Limnologia, Ictiologia e Aquicultura da Universidade Estadual de Maringá – Nupelia/UEM).

Taxon Voucher
BELONIFORMES

Belonidae
Potamorrhaphis eigenmanni Miranda-Ribeiro 1915 DZSJRP-12880

CHARACIFORMES
Acestrorhynchidae

Acestrorhynchus pantaneiro Menezes 1992 ZUFMS-PIS01657
Anostomidae

Leporinus friderici (Bloch 1794) ZUFMS-PIS01063
Leporinus lacustris Campos 1945 DZSJRP-12439
Leporinus striatus Kner 1858 DZSJRP-12438
Leporellus vittatus (Valenciennes 1850) 5LIRP-5334
Megaleporinus obtusidens (Valenciennes 1836) DZSJRP-12858

Bryconidae
Brycon hilarii (Valenciennes 1849) DZSJRP-11992
Salminus brasiliensis (Cuvier 1816) DZSJRP-000534

Characidae
Galeocharax humeralis (Valenciennes 1834) ZUFMS-PIS03418
Roeboides descalvadensis Fowler 1932 DZSJRP-12871
Phenacogaster tegatus (Eigenmann 1911) ZUFMS-PIS03802
Odontostilbe pequira (Steindachner 1882) ZUFMS-PIS03908
Odontostilbe paraguayensis Eigenmann & Kennedy 1903 ZUFMS-PIS03815
Serrapinnus calliurus (Boulenger 1900) ZUFMS-PIS03847
Serrapinnus kriegi (Schindler 1937) ZUFMS-PIS01399
Serrapinnus microdon (Eigenmann 1915) 5MZUEL-12591
Serrapinnus notomelas (Eigenmann 1915) ZUFMS-PIS04040

Characidae Incertae Sedis
Aphyocharax anisitsi Eigenmann &Kennedy 1903 ZUFMS-PIS01275
Aphyocharax dentatus Eigenmann & Kennedy 1903 ZUFMS-PIS03791
Prionobrama paraguayensis (Eigenmann 1914) DZSJRP-12861
Astyanax abramis (Jenyns, 1842) DZSJRP12873
Astyanax lacustris (Lütken 1875) (syn. Astyanax asuncionensis) ZUFMS-PIS03848
Astyanax aff. fasciatus (Cuvier 1819) NUP-17163
Astyanax lineatus (Perugia 1891) NUP-17166
Astyanax marionae Eigenmann 1911 NUP17197
Astyanax sp. 1 NUP-17162
Astyanax sp. 2 NUP-17178
Astyanax sp. 3 NUP-17161
Hyphessobrycon cf. arianae Uj & Géry 1989 DZSJRP-12898
Hyphessobrycon eques (Steindachner 1882) DZSJRP-12863
Hyphessobrycon elachys Weitzman 1984 DZSJRP-12866
Hyphessobrycon luetkenii (Boulenger 1887) DZSJRP-11969
Psellogrammus kennedyi (Eigenmann 1903) ZUFMS-PIS01427
Brachychalcinus retrospina Boulenger 1892 NUP-17213

1Sabino & Trajano (1997); 2Ribeiro et al. (2007); 3Zawadzki et al. (2014); 4Terra & Sabino (2007); 5Willink et al. (2000); 6Rizzato, Costa, Trajano & Bichuette (2011); 7Shibatta 
(2016). * Species occurrence information, but not sampled.
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Taxon Voucher
Bryconops melanurus (Bloch 1794) DZSJRP-12917
Hemigrammus lunatus Durbin 1918 DZSJRP-12882
Hemigrammus tridens Eigenmann 1907 DZSJRP-12885
Moenkhausia bonita Benine, Castro & Sabino 2004 NUP-17165
Moenkhausia forestii Benine, Mariguela & Oliveira 2009 ZUFMS-PIS04042
Moenkhausia intermedia Eigenmann 1908 ZUFMS-PIS03832
Moenkhausia oligolepis (Günter 1864) ZUFMS-PIS03863
Moenkhausia sanctafilomenae (Steindachner 1907) ZUFMS-PIS00173
Jupiaba acanthogaster (Eigenmann 1911) NUP-17168
Gymnocorymbus ternetzi (Boulenger 1895) ZUFMS-PIS01449
Poptella paraguayensis (Eigenmann 1907) ZUFMS-PIS01450
Bryconamericus exodon (Eigenmann 1907) NUP-17196
Bryconamericus stramineus Eigenmann 1908 NUP-17205
Creagrutus meridionalis Vari & Harold 2001 NUP-17195
Piabarchus analis (Eigenmann 1914) NUP-17190
Piabarchus torrenticola Mahnert & Géry 1985 NUP-17214
Xenurobrycon macropus Myers & Miranda Ribeiro 1945 DZSJRP-12881
Oligosarcus perdido Ribeiro, Cavallaro & Froehlich 2007 2LIRP-5893
Oligosarcus pintoi Campos 1945 ZUFMS-PIS04038
Tetragonopterus argenteus (Cuvier 1816) ZUFMS-PIS01541

Crenuchidae
Characidium borellii (Boulenger 1895) ZUFMS-PIS02505
Characidium aff. fasciatum Reinhardt 1866 DZSJRP-13743
Characidium laterale (Boulenger 1895) DZSJRP-12855
Characidium aff. zebra Eigenmann 1909 NUP-17172
Characidium cf. gomesi Travassos 1956 DZSJRP-12876
Characidium sp. 1 NUP-17559
Characidium sp. NUP-17181

Curimatidae
Cyphocharax gillii (Eigenmann & Kennedy 1903) ZUFMS-PIS03850
Steindachnerina brevipinna (Eigenmann & Eigenmann 1889) ZUFMS-PIS03794

Erythrinidae
Hoplias sp. 1 ZUFMS-PIS03877
Erythrinus erythrinus (Bloch & Schneider 1801) DZSJRP-12900
Hoplerythrinus unitaeniatus (Agassiz 1829) DZSJRP-12902

Iguanodectidae
Piabucus melanostoma Holmberg 1891 DZSJRP-000620

Lebiasinidae
Pyrrhulina australis Eigenmann & Kennedy 1903 DZSJRP-12864

Parodontidae
Apareiodon affinis (Steindachner 1879) DZSJRP-12910
Parodon nasus Kner 1859 ZUFMS-PIS04057

Prochilodontidae
Prochilodus lineatus (Valenciennes 1836) LIRP-5849

Serrasalmidae
Metynnis maculatus (Kner 1858) MZUEL-5235
Piaractus mesopotamicus (Holmberg 1887) 5DZSJRP-007798
Serrasalmus maculatus Kner 1858 5MZUEL-14023
Serrasalmus marginatus Valenciennes 1837 ZUFMS-PIS03836

GYMNOTIFORMES
Apteronotidae

Apteronotus albifrons (Linnaeus 1766) DZSJRP-12407
Gymnotidae

Gymnotus inaequilabiatus (Valenciennes 1839) DZSJRP-12856
Gymnotus sp. ZUFMS-PIS04043

Hipopomidae
1Sabino & Trajano (1997); 2Ribeiro et al. (2007); 3Zawadzki et al. (2014); 4Terra & Sabino (2007); 5Willink et al. (2000); 6Rizzato, Costa, Trajano & Bichuette (2011); 7Shibatta 
(2016). * Species occurrence information, but not sampled.

Table 1: Continued...



5

Survey of fish species from plateau streams

Biota Neotrop., 17(3): e20170344, 2017

http://dx.doi.org/10.1590/1676-0611-BN-2017-0344 http://www.scielo.br/bn

Taxon Voucher
Brachyhypopomus sp. B MZUSP-59444.0
Brachyhypopomus sp. C ZUFMS-PIS3820
Brachyhypopomus sp. DZSJRP-12862

Rhamphichthyidae
Gymnorhamphichtys britskii Carvalho, Ramos & Albert, 2011 ZUFMS-PIS01487

Sternopygidae
Eigenmannia trilineata López & Castello 1966 DZSJRP-12865
Sternopygus macrurus (Bloch & Schneider 1801) ZUFMS-PIS03397

SILURIFORMES
Auchenipteridae

Tatia neivai (Ihering 1930) ZUFMS-PIS01419
Callichthyidae

Callichthys callichthys (Linnaeus 1758) ZUFMS-PIS04046
Hoplosternum littorale (Hancock 1828) ZUFMS-PIS01132
Lepthoplosternum pectorale (Boulenger 1895) DZSJRP-12901
Corydoras aeneus (Gill 1858) DZSJRP-12886
Corydoras areio Knaack 2000 ZUFMS-PIS01105
Corydoras hastatus Eigenmann & Eigenmann 1888 DZSJRP-12904
Corydoras sp. ZUFMS-PIS05366

Cetopsidae
Cetopsis gobioides (Kner 1858) ZUFMS-PIS04039

Heptapteridae
Imparfinis mirini Haseman 1911 ZUFMS-PIS02493
Imparfinis cf. schubarti (Gomes 1956) DZSJRP-12911
Imparfinis stictonotus (Fowler 1840) NUP-17194
Imparfinis sp. 1 DZSJRP-12913
Imparfinis sp. 2 DZSJRP-12887
Imparfinis sp. NUP-17180
Pimelodella gracilis (Valenciennes in d’Orbigny 1835) DZSJRP-12914
Pimelodella taenioptera Miranda-Ribeiro 1914 ZUFMS-PIS01052
Phenacorhamdia hoehnei (Miranda-Ribeiro 1914) DZSJRP-12410
Rhamdia quelen (Quoy & Gaimard 1824) ZUFMS-PIS01046

Loricariidae
Otocinclus bororo Schaefer 1997 4NUP-13347
Otocinclus vittatus Regan 1904 DZSJRP-12874
Hypostomus basiliskoTencatt, Zawadzk i& Froehlich 2014 ZUFMS-PIS01294
Hypostomus boulengeri (Eigenmann & Kennedy 1903) DZSJRP-12908
Hypostomus cochliodon Kner 1854 DZSJRP-12437
Hypostomus khimaeraTencatt, Zawadzki & Froehlich 2014 NUP-17207
Hypostomus aff. latirostris (Regan 1904) NUP-17170
Hypostomus piratatu Weber 1986 ZUFMS-PIS02539
Hypostomus perdido Zawadzki, Tencatt & Froehlich 2014 3ZUFMS-PIS1468
Hypostomus sp. NUP-17537
Ancistrus formoso Sabino & Trajano 1997 1MZUSP-51836
Ancistrus sp. NUP-17209
Farlowella cf. isbrueckeri Retzer & Page 1997 ZUFMS-PIS01291
Farlowella paraguayensis Retzer & Page 1997 NUP-17202
Loricaria cf. coximensis Rodriguez, Cavallaro & Thomas 2012 NUP-17204
Loricaria luciae Thomas, Rodriguez, Cavallaro, Froehlich & Macedo Corrêa e Castro 2013 NUP-17171
Loricaria sp. DZSJRP-12920
Proloricaria prolixa Isbrücker & Nijssen 1978 MZUEL-10006
Pyxiloricaria menezesi Isbrücker & Nijssen 1984 NUP-17203
Rineloricaria cacerensis (Miranda-Ribeiro 1912) ZUFMS-PIS01344
Rineloricaria lanceolata (Günther 1868) NUP-17192
Rineloricaria parva (Boulenger 1895) ZUFMS-PIS03839

Pimelodidae
1Sabino & Trajano (1997); 2Ribeiro et al. (2007); 3Zawadzki et al. (2014); 4Terra & Sabino (2007); 5Willink et al. (2000); 6Rizzato, Costa, Trajano & Bichuette (2011); 7Shibatta 
(2016). * Species occurrence information, but not sampled.

Table 1: Continued...



Ferreira, F.S. et al.

6 Biota Neotrop., 17(3): e20170344, 2017

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2017-0344

Taxon Voucher
Pseudoplatystoma corruscans (Spix & Agassiz 1829) MZUSP-51269.0
Pseudoplatystoma reticulatum Eigenmann & Eigenmann 1889 *5

Pseudopimelodidae
Microglanis leniceae Shibatta 2016 ZUFMS-PIS016577

Pseudopimelodus mangurus (Valenciennes 1835) ZUFMS-PIS03397
Rhyacoglanis pulcher (Boulenger 1887) DZSJRP-12141

Trichomycteridae
Paravandellia oxyptera Miranda-Ribeiro 1912 DZSJRP-12877
Trichomycterus dali Rizzato, Costa, Trajano & Bichuette 2011 MZUSP 1666306

Trichomycterus sp. NUP-9351
CYPRINODONTIFORMES

Poeciliidae
Poecillia reticulata Peters 1859 ZUFMS-PIS03799

Cynolebiidae
Melanorivulus punctatus (Boulenger 1895) DZSJRP-12905

SYNBRANCHIFORMES
Synbranchidae

Synbranchus marmoratus Bloch 1795 ZUFMS-PIS03797
CICHLIFORMES

Cichlidae
Aequidens plagiozonatus Kullander 1984 DZSJRP-12906
Bujurquina vittata (Heckel 1840) ZUFMS-PIS03843
Cichlassoma dimerus (Heckel 1840) NUP-17187
Crenicichla lepidota Heckel 1840 DZSJRP-12889
Crenicichla vittata Heckel 1840 5ZUFMS-PIS01307
Crenicichla sp. ZUFMS-PIS03800

1Sabino & Trajano (1997); 2Ribeiro et al. (2007); 3Zawadzki et al. (2014); 4Terra & Sabino (2007); 5Willink et al. (2000); 6Rizzato, Costa, Trajano & Bichuette (2011); 7Shibatta 
(2016). * Species occurrence information, but not sampled.

Table 1: Continued...

of Near-threatened Species. Furthermore Characidium aff. fasciatum 
Reinhardt 1866, Farlowella cf. isbrueckeri Retzer & Page 1997 are listed 
as data deficient. The cave fishes Ancistrus formoso Sabino & Trajano 
1997 and Trichomycterus dali Rizzato, Costa, Trajano & Bichuette 
2011 are listed as vulnerable. We encountered six possible new species, 
including Astyanax sp. 1, Astyanax sp. 2, Astyanax sp. 3, Characidium 
sp. 1, Imparfinis sp. 1, Imparfinis sp. 2. Six species from our data sets 
were reported as only being found in the Paraná River basin, such as 
Serrapinnus notomelas (Eigenmann 1915), Astyanax aff. fasciatus 
(Cuvier 1819), Imparfinis mirini Haseman 1911, Imparfinis cf. schubarti 

Figure 2: Frequency of orders and families from to primary and secondary data 
from the Miranda River Basin of the Upper Paraguay River, Mato Grosso do 
Sul, Brazil.

Figure 3: Species accumulated curve generated from to primary and secondary 
data from the Miranda River Basin of the Upper Paraguay River, Mato Grosso 
do Sul, Brazil.

(Gomes 1956), Proloricaria prolixa Isbrücker & Nijssen 1978 and 
Hoplias sp. 1 from our primary data set, and Oligosarcus pintoi Campos 
1945, Rineloricaria lanceolata (Günter 1868) from our secondary data set.

Discussion

Studies of fishes from the Paraguay River basin usually concentrate on 
the main rivers of the Pantanal region (Britski et al. 2007, Terra & Sabino 
2007, Polaz et al. 2014), due mainly to the easy access into these areas, 
when compared to the headwaters, this makes the knowledge of the 
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fauna of streams almost non-existent (Krinski et al. 2015). However, to 
understand the environmental structural dynamics, the accomplishment of 
ichthyofauna inventories and systematic studies are extremely important. 
Besides, they constitute the basis for better understanding the dynamics 
of species distribution (Vilar et al. 2011), providing data on the species 
composition, management and conservation (Pains-Silva et al. 2014).

Our results showed predominance of Characiformes and Siluriformes, 
and the families Characidae and Loricariidae. Other studies conducted in 
streams of the Paraguay River Basin reported similar results (Oliveira et al. 
2015, Vizzotto & Castro 2015), which reflect typical species patterns for 
Neotropical icthyofauna (Reis et al. 2016).

The combination of primary and secondary data for the Miranda River 
Basin produced a data set from a greater number of sample sites, over 
longer time periods, and at larger spatial scales, and the end product is 
a more complete assessment of regional fish fauna. Other studies of fish 
fauna in the Paraguay River Basin at smaller spatial scales report fewer 
numbers of species, including studies from streams of the headwaters of 
the Rio Vermelho (Oliveira et al. 2015, Vizzotto & Castro 2015) and Rio 
Sepotuba (Krinski et al. 2015) in northern Pantanal. In other words, by 
increasing spatial scale and the number of sample sites, we also increase the 
probability of greater among-site variation in species numbers by virtue of 
including a greater diversity of mesohabitats with different substrate types 
and riparian vegetation. These differences in habitat structural complexity 
(Teresa et al. 2010, Teresa Romero & 2010, Krinski et al. 2015, Vizzotto 
& Castro 2015) result in a gradient of heterogeneity that, through niche 
differentiation, favors a greater number of species.

Some species in the current study should be highlighted due to conservation 
status. Serrasalmidae and Pimelodidae, Piaractus mesopotamicus and 
Pseudoplatystoma corruscans are on the National List of Near-threatened 
Species (NT) in Brazil (data published by ICMBio 2014), despite this, these 
species have broad distribution in the Paraguay River Basin, in addition, 
they are important species for artisanal and sports fishing in the region, 
being P. corruscans represent approximately 32% and P. mesopotamicus 
17.3% of artisanal fisheries in 2015 (Catella et al. 2016). So, this results 
suggest a need of effort to better definition of conservation status at upper 
Paraguay basin scale.

Among the species sampled were Characidium aff. fasciatum and 
Farlowella cf. isbrueckeri from the families Crenuchidae and Loricariidae, 
respectively, both of which are listed at Brazilian law as Data Deficient 
(DD) (data published by ICMBio 2014) due to low numbers of recorded 
occurrences or absence in study samples. Ancistrus formoso and Trichomycterus 
dali are the only encountered species listed as vulnerable, likely a result 
of its limited distribution due to restriction to cave habitats in the karst 
environments of the Serra da Bodoquena (Cordeiro et al. 2014); the restricted 
range and the frequent change of the landscape to harbor crop fields in 
the region represent a great menace to these species. The Miranda River 
Basin seems to offers sufficient resources to maintain numerous species, in 
particular species of concern with respect to conservation. The collective 
data thus suggest that preservation of this basin ecosystem is critical for 
perpetuation of natural resources and biodiversity.

There are roughly 270 described species in the Pantanal floodplain 
(Britski et al. 2007), and our list presents 39 additional species not included 
in that estimate. Several species from our data sets were reported as only 
being found in the Paraná River basin, this suggests dispersion during the 
formation of the Pantanal, and serves as evidence of connectivity between 
the headwaters of the Paraná and Paraguay River Basins. This finding 
illustrates the importance of expanding sampling effort for interface regions 
of the basins, and reviewing the material deposited in biological collections.

In addition to future studies of species richness in the Paraguay River 
Basin, more detailed information on species distributions is needed to 
better gauge conservation status of fish in the area. There have been a 
limited number of studies in the area, particularly in headwater streams 
and their tributaries (Oyakawa & Menezes 2011, Krinski et al. 2015). 
Many species of headwater streams are potentially geographically isolated 
(Lowe-McConnell 1999) that are specific to these areas (Krinski et al. 2015), 
whereby headwaters may host very different fauna than exists in major 
rivers (Pedroza et al. 2012, Volcan et al. 2012). Based on previous 
experience and distribution maps from SpeciesLink, we can point out 
in this whor Astyanax lineatus, A. marionae, Creagrutus meridionalis, 
Oligosarcus perdido, Hypostomus basilisko, H. perdido and the cave fish 
Ancistrus formoso and Trichomycterus dali as exclusive species that inhabit 
headwaters. This understanding of fish fauna in headwater streams and 
associated tributaries is essential for maintaining fish biodiversity in the 
Paraguay River Basin. Inventory studies in the basin would also be useful 
for evaluation of potential environmental impacts on ichthyofauna, as these 
environments are subject to anthropogenic modification (e.g., due to the 
construction of hydroelectric dams, which has increased in last years). 
Such anthropogenic impacts have potential to modify species distribution 
(Mariano et al. 2012), by limiting species dispersion and altering resource 
availability in the entire plateau region of the Upper Paraguay Basin. In the 
Miranda River Basin, at least eleven small hydroelectric projects have 
recently approved for construction, two in Miranda sub-basin and nine in 
Aquidauana sub-basin. More attention should be given to the actual and 
potential negative impacts of these and other anthropogenic activities upon 
fish diversity and distributions in the basin area.
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Abstract: The habitus of the males of seven species of Blaberus that belong to the Blattaria collection of the La Plata 
Museum from Argentina (of which two are new occurrences for the country) are illustrated and are classified into the 
appropriate groups. Information on their collection sites, synonyms and updated geographic distribution is also provided. 
In total, 27 Blaberus specimens were studied and will be returned to the collection of the Entomology from the Museu 
de La Plata, Buenos Aires, Argentina.
Keywords: Collection, La Plata Museum, Blattaria, new records.

Blattaria do Museu de La Plata, Argentina: Novos Registros para Blaberus affinis 
Jurberg, Albuquerque, Rebordões, Gonçalves & Felippe, 1977 and Blaberus scutatus 

Saussure & Zehntner, 1894 (Blaberidae, Blaberinae)

Resumo: Os habitus dos machos de sete espécies de Blaberus que pertencem ao Museu de La Plata na Argentina 
(dos quais duas são novas ocorrências) são ilustrados e assinalados em grupos apropriados. Informação sobre seus locais 
de coleta, sinonímias e sua distribuição geográfica atual são também citadas. No total, 27 espécimens de Blaberus foram 
estudados e serão acondicionados à Divisão do Museu de La Plata, Buenos Aires, Argentina.
Palavras chave: Coleção, Museu de La Plata, Blattaria, nova ocorrência.

Introduction
The genus Blaberus was described by Serville (1831), who designated 

Blatta giganteus Linnaeus, 1758 as type-species. The males of the 
genus have the following characteristics: large individuals, 45-88 
mm; usually with small cerci, not reaching the posterior margin of the 
supranal plate; subgenital plates with two similar styles, simple, and 
small, genital hook on the right side. Females with atrium enlarged, 
where the eggs are incubated. In a literature review of the genus, Lopes 
& Oliveira (2013) listed 20 species, including them into three groups 
that were based on the male internal genitalia: the atropos, brasilianus 
and giganteus groups. They also described one new group based on 
the female (macurus group). Intra and interspecific variations among 
the species were defined with respect to habitus, morphology of the 
head and the pronotum, and genital characters. The following species 
were included in the atropos group: B. amazonensis Lopes & Oliveira, 
2013, B. atropos (Stoll, 1813), B. colombianus Lopes & Oliveira, 
2013, B. duckey Jurberg et all, 1977, B. parabolicus Walker, 1868, 
B. paulistanus Lopes & Oliveira, 2000, B. matogrossensis Rocha e 
Silva & Aguiar, 1977, B. neomatogrossensis Lopes & Oliveira, 2013, 

B. peruvibolicus Lopes & Oliveira, 2013 and B. yuracianus Lopes 
& Oliveira, 2013. In the brasilianus group, the following species 
were included: B. affinis Jurberg, R. S. Albuquerque, Rebordões, 
Gonçalves & Felippe, 1977, B. chacoensis Lopes & Oliveira, 2013, 
B. neofusiformis Lopes & Oliveira, 2013, B. parafusiformis Lopes & 
Oliveira, 2013, B. nigrocephalicus Lopes & Oliveira, 2013, B. scutatus 
Saussure & Zehntner, 1894, B. valleyanus Lopes & Oliveira, 2013. 
No grupo giganteus are included B. giganteus (Linnaeus, 1758), 
B. nigromaculatus Lopes & Oliveira, 2013. Roth (1969) also included 
B. minor Saussure, 1864 in brasilianus group.

Beccaloni (2014), in his “on line” catalog, listed only 19 species 
in the genus.

In this contribution, the habitus of the males of seven species of 
Blaberus are illustrated and the species are assigned to one of the 
following groups 1) the atropos group (B. atropos, B. neomatogrossensis) 
and 2) the brasilianus group (B. affinis, B. scutatus, B. neofusiformis, 
B. parafusiformis and B. minor). Two new records for B. affinis and 
B. scutatus are given. The collection sites, synonyms and updated 
geographic distribution are also provided.
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Material and Methods
The specimens were analyzed morphologically following routine 

techniques developed in the laboratory and described by Lopes & Oliveira 
(2000). The terminology for the genital parts, literature and taxonomic 
classification were based on Roth (1970, 1976 and 2003). The phylogenetic 
position of the genus follows Khambhampati, 1995 and Klass & Meier, 
2006. After analysis, the genital parts were stored in microvials containing 
glycerin and were stored next to the specimen on the same entomological 
pin, following Gurney et al (1964). In total, 27 Blaberus specimens 
were studied and identified and will be returned to the collection of the 
Entomology of the Museu de La Plata, Buenos Aires, Argentina (MLP).

Results

1) The atropus group- species in this group lack a hook shaped or 
tumor-like growth at the apex of the median sclerite (Roth 1976). 
Truncated or rounded projections or crests are present only of the 
left side of the prepuce, which are much larger than the spines 
of the right side. Preputial spines are often arranged in a single 
series, but may also be in a double or partially double series on 
the right side, in which case they are more numerous than those 
on the left side.

Blaberus atropus (Stoll, 1813)
(Figure 1a)
B. atropos Stoll, 1813:4 (Blatta); Saussure, 1864: 233-234; Brunner 

von Wattenwyl, 1865 : 22, 23, 40, 44, 372, 375, 376, 377, 410, 415; Walker, 
1868: 2, 4, 5, 6, 7; Saussure & Zehntner, 1894: 118; Rehn, 1903:131,288; 
Kirby, 1904:164; Hebard, 1921:217; Rehn & Hebard, 1927:261-162; 
Hebard, 1931; Princis, 1946:145-146; Princis & Kevan, 1955:159, 167; 
Princis, 1958:75; Bruijning, 1959: 3,6-7; Princis. 1963:131-132; Rocha e 
Silva-Albuquerque, 1964:5; Vanschuytbroeck, 1969:5; Roth, 1969:217-250; 
Rocha e Silva, 1982:3; Beccaloni, 2014 http://blattodea.speciesfile.org; 
Grandcolas, 2008:43; Lopes & Oliveira, 2013:82

Material examined: 1♂ e 1♀ Venezuela, Delta Amacuro, Araguaimujo, 
12/VIII/1964, without collector.

Distribution: São Domingos, Jamaica, Guyana, Suriname, Trinidad, 
Tobago bay, Cuba, Mexico, Venezuela, Colombia, Chile, Brazil (Rio de Janeiro, 
Rondônia, Amazonas, Pará, São Paulo).

Blaberus neomatogrossensis Lopes & Oliveira, 2013
(Figure 1b)
Blaberus neomatogrossensis Lopes & Oliveira, 2013:86
Material examined: Paratypes 2♂, Venezuela, Guárico, S. Juan de los Morros, 

Cuevas de Los Morritos, 3/IX/1961, Bordon col.
Distribution: Brazil (Mato Grosso); Venezuela (Guárico).
2) The brasilianus Group – This group includes species whose 

male genitalia lack a hook-shaped projection or a tumor-like 
growth. The prepucial spines are numerous on the left and right 
sides and are generally arranged in a row.

Blaberus affinis Jurberg, R.S. Albuquerque, Rebordões, 
Gonçalves & Felippe, 1977

(Figure 1c)
B. affinis Jurberg, R.S. Albuquerque, Rebordões, Gonçalves & Felippe, 

1977: 539-540, figs. 5-15; Lopes & Oliveira, 2000:3; Beccaloni, 2014.
http://blattodea.speciesfile.org>; Pellens & Grandcolas, 2008:49; Lopes 
& Oliveira, 2013:88

Material examined: 1♂ Argentina, Salta, Dto. Victoria, 17/VII/1933, 
P. Denier col.

Distribution: Brazil (Rio de Janeiro, Mato Grosso, Goiás, São Paulo).
New record: Argentina, Brazil (Ceará, Sergipe).

Blaberus parafusiformis Lopes & Oliveira 2013
(Figure 1d)
Blaberus parafusiformis Lopes & Oliveira, 2013:90
Material examined: 1♂, Paratype. Brazil. Mato Grosso, without data, 

Museu de La Plata, Scardinsky col.
Distribution: Brazil (Mato Grosso, Rio de Janeiro, São Paulo, 

Rondônia, Goiás) Argentina.
Blaberus minor Saussure, 1864
(Figure 1e)
Blaberus minor Saussure, 1864:347; Beccaloni, 2014.http://blattodea.

speciesfile.org>
B. fraterna Saussure, 1864-65: 238-242; Walker, 1868:2-7; Kirby, 1904: 

165; Hebard, 1931:261; Princis, 1963:130; Roth, 1970:312-313, 319; Jurberg; 
R.S. Albuquerque; Rebordões, Gonçalves & Felippe, 1977:545-547 Princis, 
1963:130; Pellens & Grandcolas, 2008:50; Beccaloni, 2014.http://blattodea.
speciesfile.org>

Material examined: 1♂ Argentina (Formosa), 31/10/1940, P. Denier col.
Distribution: Brazil, Paraguay, Argentina and Bolivia

Figures 1 Habitus. a. Blaberus atropos (Stoll, 1813); b. Blaberus neomatogrossensis 
Lopes & Oliveira, 2013; c. Blaberus affinis Jurberg, R.S.Albuquerque, Rebordões, 
Gonçalves & Felippe, 1977; d. Blaberus parafusiformis Lopes & Oliveira, 2013; e. 
Blaberus minor Saussure, 1864; f. Blaberus neofusiformis Lopes & Oliveira, 2013; 
g. Blaberus scutatus Saussure & Zehntner, 1894.
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Blaberus neofusiformis Lopes & Oliveira, 2013
(Figure 1f)

Blaberus neofusiformis Lopes & Oliveira, 2013:89
Material examined: 1♂ Paratype. Argentina, Jujuy, 23-28/II/1945, 

Biraben col.; 1♂ Paratype, Argentina, Salta, Juramento, Dept. Robles, 
02/XI/1939; 1♂ Paratype, Argentina, Salta, Orán, 5/VI/1947, Denner 
col.; 1♂ e 1♀ Paratype, Argentina, Jujuí, Santa Bárbara Palmar,  V/1947, 
Biraben col.

Distribution: Brazil (Ceará, Pernambuco, São Paulo, Goiás), Argentina
Blaberus scutatus Saussure & Zehntner, 1894
(Figure 1g)
B. scutatus Saussure & Zenhtner, 1894:119 (Blabera); Princis, 

1963:132; Rocha e Silva-Albuquerque, 1964:5; Roth, 1969:220-221,228; 
Vanschuyetbroecker, 1969: 6; Roth, 1970:312, 319; Beccalloni, 
2014: http://blattodea.speciesfile.org; Pellens & Grandcolas, 2008:44; 
Lopes & Oliveira, 2013:92

Material examined: 1♂ Argentina, Salta, Juramento, 02/XI/1939, 
without collector;  2♂ Argentina, Corrientes, 15-30/II/1959, Biraben col.;  
1♂  Argentina, Formosa, Mojon de Fierrro, 11/XII/1939. P. Denier col.; 
1♀ Argentina, Formosa, 15/XI/1942, M. Birabén col.; 2♂ Argentina, Estancia 
de La Amalia, Resistencia Chaco, 13/IX/1955, E. Martin M. Calvan col.; 
1♂ Argentina, Chaco, XII/1913. M. Currens Leg; 2♂ and 2♀ Argentina, 
Chaco, Estancia Anello, Cam a. Zapallar 10-15/III/1959, Birabén col.; 
2♂ e 2♀. Argentina, Córdoba, Los Cocos “El Piquillin”, 17/II/1944, 
Sta Pritchard; 1♂. Argentina, Museu de La Plata.

Distribution: BRAZIL (Piauí, Ceará, Minas Gerais, Rio Grande do 
Norte, Pernambuco, Sergipe, Bahia, Rio de Janeiro), Peru, Paraguay.

New record: Argentina
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Abstract: Species inventories are important tools to evaluate biodiversity losses and contribute to the conservation of 
endangered areas. The Amazon and Cerrado are the largest Brazilian biomes and represent some of the most threatened 
regions of the country. Due to its location between these biomes, the state of Maranhão, Northeast Brazil, possesses a 
great variety of habitats and a high local diversity. Nonetheless, few faunistic inventories of diversified groups have been 
performed in the state. In the specific case of butterflies, a well-known biological indicator, no inventories have been 
published in the past years. This study aimed to expand the knowledge on the composition of butterflies in Amazon and 
Cerrado remnants of Maranhão. Butterflies were sampled between 2011 and 2015 across eight municipalities of the state. 
Captures were made through entomological nets and baited traps. In total, 189 species were sampled, of which 165 were 
captured in the Amazon, 65 in the Cerrado and 41 in both biomes. We sampled 167 species through entomological 
nets and 43 through baited traps, representing 12% of similarity in species composition between sampling methods. 
We estimate that the recorded species represent a small subset of the butterflies from Maranhão. Therefore, long-term 
researches in poorly studied areas of the state are recommended to identify novel and/or endemic taxa.
Keywords: tropical forest, diversity, Lepidoptera, Neotropical region, savanna.

Borboletas de remanescentes de Amazônia e Cerrado do Maranhão, nordeste do Brasil

Resumo: Inventários de espécies são ferramentas importantes para avaliar perdas de biodiversidade e contribuir para 
a conservação de áreas ameaçadas. A Amazônia e o Cerrado são os maiores biomas brasileiros e representam algumas 
das regiões mais ameaçadas do país. Devido à sua localização entre estes biomas, o estado do Maranhão, nordeste do 
Brasil, possui uma grande variedade de habitats e uma alta diversidade local. No entanto, poucos inventários faunísticos 
de grupos diversificados foram realizados no estado. No caso específico de borboletas, um indicador biológico bem 
conhecido, nenhum inventário foi publicado nos últimos anos. Este estudo objetivou expandir o conhecimento sobre a 
composição de borboletas de remanescentes de Amazônia e Cerrado do Maranhão. As borboletas foram amostradas entre 
2011 e 2015 em oito municípios do estado. As capturas foram realizadas através de redes entomológicas e armadilhas 
com iscas. No total, 189 espécies foram amostradas, das quais 165 foram capturadas na Amazônia, 65 no Cerrado e 
41 em ambos os biomas. Nós amostramos 167 espécies através de redes entomológicas e 43 através de armadilhas com 
iscas, representando 12% de similaridade na composição de espécies entre métodos de amostragem. Nós estimamos 
que as espécies registradas representam um pequeno subconjunto das borboletas do Maranhão. Deste modo, pesquisas 
de longa duração em áreas pouco estudadas do estado são recomendadas para identificar taxa novos e/ou endêmicos.
Palavras-chave: floresta tropical, diversidade, Lepidoptera, região Neotropical, savana.

Introduction

Species inventories contribute to the conservation of endangered 
areas by providing relevant data for conservation plans, such as 
occurrence, richness and diversity (Kremen et al. 1993, Santos et al. 
2008, Santos et al. 2016). Unfortunately, conservation plans are usually 

restricted to studies focusing vertebrates and higher plants (Santos et al. 
2008). The scarcity of basic knowledge studies on megadiverse groups, 
such as insects, increases the difficulty of cataloging all species present 
in a region (Santos et al. 2008). Despite that, insects are suggested as 
suitable biological indicators in studies of environmental monitoring 
and evaluations of natural landscape diversity and integrity. Thus, insect 
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inventories are important tools to biological evaluations in regions threatened 
by anthropic disturbances (Kim 1993, Brown Jr 1997, Uehara-Prado et al. 
2007, Santos et al. 2016).

Among the insects, butterflies are considered excellent organisms to 
indicate the “health state” of ecosystems and an effective “umbrella group” 
for biodiversity conservation (Uehara-Prado et al. 2007, Bonebrake et al. 
2010, Santos et al. 2016). There are about 3,300 species of butterflies 
in Brazil (Brown Jr 1996, Lewinsohn et al. 2005, Francini et al. 2011), 
but few inventories have been performed in large biomes of the country 
(Santos et al. 2008). The low number of researchers and difficult access to 
some sites partially explain the lack of information for many areas of Brazil, 
especially within the North and Northeast regions (Santos et al. 2008). 
As a consequence, relatively little is still known about the biodiversity of 
butterflies in the country considering its vast area, hindering the development 
of management and conservation strategies (Santos et al. 2008).

The Amazon is the largest biome in Brazil and possesses the world 
highest absolute rate of forest reduction (Laurance et al. 2000, Silva et al. 
2005). Anthropogenic effects caused by the insertion of enterprises and 
the implementation of monocultures and livestock are the main causes 
of deforestation, especially in the Eastern portion, which is part of the 
“deforestation arch” (Silva et al. 2005, Vieira et al. 2008, Martins & 
Oliveira 2011). Considering the Amazonian high biodiversity, information 
on insect composition and distribution remains scarce (Santos et al. 2008). 
Butterfly inventories have been performed in the Amazon since the 19th 
century (Bates 1867, Santos et al. 2008), but many of these do not present 
a delimitation of the sampled area, reducing their scientific reliability 
(Santos et al. 2008, Casagrande et al. 2012).

The Cerrado is the second largest biome in Brazil and consists of a 
mosaic of vegetation types, varying from savannas to dense forests (Klink 
& Machado 2005). Human occupation has caused extensive habitat loss 
and transformed large areas of this domain into crops and pastures (Klink 

& Machado 2005, Diniz-Filho et al. 2009). Due to the increasing land-use 
and the high degree of endemism, the Cerrado is considered a biodiversity 
hotspot (Myers et al. 2000). However, despite the existence of previous 
butterfly lists performed in this biome, butterfly fauna is poorly understood 
especially in regions with insufficient number of research centers, such as 
the state of Maranhão, one of the poorest known areas in Brazil regarding 
butterflies (Santos et al. 2008).

The state of Maranhão, Northeast Brazil, contains portions of Amazon, 
Cerrado and Caatinga vegetation, contributing to the maintenance of a high 
local diversity. Patterns of habitat reduction are evident within the Amazon 
and Cerrado areas of Maranhão, and major deforestations are already assumed 
for the next years in these areas (Vieira et al. 2008, Diniz-Filho et al. 2009, 
Martins & Oliveira 2011, Barreto et al. 2012). For this reason, long-term 
butterfly inventories are crucial for the development and application of 
efficient conservation measures in the state. The present study aims to 
broaden the knowledge of the butterfly fauna in the state of Maranhão 
and provide perspectives for future researches.

Material and Methods

1. Study areas

Field work was performed in forest remnants of Amazon (six 
municipalities) and Cerrado (two municipalities) (Figure 1). The studied 
remnants of Amazon forest presented different vegetation types and degrees 
of human impact (Figure 2): (1) Maracanã, located in the municipality 
of São Luís (2º 36’ S and 44º 17’ W), possesses an area of 1,813 ha and 
vegetation characterized as open ombrophilous forest with high anthropic 
impacts in several points; (2) Sítio Aguahy, located in the municipality 
of São José de Ribamar (2° 38’ S and 44° 08’ W), possesses an area of 
635 ha composed by portions of stacional semidecidous forest, being 

Figure 1. Map of the state of Maranhão, Northeast Brazil. Six study areas were selected in the Amazon and two study areas were selected in the Cerrado. Projection 
system: UTM. Datum: WGS 84.
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surrounded by crops of Manihot sp. (Euphorbiaceae) and Zea sp. (Poaceae); 
(3) Cururupu (1° 49’S and 44° 51’ W), located in a coastal region inside 
the Environmental Protection Area of “Reentrâncias Maranhenses”, is 
characterized by the predominance of transition zones between Amazon 
forest and coastal vegetation, with anthropic impacts of the surrounding 
villages; (4) Parque Agroecológico de Buritirana, located in Peri Mirim 
(2° 38’S and 44° 50’W); (5) Fazenda Coque, located in Vitória do Mearim 
(3° 32’S and 44° 57’W); and (6) Fazenda Canadá & Boa Esperança, located 
in Penalva (3° 17’S and 45° 07’W), are situated in the region of “Baixada 
Maranhense” - 1,775,035 ha of Amazon forest remnants characterized 
by flooded areas and natural open fields inserted in a matrix of urban 
settlements and secondary forests.

The study areas of Cerrado were selected in two municipalities 
(Figure 3): (7) São Benedito do Rio Preto (3° 19’ S and 43° 31’ W), 
located in the Northeast of Maranhão, is characterized by tablelands and 
gallery forests following the Preto river; and (8) São Domingos do Azeitão 
(6º 47’ S and 44º 29’ W), located between the headwaters of Itapecuru 
and Alpercatas rivers, is characterized by open areas with sparse trees and 
gallery forests, being surrounded by soy crops.

2. Butterfly sampling and identification

Butterflies were sampled between 2011 and 2015 by two to four 
collectors in each locality. Field trips were classified into three categories 
according to the duration and sampling effort: (1) Short-term survey: two 
sampling days; (2) Long-term surveys: two sampling days per month 
during 24 months; and (3) Expeditions: one sampling week.

Using entomological nets, we surveyed for butterflies every sampling 
day. Butterflies were sampled along transects that varied in extension 
from 1 - 5 km. At least two collectors walked along transects collecting 
with entomological nets in a given amount of time (from 8 – 12 a.m. 
and from 2 – 5 p.m., totalling 7 hours*person/day). Cylindrical traps 
were also used to capture fruit-feeding butterflies (family Nymphalidae) 
(Uehara-Prado et al. 2007, Freitas et al. 2014). In each transect, at least five 
traps were disposed with minimum distances of 100 meters between traps. 
Five traps were used in our short-term survey and 10 traps were used in 
expeditions. For the long-term surveys, 10 traps were used monthly in Peri 
Mirim and 18 traps were used monthly in São José de Ribamar. In total, 
707 traps were disposed in the Amazon biome and 20 in the Cerrado. Traps 
were placed 1.5 meters from the ground and baited with cat feces, rotting 
fish or fruits. The proportion of four traps baited with bananas or mango 
with sugarcane juice to one trap baited with cat feces or rotting fish was 
maintained for all transects in expeditions. On the other hand, only bananas 
with sugarcane juice were used as baits in short and long-term surveys. 
We inspected traps twice a day. For each collected specimen, date, time 
and habitat type was recorded.

Captured butterflies were taken to the Laboratório de Ecologia e 
Sistemática de Insetos Polinizadores e Predadores (LESPP/UFMA) 
and identified through comparison with specimens from the Museu de 
Zoologia da Universidade de São Paulo (MZUSP), Museu de Zoologia da 
Universidade Estadual de Campinas (ZUEC), Coleção Entomológica Pe. 
Jesus Santiago Moure (DZUP) and specialized catalogues (D’abrera 1995, 
Garwood et al. 2009). Taxonomy follows mostly Lamas (2004), Mielke 

Figure 2. Studied landscapes of the Amazon biome in the state of Maranhão, Northeast Brazil. A. Stacional semideciduous forest in São José de Ribamar. B. Transition 
zone between Amazon forest and coastal vegetation in Cururupu. C. Natural open fields in Peri Mirim. D. Amazon forest remnant in Vitória do Mearim.
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(2005) and Duarte & Robbins (2010). Vouchers were deposited in four 
collections: LESPP/UFMA, MZUSP, ZUEC and DZUP.

3. Data analysis

We used the Jaccard index (J) to evaluate quantitatively the similarity 
in species composition between sampling methods (entomological nets and 
baited traps). This index is based on presence-absence data and has been 
widely used in ecological studies (Magurran 2004, Jost et al. 2011). In order 
to compare our list to other lists performed in the state, we searched for 
papers in the Web of Science, Scopus and Google Scholar databases. Only 
papers that provided a list of butterfly species and a clear indication that 
the field work was performed in the state of Maranhão (e.g.: coordinates, 
region or municipality) were included in the analysis.

Results
We recorded 189 butterfly species, of which 165 were captured in the 

Amazon, 65 in the Cerrado and 41 in both biomes. Nymphalidae was the 
best represented family, with 41.3% of the total richness (n = 78), followed 
by Hesperiidae (n = 53), Riodinidae (n = 29), Lycaenidae (n = 16), Pieridae 
(n = 10) and Papilionidae (n = 3) (Table 1). The richest subfamilies were, 
respectively, Riodininae with 29 species (15.3% of the species collected), 
Satyrinae with 24 species (12.7%) and Hesperiinae with 23 species 
(12.2%). Hamadryas februa (Hübner, [1823]), an indicator of disturbed 
habitats (Brown Jr 1992), was the most widespread species, occurring in 
all municipalities. Regarding sampling effort, 146 species were captured 
in long-term surveys, 112 in expeditions and 15 in our short-term survey. 

Specifically, the municipality of Peri Mirim presented the greatest number 
of species (n = 101), followed by São José de Ribamar (n = 99). A total 
of 167 species were sampled through entomological nets and 43 through 
baited traps. Similarity in species composition between sampling methods 
was recorded in 12% (J = 0.12).

Four lists performed in the state of Maranhão that meet the established 
criteria were included in the analyzes (Table 2). Of these studies, three 
used exclusively entomological nets to collect butterflies (Bates 1867, 
Garcia et al. 1990, Garcia & Bergman 1994), and one used cylindrical traps 
baited with bananas and sugarcane juice (Ramos 2000). Additionally, all 
these studies were performed in the Amazon biome, being two of these at 
the state capital, São Luís (Garcia et al. 1990, Garcia & Bergman 1994).

Discussion
The butterfly fauna captured in this study represents approximately 

6% of the species recorded for Brazil (Brown Jr 1996, Lewinsohn et al. 
2005, Francini et al. 2011). It is known that species richness is strongly 
dependent on sampling effort, partially explaining the lowest richness in 
our short-term survey when compared to our expeditions and long-term 
surveys. The influence of sampling effort on species richness is also observed 
when we compare our total richness (189 species) to intensively sampled 
areas in the Amazon, such as Rondônia (843) (Emmel & Austin 1990), 
Parque Nacional del Manu, in Peru (1,300) (Robbins et al. 1996) and Parque 
Estadual do Chandless, Acre (482) (Mielke et al. 2010), and Cerrado sites, 
such as Distrito Federal (504) (Emery et al. 2006). Comparing our results 
with those from other biomes, such as the Atlantic forest, one of the most 

Figure 3. Studied landscapes of the Cerrado biome in the state of Maranhão, Northeast Brazil. A. Tablelands of Cerrado in the Northeast of the state. B. The Preto river 
and its gallery forest. C. Typical Cerrado vegetation in São Benedito do Rio Preto. D. Gallery forest following the Alpercatas river in São Domingos do Azeitão.
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Table 1. List of butterflies of Amazon and Cerrado remnants of the state of Maranhão, Northeast Brazil.

Taxa (Family, Subfamily, Species, Subspecies)
Amazon Cerrado Sampling method

CP PV PM SJR SL VT SBR SDA EN BT
Nymphalidae (S=78)
Biblidinae (S=14)

Biblis hyperia (Cramer, 1779) x x
Callicore astarte astarte (Cramer 1779) x x
Catonephele acontius (Linnaeus 1771) x x
Dynamine agacles (Dalman, 1823) x x
Dynamine myrson myrson (Doubleday, 1849) x x
Dynamine paulina (Bates, 1865) x x
Dynamine postverta postverta (Cramer, 1779) x x x
Ectima iona E. Doubleday, [1848] x x
Eunica maja (Fabricius, 1775) x x
Hamadryas amphinome (Linnaeus, 1767) x x x x x x x
Hamadryas chloe (Stoll, 1787) x x x x x x
Hamadryas februa (Hübner, [1823]) x x x x x x x x x x
Hamadryas feronia (Linnaeus, 1758) x x x x x x x x
Hamadryas laodamia (Cramer, 1777) x x

Charaxinae (S=10)
Archaeoprepona demophon (Linnaeus, 1758) x x x x x
Archaeoprepona demophoon (Hübner, [1814]) x x
Fountainea ryphea (Cramer, 1775) x x x x x x
Hypna clytemnestra (Cramer, 1777) x x x x
Memphis acidalia (Hübner, [1819]) x x
Memphis leonida (Stoll, 1782) x x
Prepona laertes (Hübner, [1811]) x x x x
Prepona pheridamas (Cramer, 1777) x x x x
Prepona pseudomphale Le Moult, 1932 x x
Zaretis isidora (Cramer, 1779) x x x x x x x

Cyrestinae (S=2)
Marpesia chiron (Fabricius, 1775) x x x
Marpesia petreus (Cramer, 1776) x x x x

Danainae (S=5)
Danaus eresimus (Cramer, 1777) x x
Danaus gilippus (Cramer, 1775) x x x
Danaus sp Kluk, 1780 x x
Lycorea halia (Hübner, 1816) x x x x
Methona sp Doubleday, 1847 x x x x

Heliconiinae (S=13)
Agraulis vanillae (Linnaeus, 1758) x x
Dryas iulia (Fabricius, 1775) x x x x x x
Dryadula phaetusa (Linnaeus, 1758) x x x x
Euptoieta hegesia (Cramer, 1779) x x x x x
Heliconius antiochus (Linnaeus, 1767) x x x x x x
Heliconius erato phyllis (Fabricius, 1775) x x
Heliconius melpomene melpomene (Linnaeus, 1758) x x x x x x
Heliconius melpomene nanna Stichel, 1899 x x x x x
Heliconius ricini (Linnaeus, 1758) x x x x
Heliconius numata (Cramer, 1780) x x x
Heliconius sara sara (Fabricius, 1793) x x x
Neruda mentis Moreira & Mielke, 2010 x x
Philaethria dido (Linnaeus, 1763) x x x x x

Limenitidinae (S=2)
Adelpha cytherea cytherea (Linnaeus, 1758) x x x
Adelpha iphiclus iphiclus (Linnaeus, 1758) x x x x x

Nymphalinae (S=8)
Anartia amathea (Linnaeus, 1758) x x x
Anartia jatrophae (Linnaeus, 1763) x x x x x x
CP = Cururupu; PV = Penalva; PM = Peri Mirim; SJR = São José de Ribamar; SL = São Luís; VT = Vitória do Mearim; SBR = São Benedito do Rio Preto; SDA = São Domingos 
do Azeitão; EN = Entomological net; BT = Baited trap.
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Table 1. Continued... 

Taxa (Family, Subfamily, Species, Subspecies)
Amazon Cerrado Sampling method

CP PV PM SJR SL VT SBR SDA EN BT
Colobura dirce (Linnaeus, 1758) x x x x x x
Historis acheronta (Fabricius, 1775) x x x
Historis odius (Fabricius, 1775) x x x
Junonia evarete (Cramer, 1779) x x x x x x x
Siproeta stelenes (Linnaeus, 1758) x x x
Tigridia acesta (Linnaeus, 1758) x x

Satyrinae (S=24)
Brassolis sophorae (Linnaeus, 1758) x x x
Catoblepia berecynthia (Cramer, 1777) x x x x x x x
Cissia penelope (Fabricius, 1775) x x x x x x x
Caligo teucer (Linnaeus, 1758) x x x
Caligo illioneus (Cramer, 1775) x x x x x
Hermeuptychia hermes (Fabricius, 1775) x x x x x
Magneuptychia libye (Linnaeus, 1767) x x x x x
Magneuptychia ocypete (Fabricius, 1776) x x
Magneuptychia pallema (Schaus, 1902) x x
Morpho helenor (Cramer, 1776) x x x x x x
Morpho menelaus terrestris (Butler, 1866) x x x x
Morpho rhetenor Butler, 1866 x x x
Narope panniculus Stichel, 1904 x x
Opsiphanes invirae (Hübner, [1808]) x x x x
Opsiphanes quiteria (Stoll, 1780) x x x x
Pierella hyalinus (Gmelin, [1790]) x x x
Pierella lamia (Sulzer, 1776) x x x
Pharneuptychia innocentia (C. Felder & R. Felder, 1867) x x
Selenophanes cassiope (Cramer, 1775) x x
Taygetis echo (Cramer, 1775) x x
Taygetis laches Fabricius, 1793 x x x x
Taeygetis sosis Hopffer, 1874 x x
Yphthimoides renata (Stoll,1780) x x
Yphthimoides affinis (Butler, 1867) x x

Lycaenidae (S=16)
Polyommatinae (S=2)

Hemiargus hanno hanno (Stoll, 1790) x x x x x
Leptotes cassius (Cramer, 1775) x x x

Theclinae (S=14)
Arawacus aetolus (Sulzer, 1776) x x x x
Calycopis demonassa (Hewitson, 1868) x x
Chlorostrymon telea (Hewitson, 1868) x x
Evenus satyroides (Hewitson,1865) x x
Iaspis castitas (H. H. Druce, 1907) x x
Rekoa palegon (Cramer, 1780) x x
Ministrymon megacles (Stoll, 1780) x x x
Ministrymon zilda (Hewitson, 1873) x x x
Nicolaea socia (Hewitson, 1868) x x
Panthiades phaleros (Linnaeus, 1767) x x x
Pseudolycaena marsyas (Linnaeus, 1758) x x x x x
Strymon mulucha (Hewitson, 1867) x x x
Tmolus echion (Linnaeus, 1767) x x
Ziegleria hesperitis (Butler & H. Druce, 1872) x x

Pieridae (S=10)
Coliadinae (S=8)

Anteos menippe (Hübner, [1818]) x x
Aphrissa statira statira (Cramer, 1777) x x x x
Eurema albula (Cramer, 1775) x x x x
CP = Cururupu; PV = Penalva; PM = Peri Mirim; SJR = São José de Ribamar; SL = São Luís; VT = Vitória do Mearim; SBR = São Benedito do Rio Preto; SDA = São Domingos 
do Azeitão; EN = Entomological net; BT = Baited trap.
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Table 1. Continued... 

Taxa (Family, Subfamily, Species, Subspecies)
Amazon Cerrado Sampling method

CP PV PM SJR SL VT SBR SDA EN BT
Eurema elathea (Cramer, 1777) x x x x x
Phoebis argante argante (Fabricius, 1775) x x x
Phoebis philea philea (Linnaeus, 1763) x x x
Phoebis sennae marcellina (Cramer, 1777) x x x x x x x
Pyrisitia nise (Cramer, 1775) x x x x

Pierinae (S=2)
Ascia monuste (Linnaeus, 1764) x x x x x x
Itaballia demophile (Linnaeus, 1763) x x x

Papilionidae (S=3)
Papilioninae (S=3)

Battus polydamas (Linnaeus, 1758) x x x x x x x x
Heraclides thoas (Linnaeus, 1771) x x x x
Heraclides anchisiades (Esper, 1788) x x

Riodinidae (S=29)
Riodininae (S=29)

Aricoris campestris (Bates, 1868) x x x
Aricoris propitia (Stichel, 1910) x x x
Baeotis euprepes (Bates, 1868) x x
Calospila lucianus (Fabricius, 1793) x x
Calospila sp Geyer, 1832 x x x x
Detritivora zama (Bates, 1868) x x
Emesis diogenia Prittwitz, 1865 x x
Eurybia elvina Stichel,1910 x x
Eurybia patrona Weymer, 1875 x x
Helicopis cupido (Linnaeus, 1758) x x x
Isapis agyrtus (Cramer, 1777) x x
Juditha odites odites (Cramer, 1775) x x
Lemonias zygia Hübner, 1807 x x x x
Melanis smithiae (Westwood, 1851) x x
Mesosemia steli Hewitson 1858 x x
Mesosemia sp Hübner, [1819] x x
Napaea beltiana beltiana (Bates, 1867) x x x
Napaea eucharila (Bates, 1867) x x
Mesene phareus (Cramer, 1777) x x
Phaenochitonia cingulus (Stoll, 1790) x x x
Stalachtis phlegia (Cramer, 1779) x x x x x
Synargis axenus axenus (Hewitson, 1876) x x
Synargis agle (Hewitson, [1853]) x x
Synargis calyce (C. Felder & R. Felder, 1862) x x x
Synargis galena (Bates, 1868) x x
Synargis gela (Hewitson, [1853]) x x
Thisbe irenea (Stoll, 1780) x x
Thisbe molela (Hewitson, 1865) x x
Theope foliorum Bates, 1868 x x

Hesperiidae (S=53)
Eudaminae (S=16)

Astraptes fulgerator fulgerator (Walch, 1775) x x
Aguna asander asander (Hewitson, 1867) x x
Aguna metophis (Latreille, [1824]) x x
Autochton neis (Geyer, 1832) x x x
Chioides catillus catillus (Cramer, 1779) x x
Epargyreus clavicornis clavicornis (Herrich-Schäffer, 1869) x x
Euriphellus euribates (Stoll, 1782) x x
Hyalothyrus leucomelas (Geyer, 1832) x x
Phocides pigmalion hewitsonius (Mabille, 1883) x x
CP = Cururupu; PV = Penalva; PM = Peri Mirim; SJR = São José de Ribamar; SL = São Luís; VT = Vitória do Mearim; SBR = São Benedito do Rio Preto; SDA = São Domingos 
do Azeitão; EN = Entomological net; BT = Baited trap.
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Table 1. Continued... 

Table 2. Butterfly inventories previously published in the state of Maranhão, Northeast Brazil.
Authors and year Municipality Coordinates Sampling method Species richness

Bates 1867 Maracaçumé 02º 02’ S 45º57’ W Entomological net 364 *

Garcia et al. 1990 São Luís 02 º39’ S 44 º15’ W Entomological net 39
Garcia & Bergman 1994 São Luís 02 º39’ S 44 º15’ W Entomological net 19
Ramos 2000 Açailândia 5°01´S, 47°32´W Baited traps 90
*There are 23 species mentioned in the paper, but the author states that 364 species were sampled and deposited in collections.

Taxa (Family, Subfamily, Species, Subspecies)
Amazon Cerrado Sampling method

CP PV PM SJR SL VT SBR SDA EN BT
Typhedanus crameri McHenry, 1960 x x
Udranomia orcinus (C. Felder & R. Felder, 1867) x x
Urbanus chalco (Hübner, 1823) x x
Urbanus dorantes dorantes (Stoll, 1790) x x x x x x
Urbanus procne (Plötz, 1881) x x x
Urbanus proteus (Linnaeus, 1758) x x x x
Urbanus simplicius (Stoll, 1790) x x x x

Hesperiinae (S=23)
Augiades crinisus (Cramer, 1780) x x
Aides duma duma Evans, 1955 x x
Aides duma argyrina Cowan, 1970 x x x
Aides aegita (Hewitson, 1866) x x
Calpodes ethlius (Stoll, 1782) x x x
Carystoides basoches (Latreille, [1824]) x x
Carystoides maroma (Möschler, 1877) x x x
Carystus phorcus phorcus (Cramer, 1777) x x
Cobalus calvina (Hewitson, 1866) x x
Cymaenes tripunctus theogenis (Capronnier, 1874) x x
Cynea irma (Möschler, 1879) x x
Cynea robba robba Evans, 1955 x x
Enosis uza uza (Hewitson, 1877) x x
Mnasicles hicetaon Godman, 1901 x x
Morys valerius (Möschler, 1879) x x
Nyctelius nyctelius nyctelius (Latreille, [1824]) x x
Panoquina fusina fusina (Hewitson, 1868) x x
Phanes aletes (Geyer, 1832) x x
Panoquina ocola ocola (Edwards, 1863) x x
Polites vibex (Geyer, 1832) x x
Pompeius pompeius (Latreille, [1824]) x x
Pyrrhopygopsis socrates (Ménétriés, 1855) x x x
Saliana saladin Evans, 1955 x x x
Synale hylaspes (Stoll, 1781) x x

Pyrginae (S=14)
Elbella sp Evans, 1951 x x
Grais stigmaticus stigmaticus (Mabille, 1883) x x
Heliopetes arsalte (Linnaeus, 1758) x x x x x x
Heliopetes omrina (Butler, 1870) x x x
Jemadia fallax fida Evans, 1951 x x
Mysoria barcastus antila Evans, 1951 x x x
Pyrgus orcus (Stoll, 1780) x x x x x x
Pyrgus veturius Plötz, 1884 x x
Pyrrhopyge phidias (Linnaeus, 1758) x x
Pyrrhopyge sp Hübner, [1819] x x
Timochares trifasciata (Hewitson, 1868) x x
Timochreon satyrus (C. Felder & R. Felder, 1867) x x
Viola violella (Mabille, 1898) x x
Zopyrion evenor evenor Godman,1901 x x
CP = Cururupu; PV = Penalva; PM = Peri Mirim; SJR = São José de Ribamar; SL = São Luís; VT = Vitória do Mearim; SBR = São Benedito do Rio Preto; SDA = São Domingos 
do Azeitão; EN = Entomological net; BT = Baited trap.
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well inventoried biomes regarding butterflies in Brazil (Santos et al. 2008), 
we observe higher richness in several sites of the later, which shelter from 
218 to 914 species (Brown Jr & Freitas 2000, Francini et al. 2011). On the 
other hand, the richness of 189 species that was recorded in the present study 
was greater than in three of the four butterfly lists previously performed in 
the state of Maranhão (Garcia et al. 1990, Garcia & Bergman 1994, Ramos 
2000), highlighting the need for greater sampling effort towards butterflies 
in the state. Although not directly comparable, these data indicate that 
new records should be expected in our less sampled study areas with the 
inclusion of rare and inconspicuous taxa, which are usually only captured 
after extensive samplings (Magurran 2004).

Patterns of endemism to a specific biome have been proposed for 
different groups of butterflies in Brazil (Pinheiro et al. 2010), suggesting 
that some of the collected species could be endemic. However, the task 
of determining endemism has been hampered by the scarcity of available 
data, especially for transition zones (Silva et al. 2005, Pinheiro et al. 2010). 
From the collected species, we highlight Nicolaea socia (Hewitson, 1868), 
which has been proposed to be endemic of Cerrado (Pinheiro et al. 2010). 
Considering that Nicolaea socia (Hewitson, 1868) was only captured in 
São Benedito do Rio Preto, we reinforce its distribution as an endemic 
species of this biome. The high number of species that only occurred in the 
Amazon (124) is probably related to the greater sampling effort applied in 
our Amazonian sites. Since Bates (1867), Garcia et al. (1990), Garcia & 
Bergmann (1994) and Ramos (2000) field works were performed exclusively 
in the Amazon, we believe that new inventories in Maranhão’s Cerrado 
are necessary to evaluate the distribution and endemism of butterflies 
from Maranhão.

The low similarity between species captured through entomological 
nets and cylindrical traps was expected. Entomological nets usually 
capture larger number of species, but its dependence on good weather 
and collector’s abilities may limit the capture of inconspicuous groups 
(Sparrow et al. 1994). On the other hand, baited traps sample fewer 
species, but consistently yields species rarely observed by researchers 
(Sparrow et al. 1994, Freitas et al. 2014). Consequently, the low value of 
similarity obtained in this study reinforces that entomological nets and 
baited traps contribute with complementary data for butterfly inventories 
in the Neotropics (Sparrow et al. 1994, Caldas & Robbins 2003).

1. Taxonomic composition

The richest family in our list was Nymphalidae, following the same 
pattern of other butterfly lists performed in Brazil (Zacca et al. 2011, 
Morais et al. 2012). Most recorded species of this family are widespread 
throughout the country, such as Hamadryas februa (Hübner, [1823]), 
Hamadryas feronia (Linnaeus, 1758), Hamadryas amphinome (Linnaeus, 
1767), Junonia evarete (Cramer, 1779) and Agraulis vanillae (Linnaeus, 
1758). The fact that Hamadryas februa (Hübner, [1823]) was our most 
widespread species is concerning but expected, since this species is 
characteristic of modified habitats and secondary forests (Brown Jr 1992). 
Individuals of Hamadryas februa (Hübner, [1823]) were also captured 
by Garcia et al. (1990), Garcia & Bergmann (1994) and Ramos (2000), 
suggesting that this species is common in different regions of the state. 
Six species of the genus Heliconius Kluk, 1780, one of the most studied 
groups of butterflies regarding evolution and diversity patterns (Mallet 
1993, Mavárez et al. 2006, Merrill et al. 2015), were sampled, including two 
races of Heliconius melpomene (Linnaeus, 1758): Heliconius melpomene 
melpomene (Linnaeus, 1758) and Heliconius melpomene nanna Stichel, 
1899. Bates (1867) described different variations of Heliconius species 
captured in Maracaçumé, including intermediate varieties between 
Heliconius melpomene melpomene (Linnaeus, 1758) and Heliconius 
melpomene thelxiope Hübner [1806]. Considering the distribution of 
Heliconius butterflies and the suggested hybridization zones for this group 

in the Amazon (Mallet 1993, Merrill et al. 2015), new species and races 
of Heliconius are expected to be found in Maranhão.

The second richest family was Hesperiidae, including common species 
in the Neotropics, such as Astraptes fulgerator fulgerator (Walch, 1775), 
Autochton neis (Geyer, 1832) and Heliopetes arsalte (Linnaeus, 1758). 
Hesperiidae is considered, along with Nymphalidae, the richest families 
in the Neotropical region (Lamas 2004). Moreover, Francini et al. (2011) 
stated that Hesperiidae is expected to be the richest family in relatively 
complete inventories of Brazil, while Nymphalidae is the best represented 
butterfly group in short-term studies, probably because nymphalids are 
easily visualized and identified in the field. In this study, Nymphalidae was 
considerably richer than Hesperiidae, implying that additional records of 
hesperids should be expected with an increased sampling effort.

Riodinidae was the third family in species richness, followed by 
Lycaenidae. This result agrees with those from lists performed in other 
Amazonian sites (Emmel & Austin 1990, Brown Jr & Freitas 2002), 
although lists from other biomes frequently demonstrate Lycaenidae being 
richer than Riodinidae (Francini et al. 2011). Riodinidae richness has been 
correlated with the mean temperature of the study areas, explaining its greater 
number in tropical regions (Brown Jr 2005, Francini et al. 2011), such as 
Maranhão. From the captured riodinids, we highlight Napaea beltiana 
beltiana (Bates, 1867) and Napaea eucharila (Bates, 1867), species also 
captured and described by Bates (1867). Lycaenidae was the fourth family 
in number of species, but we expect the richness of Lycaenidae to increase, 
since this family include small and inconspicuous species, requiring longer 
temporal surveys for adequate samplings (Francini et al. 2011).

Pieridae and Papilionidae are the families with lowest species richness in 
Brazil (Emery et al. 2006, Francini et al. 2011), and our findings corroborate 
this pattern. Most captured species of Pieridae and Papilionidae are 
considered widely distributed throughout the country and characteristic of 
modified habitats (Emery et al. 2006, Zacca et al. 2011, Morais et al. 2012), 
suggesting that the study areas have been harmed by anthropic influences.

2. Perspectives for future research

Considering our sampling effort and the difficulties to sample a large 
Brazilian state, we estimate that the recorded species represent a small 
subset of the butterflies from Maranhão. Broader and longer samplings 
could result in much greater richness, especially for the families Hesperiidae, 
Riodinidae and Lycaenidae. Centuries of butterfly records from Maranhão 
in museum collections must also be analyzed in the future to achieve 
better understanding of butterflies’ diversity and distribution in the state.

Two of the four lists previously performed in Maranhão were conducted 
at the state capital, São Luís. The proximity to the major research centers 
of the state and the easy access to study areas may be the main reason for 
this geographic bias. Consequently, little or no effort is applied for distant 
and complicated access areas, resulting in the current lack of information. 
Among the priority areas for butterfly inventories, the western region of 
Maranhão should be focused by researchers, since this portion of Amazon 
is still poorly studied and under human pressures (Silva et al. 2005, Martins 
& Oliveira 2011). Moreover, this region is part of the most threatened 
endemism center in Brazil, the Belém Center of Endemism (Silva et al. 
2005). Only about one-third of its forest remains, and the increasing 
deforestations may represent the extinction of several species, including 
endemic butterflies (Hall & Harvey 2002, Silva et al. 2005). Therefore, 
inventories in this area are recommended to identify novel and/or endemic 
taxa. Long-term researches are also requested for Maranhão’s Cerrado, 
since different butterfly species have been considered endemic of this 
endangered biome (Brown Jr & Gifford 2002, Pinheiro et al. 2010) and 
there are no previous butterfly lists published for this region.

Species inventories are important tools for a better understanding of the 
biodiversity. In this context, it is urgent to perform studies that generate lists 
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of species in poorly studied areas to evaluate the distribution and endemism 
of different taxa, such as megadiverse groups of insects. As previously 
mentioned, the richness of 189 butterfly species collected in the present 
study can be considered low when compared to intensively sampled areas 
in the Amazon and Cerrado. On the other hand, we presented the greatest 
number of species in butterfly inventories from Maranhão since Bates 
(1867). Furthermore, some of our study areas were sampled for the first 
time and may shelter a greater butterfly diversity, including species not 
yet known. Thus, we call attention to the urgent measures that should be 
taken to preserve Amazon and Cerrado remnants of Maranhão and their 
local biodiversity, since these areas have been increasingly threatened by 
anthropic disturbances.
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