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Abstract:  In  face  of  the  accelerated  degradation  of  streams  located  within  the  Brazilian
Cerrado, the knowledge of distribution patterns is very important to aid conservation strategies.
The aim of this work is to increase the knowledge of the stream’s fish fauna in the State of
Goiás, Brazil. 12 streams from the municipalities of Barro Alto and Niquelândia were sampled
with trawl nets. During this study, 1247 fishes belonging to 27 species, 11 families, and three
orders were collected. Characiformes comprised 1164 specimens of the sampled fishes, the most
abundant order, while Perciformes was the less abundant order, with 17 collected specimens.
Perciformes fishes  were registered only in streams from Niquelândia.  Astyanax elachylepis,
Bryconops alburnoides  and Astyanax  aff. bimaculatus  were the most  representative species,
with 306,  233 and 158 collected individuals.  The prevalence of Characiformes followed by
Siluriformes in bodies of continental water is a pattern already established and found in other
work  done  in  streams,  and  the  Characidae  family  the  most  abundant  and  diverse.  The
composition of the fish fauna of streams in the municipality of Barro Alto and Niquelâdia are
similar to other studies conducted in Brazil, and the composition observed in Niquelândia may
be more similar  to  impacted  sites  them Barro  Alto,  but  the  composition  is  consistent  with
studies in the upper Tocantins River basin.
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Resumo. Peixes de riachos de Barro Alto e Niquelândia, bacia do alto rio Tocantins, Goiás,
Brasil.  Em  virtude  da  acelerada  degradação  dos  riachos  localizados  no  Cerrado,  o
conhecimento dos padrões de distribuição de espécies é importante para ajudar nas estratégias
de conservação. O objetivo deste trabalho é aumentar o conhecimento da distribuição da fauna
de peixes de riachos no estado de Goiás, Brasil. Para isso, foram amostrados 12 riachos, com
redes  de  arrasto,  dos  municípios  de  Barro  Alto  e  Niquelândia.  Um  total  de  1247  peixes
pertencentes  a  27  espécies,  11  famílias  e  três  ordens  foram  coletados.  Characiformes
compreenderam 1164 indivíduos dos peixes amostrados,  a ordem mais abundante,  enquanto
Perciformes foi ordem menos abundante, com 17 espécimes coletadas registrados apenas em
riachos de Niquelândia. Astyanax elachylepis , Bryconops alburnoides e Astyanax aff.
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bimaculatus foram as espécies mais representativas, com 306, 233 e 158 indivíduos coletados. A
predominância de Characiformes seguido de Siluriformes em corpos d'água continentais é um
padrão já  consolidado e  encontrado em outros  trabalhos feitos  em riachos,  sendo a  família
Characidae a mais abundante e diversa. A composição da ictiofauna de riachos do município de
Barro  Alto  e  de  Niquelândia  é  similar  a  outros  estudos  realizados  no  Brasil,  sendo  que  a
composição  observada  em Niquelândia  pode  ser  mais  parecida  com locais  impactados  que
Barro Alto, no entanto a composição ainda é condizente com estudos realizados na bacia do alto
rio Tocantins.

Palavras-Chaves: Cerrado; Diversidade de espécies de peixes; Riachos de cabeceira; Lista de
espécies; Cana de açúcar; Mineração.

Introduction
The  existing  drainage  basins  located  in  the

Midwest region of Brazil are inserted in the Cerrado
domain,  which  is  the  second  largest  Brazilian
morpho-climatic  domain,  covering  an  area  of
approximately 2 million Km² (Ratter et al. 1996). In
this  context,  stands  the  state  of  Goiás,  which  is
drained  by  four  major  rivers:  the  Araguaia  River
(north),  Tocantins  River  (north  and  northeast),
Paranaíba  River  (south)  and  tributaries  of  San
Francisco (east). Tocantins-Araguaia basin drains as
area of approximately 767.000 km2 (Mérona  et al.,
2010),  rising  in  Goiás  State  (central  region  of
Brazil), and ending in the Amazon delta, in the Bay
of Marajó, Pará State (Santos et al. 2004). Although
the  ichthyofauna  of  the  Tocantins  river  basin  is
closely related to the Amazon basin, (Goulding et al.
2003)  it  is  possible  to  find  a  greater  number  of
endemic species, that occur only in Tocantins river
basin (Abell et al. 2008; Bertaco et al. 2011; Bertaco
& Carvalho, 2010; Carvalho  et al.  2010; Hubert &
Renno,  2006;  Lucinda  et  al.  2007;  Santos  et  al.
2004). 

Despite the highest diversity and endemism in
the Tocantins river basin, we observe few studies on
fish streams for the  state of Goiás  (e.g.  Araújo &
Tejerina-Garro, 2007, 2009; Benedito-Cecilio  et al.
2004;  Claro-García  &Shibatta,  2013;  Dias  &
Tejerina-Garro, 2010; Mazzoni et al. 2010; Miranda
& Mazzoni,  2009;  Vieira  & Tejerina-Garro,  2014)
and only three studies in that was performed in the
Tocantins river in the Goiás state (e.g. Claro-García
& Shibatta, 2013; Mazzoni  et al.  2010; Miranda &
Mazzoni, 2009). This article aimed providing a list
of  fish  species  from  stream  of  Barro  Alto  and
Niquelândia, Goiás and comparing the composition
between Barro Alto and Niquelândia drainages.

Materials and Methods
Study Site. The study was conducted in 12 streams
(Figure 1, Table I), located in two municipalities in
the state of Goiás, five in Niquelândia (14º26’09”S

48º29’02”W) and seven in Barro Alto (14°58’15”S
48°54’57”W).  These  sites  was  selected  according
the accessibility, presence of vegetation in the point
(all streams had at least 15m of riparian vegetation
in each border),  presence of riparian vegetation in
the  catchment  upstream  sampled  point  and  order
smaller  than  three.  These  criteria  were  select  to
avoiding sample bias and ensure able comparisons
between sites.  For these reason only 12 sites were
selected. According to the Köppen classification, the
climate  ranges  from humid  to  sub-humid and  has
two distinct seasons: a rainy season between October
and  March  and  dry  season  between  April  and
September  (Ferreira  &Tokarski  2007).  Local
drainages  comprise  the  sub-basins  of  Almas  and
Maranhão  (Barro  Alto)  and  Traíras  (Niquelândia)
rivers, with similar deep, width and drainage area.
Data Collection. During 25 days in November 2009
(beginning of rainy season) and 22 days in March
2010 (end of the rainy season), fish were sampled in
Barro Alto and Niquelândia. In each site, in a section
of 100m demarcated in each stream and split into 10
subsections  of  10 m each.  In  each subsection,  we
used trawl net and sieve, dragging the trawl net in
the  upstream-downstream  direction.  Collected
specimens  were  identified  with  the  name  of  the
stream  and  the  sample  number,  anesthetized  with
eugenol 10% and immersed in formalin 10%.

During  screening,  total  and  standard  length
and  weight  were  obtained  from  each  fish.  The
identification  was  performed  using  the  current
literature  keys  (e.g.:  Buckup,  1993;  Chernoff  &
Machado-Allison, 1999; Lucena & Kullander, 1992;
Reis, 1997; Soares-Porto, 1994; Vari & Reis, 1995)
and  help  of  specialists.  After  identification,  the
specimens were separated into lots according to their
species and collection site, packed in glass jars and
preserved  in  70%  alcohol.  The  taxonomic
classification  follows  Reis  et  al. (2003).  All
collected  specimens  were  deposited  in  the
Zoological  Collection of the Federal  University  of
Goiás (ZUFG).
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Table I. Streams sampled in Barro Alto and Niquelândia with geographic coordinates

Point Municipality Acronym
Coordinates

Latitude Longitude
P01 Barro Alto Ribeirão de Fora 15°02  53 S ʼ ʼʼ 48°57  54 W  ʼ ʼʼ
P02 Barro Alto Dois Córregos 15° 04’ 45”S 48° 57’ 45”W  
P03 Barro Alto Serrinha 15° 06’ 29”S 49° 01’ 19”W  
P04 Barro Alto Lages 15° 05’ 53”S 49° 02’ 34”W  
P05 Barro Alto Lages 2 15° 07’ 39”S 49° 04’ 08”W  
P06 Barro Alto Reserva 15° 08’ 47”S 49° 03’ 21”W  
P07 Barro Alto Gaiola 15° 06’ 53”S 48° 55’ 39”W  
P08 Niquelândia Bezerro 14° 11’ 12”S 48° 20’ 12”W
P09 Niquelândia Ribeirão da Roça 14° 11’ 57”S 48° 20’ 10”W
P10 Niquelândia Córrego Forquilha II 14° 12’ 58”S 48° 20’ 10”W
P11 Niquelândia Córrego Forquilha I 14° 14’ 13”S 48° 20’ 10”W
P12 Niquelândia Do Carmo 14° 06’ 26”S 48° 21’ 39”W

Figure 1. Spatial location of sampled streams, during this study, in Niquelândia (A) and Barro Alto (B)  GO - Brazil.
P01 - Ribeirão de Fora, P02 - Dois Córregos, P03 – Serrinha, P04 – Lages, P05 - Lages 2, P06 – Reserva, P07 – Gaiola,
P08 – Bezerro, P09 - Ribeirão da Roça, P10 - Córrego Forquilha II, P11 - Córrego Forquilha I e P12 - Do Carmo. The
blue lines represent streams.
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Data Collection. During 25 days in November 2009
(beginning of rainy season) and 22 days in March
2010 (end of the rainy season), fish were sampled in
Barro Alto and Niquelândia. In each site, in a section
of 100m demarcated in each stream and split into 10
subsections  of  10 m each.  In  each subsection,  we
used trawl net and sieve, dragging the trawl net in
the  upstream-downstream  direction.  Collected
specimens  were  identified  with  the  name  of  the
stream  and  the  sample  number,  anesthetized  with
eugenol 10% and immersed in formalin 10%.

During  screening,  total  and  standard  length
and  weight  were  obtained  from  each  fish.  The
identification  was  performed  using  the  current
literature  keys  (e.g.:  Buckup,  1993;  Chernoff  &
Machado-Allison, 1999; Lucena & Kullander, 1992;
Reis, 1997; Soares-Porto, 1994; Vari & Reis, 1995)
and  help  of  specialists.  After  identification,  the
specimens were separated into lots according to their
species and collection site, packed in glass jars and
preserved  in  70%  alcohol.  The  taxonomic
classification  follows  Reis  et  al. (2003).  All
collected  specimens  were  deposited  in  the
Zoological  Collection of the Federal  University  of
Goiás (ZUFG).
Data  Analysis.  Each  of  the  12  streams  had  their
richness  estimated  through  Jackknife  procedure
(Heltshe & Forrester, 1983), under 1000 iterations in
software  EstimateS  9.1  (Colwell  &  Elsensohn,
2014). Species richness was independently estimated
for both Barro Alto and Niquelândia municipalities
and subsequently compared with confidence interval
inference (Zar,  1999).  In  order to  estimate  species
richness  for  Barro Alto and Niquelândia,  we  used
each  stream  as  pseudo  replica.  To  estimate  the
richness  in  each  stream  we  consider  the  10
subsection on beginning of rainy season and the 10
subsection on the end of the rainy season as replica.
In  this  way  all  streams  have  20  replicas  (Heltshe
&Forrester, 1983). 

Similarity in fish composition of both sampled
municipalities was carried out on a MRPP - Multi-
Response Permutation Procedure (McCune & Grace,
2002)  using  the  function  mrpp,  package  vegan
(Oksanen  et  al. 2017),  R software (R Core Team,
2015).  We  made  these  comparisons  by  applying
Bray Curtis  dissimilarity  in  a matrix that  included
species abundance per stream and grouped streams
by municipality. The statistics considered in this test
is denominated A, and varies from 1 to -1. Near-zero
positive values mean that the difference in species
composition  between  the  compared  areas  is  not
different  from  expected  by  chance.  However,

positive values next to 1 mean that the difference in
species composition between the two sampled areas
is not  explained by chance.  Negative values occur
when the variation  within  each considered  area  is
significantly  greater  than  between  different  areas
(McCune  &  Grace,  2002).  We  performed  a
Detrended Correspondence Analysis (DCA) to plot
and  search  for  differences  in  species  composition
between  the  sampled  areas  (McCune  &  Grace,
2002).

Results
We collected 1247 individuals belonging to 27

species and 11 families (Table II) belonging to the
orders Characiformes, Perciformes and Siluriformes.
Characiformes  contributed  with  1164  individuals
being the most abundant order. Perciformes had the
lowest abundance values, with 17 individuals, which
were  collected  only  in  streams  sampled  in
Niquelândia.  Moenkhausia  aurantia Bertaco  et  al.
2011  was  the  most  represented  species,  with  395
individuals,  followed  by  the  characids  Astyanax
elachylepis  Bertaco  &  Lucinda,  2005,  Bryconops
alburnoides  Kner,  1858,  and  Astyanax  aff.
bimaculatus  (Linnaeus,  1758)  with,  respectively,
306, 233 and 158 collected specimens. On the other
hand,  we  collected  only  one  individual  of  Tatia
neivai (Ihering, 1930) (family Auchenipteridae) and
of  Pyrrhulina  australis Eigenmann  &  Kennedy,
1903 (family Lebiasinidae).

Stream  P01  showed  the  highest  species
richness (11 species), subsequently followed by P04,
P08, P09 and P10, with each one having 10 species.
On the other hand, stream P11 presented the lowest
richness  and  abundance  values,  having  only  one
specimen  of  Astyanax  aff. bimaculatus (Linnaeus,
1758) sampled.  Regarding species  abundance,  P09
and P07 presented the highest values of abundance,
with  316  and  208  collected  individuals.  When
considering  each  stream  as  a  sample  unit,  we
observed that the estimated species richness varied
from two species in P11 to 14 species in P01 (Figure
2). 

For some streams (P05,  P08,  P09,  P10,  and
P12), estimated species richness (Jackknife) did not
differ  from  observed  species  richness  (Sobs)
(confidence  intervals  superposed  averages).  For
these  streams,  the  number  of  collected  species
represents the total species existing in them. In the
remaining  eight  streams,  it  appears  that  it  is  still
possible to capture new species with new sampling.
It  is  possible  to  conclude that  the  average species
richness of fish from Barro Alto (Jackknife = 24 
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Table II. List of species and abundance of fishes sampled in 12 streams from Barro Alto e Niquelândia (GO, Brazil) during 2009/2010. Species are sorted in order and family

ORDER
Family
Species

Barro Alto Niquelândia
Abundance

P01 P02 P03 P04 P05 P06 P07 P08 P09 P10 P11 P12

CHARACIFORMES             1164
Characidae             1124
Astyanax aff. bimaculatus (Linnaeus, 1758) 15 13 42 64 12 0 1 1 2 4 1 3 158
Astyanax elachylepis Bertaco and Lucinda, 2005 1 0 0 0 0 1 0 27 125 49 0 103 306
Astyanax sp. 0 3 0 2 0 0 0 0 0 0 0 0 5
Bryconops alburnoides Kner, 1858 8 0 0 12 11 55 5 4 126 12 0 0 233
Bryconops caudomaculatus (Günther, 1864) 0 0 0 0 0 0 0 1 2 1 0 0 4
Creagrutus cf. menezesi Vari and Harold, 2001 4 0 1 8 4 0 6 0 0 0 0 0 23
Moenkhausia aurantia Bertaco, Jerep and Carvalho, 2011 3 39 0 13 56 9 185 3 40 47 0 0 395
Crenuchidae             26
Characidium sp. 0 3 0 1 2 1 0 0 0 0 0 0 7
Characidium zebra Eigenmann, 1909 1 0 2 0 0 6 0 0 2 8 0 0 19
Erythrinidae             8
Hoplias malabaricus (Bloch, 1794) 2 0 0 0 1 1 0 2 2 0 0 0 8
Lebiasinidae             1
Pyrrhulina australis Eigenmann and Kennedy, 1903 0 0 0 0 1 0 0 0 0 0 0 0 1
Parodontidae             5
Apareiodon machrisi Travassos 1957 0 0 0 0 4 0 1 0 0 0 0 0 5
SILURIFORMES             66
Auchenipteridae             1
Tatia neivai (Ihering, 1930) 0 0 0 1 0 0 0 0 0 0 0 0 1
Callichthyidae             10
Aspidoras sp. 0 0 0 0 0 6 4 0 0 0 0 0 10
Heptapteridae             5
Pimelodella sp. 0 0 0 1 0 0 1 0 0 0 0 0 2
Rhamdia quelen (Quoy and Gaimard, 1824) 3 0 0 0 0 0 0 0 0 0 0 0 3
Loricariidae             46
Hemiancistrus cf. cerrado Souza et al, 2008 0 0 0 0 0 0 1 0 6 0 0 0 7
Hypostomus plecostomus (Linnaeus, 1758) 1 0 0 1 6 0 0 1 0 6 0 0 15
Loricaria cataphracta Linnaeus, 1758 0 0 0 0 0 0 0 0 6 0 0 0 6
Hisonotus sp. 1 0 0 0 0 12 4 0 0 0 0 0 17
Rineloricaria sp. 1 0 0 0 0 0 0 0 0 0 0 0 1
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Trichomycteridae             4
Trichomycterus sp. 0 0 0 0 0 0 0 0 0 4 0 0 4
PERCIFORMES             17
Cichlidae             17
Aequidens hoehnei (Miranda Ribeiro, 1918) 0 0 0 0 0 0 0 1 5 3 0 0 9
Satanoperca jurupari (Heckel, 1840) 0 0 0 0 0 0 0 3 0 4 0 0 7
Species Richness 11 5 3 10 9 8 9 10 10 10 1 2  
Abundance 40 58 45 103 97 91 208 44 316 138 1 106 1247
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species; Sobs = 21 species) is higher than the fish
richness from Niquelândia (Jackknife = 17 species;
Sobs = 14 species) (Figure 3). 
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Figure 2. Observed (Sobs) and estimated richness of fish
(Jackknife with 20 pseudoreplicas for each stream) for the
12  sampled  streams  in  Barro  Alto  (P01  a  P07)  and
Niquelândia (P08 a P12), Goiás, Brazil, during the year of
2009/2010. Bars represent the interval confidence of 95%.
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Figure 3. Observed (Sobs) and estimated species richness
(Jackknife)  of  fish for  Barro  Alto (140 pseudoreplicas)
and Niquelândia (100 pseudoreplicas). Bars represent the
interval confidence of 95%.

Species  compositions  of  these  municipalities  are
different to (A = 0.292, p = 0.004). We observed that
the  species  Aequidens  hoehnei  (Miranda-Ribeiro,
1918), Bryconops caudomaculatus  (Günther, 1864),
Satanoperca  jurupari  (Heckel,  1840),  Loricaria
cataphracta Linnaeus, 1758 and Trichomycterus sp.
are  mainly  associated  with  streams  sampled  in
Niquelândia.  On  the  other  hand, Apareiodon
marchrisi Travassos,  1957,  Characidium  sp.,
Moenkhausia  aurantia Bertaco  et  al.  2011  and
Pimelodella sp. were more associated with streams

located in Barro Alto (Figure 4). We also observed
the clustering of points into two groups: one formed
by streams from Barro Alto plus stream P11 (which
is located in Niquelândia), and another group formed
by  Niquelândia  and  stream P06  (located  in  Barro
Alto).

Discussion
Sampled ichthyofauna was dominated by the

orders  Characiformes  followed  by  Siluriformes,
which is a pattern already found in another studies in
streams of the state of Goiás (e.g. Araújo & Tejerina-
Garro,  2007;  Benedito-Cecilio  et  al.  2004;  Claro-
García  &  Shibatta,  2013;  Mazzoni  et  al.  2010;
Miranda & Mazzoni, 2009) and indicated by Lowe-
McConnell  (1987)  for  non-estuarine  sites.  Among
the  Characiformes,  Characidae  is  the  family  most
abundant and rich in species (Santos  et al.  2004), a
pattern  confirmed  in  our  study.  We  observe
differences in the observed and estimated richness in
both areas  (Barro Alto and Niquelandia)  since the
the confidence interval does not overlap the mean.
This result shows that streams are under sampled yet
and  new  fieldworks  can  result  in  new  species.
However, our results,  in terms of species richness,
are similar with others studies performed in streams
(e.g.:  Casatti  et  al. (2006) -  22 species;  Benedito-
Cecilio et al. (2004) 22 species; Araújo & Tejerina-
Garro  (2007,  2009)  15  35  species),  and  the  low
diversity of headwater default,  once headwater are
considered sites with minor habitat complexity and,
consequently  low  diversity  (Montgomery,  1999;
Vannote et al. 1980).

Several  factors  might  be responsible  for  the
variation in species richness and composition found
in different surveys: (1) sampling time; (2) season of
the fieldwork (rainy or dry); (3) sampling methods;
(4)  point  location  in  the  drainage  (headwater  or
outfall  of  the  drainage);  (5)  type  of  sampled
environment (streams, rivers or flood plains) and (6)
the  deforestation  index  of  the  drainage.  The
difference  between Barro  Alto and Niquelândia  in
fish  diversity  could  be  associated  to  the  higher
deforestation  index  in  Niquelândia.  In  fact,
Niquelândia show a great process of deforestation,
started in the construction of Serra da Mesa dam and
the occupancy of the lake shore for recreation like
fishing and aquatic sports and later  for sugar cane
culture.  For  these  reason,  Niquelândia  show  a
landscape more impacted, and less diverse streams,
than  Barro  Alto.  These  hypotheses  should  be
corroborate when we observe that  the stream with
high richness (p1) was located on Barro Alto and the
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Figure 4. Ordination of the abundance data for the 12 streams sampled in Barro Alto and Niquelândia (GO, Brazil) during the
years of 2009/2010. Aeqhoe - Aequidens hoehnei; Apamac - Apareiodom machrisi; Aspsp - Aspidoras sp; Astbim - Astyanax aff.
bimaculatus;  Astela -  Astyanax elachylepis;  Astsp -  Astyanax sp;  Bryalb -  Bryconops alburnoides ;Brycau -  Bryconops
caudomaculatus;  Chasp -  Characidium  sp.; Chazeb -  Characidium zebra;  Cremen -  Creagrutus cf.  menezesi;  Hemcer -
Hemiancistrus cf. cerrado; Hissp - Hisonotus sp.; Hopmal - Hoplias malabaricus; Hypple - Hypostomus plecostomus.; Lorcat -
Loricaria cataphracta; Moeaur -  Moenkhausia aurantia; Pimsp -  Pimelodella sp.; Pyraus -  Pyrrhulina australis; Rhasp -
Rhamdia sp.; Rinsp - Rineloricaria sp.; Satjur - Santanoperca jurupari; Tatnei - Tatia neivai; Trisp - Trichomycterus sp.

two  lower  richness  were  observed  in  streams  on
Niquelândia (P11 and P12).  Additionally Barro Alto
shows a recent mining historical (early 5 to 10 year)
and Niquelândia an ancient mining activity (more than
15 years). Differences in land use can be responsible
for composition differences, too. These results suggest
that  landscape  is  more  important  than  riparian
vegetation structure, once all streams have at least 15
meters  of  riparian  vegetation.  Or  these  15  meters
cannot  be  considered  as  an  efficient  filter.  Riparian
zones  with  15  meters  are  considered  efficient  to
minimize or mitigate  the effects of  deforestation on
communities in tropical headwater streams (Lorion &
Kennedy,  2009).  On  the  other  hand,  the  effect  of
landscape on fish community was examined in few
studies and the relationship between fish communities
of tropical headwater streams and landscape is poorly
understood.

The  ichtyofauna  found  in  streams  of  the
municipalities of Barro Alto and Niquelândia are still
under sampled (observed and estimated richness are
different)  and  more  species  can  be  found  with  an
increase  in  sampling  effort,  and  addition  of  new
streams and rivers (like dos Patos River in Barro Alto
and  Traíras  River  in  Niquelândia)  and  other
methodologies  like  electrofishing  to  increase  the
effectiveness  of  samplings.  The  difference  in  the
richness  and  composition  of  fish  fauna  is  probably
caused by the land use, once all streams had, at least,
15 m of  riparian vegetation and the basins  had the
equal area. However, only with new samples we will
be able to understand the relationship between land use
and fish diversity in stream.

Liretature Cited

Pan-American Journal of Aquatic Sciences (2017), 12(2): 135-145



144 T. B. VIEIRA ET AL.

Abell,  R.,  Thieme,  M.L.,  Revenga,  C.,  Bryer,  M.,
Kottelat,  M.,  Bogutskaya,  N.,  Coad,  B.,
Mandrak,  N.,  Balderas,  S.C..,  Bussing,  W.,
Stiassny,  W.L.J.,  Skelton,  P.,  Allen,  G.R.,
Unmack,  P.,  Naseka,  A.,  Sindorf,  R.N.G.,
Robertson,  N.J.,  Armijo,  E.,  Higgins,  J.V.,
Heibel,  T.J.,  Wikramanayake,  E.,  Olson,  D.,
López. H.L., Reis, R.E., Lundberg, J.G., Pérez,
M.H.S. & Petry, P. 2008. Freshwater ecoregions
of the world: a new map of biogeographic units
for  freshwater  biodiversity  conservation.
BioScience, 58: 403-414.

Apone, F.,  Oliveira, A.K.D. & Garavello, J.C. 2008.
Composição  da  ictiofauna  do  rio  quilombo,
tributário do rio Mogi-Guaçu, bacia do alto rio
Paraná, sudeste do Brasil. Biota Neotropica,  8:
93–107.

Araújo, N.B. & Tejerina-Garro, F.L. 2007. Composição
e  diversidade  da  ictiofauna  em  riachos  do
cerrado,  bacia  do  ribeirão  ouvidor,  alto  rio
Paraná,  Goiás,  Brasil.  Revista  Brasileira  de
Zoologia, 24: 981–990. 

Araújo, N.B. & Tejerina-Garro, F.L. 2009. Influence of
environmental  variables  and  anthropogenic
perturbations on stream fish assemblages, upper
Paraná  river,  Central  Brazil.  Neotropical
Ichthyology, 7: 1–8. 

Benedito-Cecilio,  E.,  Minte-Vera,  C.V.,  Zawadzki,
C.H.,  Pavanelli,  C.S.,  Rodrigues,  F.H.G.  &
Gimenes,  M.F.  2004.  Ichthyofauna  from  the
Emas  National  Park  region:  composition  and
structure. Brazilian  Journal  of  Biology, 64:
371-382. 

Bertaco, V.A. & CARVALHO, F.R. 2010. New species
of  Hasemania  (Characiformes:  Characidae)
from  Central  Brazil,  with  comments  on  the
endemism of upper rio Tocantins basin, Goiás
State. Neotropical Ichthyology,  8: 27-32. 

Bertaco, V.A., Jerep, F.C. & Carvalho, F.R. 2011. A
new  characid  fish,  Moenkhausia  aurantia
(Ostariophysi:  Characiformes:  Characidae),
from the upper rio Tocantins basin in Central
Brazil. Zootaxa, 2934: 29–38.

Buckup, P.A. 1993. Review of the characidiin fishes
(Teleostei: Characiformes), with descriptions of
four new genera and ten new species. Ichthyol.
Explor. Freshwat. 4(2):97-154.

Buckup, P.A., Menezes, N.A. & Ghazzi, M.S. 2007.
Catálogo dos peixes marinhos e de água doce
do Brasil. Rio de Janeiro: Museu Nacional. 195
p.

Carvalho,  F.R.,  Bertaco,  V.A.  &  Jerep,  F.C.  2010.
Hemigrammus tocantinsi:  a  new species from

the  upper  rio  Tocantins  basin,Central  Brazil
(Characiformes:  Characidae).  Neotropical
Ichthyology,  8: 247-254.

Casatti, L., Langeani, F., Silva, A.M. & Castro, R.M.C.
2006. Stream fish, water and habitat quality in a
pasture  dominated  basin,  southeastern  Brazil.
Brazilian Journal of Biology, 66:681–696.

Chernoff, B. & Machado-Allison, A. 1999. Bryconops
colaroja and  B.  colanegra,  two  new  species
from the Cuyuní and Caroní drainages of South
America  (Teleostei:Characiformes).  Ichthyol.
Explor. Freshwat. 10(4):355-370.

Claro-García, A. & Shibatta, A.O. 2013. The fish fauna
of streams from the upper rio Tocantins basin,
Goiás State, Brazil. Check List, 9: 028–033.

Colwell, R.K. & Elsensohn, J.E. 2014. EstimateS turns
20: statistical estimation of species richness and
shared  species  from  samples,  with  non-
parametric extrapolation.  Ecography, 37: 609-
613.

Ferreira,  E.A.B.  &  Tokarski,  D.J.  2007. Bacia
Hidrográfica  do  Alto  Tocantins  Retrato  e
Reflexões. São  Paulo:  ECODATA.  WWF  –
Brasil. 102 p.

Felfili,  J.M.,  Nascimento,  A.R.T.,  Fagg,  C.W.  &
Meirelles, E.M. 2007. Floristic composition and
community structure of a seasonally deciduous
forest on limestone outcrops in central Brazil.
Revista Brasileira de Botânica,  30: 611-621. 

Lévêque, C., Oberdorff, T., Paugy, D., Stiassny, M.L.J.
& Tedesco,  P.A. 2008. Global diversity of fish
(Pisces)  in  freshwater.  Developments  in
Hydrobiology, 595: 545-567.

Goulding,  M., Barthem, R. & Ferreira,  E.J.G. 2003.
The  Smithsonian  atlas  of  the  Amazon.
Washington: Smithsonian Books. 253 p. 

Heltshe,  J.F.  &  Forrester,  N.E.  1983.  Estimating
species richness using the jackknife procedure.
Biometrics, 39: 1-11.

Hubert,  N.,  &  Renno.  J.F.  2006.  Historical
biogeography  of  South  American  freshwater
fishes.  Journal  of  Biogeography,  33:  1414-
1436.

Lorion, C. M. & Kennedy, B. P. 2009 Riparian forest
buffers  mitigate  the  effects  of  deforestationon
fish assemblages in tropical headwater streams.
Ecological Applications, 19(2): 468 – 479.

Lowe-McConell,  R.H.  1987.  Ecological  Studies  in
Tropical  Fish  Communities.  Cambridge:
Cambridge University, 382p.

Lucena,  C.A.S.  &  Kullander,  N.  O.  1992.  The
Crenicichla (Teleostei: Cichlidae) species of the

Pan-American Journal of Aquatic Sciences (2017), 12(2): 135-145



Icthyofauna from Barro Alto and Niquelândia 145

Uruguai  River  drainage  in  Brazil.  Ichthyol.
Explor. Freshwat. 3(2):97-160. 

Lundberg,  J.G.M.,  Kottelat,  G.R.,  Smith,  M.L.J.,
Stiassny A.D. & Gill, A.C. 2000. So many fishes
so  little  time:  an  overview  of  recent
ichthyological discovery in continental waters.
Annals of the Missouri Botanical Garden, 87:
26-62.

Lucinda,  P.H.F.,  Agostinho,  C.S.  & Oliveira.  R.F.D.
2007.  Fish,  Lajeado  reservoir,  rio  Tocantins
drainage, state of Tocantins, Brazil. Check List,
3: 70-83

McCune,  B.  &  Grace,  J.B.  2002.  Analysis  of
Ecological  Communities. Oregon  :  MjM
Software, 304 p.

Malabarba, M.C.S.L. 2004. Revision of the neotropical
genus  Triportheus Cope, 1872 (Characiformes:
Characidae).  Neotropical Ichthyology, 2: 167-
204. 

Mazzoni, R., Moraes, M.: Rezende C.F. & Miranda,
J.C.  2010.  Alimentação  e  padrões
ecomorfológicos  das  espécies  de  peixes  de
riacho  do  alto  rio  Tocantins,  Goiás,  Brasil.
Iheringia, Sér. Zool., 100: 162-168.

Melo, T.L., Tejerina-Garro, F.L. & Melo, C.E. 2007.
Diversidade biológica da comunidade de peixes
no baixo rio das Mortes, Mato Grosso, Brasil.
Revista Brasileira de Zoologia, 24: 657–665.

Mérona, B., Juras, A.A. Dos Santos, G.A. & Cintra.
I.H.A. 2010. Os peixes e a pesca no baixo Rio
Tocantins:  vinte  anos  depois  da  usina
hidroelétrica  Tucuruí.  Brasília:  Eletrobrás  –
Eletronorte. 208 p.

Miranda,  J.C.  &  Mazzoni,  R.  2009.  Estrutura  e
persistência temporal da comunidade de peixes
de  três  riachos  do  Alto  Rio  Tocantins,  GO.
Biota Neotropical, 9: 77 – 78.

Montgomery,  D.R.  1999.  Process  domains  and  the
river  continum.  Journal  of  the  American
Water Resources Association, 35:397–410.

Nelson, J.S. 2006. Fishes of the World. 4th ed. New
Jersey: John Wiley and Sons, 601 p.

Oksanen, J. F., Blanchet, G., Friendly, M., Kindt, R.,
Legendre,  P.,  McGlinn,  D.,    Minchin,  P.  R.,
O'Hara,  R.  B.,  Simpson,  G.  L.,  Solymos,  P.,
Stevens,  P.  H.  H.,  Szoecs,  E.  &  Wagner,  H.
2017. vegan: Community Ecology Package. R
package  version  2.4-2.  acessible  at
https://CRAN.R-project.org/package=vegan

R Core Team. 2015. R: A language and environment
for  statistical  computing.  R  Foundation  for
Statistical Computing, Vienna, Austria, acessible
at https://www.R-project.org/.

Ratter,  J., Ribeiro, J.F. & Bridgewater, S. 1997. The
Brazilian Cerrado Vegetation and Threats to its
Biodiversity. Annals of Botany, 80: 223-230.

Reis,  R.E.  1997.  Revision  of  the  neotropical  catfish
genus Hoplosternum (Ostariophysi: Siluriformes:
Callichthyidae), with the description of two new
genera and three new species. Ichthyol. Explor.
Freshwat. 7:299-326.

Reis,  R.E.,  Kullander,  S.O.  &  Ferraris  J.R.  2003.
Check list of the freshwater fishes of South
and Central America. Porto Alegre: Edipucrs,
742 p.

Santos,  G.M.,  Mérona,  B.,  Juras  A.A.  &  Jégu.  M.
2004. Peixes do baixo Rio Tocantins. Brasília:
Eletronorte. 215 p. 

Shibatta, O.A., Gealh, A.M. & Bennemann, S.T. 2007.
Ictiofauna dos trechos alto e médio da bacia do
rio Tibagi, Paraná, Brasil. Biota Neotrópica, 7:
125–134. 

Soares-Porto, L.M. 1994. Auchenipterichthys dantei, a
new species of catfish from the Amazon Basin
(Siluriformes:  Auchenipteridae).  Ichthyol.
Explor. Freshwat. 5(3):281-287.

Vannote,  R.L.,  Minshall,  G.W.,  Cummins,  K.W.,
Sedell,  J.R.  & Cushing,  C.E.  1980.  The river
continuum  concept.  Canadian  Journal  of
fisheries and aquatic science, 37:130-137.

Vari, R.P. & Reis, R. E. 1995. Curimata acutirostris, a
new  fish  (Teleostei:  Characiformes:
Curimatidae)  from  the  Rio  Araguaia,  Brazil:
description  and  phylogenetic  relationships.
Ichthyol. Explor. Freshwat. 6(4):297-304.

Vari,  R.P.  &  Malabarba,  L.R.  1998.  Neotropical
Ichthyology: an overview. In: Malabarba, L.R.,
Reis, R.E., Vari, R.P., Lucena, Z.M.S. & Lucena,
C.A.S. (Orgs).  Phylogeny and classification of
Neotropical  fishes. Porto Alegre:  EDIPUCRS,
543 p. 

Vieira, T.B. & Tejetina-Garro, F.L. 2014. Assessment
of  fish  assemblages  in  streams  of  different
orders in the Upper Paraná River basin, Central
Brazil.  Iheringia,  Série  Zoologia,  104:175-
183.

Zar,  J.H. 1999.  Biostatistical  analysis. New Jersey:
Prentice Hall, 872 p.

Received: November 2016
Accepted: April 2017
Published: July 2017

Pan-American Journal of Aquatic Sciences (2017), 12(2): 135-145


