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ABSTRACT. The ichthyofauna of the Taquari River, one of the main tributaries of the South Pantanal, has been studied since the 1970s; however,
there is a gap on the studies about the ichthyofauna present on the small adventitious streams of this highly dendritic system. These streams are small
tributaries that flow directly into large rivers (mainstem), at least three orders greater in magnitude. The aim of this study was to analyze the structure
of the ichthyofauna of five adventitious streams of the Upper Taquari River, South Pantanal, evaluating its temporal variation (dry and wet season) and
the relation to the habitat characteristics and the conservation of the streams. Thirty-seven species were collected, from which 14 are exclusive to the
Paraguay River basin, one species [Apteronotus albifrons (Linnaeus, 1766)] could represent a new record for this basin, and six species need taxonomic
confirmation. The analysis indicated only the existence of spatial variation in the ichthyofauna structure of the streams sampled, with the similarity
patterns related to the distance between the streams and to their conditions of conservation. The stream with greater size and preserved riparian forest
was the one with the highest values of fish diversity and evenness. On the other hand, the stream with the smallest percentage of riparian forest and
highest proximity to urban area presented the lowest diversity. The small size of these adventitious systems should serve as protection against large
predators, which have their access to those areas hampered by their own size. Otherwise, the mainstem may also act as source of dispersal of small-bodied
schooling fishes to the adventitious streams, where the greater heterogeneity of habitats and the presence of riparian vegetation should offer shelter and
food supply for small species.

KEYWORDS. Lotic habitat, diversity, fish, Paraguay River basin, Upper Taquari River.

RESUMO. Estrutura da ictiofauna de riachos adventicios do Pantanal Sul. A ictiofauna do Rio Taquari, um dos principais afluentes do Pantanal
Sul, foi estudada desde a década de 70; entretanto, ha uma lacuna nos estudos sobre a ictiofauna presente nos pequenos rios adventicios deste sistema
altamente dendritico. Esses riachos sdo pequenos tributarios que fluem diretamente para grandes rios, pelo menos trés ordens maiores em magnitude. O
objetivo do presente estudo foi analisar a estrutura da ictiofauna de cinco riachos adventicios do Alto Rio Taquari, Pantanal Sul, avaliando sua variagdo
temporal (estagdo seca e chuvosa) e sua relagdo com as caracteristicas do habitat e a conservagao dos riachos. Foram coletadas 37 espécies, das quais 14
s30 de ocorréncia exclusiva na bacia do Rio Paraguai, uma espécie [Apteronotus albifrons (Linnaeus, 1766)] pode representar uma nova ocorréncia nessa
bacia e seis espécies ainda necessitam de confirmagao taxondmica. A analise indicou somente a existéncia de variagdo espacial na estrutura da ictiofauna
dos riachos amostrados, com os padrdes de similaridade relacionados a distancia entre os riachos e as condigdes de conservagdo. O riacho com maior
tamanho e com vegetacao riparia bem preservada apresentou os maiores valores de diversidade e equitabilidade. Por outro lado, o riacho com o menor
porcentual de cobertura vegetal e maior proximidade com a area urbana apresentou menor diversidade. O pequeno tamanho desses sistemas adventicios
deve servir como protegdo contra grandes predadores, que tém acesso a essas areas prejudicadas por seu proprio tamanho. Por outro lado, o rio principal
também pode atuar como fonte de dispersdo de peixes de cardumes para os riachos adventicios, onde a maior heterogeneidade de habitats e a presenga
de mata ciliar devem oferecer abrigo e suprimento de alimento para espécies pequenas.

PALAVRAS-CHAVE. Ambientes léticos, diversidade, peixes, bacia do Rio Paraguai, Alto Rio Taquari.

The distribution of the ichthyofauna in rivers with
wetland can be analyzed in two distinct compartments, the
plateau region with lotic environments and the floodplain
region where the flood pulse exerts a strong influence on the
ecological processes (WILLINK ef al., 2000; GALDINO et al.,
2006). In this complex integrated system, little emphasis has
been placed on the study of adventitious streams or adjacent
small rivers. Adventitious streams are small tributaries (1%
to 3" order) that flow directly into large rivers (mainstem) at

least three orders greater in magnitude (GORMAN, 1986). In
these environments, species composition may vary according
to watershed structure, species potential of migration and
environmental conditions (HITT & ANGERMEIER, 2006).
Seasonally, adventitious streams may show more or less
variation in their species composition according to the entry
of migratory species (GORMAN, 1986), which inhabits the
areas located further downstream (PAVANELLI & CARAMASCHI,
2003; SCHAEFER & KERFOOT, 2004). Thus, the interface
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between adventitious streams and the mainstem may present
a fish assemblage diverse and variable over time (SCHAEFER
& KERFOOT, 2004) due to the connectivity of these stream
types (THOMAS & HAYES, 2006).

THOMAS & HAYES (2006) examined the fish community
and habitat structure of one fifth-order mainstem, two second-
order adventitious tributaries to the mainstem, and three
second-order headwater streams and verified that fish species
richness generally increased with increasing stream order
and was similar but higher in the adventitious streams than
in the headwater streams. Factors in addition to stream order,
such as stream connectivity and temperature (THOMAS &
Haves, 20006), stream environmental characteristics and
stream channel location within a network (OSBORNE & WILEY,
1992; GRENOUILLET ef al., 2004; THORNBRUGH & GIDO,
2010; HITT & ANGERMEIER, 2011) are also indicated as
important determinants of stream fish assemblage in this
type of drainage network.

The Taquari River is one of the main tributaries
draining the South Pantanal. The ichthyofauna of this river
has been studied since the 1970s, with the objective of
improving knowledge for conservation and fisheries purposes
of the Pantanal (CATELLA et al., 1996; WILLINK ef al., 2000;
RESENDE & SANTOS, 2002; ROTTA, 2003; BRITSKI et al.,
2007; FROEHLICH et al., 2017). However, there is a gap
on the studies about the ichthyofauna present on the small
adventitious streams of this highly dendritic system of the
Upper Taquari River basin, represented by species dependent
on the stream conditions of conservation, with potential
occurrence of endemism, and that still needs more studies
(FROEHLICH et al., 2017).

Thus, the present work aims to analyze and compare
spatially and temporally the structure of the ichthyofauna of
five adventitious streams of the Taquari River, evaluating its
relation to the characteristics and conservation of the streams.
The hypothesis is of a spatial difference in the structure of
the ichthyofauna, with greater diversity in the streams with
characteristics more stable temporally and in better state of
environmental preservation.

The work also intends to contribute to the knowledge
of the ichthyofaunal structure of adventitious streams, an
important ecosystem of the central-western region of Brazil.
As pointed out by WILLINK e al. (2000), the main threats to
the fishes of the Pantanal area are due to human occupation,
leading to the removal of riparian forest, which alters the
habitat quality for the aquatic fauna.

MATERIAL AND METHODS

The study was carried out in five adventitious streams
of the Upper Taquari River Basin (Fig. 1). The Taquari
River is located on the left bank of the Upper Paraguay
Basin, which, together with the Parana and Uruguay Basins,
forms the Prata Basin (PIEDRA-CUEvA, 2009). In the area,
the savanna with open arboreal vegetation and the pasture
predominate (ANTAS & NASCIMENTO, 1996; BRrASIL, 1997).
The climatic regime is characterized by a dry season in the
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Fig. 1. Location of Mato Grosso do Sul state in Brazil (MS), the state
being delimited by the Paraguay River to the west, with the studied area
in the Taquari River indicated by a rectangle (map above) and amplified to
indicate the location of the studied streams (map below) (Streams: 1, Oleo;
2, Cabeceira Comprida; 3, Firmino; 4, Toni; 5, Aldeia).

middle of the year that can last from 3 to 4 months and a rainy
season at the end and beginning of each year (IBGE, 1990).

The five adventitious streams studied comprised three
of first order and two of second order, characterized by small
dimensions and extension, moderate current, predominantly
sandy-clay substrate and presence of riparian vegetation (Tab. I).
However, some differences between the streams can be
emphasized, such as rocky substrate in Toni stream, less
shading in Aldeia stream, and higher values of extension,
width, depth, current and discharge in Cabeceira Comprida
and Aldeia streams. The Toni stream was also the one that
presented the highest values for most limnologic variables
analyzed (Tab. I).

The fish were sampled two times in the dry season
(June and August 2007) and two in the wet season (December
2007 and February 2008) (Collection license IMASUL/MS,
n° 23/100605/2008). In each stream, a stretch of 75 meters was
selected, located at a distance of 0.4 to 1.8 km from the mouth
on the Taquari River (Tab. I) with the aim of minimizing
the effect of floods near the mainstem. The selected sample
sections present typical characteristics of small-order streams
(1%t and 2™ order), with a good representation of pool-run-
riffle mesohabitats.
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Tab. I. Characterization of the five adventitious streams of the Taquari River basin, Brazil being presented the mean and standard deviation of the variables
measured during four months of sampling (June, August and December 2007; February 2008). Total extension and distance of the sample section from
the mouth at the Taquari River were estimated from an IBGE cartographic map 1:100.000 (Firmino stream was not registered).

Variables Oleo C. Comprida Firmino Toni Aldeia
Channel order It 2nd I 2nd I
Extension (km) 5.5 10.0 - 4.0 6.0
Distance (km) 0.7 1.1 0.4 1.8 1.2
Substrate Sandy-clay Sandy-clay Sandy-clay Rocky Sandy
Degree of shading (%) 95.1+1.2 98.5+0.6 99.0+1.2 87.7+2.8 54.3+£5.5
Width (m) 1.7+0.1 2.4+0.2 1.4+0.1 2.0+0.2 2.5+0.5
Depth (cm) 5.6+1.0 13.4£1.9 4.6+0.8 5.6+0.9 11.842.1
Current (m/s) 0.33+0.03 0.44 +0.09 0.31+0.06 0.09+0.09 0.47+0.15
Discharge (m?/s) 0.034+0.09 0.158+0.089 0.020+0.008 0.002+0.004 0.199+0.095
Dissolved oxygen (mg/1) 9.6£1.0 9.4+0.8 9.1+0.4 5.9+£2.5 9.1£0.8
Conductivity (uS/cm) 16.5£2.2 22.0£5.1 10.7+£0.9 268.6+£23.2 5.3£1.3
Alkalinity (mg/1) 11.1£0.3 14.6+2.7 6.9£+0.6 34.6t£14.2 4.0+£0.4
Hardness (mg/1) 3.4+0.5 7.0£2.8 3.9+0.6 87.1+£56.9 1.4+0.8
pH 6.8+0.1 7.1£0.1 6.7+0.1 6.8+0.2 5.9+0.1
Total phosphorus (png/l) 19.846.8 40.5+33.8 29.8+15.5 20.9+12.2 12.6+4.3
Total nitrogen (pg/l) 116.2432.4 136.4+117.3 108.5+122.2 237.5+104.9 67.8+103.0

The fish were sampled using seine (4.5 meters long)
and sieve (0.8 x 0.6 m), both made with a 2.5 x 1 mm mesh
size. The 75 meters stretch was divided into 15 areas of 5
meters each, repeating the sampling methodology described
below in the 15 areas, from downstream to upstream direction.
Two collectors maintained the seine downstream of the area
while, five meters above, two other collectors walked kicking
the substrate until the seine, which was carefully lifted and
inspected. After this procedure, and with the seine reinstalled
at the same site, two collectors used the sieve on the marginal
vegetation, and then lifted and inspected the net again. The
specimens captured were preserved on ice in the field and,
in the laboratory, were fixed in 10% formaldehyde. After
one week, the specimens were transferred and stored in 70%
alcohol. The fish were identified (BRrITSKI ef al., 2007) and
specimens of all species were deposited at the Museu de
Zoologia da Universidade de Sao Paulo (MZUSP 103723
to 103857).

The absolute abundance data was analyzed for fish
assemblage differences between streams (spatial) and seasons
(temporal), using the statistical package Primer version
6.1.12 & Permanova + version 1.0.2.

The abundance data of all replicates (two months per
season in each of the five streams) was log (x+1) transformed
and used to construct a matrix of similarity (Bray-Curtis
coefficient), for which the Non-Metric Multidimensional
Scaling (NMDS) ordination technique was applied. The
vectors of the species that presented total relative abundance
above 5% were projected on the ordination. The quality
of NMDS adjustment was obtained through the stress
measure, considered ideal when the stress value is less than
or equal to 10% (KiNDT & CoOE, 2005). Using the same
matrix of similarity, a Permutation Multivariate Analysis of
Variance (PERMANOVA) and a Permutation Multivariate
Dispersion (PERMDISP) were used to test for spatial and
seasonal differences and for the interaction between both

factors (ANDERSON ef al., 2008). A significant value of
PERMANOVA (p<0.01) indicates that there are disparities
between the groups, but this difference can be determined
by the factor analyzed or by the dispersion of data. Thus, to
understand the origin of this difference, it should be applied a
PERMDISP, where a non-significant value (p>0.01) indicates
that the differences are due to the analyzed factor, in which
case a pairwise test is applied.

The Shannon-Wiener diversity (H’, base 2) and the
Simpson Evenness (E 1/D) indices were calculated from
the abundance data of the fish species (KREBS, 1999). The
significance of spatial and seasonal differences on the
diversity indices was verified using a ¢ test (ZAR, 1974).

Species dominance curves were constructed by stream
and season, with species ranked in decreasing order of
abundance and x-axis on a log scale (BROWER & ZAR, 1984).

RESULTS

In the five studied adventitious streams, 37 species
were collected, belonging to 17 families (Tab. II). The
orders Characiformes (5 families, 15 species), Siluriformes
(5 families, 12 species) and Gymnotiformes (4 families,
6 species) presented the greatest number of families and
species, with the first two orders representing 73% of the
total species captured. The orders Cyprinodontiformes
(1 family, 1 species), Synbranchiformes (1 family, 1 species)
and Perciformes (1 family, 2 species) were the ones less
represented in the streams.

From the 37 species sampled, only five presented
a relative total abundance higher than 5%, with the
predominance of Characidium cf. zebra and Hyphessobrycon
herbertaxelrodi (Tab. III). The similarity analysis between
streams and seasons, considering the fish abundance data of
the four replicates (two per season in each stream), showed
mainly spatial patterns. The NMDS ordination applied
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Tab. II. Fish species sampled in five adventitious streams of Taquari River basin, Brazil and their occurrence in the Paraguay (PY) and Upper Parana
(PA) sub-basins, according to the checklist presented by FROEHLICH ef al. (2017) (+, present; -, absent; ?, specific name not determined).

Family Species PY PA
Characidae Astyanax abramis (Jenyns, 1842) + -
Astyanax asuncionensis Géry, 1972 + -
Astyanax lineatus (Perugia, 1891) + -
Astyanax marionae Eigenmann, 1911 + -
Bryconamericus exodon Eigenmann, 1907 + +
Hyphessobrycon herbertaxelrodi Géry, 1961 + +
Jupiaba acanthogaster (Eigenmann, 1911) + -
Moenkhausia sanctaefilomenae (Steindachner, 1907) + +
Piabarchus analis (Eigenmann, 1914) + -
Serrapinnus kriegi (Schindler, 1937) + -
Crenuchidae Characidium cf. zebra Eigenmann, 1909 + +
Erythrinidae Hoplerythrinus unitaeniatus (Spix & Agassiz, 1829) + +
Hoplias malabaricus (Bloch, 1794) + +
Lebiasinidae Pyrrhulina australis Eigenmann & Kennedy, 1903 + +
Parodontidae Parodon nasus Kner, 1859 + +
Apteronotidae Apteronotus albifrons (Linnaeus, 1766) - +
Gymnotidae Gymnotus pantanal Fernandes et al., 2005 + -
Gymnotus paraguensis Albert & Crampton, 2003 + +
Gymnotus sp. Linnaeus, 1758 ? ?
Hypopomidae Brachyhypopomus sp. ? ?
Sternopygidae Sternopygus macrurus (Bloch & Schneider, 1801) + +
Auchenipteridae Tatia neivai (Ihering, 1930) + +
Callichthyidae Callichthys callichthys (Linnaeus, 1758) + +
Corydoras aeneus (Gill, 1858) + +
Heptapteridae Imparfinis stictonotus (Fowler, 1940) + -
Phenacorhamdia hoehnei (Miranda Ribeiro, 1914) + -
Rhamdia quelen (Quoy & Gaimard, 1824) + +
Loricariidae Ancistrus sp. Kner, 1854 ? ?
Hypostomus sp. 1 ? ?
Hypostomus sp. 2 ? ?
Hypostomus sp. 3 ? ?
Loricariichthys platymetopon Isbriicker & Nijssen, 1979 + +
Trichomycteridae Ituglanis eichorniarum (Miranda Ribeiro, 1912) + -
Rivulidae Melanorivulus punctatus (Boulenger, 1895) + -
Synbranchidae Synbranchus marmoratus Bloch, 1795 + +
Cichlidae Aequidens plagiozonatus Kullander, 1984 + -
Crenicichla lepidota Heckel, 1840 + -

Tab. III. Absolute abundance of fish species sampled in five adventitious streams of Taquari River basin, Brazil during the dry (D) and wet season
(W), and the percentage (%) of the total abundance per species (Streams: O, Oleo; C, Cabeceira Comprida; F, Firmino; T, Toni; A, Aldeia).

Species OD oW CD CW FD FW TD ™W AD AW %

A. abramis - 4 - - 1 2 - - 1 - 0.45
A. asuncionensis 19 8 - - 6 6 21 2 7 34 5.81
A. lineatus 20 3 1 1 5 1 - - - - 1.75
A. marionae - - - - 1 1 - - - - 0.11
B. exodon 8 86 - - 6 46 - - - - 8.24
H. herbertaxelrodi - - - - - - 80 - 180 37 16.76
J. acanthogaster - - 15 18 - - 8 - 17 7 3.67
M. sanctafilomenae - - - 1 - - 1 2 3 - 0.40
P. analis 2 7 - - 7 - - - - - 0.90
S. kriegi 3 - - - - - - - - - 0.17
C. cf. zebra 214 35 22 22 165 36 2 - - - 27.99
H. unitaeniatus - 1 - - - - - - - - 0.06
H. malabaricus - - - - - - 1 8 3 1 0.73
P. australis - - - - 2 1 2 - 4 - 0.51
P, nasus - - - 1 - - - - - - 0.06
A. albifrons - - - 1 - - - - - - 0.06
G. pantanal - - - - 1 - - - - - 0.06
G. paraguensis - - - - 1 - - - - - 0.06
Gymnotus sp. - - - - 1 - - - - - 0.06
Brachyhypopomus sp. - - 1 1 - - 1 - - - 0.17
S. macrurus 1 - - - - - - - - - 0.06
T. neivai - - 12 9 - - - - - - 1.19
C. callichthys - - - - 1 4 - 8 - - 0.73
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Tab. I1I. Cont.

Species OD oW CD CW FD FW TD ™W AD AW %
C. aeneus 3 1 15 31 - - - - - - 2.82
1. stictonotus - - - - - 18 5 46 3 4.06
P. hoehnei - 2 11 8 - - - - - - 1.19
R. quelen 7 2 10 10 27 24 1 - 3 1 4.80
Ancistrus sp. 3 - 7 2 - - - - - - 0.68
Hypostomus sp. 1 5 2 5 9 1 1 - - - - 1.30
Hypostomus sp. 2 3 3 8 11 1 2 - 39 - - 3.78
Hypostomus sp. 3 5 2 - 1 6 2 - - - - 0.90
L. platymetopon 1 - 8 7 - - - - - - 0.90
1. eichorniarum 4 2 18 15 48 51 1 6 4 8.41
M. punctatus - - - - - - 2 - 3 - 0.28
S. marmoratus - 1 1 - - 1 - 1 - - 0.23
A. plagiozonatus - - - - - - - 8 - - 0.45
C. lepidota - - 2 - - - - 1 1 - 0.23
Total abundance 298 159 136 148 280 178 138 74 274 87
to those data (Fig. 2) showed a high similarity between 20 tress 01
Oleo and Firmino samples of both seasons, grouped by the
predominance of B. exodon and C. cf. zebra (Tab. III). The
Cabeceira Comprida samples of both seasons had in common
mainly species with intermediate abundance, although .
presented also, with Firmino samples, the predominance of
R. quelen and I. eichorniarum. The Toni and Aldeia stream .
samples showed a greater dispersion in the NMDS ordination, A0D
with only two replicates grouped by the highest abundance of Aow
Astyanax asuncionensis and four by the highest abundance s%\f
of Hyphessobrycon herbertaxelrodi (Tab. 111, Fig. 2). ®rw
The PERMANOVA analysis did not indicate 2%
significant difference for the factor season (pseudo-F=1.28, v

p=0.258) and for the interaction between season and
stream (pseudo-F=0.77, p=0.724). The difference occurred
only between streams (pseudo-F=4.46, p<0.001) and the
PERMDISP confirmed that this difference was determined
by the factor analyzed and not by the dispersion of data
(pseudo-F=6.06, p=0.041). The pair-wise test did not showed
significant difference only between Oleo and Firmino stream
and between Toni and Aldeia stream.

Higher values of richness and abundance in the dry
season and higher values of diversity and evenness in the
wet season were found for most streams, except for the
Cabeceira Comprida stream where the inverse occurred
(Tab. IV). The test applied to the diversity index data showed
significant differences between the diversity values of the
Cabeceira Comprida and the values of all other streams (at
both seasons), the diversity values of Firmino stream wet
season and the values of most stream/season, and a seasonal
difference only for Firmino stream (Tab. V).

The species dominance curves (Fig. 3) reinforced
patterns of spatial variation, such as high dominance in Oleo,
Firmino and Aldeia stream, mainly in the dry season, and high
evenness in the Cabeceira Comprida stream at both seasons.

DISCUSSION

The ichthyofauna of neotropical rivers is characterized
by the predominance of species of the orders Characiformes
and Siluriformes, with the families Characidae and

Fig. 2. Results of the ordination (NMDS) analysis applied to fish species
(abundance data) sampled in five streams of the Taquari River basin, during
the wet (W) and dry (D) season (two replicates per season). All species were
used in the analysis but only species with more than 5% of total abundance
were plotted in the graphic (Streams: O, Oleo; C, Cabeceira Comprida;
F, Firmino; T, Toni; A, Aldeia. Species: Aasu, Astyanax asuncionensis;
Bexo, Bryconamericus exodon; Czeb, Characidium cf. zebra; Hher,
Hyphessobrycon herbertaxelrodi; leic, Ituglanis eichorniarum; Rque,
Rhamdia quelen).

Cominance?%

Species rank

Fig. 3. Species dominance curves of the five streams of the Taquari River
basin, constructed with the fish species abundance data on the dry (D) and
wet season (W) (Streams: O, Oleo; C, Cabeceira Comprida; F, Firmino;
T, Toni; A, Aldeia).

Loricariidae representing most species (REIs ef al., 2003).
This same structure was also described for the ichthyofauna
of the aquatic ecosystems of the Pantanal area, located in
Mato Grosso do Sul state (WILLINK ef al., 2000; FROEHLICH
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Tab. IV. Parameters calculated for the fish fauna sampled in five streams of Taquari River basin Brazil during the dry (D) and wet season (W).

Oleo C Comprida Firmino Toni Aldeia
Parameters W D W D w D w D w
Richness 15 15 17 17 14 12 9 12 7
Total abundance 298 159 136 148 280 178 138 76 274 87
Diversity (H*) 1.777 2.260 3514 3.430 2.088 2.593 2.014 2.357 1.769 1.867
Eveness (E1/D) 0.127 0.192 0.673 0.515 0.151 0.340 0.219 0.330 0.179 0.416
Tab. V. Results of the diversity index comparison (t test). * Values significantly different (a = 0.05).

ow OD CwW CD FW FD ™ TD AW
OD 1.670 - - - - - - - -
CwW -5.304%* -6.795%* - - - - - - -
CD -6.000* -7.462* -0.609 - - - - - -
FW -1.418 -3.185* 4.782* 5.750%* - - - - -
FD 0.636 -1.068 6.043* 6.772%* 2.141* - - - -
™ 0.084 -1.747 6.353* 7.342% 1.733 -0.621 - - -
TD 0.956 -0.854 6.919* 7.808%* 2.634* 0.284 0.983 - -
AW 1.713 -0.356 9.301* 10.796* 3.898%* 0.955 1.885 0.686 -
AD 1.840 0.030 7.673%* 8.525% 3.570%* 1.188 1.960 0.965 0.435

et al., 2017), and for the adventitious streams of the Upper
Taquari River studied here.

For the area of the Paraguay River basin, that drains
the Pantanal and Plateau regions, BRITsKI ef al. (2007) cited
the occurrence of 269 fish species. For the same region, but
covering only the state of Mato Grosso do Sul, FROEHLICH et
al. (2017) recorded 257 species, with all the species identified
in the five adventitious streams studied here present in this
list. Those species represent 14% of the total species listed by
FROEHLICH et al. (2017), what emphasizes the need of more
studies in the headwater streams of this area. Comparing the
species sampled with the list presented by FROEHLICH et al.
(2017), we find 14 of exclusive occurrence in the Paraguay
River basin and 16 shared with the Parana River basin.

The species Apteronotus albifrons could represent a
new record for the Paraguay River basin list, but difficult
to confirm since only one individual was collected. It was
not possible to make the identification of one individual of
Gymmnotus and of three individuals of Brachyhypopomus,
which if confirmed to be G. sylvius and B. gauderio could
also be representing new records for the Paraguay River, as
the presence of those two species was not indicated for this
river basin by FROEHLICH et al. (2017).

For Ancistrus sp., although only 4. cuiabae was
included in the list of Paraguay River basin it is not possible
to confirm that the 12 specimens sampled in two streams are
this species because the troglobitic species A. formoso can
also occur in headwaters of this basin (FROEHLICH ef al.,
2017). For the genus Hypostomus, which had three species
not identified in our work, there are still many systematic
problems to investigate. As pointed out by FROEHLICH et al.
(2017), the number of fish species on the list of Mato Grosso
do Sul state is still incomplete, especially in the headwaters
region, and much material already deposited in the scientific
collections need identification and a more through revision,
with some species still difficult to identify.

Characidium cf. zebra is described as a benthopelagic
species, dominant in upper stretches of low-order streams
characterized by sandy-rock substrate (FROESE & PauLy, 2010).
The predominance of this species in the Oleo and Firmino
streams could be related to their habitat characteristics,
being both of 1% order and with the smallest values of width
and depth.

The low richness and the high dominance of H.
herbertaxelrodi in Toni and Aldeia streams, mainly in the
dry season, was determinant for the high similarity found
between both. In Aldeia stream, the flow increase common
in the wet season may be related to the reduction in the
abundance of this species (about five times). Species of
the genus Hyphessobrycon are common in sandy bottom
Amazonian streams (BUHRNHEIM, 2002; ZUANON et al.,
2006) and a lower abundance of H. aff. melazonatus have
been reported in the wet season due to fish displacement to
other areas during this period of high flow (BUHRNHEIM,
2002). For Toni stream, the occurrence of this species only
during the dry season may be related to a temporary isolation
of the sampled stretch, determined by a strong reduction
of the flow at the end of the dry season and beginning of
the wet season that happened during the study. Characidae
specimens were found trapped in pools located above the
stretch studied (CY Fujihara, personal communication).

The similarity between Aldeia and Toni stream can
also be interpreted as a possible movement of fish between
closer streams, using the Taquari River as a route for the
displacement. The Taquari River presents a set of rapids
and small waterfalls near the mouths of those streams, but
maybe they do not form significant barriers for the species
studied. Although not directly tested, the similarity patterns
may be related to the distance between the streams and to the
conservation conditions of the environments. Considering
these two variables, the Aldeia and Toni streams are closer to
each other and could be more subject to anthropic influence,
as they are located closer to the city of Coxim. The highest
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values of conductivity, alkalinity, hardness and nitrogen found
in Toni stream and the smallest value of riparian vegetation
cover found in Aldeia stream corroborates this hypothesis
of anthropic influence.

Although CAsATTI ef al. (2005) emphasized that some
Hypostomus species are more generalist in respect to habitat
occupation, foraging in diverse substrates and occurring in
streams with or without riparian vegetation, this situation
may not apply to the three species sampled in the adventitious
streams. The occurrence of three non-determined species of
Hypostomus in the four streams with high degree of shading,
and their absence in the stream with the lowest vegetation
cover, may be related to the preservation of the riparian
vegetation. This vegetation is the main source of wood debris,
that can provide substrate for peryphyton grow (ANGERMEIER
& KARR, 1984) and is the preferable microhabitat for some
Hypostomus species that forage by scraping periphyton
(UIEDA et al., 1997; CasatTr, 2002).

The highest values of diversity found in the Cabeceira
Comprida stream when compared to other streams can be
related to its greater size, high values of depth and degree
of shading. The highest values of evenness and the seasonal
similarity in the species abundance can be indicative of the
greater stability of this large stream, with small amount of
riffles and well preserved riparian forest.

Although a low effect of seasonality over the structure
of this fish assemblage occurred in the streams studied
here, other works developed in adventitious streams found
a seasonal variation. In some places it can be expected a
seasonal variation in species richness and abundance, with a
decrease during dry periods when the fish would temporarily
relocate to the mainstem, or an increase at certain times each
year when this place may be used for spawning by dwelling
fish, as found by GOrRMAN (1986) in Indiana. In adventitious
streams located in Michigan, THOMAS & HAYEs (2006) also
found a temporal richness variability, suggesting that some
species moved between streams for life stage-specific habitat
requirements. In two adventitious streams (2 and 3" order)
of the Parana River, PAVANELLI & CArRAMASCHI (2003) found
that the ichthyofauna composition and distribution was
influenced by the mainstem in a spatial and temporal scale,
with an increase of migratory species and/or habitats diversity
caused by the flood pulses. FLORES et al. (2009), studying the
ichthyofauna of a tributary stream of the Parana River, found
seasonal variation only in the downstream region, attributing
to the influence of the fish species of the Upper Parana that
probably use this region as a breeding area. Thus, as proposed
by GorMAN (1986), the influence of the seasonality upon
the ichthyofaunal structure of adventitious streams seems to
vary depending on the studied region because of differences
in the mainstem assemblage.

In the adventitious streams studied here, the reduced
depth probably prevented the entrance of medium size
species (such as Schizodon borelli, Brycon hilarii and
Salminus hilarii) and large size species (such as Prochilodus
lineatus, Salminus brasiliensis, Piaractus mesopotamicus,

Pseudoplatistoma corruscans and P. fasciatum) that perform
reproductive migrations in the Taquari River (RESENDE &
SANTOS, 2002). In the Paraguay River floodplain, RESENDE
& SANTOS (2002) reported that large size catfish predators
attack schools of Prochilodus leaving lateral water bodies
to move up the mainriver. In the Parana River floodplain
many piscivorous species of medium and large size present
a broad spectrum of fish-preys, mainly small size characids
(Bozza & Hann, 2010).

Thus, the small size of these adventitious systems
should serve as a protection area against large predators,
which have their access to those areas hampered by their
own size. Otherwise, the mainstem may also act as source of
dispersal of small-bodied schooling fishes to the adventitious
streams, where the greater heterogeneity of habitats and
the presence of riparian vegetation should offer shelter
and food supply for small species. As the studies about
the ichthyofaunal composition of this system are still poor
developed, actions that can alter the flow of the river, such
as the installation of small hydroelectric power stations, or
that can promote deforestation, as human occupation and
exploitation of the land, in areas that involves the headwaters
need to be viewed with caution by the authorities.
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