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ABSTRACT

The relationship between habitats and the ichthyofauna composition in the Parque Nacional das Emas
(PNE) and adjacent areas (the Araguaia and Sucuril rivers) are provided and could be applied in deter-
mining the Park’ s future zoning. Samples of the ichthyofauna and limnological parameters were obtained
during both dry (September 1999) and wet (December 1999) seasons. | chthyofauna collections resulted
in the capture of 4,740 specimens of 22 species. The most abundant species in the Araguaia River during
the two sampling seasons were Astyanax sp. 2 and Hasemania sp. In the Sucurit River and PNE, Astyanax
scabripinnis cf. paranae and Hoplias aff. malabaricus were the most frequent species. The largest number
of species and diversity index were recorded for the Araguaia River. However, sound management policies
require more detailed studies on the fish communities of the Cerrado biome.
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RESUMO

A ictiofauna do Par que Nacional das Emas e imediacdes. composicdo e estrutura

Com o objetivo de obter informagdes béasi cas para o futuro zoneamento do Parque Nacional das Emas
(PNE), foram realizadas amostragens ictiofaunisticas e de parametros limndél dgicos durante o periodo
de seca (setembro/1999) e de chuvas (dezembro/1999) em estacdes de coletas localizadas no interior
do Parque e em é&reas adjacentes (rios Araguaia e Sucurit). Foram capturados 4.740 individuos, distri-
buidos em 22 espécies. Entre as espécies mais abundantes destacam-se Astyanax sp. 2 e Hasemania sp.
no rio Araguaia e Astyanax scabripinnis cf. paranae e Hoplias aff. malabaricus no rio Sucurit e PNE.
A maior diversidade de espécies foi constatada para o rio Araguaia. Entretanto, para que medidas de
manejo possam ser tomadas de forma criteriosa, estudos ecol gicos mais detal hados das comunidades
de peixes do cerrado devem ser conduzidos.

Palavras-chave: cerrado, Parque Nacional das Emas, ictiofauna, diversidade.

INTRODUCTION Brazil’ s agricultura frontiers are till expanding in

a central-western direction, the present cerrado is

The cerrado of central Brazil coverstwo million  highly fragmented, with its original area reduced to
square kilometers and makes up the second largest  about 20% (Myers et al., 2000). The headwaters of
biomain South America (Troppmair, 1995). Since  the main hydrographic basins of the Brazilian central
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plateau are in the cerrado region. But in recent years,
they have been highly modified by gold prospection,
dam construction (Menezes, 1994), agricultural
activities, and deforestation. Although the Emas
National Park (PNE) isalegally protected area, it
isnot completely free of anthropic dteration wrought
by mechanized agriculture and intensive use of toxic
product in soybean and corn plantations.

The Eletrobrés Expansion Plan 1999-2008 aims
at the construction of two hydroelectric plants,
[tumirim on the Correntes River, Paranaiba basin and
Couto Magdhées on the Araguaia River, both directly
affecting the headwaters of the rivers surrounding
the Park. At present, it isimpossible to foresee how
those impacts and other environmental changes may
affect the fish assemblages. Thisis partly dueto scanty
knowledge of their diversity. Although PNE isreported
to have exuberant vertebrate fauna, the ichthyofauna
has up to now been poorly surveyed.

Headwater regions are known to have low fish
densities and high endemism, and therefore are very
relevant biologically. For purposes of historical
reconstruction, fish, especially endemic species,
are highly informative organisms (Caramaschi,
1993). Our research aimsto report on the relationship
between habitats and the ichthyofauna composition
in PNE and adjacent region. Thisinformation could
be applied in determining future park zoning, which
isessentia in park management and in elaborating
strategies for conscientious use of environmental
resources.

MATERIAL AND METHODS

The Emas National Park (PNE), which has
about 133,000 ha, islocated in the southwestern region
of the State of Goias, Brazil, bordering the states of
Mato Grosso and Mato Grosso do Sul. The main
biome of the PNE is cerrado, which is subdivided
into riparian vegetation, humid fields, shrub- and grass-
covered areas and veredas (Ribeiro & Walter, 1998).
Climate includes a very dry season from April to
September with temperatures sometimes reaching
below 0°C, and arainy season from October to March,
with temperatures up to 40°C. Intensive agricultural
activities surround the perimeter of PNE. Within these
highly exploited areas are the headwaters of some
of the main hydrographic basins, such as Taguari
(Paraguay River Basin), Araguaia (Tocantins River
Basin) and the tributaries of the Paranaiba (the
Sucurit, Jacuba, and Formoso rivers).
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Five sampling sites were established in the
PNE station: Formoso River (FORM), Jacuba River
(JACU), CapivaraRiver (CAPI), and the Agua Ruim
(RUIM) and Buriti Torto (BURI) streams. Two other
stations were established at the headwater of the
rivers adjacent to the Park, SUC on the Sucurit
River, with only one site (SUCU), and the Araguaia
River (ARA) with two sites: Assentamento (ASSE)
and Cabeceira (CABE) (Table 1).

Limnological parameters and ichthyofauna
samples were obtained during the dry (September
1999) and wet (December 1999) seasons. However,
the ASSE stewas only sampled during the wet season
and the abiotic parameters of the RUIM site were
collected only during this period. Fishing apparatus,
used a dawn and at dusk, consisted of gill netswith
different mesh types (1.5 to 10 cm), double stick neck
(25 m), seines, sieves, and baited traps. Underwater
observation where also performed to assume that
all non-cryptic species where collected.

Limnological parameters of water tempe-
rature, pH, electrical conductivity, dissolved oxy-
gen, and water transparence were taken at dawn.
At the stations, information like geographic
positions, depth, substrate, current speed, and
vegetation type were taken when the fishing
apparatus were installed.

Fish samples were grouped according to stations
(PNE, SUC, and ARA), collection sites, and sampling
seasons. Spatia and tempord andysis of ichthyofauna
diversity were done using Shannon-Wiener diversity
index (Pielou, 1975): H' = —Z (ni/N) x log,(ni/N),
where ni = number of individuals of speciesi, and
N = total number of captured individuds. Equitability
(E) was obtained by H'/H’__, whereH' _ =log, S,
speciesrichness (S) conssted of the number of species
in a sampling unit.

Station ordination based on species com-
position and abundance was analyzed using prin-
cipal components analysis (PCA). Correlation
between principal components and environmental
variables (water temperature, pH, dissolved oxygen,
and water transparence) was determined by multiple
regression between axis stores (E) and environmental
variables (V) (Zar, 1974): E=b0 + b1V1 + b2V2.

RESULTS

During the dry period, maximum water
temperature and pH were registered at the headwaters
of the Araguaia River whereas the highest concen-
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trations of dissolved oxygen were reported for JACU
and SUCU. Water transparence reached its highest
valvue among sampled areas in CAPI during the
dry and rainy seasons. Water temperature, pH,
electric conductivity, and dissolved oxygen presented
their highest valuesin JACU during the rainy season
(Fig. 1).

The substrate was predominantly sandy in all
sampled environments. Aguatic macrophytes were
present at al collection sites, with the exception of
ASSE. For all sites sampled, current speeds were
lower than 0.6 m/s; at CABE it was practically
stagnant (Table 1). The riverbanks outside the PNE
area had scanty riparian vegetation, specialy in the
Sucuritl River, while in various stretches of the park
(RUIM and JACU) the margins showed a siltation
process due to agricultural and cattle raising activities
in the adjacent aress.

| chthyofauna collections resulted in the capture
of 4,740 specimens. 32% were caught during the
dry period and 68% during the rainy one. Specimens
were distributed in 22 species, out of which 15 (68%)
were only generically identified (Table 2).

In ARA, the highest captures were reported
during the dry (78.3%) and rainy (91.9%) seasons.
In PNE and SUC, specimen capture was highest
during the dry, with 16.4% and 5.3%, respectively.

The order Characiformes had the highest
numerica representation (95%) and species (70.8%)
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in capture. It was followed by the orders Cyprino-
dontiformes (4.3%) in number of individuals and
Siluriformes (20.8%) in species number.

During the two sampling seasons, the most
abundant speciesin ARA were Astyanax sp. 2 and
Hasemania sp. (Fig. 2). In SUC and PNE, Astyanax
scabripinnis cf. paranae and Hopliasaff. malabaricus
were the most frequent species. Leporinus cf.
paranensiswas among the most abundant from cap-
turesin PNE for both seasons, and Rivulus pictus
was abundant only in the rainy season. Synbranchus
sp. 2 had its highest capturesin SUC in the rainy
season.

Astyanax scabripinnis cf. paranae was the most
abundant (frequency higher than 60%) among the
captures at all the collection sites within PNE (Fig.
3) during the dry season. The Agua Ruim Stream was
the exception, since only Characidium &ff. zebra and
Rivulus pictus were found. Rivulus pictus was also
reported in BURI with less than 33% frequency. In
fact, it was the sole species captured in BURI during
the rainy season, and it was al so reported in RUIM
and JACU. Astyanax scabripinnis cf. paranae was
the most frequent speciesin JACU and FORM, with
afrequency lower than that reported in the dry period
(49.2% and 59.2%, respectively). R. pictus (14.6%),
L. paranensis (9.7%), and H. aff. malabaricus (9.7%)
were the most frequent speciesin PNE during the
rainy season.

TABLE 1
Biotic and abiotic characteristics of habitats sampled inside Emas National Park and the headwaters of the Sucuriu
and Araguaia rivers (C = current speed; D = depth; M = macrophytes;
RV =riparian vegetation).

Station Site Latitude | Longitude | C (m/s) D (m) Substrate M RV (%
S (W) covering)
PNE | FORM | 18°15.80° 52°53.47 0.56 3.10 Fine sand Present 100
BURI |18°07'31.6" | 52°54'49.8" 054 1.70 Muddy Present 100
CAPI 18°16.20° 52°50.47 0.65 3.90 Muddy Present 80
JACU | 18°08.25 52°44.09 0.29 2.95 Sand Present 50
RUIM | 18°08.24 52°44.84 - - Sand Present 30
SucC SUCU | 18°25.32 52°56.24' 0.26 2.20 Non- Margin 30-80
temperized
Siltite
ARA CABE | 17°53.82 53°07.38' 0.07 2.65 Sand Present 50
ASSE | 17°41.29 53°14.13 - - Sand and Absent 80
mud
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Fig. 1 — Mean values and standard deviation of sampled environmental parameters according to sampling period.
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TABLE 2
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List of species and families (Britski, 1999) sampled, and number of the voucher/specimens deposited in Nupélia's
collections (parentheses); « = Parana River Basin; ¢ = Tocantins-Araguaia Basin.

Species

Collections

CHRARACIFORMES ORDER

Family Crenuchidae

- Characidium aff. zebra Eigenmann, 1909
" -Characidiumsp. 1

" Characidiumsp. 2

805(1), 813(1), 2313(7)
2314(1), 2316(1)
2315(26)

Family Curimatidae
" Cyphocharax sp.

816(55), 1560(492), 2319(5)

Family Anostomidae
-Leporinus cf. paranensis Garavello & Britski,

" Leporinus marcgravii Litken, 1875

792(7), 793(6), 799(6), 800(1),
810(6), 1949(1), 1950(4), 2310(1)
831(4), 1941(8), 1943(3)

Family Erythrinidae
- Hoplias aff. malabaricus (Bloch, 1794)

- 794(7), 795(4), 801(1), 802(4), 808(11),

811(1), 2306(15), 2311(1)
" 814(5), 815(6), 1559(5)

Family Characidae
Subfamily Tetragonopterinae
- Astyanax scabripinnis cf. paranae Eigenmann, 1927

" Astyanax sp. 1

" Astyanax sp. 2

" Astyanax sp. 3

" Hasemania sp.

" Hyphessobrycon sp. 1
" Hyphessobrycon sp. 2

796(56), 797(18), 803(39),
809(67), 812(82), 1948(21)

833(35), 1945(41), 2320(96)
836(417), 1944(229), 2321(11)
834(13), 1942(25), 1946(79), 2322(1)
835(354), 2325(10)

-804(1), 2312(7) " 838(180)
2317(211)

ORDER SILURIFORMES

Family Auchenipteridae
" Tatiaintermedia (Steindachner, 1876)

830(2)

Family Pimelodidae
" Imparfinis sp.
" Rhamdia sp.

840(6)
839(1), 1947(1)

Family Loricariidae
" Hisonotus sp.

2323(1)

ORDER CYPRINODONTIFORMES

Family Poeciliidae
" Phalloceros sp.

832(104), 2318(24)

Braz. J. Biol., 64(3A): 371-382, 2004



BENEDITO-CECILIO, E. et al.

376

TABLE 2 (Continued).

Collections

Species

Family Rivulidae

798(9), 806(2), 807(2), 2304(2), 2307(10), 2309(14)

- Rivulus pictus Costa, 1989

SYMBRANCHIFORMES ORDER

Family Synbranchidae
" Synbranchus sp. 1

2324(1)

2305(16), 2308(1)

" Synbranchus sp. 2
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Fig. 2 — Frequency distribution of species captured per collection station inside PNE during the sampling period.
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The largest number of species and diversity  lower than SUC during the dry one. In SUC the wet
indices were reported for ARA. Diversity and equitas season also coincided with the highest species
bility were higher in PNE during thewet seasonand  equitability (Fig. 4).
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Fig. 4 — Shannon-Winner diversity (H’), equitability (Equit), and species richness (between parentheses) per analysis and environment
period.
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Axes E1 and E2 of PCA solved 85% of
variance (Fig. 5). Axis E1 showed species richness,
while axis E2 grouped at its extremities the stations
with the highest abundance of individuals. ARA was
the most distinct sampled environment both in the
dry and the flooding season. Thirteen out of the 14
pecies captured in ARA during the dry season were
exclusive to this environment. Eleven out of 15
species only occurred in this environment during the
rainy period. Environments PNE and SUC were
similar with regard to species composition and
abundance. SUC was, however, the poorest in all
parameters of the fish communities.

Multiple correlation coefficients, which corres-
pond to maximum correlation of axes E1 and E2
with environmental variables (Table 3), were high
for water temperature, dissolved oxygen, and con-
ductivity (higher than 65% of correlation). These
values, however, were not significant at 0.05.

DISCUSSION

The intense degradation in the cerrado allied
to the high speed at which many habitats are being

lost within this bioma makes rapid ichthyofaunigtical
surveys an urgent matter. In the region of Emas
Nationa Park, the ichthyofauna has never up to now
been systematically studied. Thus, even a brief
assessment covering two distinct seasons (rainy and
dry) represents an important contribution.

The neotropical regions are known to harbor
adiverse fauna of fishes (Lowe-McConnell, 1991).
From the data obtained, the Characiformes were the
most common order, whether in individuals or
species. Other studies have raised Characiformes
and Siluriformes to dominant in species, specimens,
and biomass in Brazilian rivers (Britski, 1992;
Godinho, 1993). The order Cyprinodontiformes was
the second most abundant in PNE in number of
individuals. Thus, the Characidae Astyanax
scabripinnis cf. paranae was the most abundant
among the 22 species captured, and Rivulus pictus
the most abundant during the rainy period, which
could be dueto its seasond life cycle (Bagtos, 1979).
Thereis at least another species from the Rivulidae
family in PNE, the endemic Simpsonichthys
parallelus, recently described by Costa (2000), which
was not captured in this survey.
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ARA-C

Richness
o
IN

suc-s

PNE-S

suc-c

PNE-C

-0.8 -0.4 0.0

0.4 0.8 1.2
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Fig. 5 — Representation of PCA factors relating composition and abundance of species in the sampled environments.
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TABLE 3
Values for coordinate bl e b2 for the axes E1 e E2, intercept (a), coefficient of correlation (r) and probability of
multiple regression between the axes and the environmental variables.

TAG pH oD Cond. Transp.
El -2.79 0.62 215 -1.06 -1.2
E2 —6.24 2.63 6.41 -4.42 -3.19
a 26.99 3.24 2.57 5.98 45
r 0.85 0.62 0.81 0.89 0.52
p 0.14 0.47 021 0.08 0.62

Species distribution is related to dispersion
limitations (access of species to a certain area),
behavior (habitat selection) species interactions
(predation, parasitism, competition, and disease),
and to physical (temperature, light, etc.) and chemical
(oxygen, sdlinity, pH, nutrients, etc.) factors (Ojeda
& Dearborn, 1989; Chittenden et al., 1993).
Angermeier & Karr (1983) stated that food
availability, intense predation, and species tolerance
range to physical and chemicd conditions generally
impose conflicting selective pressures on environ-
mental use by individuas, and a so regulate species
abundance. Thus, H. aff. malabaricusis a highly
successful piscivorous speciesin PNE and SUCU.
High prey availability, mainly represented by A.
scabripinnis cf. paranae and even by juveniles of
the same species, and watercourse traits such as
transparence and low speed, explain the success of
this predator in its environmental use.

On the other hand, according to information
collected from natives of the region, H. aff.
malabaricus was introduced into the Sucurit River
and the PNE region during the 1960s. The H. aff.
malabaricus food habits were important in building
asimplified food chain model, which probably led
towards the disappearance of other species that
would have existed in the area.

Although theoretical information on diversity
indexes has been highly criticized (Statzner, 1981,
Hughes & Noss, 1992), diversity measures are useful
in evaluating both habitat availability and envi-
ronmental conditions. In fact, they contribute to
understanding certain aspects of a community’s
gructure. Variability estimates are useful as monitoring
tools (Keefe & Bergersen, 1977), while the Shannon-
Winner index, together with richness and equitability

Braz. J. Biol., 64(3A): 371-382, 2004

indexes, help in the analysis of acommunity’s struc-
tural components and by describing qualitative
differences. Thisindex is more richness-sensitive
(Solow, 1993) as well as sensitive to abundance of
rare species (Krebs, 1989), independently of any
hypothetical distribution, such as log normal and
logarithmic series (Krebs, 1986). In addition, it is
related to entropy (Hutcheson, 1970), i.e., to the
measurement of order (or disorder) in the community.

The diversity (H') was highest in PNE and
ARA during the wet season, as well as the number
of speciesin all systems. The capture of rivulid
and Synbranchiformes specimens during the wet
period was facilitated by the sampling methods
used. In fact, the fish bury themselves in the mud
during the dry season (Bastos, 1979). During the
wet season fish presumably emerge and seek refuge
or are easy prey to vertebrate predators, even
though the number of individuals captured during
this period is greater.

Coordinates b1 and b2 values on axes E1 and
E2 and the variables water temperature, conductivity,
and transparence had opposite projections from those
of pH and dissolved oxygen. Since pH was very close
to O for E1, the influence of this variable was low
for species richness in the analyzed environments.
Further, PNE and SUCU ichthyofauna were more
dmilar between them than to ARA in the two collection
periods, both in occurrence and species abundance.

This results had in fact been expected since
the first two environments have tributaries originating
in the Plata Basin, while the Araguaia River belongs
to the Tocantins Basin. Although the sampled
environments are headwater rivers, PNE and SUCU
have low species richness, which suggests the
existence of natural barriers nearby that make
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dispersion difficult. There is about a 15-meter
waterfall downstream in the Sucurit River, smaller
ones exist in the Formoso, Capivari, and Jacuba
rivers. The Itumirum hydroelectric plant is scheduled
to be built downstream in the Correntes River on
the site of two other waterfalls.

Possible environmental impacts caused by
hydrod ectric plant congtruction bringsto mind Bazzoli
et al. (1991) who observed that the transformation
of Brazilian riversinto a series of artificial lakesis
occurring much faster than necessary and prior to
any adequate biologica and ecologicd investigation
of aquatic fauna. Taking into account the possible
endemism of ichthyofauna and its unexplored scien-
tific characteridtics, it isimperative that: (1) environ-
mental use, whether for hydroelectric energy
production or agriculture in the region must await
establishment of management plans; and (2) the
headwaters of the Sucurit and Araguaiarivers become
legally protected areas. But management will only
be possible if more surveys, as well as detailed
ecologica studies have been undertaken. These studies
must aim to clarify problems related to the function
and structure of ecosystems. Otherwise, because of
shortsighted economic purposes an irreplaceable
biological heritage will be lost in aregion of great
importance which is the Brazilian Cerrado.
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