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Spatial pattern of a fish assemblage in a seasonal tropical wetland:
effects of habitat, herbaceous plant biomass, water depth,

and distance from species sources

Izaias M. Fernandes', Francisco A. Machado? and Jerry Penha’

The influence of habitat, biomass of herbaceous vegetation, depth and distance from permanent water bodies on the structure
of fish assemblages of a seasonal floodplain was evaluated using data collected along 22 transects in an area of 25 km? in the
floodplain of Cuiab4 River, Pantanal, Brazil. Each transect was sampled for fish using throw traps and gillnets during the flood
period of 2006. Multivariate multiple regression analysis and multivariate analysis of covariance indicated that depth was the
only variable that affected the structure of the fish assemblage, both for quantitative data (abundance) and qualitative data
(presence-absence). Species such as Neofundulus parvipinnis and Laetacara dorsigera were more abundant in shallower
sites (below 25 cm), while Serrasalmus maculatus and Metynnis mola were found mostly in the deepest areas (over 55 cm).
However, species such as Hoplias malabaricus and Hoplerythrinus unitaeniatus occurred at all sampled depths. Although
the distribution of most species was restricted to a few sites, there was a positive relationship between species richness and
depth of the water body. Surprisingly, the replacement of native vegetation by exotic pasture did not affect the fish assemblage
in the area, at the probability level considered.

A influéncia do habitat, biomassa de vegetag@o herbacea, da profundidade e da distancia de corpos d’agua permanentes sobre
a estrutura da assembleia de peixes da planicie sazonalmente inundada foi avaliada com dados coletados em 22 transectos em
uma area de 25 km? na planicie de inundagao do rio Cuiaba, Pantanal. Cada transecto foi amostrado para peixes usando “throw
trap” e rede de espera no periodo de cheia de 2006. Analises de regressao multipla multivariada e analises de covariancia
multivariada indicaram que a profundidade foi a unica das variaveis consideradas no estudo que afetou a estrutura da assembleia
de peixes, tanto para os dados quantitativos (abundancia) quanto para os dados qualitativos (presenca-auséncia). Espécies
como Neofundulus parvipinnis e Laetacara dorsigera foram mais abundantes em locais mais rasos (abaixo de 25 cm), enquanto
as espécies Serrasalmus maculatus e Metynnis mola foram encontradas principalmente nos locais mais profundos (acima de
55 cm). Entretanto espécies como Hoplias malabaricus € Hoplerythrinus unitaeniatus ocorreram em todas as profundidades
amostradas. Apesar de grande parte das espécies apresentarem distribui¢do restrita a poucos locais, houve uma relagdo
positiva entre a riqueza de espécies e a profundidade do corpo d’agua. Surpreendentemente, no nivel de probabilidade
considerado, a substituicdo da vegetagdo nativa por pastagens exéticas ndo afetou a assembleia de peixes na area estudada.
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Introduction availability of nutrients in the system during flooding

stimulates the rapid growth of microorganisms, invertebrates

The floodplain of large rivers is an environmental mosaic
that includes permanent lotic environments (rivers), lentic
environments (lakes) and temporary water bodies. These
temporary water bodies are formed by the expansion of the
littoral zone of the permanent water bodies during each new
flood cycle (Junk et al., 1989; Ward et al., 2002). The high

and aquatic macrophytes, providing food and shelter for
species that exploit this environment (Jordan, et al., 1997,
Lowe-McConnell, 1999; Penha et al., 1999; Saint-Paul et al.,
2000; Agostinho et al., 2001; Li & Gelwick, 2005). The
magnitude and duration of the flood may act in a different
way on species that use temporary habitats to complete their
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life cycle, thus affecting the species composition of aquatic
communities that use the river-plain system (Arrington &
Winemiller, 2003; Petry et al., 2003; Thomaz et al., 2007).

Studies on the structure and dynamics of fish assemblages
of permanent water bodies in different floodplain river sys-
tems indicate that these assemblages are structured by a com-
bination of environmental variables, such as water transpar-
ency, morphometry of the water body and predation pressure
exerted by large piscivores (Rodriguez & Lewis, 1997; Tejerina-
Garro et al., 1998; Starez et al., 2001; Hoeinghaus et al., 2003),
as well as by the pool of species available during the period
in which the water bodies are permanently connected to the
river (Starez et al., 2001; Barko et al., 2006). While most aquatic
environments in the floodplain are formed by temporary ponds,
little is known about the factors that structure the fish
assemblages in this sub-system. The few studies carried out
on these temporary systems focus on the structure of the
fish assemblages in the temporary ponds, formed during the
retraction of the flood. These studies show that the
hydroperiod, the depth and the connection with permanent
water bodies, or distance from the permanent water bodies,
are the main factors that structure the assemblages in these
environments (Baber et al., 2002; Pazin et al., 2000).

Similar to other floodplain river systems, the Pantanal
floodplain is composed of seasonally flooded habitats and other
permanently dry ones, as a result of the subtle variations in
topography (Prance & Schaller, 1982). Among the habitats that
undergo seasonal flooding, the ones with different forest types,
savannas and grasslands, stand out. However, cattle farming in
this system has led to replacement of native vegetation by exotic
species, as an alternative to improving animal productivity (Junk,
2000). Many studies show that exotic species can reduce the
survival, density, biomass, species richness, diversity and
evenness as well ecosystem process in worldwide terrestrial
(Hoffmann et al., 2008; Hejda et al., 2009) and aquatic
environments (Latini & Petrere, 2004; Pelicice & Agostinho, 2009).
Thus, the replacement of native vegetation by exotic pasture
can affect the structure and dynamics of fish assemblages (Baber
etal.,2002) by altering the composition and abundance of native
plant species, as well as the hydrological conditions of the
landscape. Herein, we investigate the effect of habitat, herbaceous
plant biomass, depth of the water column and distance from the
species source on the structure of the fish assemblages in a
changing seasonal floodplain of the Cuiaba River, in the North
Pantanal, Brazil. Our goal is to answer two main questions: (i)
which of these environmental variables affect the structure, the
composition and the species richness of fish assemblages? (ii)
does the replacement of native vegetation by exotic pasture
alter the structure, composition and species richness of fish
assemblages in this system?

Material and Methods

Study area
The Pantanal covers an area of approximately 140.000 km?
and is a mosaic of different habitats that supports a rich aquatic

Spatial pattern of a fish assemblage in a seasonal tropical wetland

and terrestrial biota. Situated in the Upper Paraguay Basin, in
the Central region of South America, between 16° and 22° S
and 55° and 58° W, it includes parts of the territories of Brazil,
Paraguay and Bolivia (Adamoli, 1982).

The vegetation of the region is influenced by four differ-
ent biomes: Amazonian forest, Cerrado, Chaco and Atlantic
Rainforest (Adamoli, 1982). According to the classification of
Koppen, the climate of the Pantanal is classified as Tropical
Climate - hot and humid - (PCBAP, 1997), hot and wet in the
summer, and dry and cold in the winter. The mean annual
temperature is 25°C, and from September to December the
absolute maximum temperatures exceed 40°C. The driest
months occur between June and August. Between May and
July the temperature is subject to abrupt drops as a result of
the cold fronts coming from Antarctica. The mean annual
precipitation in the Pantanal varies from 1100 to 1200 mm,
with a concentration of rainfall in December, January and
February (Adamoli, 1982; Mouréo et al., 2002).

Our study was carried out using a Site of Long-Term
Sampling (SLTS), situated in the Pantanal de Poconé, State of
Mato Grosso, Brazil (56°21'W ,56° 18'E, 16° 19'N, 16°22'S)
(Fig. 1). The area of study changes yearly from an aquatic to
terrestrial phase, from three to five months in the aquatic
phase, and from seven to nine months in terrestrial one. The
SLTS system includes 30 plots of 250 m systematically
distributed throughout an area of 25 km?. The plots have a
fixed length but variable width, adaptable to the taxon being
studied. For fish, we used the smallest width possible, which
in practice transforms the plot into a transect.

The plots follow the topographical level of the land and are
located at a minimum distance of 1 km from each other
(Magnusson et al., 2005). Performing samples in units that follow
the topography of the land has an important impact when working
with aquatic organisms as it minimizes the differences in depth
within a plot and maximizes the differences between plots. This
variable can then be included in the analysis models.

The SLTS system study design was established in three
private properties used for low density cattle ranching - about
16.03 individuals/km? The vegetation of the area is influenced
mainly by the Cerrado biome and it is typical to find fields with
native pasture, fields with exotic pasture and areas with arboreal
vegetation, distributed as a mosaic. In the former, the aquatic
phase promotes the appearance and increase of species
adapted to the presence of water, such as aquatic macrophytes
(Junk et al., 1989), and a reduction of species that do not support
flooding (Rebellato & Nunes da Cunha, 2005). The fields with
exotic pasture are made up almost exclusively by Brachiaria
humidicola (Rendle) Schweick vr. Lanero, a grass species that
is resistant to flooding. The sites with arboreal vegetation are
dominated mainly by three species: Cambara (Vochysia
divergens Pohl.), Landi (Callophyllon brasiliense Gam) and
Pimenteira (Licania parvifolia Huber).

Sampling
Data collection occurred in March 2006 during a flooded
period in the area in which 22 of the 30 plots were flooded. We
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Fig. 1. Geographical location of the study area and the Site of Long-Term Sampling (in the area). The system is installed in the

Pantanal, Brazil.

decided to sample in this month — about the middle of the
flooded period — because we believe that colonization rates
are high during the rising phase and extinction is high during
the receding water phase. Hence, in the middle of the period,
the colonization and extinction are probably equal and the
assemblage is more stable.

Fish were collected using two methods: throw trap —
(consisting of a cubic metal structure (1m?) with the four sides
covered by a nylon 1.5 mm mesh) — that is efficient for the
collection of individuals up to 100 mm in length (Jordan et al.,
1997; Baber et al., 2002, Pelicice et al., 2005), and gill net -
efficient for different size classes. These fishing techniques
were used on different days, so that one method did not
interfere with the efficiency of the other. As the capture
efficiency of each equipment varies with the environment
sampled, we used a combination of active and passive
collection gears, allowing the capture of both mobile and
sedentary species, as well as the capture of individuals in
different size classes (Weaver et al., 1993; Lapointe et al.,
2006). The throw trap was employed every 50 meters, starting
at point zero until 250m, making a total of six launches per
plot. The collector slowly approached the predetermined
point, waited for about 1 minute until the fish became used to

his/her presence, placed the throw trap quickly in the water
and then pressed it against the ground. The individuals cap-
tured in the trap were collected with the aid of a triangular fish
trap that was used until no additional fish was captured after
passing it 10 consecutive times through the throw trap. Parallel
to each plot, a battery of seven gill nets was distributed (mesh
size of 12, 15, 18, 20, 25, 30 and 50 mm between opposite
knots), each 20 m long and 1.5 m high. As the sampling sites
were shallow (<53 c¢m) only a portion of the nets remained
submerged in the water. The gill nets were positioned at 7:00
hs and removed at 17:00 hs, and inspected at 12:00 hs for
removing the captured specimens. Most studies use gill nets
for 24 hours, or between 15:00 and 10:00 hours, because fish
species are most active at sunset and sunrise. Not many
studies compare the community patterns that emerge from
diurnal samples compared to nocturnal samples and so it is
very difficult to assess the efficiency of our method. However,
Teixeira-de-Mello et al. (2009) did not find any differences in
the spatial-temporal patterns of fish communities present in
submerged macrophytes arising from changes in the sampling
shift on lakes in a subtropical and temperate climate. Further-
more, contrary to the expected, the density of fish was higher
during the day than at night (Teixeira-de-Mello ef al., 2009).
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In our study the decision to restrict the sample to the diurnal
period was due to the high predation rate of fish caught in
nets by alligators and birds, in addition to logistical limitations
(the assembly and review of the nets often involved covering,
on foot or on horseback, an area of 25 km?).

Captured fish were fixed in 10% formalin solution and pre-
served in 70% ethanol, identified to the species level, and mea-
sured for standard length (SL) using digital calipers to 0.01 mm.
The identification of each species was made using Britski ez al.
(1999), and nomenclature follows Reis ez al. (2003).

Six depth measurements of the water column were taken at
each plot, using a tape measure fixed to a pole, one at each
point where the throw trap was launched. The depth of the
water column in each plot was represented by the average of
the six measurements. The classification of the type of vegeta-
tion in each plot was based on the phytophysiognomical-
ecological system of the Brazilian Institute of Geography and
Statistics (IBGE, 1992). The vegetation was classified in three
types: fields with native pasture, fields with exotic pasture and
arboreal vegetation. Before removing the fish, the herbaceous
vegetation within the area bounded by the throw trap was cut
at ground level with the aid of a knife to obtain the biomass of
the herbaceous vegetation. The grass samples were packed in
plastic bags labeled for transport and then transferred to labeled
paper containers. In the laboratory, samples were kept in an
incubator at 40°C, until a constant mass was reached, and they
were then weighed. The herbaceous biomass in each plot was
represented by the average of six samples.

To define the colonization source of species for the plots,
the permanent water bodies within and near the SLTS were
mapped in October 2008, during the final dry phase (terrestrial
phase) in the study area. The permanent water body was
considered as a source of species for a plot when no
geographical barriers were observed between the two sites.
The Euclidean distance between each plot and the closest
permanent water body was calculated from the geographical
position of the two sites using a GPS (Geographic Positioning
System) Garmin Model eTrex Vista™. We are aware that this
distance measure is not the best way to represent distances
between locations in a drainage network. However, the
drainage system that distributes water from the flooded area
of the grid is formed from subtle variations in the elevation of
the land, and no secondary channels occur in the area. In this
context, any attempt to map these networks is a very difficult
task and not free of diagnostic errors. Thus, we chose to use
a distance measure with known limitations rather than one
which could be misleading.

Statistical analysis

The plots were ordered using Principal Coordinates
Analysis (PCoA) based on the abundance (quantitative) and
presence/absence data (qualitative) of the species (Anderson
& Willis, 2003). The quantitative data reveal the assemblage
pattern using the most common species as a base, as they
tend to have a large quantitative difference between sites.
Presence/absence data tend to give more weight to the rare
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species, since the common species occur in the majority of
the sites and, therefore, contribute very little towards the
qualitative differences between the sites (Mendonga et al.,
2005; Kinupp & Magnusson, 2005; Costa et al., 2005; Pazin et
al., 2006). The association matrix used in the PCoA was
constructed using the Bray-Curtis distance, after
standardization, dividing the number of individuals of each
species in a plot by the total number of individuals found in
that plot (Faith et al., 1987). For construction of the
association matrix with the presence/absence data, the
Serensen index was used (Legendre & Legendre, 1998). As
the three axes of the PCoA captured more than 50% of the
variation, they were extracted from the analysis and considered
to be representative of the strongest pattern in the assemblage
and are therefore considered in the subsequent analyses.

A Multivariate Multiple Regression was used to evaluate
which environmental variables are responsible for the major
variation in the composition of the assemblages. The
composition of the species at each site, represented by the
three axes of the PCoA, was the response variable and depth,
herbaceous biomass, and distance from the species source,
were the explanatory variables. In addition, Multiple Linear
Regression was used to investigate the effect of the
environmental variables on species richness.

A Multivariate Analysis of Covariance (MANCOVA) was
used to investigate the effect of exotic pasture introduction
on the composition of species in the assemblage. In this
analysis, the composition of species in the plots was used as
a response variable, depth (the environmental variable
selected in the Multivariate Multiple Regression model) was
used as the co-variable, and vegetation cover as the factor
one. We used the Analysis of Covariance (ANCOVA) to inves-
tigate the effect of the vegetation cover on species richness. In
this case, depth and herbaceous plant biomass, effective
variables in the Multiple Linear Regression model, were used
as covariables, and plant cover was used as a factor.

In order to evaluate the possible effect of the collection
equipment, all the analysis described above were carried out
using combined (throw trap and gill net) and separate (data
for throw traps and data for gill nets) data sets. Because the
results of the analysis were similar, we only show our analysis
for the combined set of data.

Results

Description of the sampled plots

Six out of twenty two sampled plots were covered by
arboreal vegetation, twelve had native grassland and four
had exotic pasture. The depth of the water column in the
plots ranged between 5.8 cm in plot A14 to 52.4 cm in plot
B02, with an average depth of 19.4 cm. The aerial biomass of
the herbaceous vegetation varied from 0.005 in plot D10 to
0.366 g/m?in plot C02, with an average of 0.112 g/m2. Some
plots were near permanent water bodies (61 m plot for C02),
while others were farther away (1518 m for plot A06) with an
average distance of 509 m (Table 1).
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Ichthyofauna

We captured 1117 individuals, distributed in six orders, 14
families and 49 species. The order with the highest richness
and abundance values was Characiformes, with 27 species
(75.83% of the total number of individuals collected), followed
by Perciformes, Siluriformes, Cyprinodontiformes,
Gymnotiformes and Synbranchiformes. Most of the species
caught were small; the largest individual caught was from the
species Leporinus macrocephalus (piavugu) measuring 340
mm standard length and the smallest one was from the species
Serrapinnus spp. (piquira) measuring 6.8 mm standard length.
The average standard length of specimens captured at SLTS
was 51.7 mm (Table 2).

Of the 49 captured species, seven represented 77% of all
captured individuals. The species with the largest number of
individuals were the characids Serrapinnus spp.,
Hoplerythrinus unitaeniatus, Hyphessobrycon elachys,
Pyrrhulina australis and Serrapinnus microdon and the
cichlids Cichlasoma dimerus and Laetacara dorsigera. The
rest of the 42 captured species each represented less than 4%
of the total number of captured individuals.

Relationship between the ichthyofauna and the environmental
variables

The three PCoA axes captured a large part of the distance
variation, both for quantitative (74.2%) and qualitative (56.6%)
data. Multivariate multiple regression indicated that the com-
position of species in the assemblage, represented by the three
PCoA axes, was only significantly related with water depth
(quantitative data: Pillai trace = 0.461, F3)1 =4.269,p=0.023;
qualitative data: Pillai trace = 0.663, F, =9.817,p= 0.001). To
illustrate the effect of depth on the distribution of fishes in the

Table 1. Data of biotic and abiotic variables from the 22
collection plots in Site of Long-Term Sampling (SLTS).
* Herbaceous plant biomass was not sampled in this plot.

Distance from

Plots delg/t[}?ézgm) Hgfg;‘:;zu(yﬁgt Colonizing Vegetal cover
source (m)

A02 33.6 0.080 1022 Arboreal
A06 19.9 0.058 1518 Arboreal
Al0 8.2 0.059 672 Native grassland
Al4 5.8 * 391 Native grassland
Al8 10.1 0.187 768 Native grassland
B02 52.4 0.124 363 Exotic pasture
B06 335 0.053 101 Native grassland
B10 37.7 0.058 636 Arboreal
C02 7.5 0.336 61 Exotic pasture
C10 11.7 0.187 597 Native grassland
Cl4 8.3 0.185 708 Native grassland
C18 8.0 0.128 221 Native grassland
D02 24.4 0.142 379 Exotic pasture
D06 32.8 0.113 148 Exotic pasture
D10 229 0.005 202 Arboreal
D14 12.6 0.082 832 Arboreal
D18 11.9 0.029 311 Native grassland
E02 21.0 0.043 327 Native grassland
E18 17.9 0.009 433 Arboreal
F02 18.6 0.125 972 Native grassland
F10 17.3 0.193 68 Native grassland
F18 9.4 0.162 477 Native grassland
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seasonal floodplain, the abundance of each species in the plots
was plotted against the depth of the water column (Fig. 2).
Based on the distribution of species in the depth gradient,
three groups were observed. The first group consisted of the
species Neofundulus parvipinnis, Laetacara dorsigera,
Merodoras nheco, Trigonectes balzanii, Megalechis
personatus, Lepthoplosternum pectorale and Rhamdia gr.
quelen, which occur in shallow areas with a maximum depth of
25 cm. The second group is made up of the species Serrasalmus
maculatus, Metynnis mola, Markiana negripinnis,
Chaetobranchopsis australis, Brachyhypopomus sp.,
Astyanax asuncionensis and Satanoperca pappaterra, oc-
curring in plots with a depth above 45 cm. For the third group
the depth was not a limiting factor in the distribution, i.e., these
species occurred throughout the sampled depth gradient (5 to
55 cm). This group of species consisted of Hoplias
malabaricus and Hoplerythrinus unitaeniatus,
Hyphessobrycon elachys, Serrapinnus spp. and Aphyocharax
anisitsi (Fig. 2).

The relationship between species richness (SR) in the plots
and depth (DP), herbaceous plant biomass (HB) and distance
from the source species (DC) was analyzed via a multiple
regression analysis. The model explained 85% of the variation in
the species richness (SR =-1.37+0.413DP +0.099HB + 0.003DC;
?=0.854; df=3,17; p<0.001). The richness of fish species was
positively related to depth (p<0.001, tol. = 0.878; Fig. 3a) and
distance from the colonizing source (p = 0.038, tol. 0.951; Fig.
3b), but not to herbaceous plant biomass (p = 0.933, tol. 0.853).

The effect of exotic pasture on the ichthyofauna

Since depth affected the composition of species in the
assemblage, in order to evaluate the effect of the exotic pasture
(type of vegetation), depth was considered a co-variable. The
analysis indicated that the composition of species of fish in
the area was not affected by the exotic pasture. This result was
consistent both with quantitative (MANCOVA: Slope
homogeneity test: Pillai trace = 0.478; Fﬁ’m: 1.57; p =0.190;
exotic pasture effect: Pillai trace=0.554; F 63— 2.169,p=0.071),
and qualitative (MANCOVA: Slope homogeneity test: Pillai
trace=0.234; F ,=0.66;p=0.68; exotic pasture effect: Pillai
trace=0.281; F ,,=0.297; p=0.488) data. The number of species
in the plots was also not affected by the replacement of native
vegetation with exotic pasture in the sampled area (ANCOVA:
Slope homogeneity test: F=2.660; df=2,13; p=0.108; distance
from colonizing source effect: F =3.437; df=2,13; p=0.063;
exotic pasture effect: F=1.062; df=2,17; p=0.368).

Discussion

Ichthyofauna

Although most studies in South American rivers show
the dominance of Characiformes and Siluriformes in relation
to other orders, we did not find the same pattern in our study.
Characiformes was the dominant order with regard to rich-
ness and abundance, but the order with the second highest
number of species and abundance was Perciformes, and
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Table 2. List of the species captured in the 22 plots in Site of Long-Term Sampling (SLTS). N = number of individuals, SL =
standard length (mm), SD = standard deviation, ML = maximum length attained by the species based in Reis ef al., 2003. *
Individuals captured by gillnet. ** Individuals captured by throw trap. *** Individuals captured in the two gear.

Order/Family/Species N SL(SD) ML
Characiformes
Acestrorhynchidae
Aphyocharax anisitsi Eigenmann & Kennedy, 1903 15 14(3) 55%*
Anostomidae
Leporinus lacustris Amaral Campos, 1945 6 84(17) 111*
Leporinus macrocephalus Garavello & Britski, 1988 1 340 400%*
Characidae
Aphyocharax nattereri (Steindachner, 1882) 12 17(3) 3]**
Aphyocharax rathbuni Eigenmann, 1907 1 24 26.9%*
Astyanax asuncionensis Géry, 1972 1 60 150%*
Brycon hilarii (Valenciennes, 1850) 5 148(37) 415*
Bryconamericus exodon Eigenmann, 1907 6 22(3) S57**
Charax leticiae Lucena, 1987 1 38 100**
Gymnocorymbus ternetzi (Boulenger, 1895) 15 35(5) 60%**
Hyphessobrycon elachys Weitzman, 1984 171 15(2) 17.9%*
Markiana nigripinnis (Perugia, 1891) 1 81 104%*
Metynnis mola Eigenmann & Kennedy, 1903 2 34(2) 150%**
Moenkhausia dichroura (Kner, 1858) 13 23(2) 100**
Poptella paraguayensis (Eigenmann, 1907) 3 30(2) 66**
Psellogrammus kennedyi (Eigenmann, 1903) 5 34(1) 59**
Serrasalmus maculatus Kner, 1858 1 62 210%*
Serrapinnus microdon (Eigenmann, 1915) 31 9(1) 39.2%*
Serrapinnus spp. 276 14(3) 32.4%*
Triportheus sp. 4 95(6) 158*
Crenuchidae
Characidium aff. zebra Eigenmann, 1909 7 13(5) 49%*
Curimatidae
Cyphocharax gillii (Eigenmann & Kennedy, 1903) 10 19(4) 88**
Steindachnerina brevipinna (Eigenmann & Eigenmann, 1889) 1 27 109**
Erythrinidae
Hoplerythrinus unitaeniatus (Spix & Agassiz, 1829) 191  139(34) 250%*
Hoplias malabaricus (Bloch, 1794) 28 131(57)  490***
Lebiasinidae
Pyrrhulina australis Eigenmann & Kennedy, 1903 35 18(5) 50%*
Siluriformes
Auchenipteridae
Trachelyopterus striatulus (Steindachner, 1877) 5 118(10) 220%*
Heptapteridae
Rhamdia gr. quelen (Quoy & Gaimard, 1824) 1 111 387*
Callichthyidae
Corydoras hastatus Eigenmann & Eigenmann, 1888 1 13 24 %%
Hoplosternum littorale (Hancock, 1828) 40 92(11) 158%*
Lepthoplosternum pectorale (Boulenger, 1895) 6 28(10) 60.3%*
Megalechis thoracata (Ranzani, 1841) 3 35(22) 124**
Doradidae
Merodoras nheco Higuchi, Birindelli, Sousa & Britski, 2007 2 22(2) 70%*
Perciformes
Cichlidae
Aequidens plagiozonatus Kullander, 1984 1 40 103*
Apistogramma borellii (Regan, 1906) 10 16(3) 39%*
Bujurquina vittata (Heckel, 1840) 2 39(37) TO***
Chaetobranchopsis australis Eigenmann & Ward, 1907 2 63(3) 120*
Cichlasoma dimerus (Heckel, 1840) 94 65(12) 117%**
Crenicichla lepidota Heckel, 1840 10 109(20) 180*
Gymnogeophagus balzanii (Perugia, 1891) 1 74 120%*
Laetacara dorsigera (Heckel, 1840) 63 18(6) 45%*
Satanoperca pappaterra (Heckel, 1840) 1 78 174*
Cyprinodontiformes
Rivulidae
Neofundulus parvipinnis Costa, 1988 2 38(10) 60%*
Plesiolebias glaucopterus (Costa & Lacerda, 1988) 3 20(11) 30%*
Plesiolebias sp. 1 16 30%*
Trigonectes balzanii (Perugia, 1891) 2 74(46)  120%**
Gymnotiformes
Hypopomidae
Brachyhypopomus sp. 2 108(8) 180%*
Synbranchiformes
Synbranchidae

Synbranchus marmoratus Bloch, 1795 1 131 1500%*
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Fig. 2. Distribution of the relative abundance of the 49 species
of fish captured in the 22 plots in Site of Long-Term Sampling
(SLTS), related to the depth at each of the collection plots.

Siluriformes was the third most abundant order. A similar pat-
tern was found by Pazin et al. (2006) in temporary ponds of
Central Amazonia. The seasonal floodplain, made up mostly
of shallow waters, is better exploited by Perciformes than
Characiformes. The Perciformes are probably more adapted
to this habitat because they are visually oriented fish and
often associated with transparent water (Lowe-McConnell,
1999; Rodriguez & Lewis, 1997), a predominant condition in
the seasonal floodplains in the Pantanal. Another factor that
may explain the dominance of Characiformes and Perciformes

295

is the time of day in which the samples were caught. Most
species of Siluriformes have nocturnal habits (Britiski et al.,
1999). Therefore, samples carried out only during the day
may have underestimated the number of species of this order
that inhabit the seasonally flooded plains.

The dominance of small sized species in the seasonal
floodplain is probably a result of the fact that small individuals
are more successful in finding shelter and food in shallow
areas, and are thus protected from predators that are abundant
in deep open waters (Power, 1984; Jepsen, 1997; Pelicice et
al., 2005). Individuals with a larger body size are more
vulnerable to predation by birds and are less agile in shallow
water (Power, 1984; Wills & Magnuson, 2000). Thus, smaller
species are probably more efficient at exploring the shallow
environments in the floodplains.

Some studies have shown that the juveniles of species
that have a reproductive migratory strategy use the seasonal
floodplains for feeding and growth (Agostinho et al., 2001;
Cunico et al., 2002). However, only five juvenile individuals
of Brycon hilarii and an adult of Leporinus macrocephalus,
two common migratory fishes, were captured in this study.
Thus, we think these species use either lakes (Saint-Paul et
al., 2000) or parts of the seasonal floodplain with greater depths
than those used in our study, and they occasionally enter the
flooded fields or forests in search of shelter, food or during
migration.

Relationship between the ichthyofauna and the environmental
variables

The influence of depth on the composition of species in a
fish assemblage was also observed in streams (Power, 1984;
Mendonga et al., 2005; Ferreira & Casatti, 2006), in temporary
environments (Kodric-Brown and Brown 1993; Baber et al.,
2002; Pazin et al., 2006), in floodplain lakes (Rodriguez &
Lewis, 1997; Tejerina-Garro et al., 1998) and in secondary
channels that join the lakes to the main river beds (Hoeinghaus
etal.,2003).

There are two main mechanisms by which depth must influ-
ence the fish assemblages of temporary water bodies in the
area. The first is that variation in the depth of the water column
between plots reflects the variation in the hydroperiod. The
greater the depth, the greater the hydroperiod of the plot and,
therefore, the greater the time available for the processes of
extinction and colonization to reach a balance and for the
richness and composition of species in the assemblage to sta-
bilize (MacArthur & Wilson, 1967). Even though very little is
known about the processes of colonization in tropical ecosys-
tems (Granado-Loréncio et al., 2005), as well as temporary
environments, it is possible to deduce that the deepest areas
are more likely to be colonized, since they remain flooded for
longer periods (Barber et al., 2002).

The second mechanism reflects the paths chosen by the
organisms and their ability for dispersal and colonizing the
newly flooded plain. The assemblages of the temporary wa-
ter bodies are assembled during floods and disassembled
during the ebb period (Arrington et al., 2005). The recently
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Fig. 3. Partial regressions testing the effects of water depth (left) and distance from colonizing source (right) on fish species
richness collected in 22 plots in Site of Long-Term Sampling (SLTS). Only statistically significant relationships are shown.

formed temporary environments are colonized by individu-
als from the permanent water bodies. The paths used for the
colonization of the floodplains are complex and influenced
by subtle variations in the topography of the land and by the
morphological characteristics of each species. Thus, deeper
areas that are the first to receive water from the floods are
virtually closer to permanent water bodies than shallow ar-
eas, which will only become available to aquatic organisms
as the flood advances.

An alternative hypothesis is that the relationship between
depth and richness reflect the relationship between species
and area, in this case species richness and volume.

Deeper environments may have a greater complexity of
habitats, supporting a larger number of fish species (Eadie et
al., 1986, Pianka, 1994), due to the occupation of the water
column in a stratified way (Mayo & Jackson, 2006). More-
over, the pressure of predation by water birds is potentially
smaller, due to the lower capture efficiency in deeper arcas
(Power, 1984). However, a positive relationship between rich-
ness and distance from the source of colonization may be
linked to the size of the individuals who occupy the season-
ally flooded plains. The small body size and morphological
adaptations of each species allow the dispersal of individuals
to sites that are distant from the permanent water bodies
thereby reducing the predation pressure by aquatic predators
that are living in these regions.

The effect of exotic pasture on the ichthyofauna

Contrary to our expectations, the conversion of fields with
native pasture to fields with exotic pasture did not influence
the fish assemblage in the study area. Two non-exclusive
factors may be responsible for the pattern found in this study.
First the effect of landscape - the four plots of exotic pasture
sampled are small patches located within a natural landscape
(trees and natural grasslands), in which species have a wide
distribution. Thus, the species may access the exotic pasture

with the same ease at which they can access the native veg-
etation, which could be why we did not find any effect of
changing the landscape in fish assemblages within the stud-
ied scale. Second, the effect of structural complexity - despite
the conversion of native vegetation to exotic pasture leading
to a reduction in the diversity of herbaceous species in natu-
ral grasslands, the opposite occurs when sites with woody
vegetation are converted to exotic pasture. Although exotic,
B. humidicola may have a similar structural complexity to
native species (Dibble ez al., 1996, Dibble et al., 2006; Pelicice
et al., 2008), so sites with exotic pasture may have a similar
habitat structure to the areas with natural vegetation.

In summary, the response of the fish community to
depth shows the importance that different habitats have
for species that live in the seasonally flooded plain and
the dependence of the species to specific depths. As the
depth reflects the intensity of flooding, flood control in
floodplain rivers can drastically affect the dynamics of fish
assemblages in these systems, consequently altering the
aquatic biota. Different from other systems in the Pantanal,
the replacement of natural vegetation by exotic pasture
apparently did not affect the fish assemblage, however,
we emphasize that the number of environments with exotic
plants in this study was low and that studies in landscapes
dominated by pastures are necessary for a better assess-
ment of their affect on the community.
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