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Fish assemblagesof tropical floodplain lagoons: exploring therole of
connectivity inadry year

Ana Cristina Petry*, Angelo Antonio Agostinho** and Luiz Carlos Gomes* *

Irregular rainfall and pronounced reductions of the hydrometric level intheyear 2000 resulted in drastically altered hydrological
connectivity of lentic environments in the upper Parana River floodplain. The objective of the present work was to examine
spatial and temporal patterns of fish assemblage attributes and structure in relation to limnological variables associated with
hydrological connectivity. Fish were collected quarterly by seining in the marginal areas of 15 lagoons belonging to two
biotopic categories (connected and disconnected). Variation in assemblage composition reflected the degree of hydrological
connectivity. Values of assemblage attributes (species richness, density and biomass) were significantly lower in connected
lagoonsthan in disconnected lagoons. Significantly higher values of speciesrichness and biomasswere recorded in November
than in August. Rare species had the greatest effect on observed patterns in fish assemblage ordination (DCA). Observed
patterns of variation in assemblage attributes were directly correlated with factorsrelated to hydrological connectivity, suchas
depth, resources (zooplankton and chlorophyll a) and nutrients (total phosphorus).

A irregularidade das chuvas e as redugdes pronunciadas no nivel hidrométrico alteraram drasticamente a conectividade
hidrol 6gica dos ambientes |énticos da planicie de inundagéo do ato rio Parana em 2000. O presente trabalho teve como
objetivo examinar os padres espaciais e temporais dos atributos e da estrutura das assembléias de peixes em relacdo a
variaveis limnol égicas associadas a conectividade hidrolégica. Os peixes foram coletados em arrastos trimestrais, na area
marginal de 15 lagoas, pertencentes a duas categorias de bitopos (lagoas conectadas e desconectadas). Variagdes na compo-
sicdo das assembléias refletiram o grau de conectividade hidroldgica. Os valores dos atributos das assembléias (riqueza de
espécies, densidade e biomassa capturada) foram significativamente menores em lagoas conectadas em relag@o a lagoas
desconectadas. Valores significativamente elevados de riqueza de espécies e biomassa capturada foram registrados em no-
vembro em relacdo a agosto. Espécies raras tiveram os maiores efeitos nos padrfes observados na ordenacéo das assembl éias
de peixes (DCA). Padrdes observados na variagdo dos atributos das assembl éias foram diretamente correl acionados a fatores
relacionados a conectividade hidrolégica, como a profundidade, os recursos (zoopléncton e clorofila a) e os nutrientes
(fosforo total).

K ey words: Neotropical fishes, fish assemblage structure, hydrological connectivity, floodplain.

Introduction permanent lagoons. Disconnection occurs with reduction of

the hydrometric level, in an asynchronous manner between

The dynamic nature of the hydrological regimein river-  biotopes as a function of topographical and morphometric

floodplain systems directly affects connectivity, especially  factors (e.g. lagoon shape), producing a spatially hete-

between superficial compartments of the river channel and  rogeneous landscape. The intensity and duration of the

adjacent areas. High hydrometric levels result in lateral  disconnection process can strongly affect chemical, physical

floodplain expansion and greater connectivity by forming and biological characteristics of the aquatic environment
temporary waterbodies and increasing water volume in  (Amoros& Roux, 1988; Tockner et al., 1999).
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Fig. 1. Study areawith location of sampling sitesin connected (1-6) and disconnected lagoons (7-15): 1 (Leopoldo),
2 (Manezinho), 3 (Pombas), 4 (MariaL uiza), 5 (Porcos), 6 (Ipaitd), 7 (Clara), 8 (Genipapo), 9 (Osmar), 10 (Pousada),
11 (Aurélio), 12 (Traira), 13 (Cervo), 14 (Jacaré), 15 (Capivara).

Past studiesin the Parana River floodplain revealed direct
relationships between the hydrological dynamic and
limnological variables, with spatial heterogeneity in the dry
season and homogeneity during flood periods (Agostinho et
al., 1995; Thomaz et al., 1997). Fish assemblage structure can
vary drastically even between adjacent biotopes, depending
onintrinsic factorsof each speciesin relation to environmental
factors, such as accessibility, habitat quality and resources
availability (Winemiller et al., 2000; Slarez et al., 2001; Okada
et al., 2003). Lentic environments of the upper Parana River
floodplain are preferential habitats for many small-sized and
sedentary species, and are important nursery areas for
migratory species (Agostinho et al., in press). The mainte-
nance and integrity of these biotopes, however, has been
seriously threatened by control of the hydrological regime
by dam operations upstream (Agostinho & Zaewski, 1996;
Agostinho et al., in press).

Prior to 1998 the hydrol ogical regime of the Parana River
was strongly seasonal with pronounced wet and dry periods
(Agostinho et al., in press). In 2000, the floodplain did not

experience sustained inundation (< 10 days in February and
inlate March) dueto scarcity of rainfall and outflow regulation
of the Parana River and its main tributaries. Consequently,
the hydrological connectivity of most lentic environments of
the floodplain was not re-established in what typically would
be the high water period. This atypical condition allowed us
to assess the effect of the hydrological connectivity degree
upon the fish fauna. Therefore, in this study we (i) evaluate
attributes (species richness, density and biomass) and
structure (composition and abundance) of fish assemblages
in connected and disconnected floodplain lagoons both
spatially and temporally, and (ii) assessrel ationships between
observed attributes and structure of the fish assemblages
and abiotic and biotic variablesdirectly related to hydrol ogical
connectivity in adry year.

Material and M ethods

Study area. The Parana River beginsin the central Brazilian
plateau and drains into the La Plata River after a journey of
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approximately 4,695 km south. In Brazilian territory, only the
stretch between Porto Primavera Dam and ltaipu Reservoir
(230 km) still has an extensive floodplain on its west margin
(<20 kmwide; Fig. 1). Speciescomposition and abundance of
several communities (zooplankton, phytoplankton, benthic
invertebrates, fishes and macrophytes) variesamong the main
aquatic and terrestrial biotopes (river channels, secondary
channels, permanent and temporary lagoons, wetlands,
aluvial plainand islands) of the upper ParanaRiver floodplain
(Agostinho et al., 1995; Agostinho et al., in press). In addition
to resident fish speciesthat spend their entirelife cycleinthe
floodplain, many migratory species use the floodplain only
during acertain stage of thelifecycle (Agostinho et al., 1993).
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The upper Parana River floodplain therefore supports
biodiversity in other regions aswell (Agostinho & Zalewski,
1996).

Prior to 1998, when filling of Porto Primavera Reservoir
began, the hydrological regime of the Parana River was
characterized by strong seasonal variation with pronounced
flood (November to May) and dry (June to October) periods.
In 2000, after compl etion of Porto Primavera, the hydrometric
level of the Parand River was much lower than in the previous
decade due to highly variable rainfall coupled with outflow
control by the dam (Fig. 2). Reduction of the flood intensity
resulted in decreased hydrological connectivity among most
lagoons located in fluvial islands and in the floodplain.

3
_~
o
o I
o - -
N’

J FMAMJ ]

A S O N D

Months

160

80
~~
e

L0
; I
N’

-160

FMAM A S O N D

Months

Fig. 2. Daily variation of pluviometric (a) and hydrometric levels (c) of the Parana River in 2000, measured at Porto S&o José
municipality, and difference between mean monthly pl uviometriq (b) and hydrometric levels (d) in 2000 (x,) and the last 10
years(x,). Datasupplied by DNAEE (Departamento Nacional de Aguas e Energia Elétrica). Dashed lineindicates water level
required for initial inundation of thefloodplain (Verissimo, 1994).
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Six connected and nine disconnected lagoons of the upper
Parana River floodplain (22°35'—22°55' S; 53°10'-53°40' W)
were sampled in February, May, August and November 2000.
Connected lagoons were permanently linked to themain river
by channelsvarying from 5to 80 mlong and 5 to 35 m wide.
Disconnected lagoons were generally more distant from the
main river channel (10—500 m) and wereisolated from March
1999 throughout the study period (although very short
duration connection may have occurred for lagoons close to
the river channel during the brief events mentioned
previously, see Fig. 2). Lagoons were generally elongate in
shape with surface area ranging between 0.5 and 15 ha.
Substrates consisted of either sand or mud, and the vegetation
was composed of free-floating macrophytes (e.g. Eichhornia
crassipes (Mart.) Solms) in open water areas and emergent
plants (e.g. Polygonum sp.) in littoral zones.

Sampling. Fishes were collected by diurnal seining (20 m x
2.4 m, 0.5 cm mesh) in marginal areas of each lagoon. All
individuals were identified, enumerated, weighed (g) and
classified according to Britski et al. (1999). Voucher specimens
were deposited in the I chthyological Collection of Nucleo de
pesquisasem Limnologia, Ictiologiae Aqicultura(Nupélia),
Universidade Estadual de Maringa. We standardized the data
by calculating fish density (number of individuals per 100 m?)
and biomass (total g per 100 m?). Limnologica data (water
temperature, depth, turbidity, pH, conductivity, dissolved
oxygen, total nitrogen, total phosphorus, chlorophyll a, and
zooplankton density) from each lagoon during the sampling
period were provided by the Limnology and Zooplankton
Laboratories of Nupélia.

Data Analysis. Spatial (disconnected or connected) and tem-
poral (February, May, August, November) variation in
assembl age attributes (speciesrichness, density and biomass)
weretested by two-way ANOVA. Patterns of fish assemblage
structure were evaluated using detrended correspondence
analysis (DCA) performed with density data. Limnological
variableswere summarized by principal componentsanalysis
(PCA) using the program PC-ORD 3.0 (McCune & Mefford,
1997). All limnological dataexcluding pH werelog, (x + 1)
transformed prior to analysis. Spatial and temporal variation
inaxesscoresfrom DCA and PCA (only axeswith eigenvalues
> 1; criterion of Kaiser-Guttman, Jackson, 1993) were tested
by two-way ANOVA.

Pearson correlations were performed between PCA axes
scores and speciesrichness, density, biomass, and axes scores
from DCA toinvestigate the potential influence of limnological
variables on fish assemblage attributes and structure. Fish
assemblage attributes and DCA axes scoreswere transformed
[log (log,,) or squareroot (sort)] when assumptionsof normality
(Shapiro-Wilk's Test) and homocedasticity (Levene's Test)
were not met. Tukey’s Test was applied when significant
differences were detected between averages. These analyses
were performed using the program Statistica™ (StatSoft, 1996).
Significancelevel inall testsimplies P < 0.05.

Fish assemblages of tropical floodplain lagoons: exploring the role of connectivity in adry year

Results

Intotal 57 fish specieswere recorded, of which 32 (56%)
were shared between connected and disconnected lagoons
during at least one sampling event. Although approximately
half of the specieswere shared among biotopes, only 8 species
(14%) were exclusive to connected lagoons, whereas 17
species (30%) were exclusive to disconnected lagoons.
Representativesfrom the order Characiformes, mainly of them
small-sized species with short life cycles, dominated the
samplings. The species Serrapinnus notomelas, Astyanax
altiparanae, Steindachnerina insculpta and Moenkhausia
sanctaefilomenae, were abundant (> 66% from the total
density) and broadly distributed between both biotopes
(Appendix 1). Approximately half of thetotal biomass (46%)
ismade up of these small species. Twenty-three species (40%)
wererecorded during all months, while 10 species (18%) were
collected in only one month (six in February, two in May and
August). In general, density and biomass were highest in
November due to an increase in the abundance of medium-
sized species such as Loricariichthys platymetopon, Hoplias
aff. malabaricus and S insculpta.

Spatial and tempor al variations. Because ANOVAsapplied
to the fish assemblage attributes did not present significant
interactions, we were able to evaluate the influence of each
factor independently (Table 1). Connected lagoons presented
significantly lower values of species richness, density and
biomass than disconnected lagoons (Fig. 3; Table 1).
Significantly higher values of speciesrichnesswererecorded
in February and November than in August (Fig. 3a; Table 1).
Biomasswassignificantly higher in November thanin August
(Fig. 3c; Table1).

DCA elucidated spatial and temporal patterns in the fish
assemblages. ANOVA identified significant differences
between biotopes on DC1, and between monthsfor the second
axis (February and May; February and August) (Fig. 4, Table
1). Although samples were dominated by afew common taxa
(Appendix 1), rare species (densities represented less than 5%
of thetotal) had the greatest effect on observed patternsin the
ordination. Species restricted to (such as Hyphessobrycon sp.)
or most abundant in (such as Hemigrammus mar ginatus)
connected lagoons were positively correlated with DC1,
whereas species restricted to disconnected lagoons, such as
Hoplerythrinus unitaeniatus, Synbranchus marmoratus and
Gymnotus spp, were negatively correlated with DC1. Species
with higher densities in February, such as Bryconamericus
stramineus, were positively correlated with DC2, whereas
species captured in lower densities in August, especially H.
marginatus, were negatively correlated with DC2 (Fig. 4).
Samples collected in May from disconnected lagoons located
near ParanaRiver main channel (< 30m), such asClaralagoon,
Genipapo lagoon and Osmar lagoon, were positively correlated
with DC1, possibly due to changes in the fish assemblage
resulting from connectivity during the brief inundation in late
February (Fig. 4).
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Fig. 3. Average values (+ standard error) of species richness
(a), density (b), and biomass (c) in connected (o) and

disconnected (e) lagoons.

Relationship between thefish assemblageand limnological
variables. In genera upper Parana River floodplain lagoons
were shallow, with moderately oxygenated water and trophic
state varying from hiper- to eutrophic (based on total
phosphorus concentrations; criterion of Wetzel, 1981).
Maximum values for all limnological variables measured
(excluding depth) were recorded in disconnected lagoons
(Table 2). Additionally, disconnected lagoons were more
variable than connected lagoons for dissolved oxygen, total
nitrogen, total phosphorus, chlorophyll a, and zooplankton
density (Table 2).
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Thefirst three axesfrom PCA (PC1 eigenvalue=2.27; PC2
eigenvalue = 1.74; PC3 eigenvalue = 1.39) were retained for
interpretation and together explained 54.03% of thevariability
inlimnological factors, with PC1 alone explaining 22.74% of
the variability. Depth was positively correlated with PC1
(eigenvector = 0.34), whereas zooplankton, total phosphorus
and chlorophyll a (eigenvectors of 0.53, 0.44, and 0.36
respectively) were negatively correlated. Turbidity was
positively correlated (eigenvector = 0.43), whereas pH
(eigenvector = 0.54) was negatively correlated with PC2.
Dissolved oxygen (eigenvector = 0.52) was positively
correlated with PC3, whereas water temperature (eigenvector
= 0.52) was negatively correlated. ANOVAS applied to PCA
scores did not present significant interactions therefore we
were able to evaluate the influence of each factor inde
pendently (Table 3). Significant differences were observed
between biotopes and months (August and November) on
PC1, and between months (February and August; November
and August) on PC3 (Table 3).

_~

o

m <]

< 300§ s

Il E

gzoo% Py .gog' A ’
TQ = m ..D\’fz @06. u] (tP

2 100 | § e s o

= g

@ S A

2018 s

o OfF o A
N = H. unitaeniatus Hyphessobrycon sp.

o~ S. marmoratus, Gymnotus spp H. marginatus
Q100 = i
a -100 0 100 200 300 400

DCI1 (eigenvalue = 0.68)

Fig. 4. DCA ordination of sample sitesby month in connected
[February (o), May (2), August (o), November (¢)] and
disconnected lagoons [February (e), May (a), August (=),
November (+)]. Arrowsindicate the direction of influence of
species in the ordination.

A significant correlation was found only between PC1
and fish assemblage attributes; suggesting a strong
relationship between limnological variables (depth,
zooplankton, total phosphorusand chlorophyll a) and species
richness, density and biomass of the ichthyofauna in upper
Parand River floodplain lagoons (Fig. 5).

Discussion

Fish assemblages of lentic environments of the upper
ParanaRiver floodplain during adry year were dominated by
opportunist species (sensu Winemiller, 1989), characterized
by small size and short sedentary life cycles. Lower species
richness, density and biomass were recorded in connected
lagoons compared to disconnected lagoons, especialy in
August. Spatial and temporal variation in fish assemblage
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Table 1. Results of two-way ANOVAS applied to attributes
(speciesrichness, density, and biomass) and structure (scores
from DCA axes 1 and 2) of thefish assemblage. L etters (a and
b) identify averagesthat differed significantly between months
according to Tukey’s Test (P').

Factors df MS F P P’
Feb May Aug Nov
Richness
Biotopes 1 210.07 15.06 <0.01
Month 3 8366 6.00 <00l a ab b a
BxM 3 1292 093 ns
Error 52 13.95
Density
(log 10)
Biotopes 1 580 1291 <0.01
Month 3 0.94 2.10 ns
BxM 3 0.06 0.14 ns
Error 52 0.45
Biomass
(log 10)
Biotopes 1 10.18  31.85 <0.01
Month 3 1.23 385 001 ab ab b a
BxM 3 0.26 0.80 ns
Error 52 0.32
DCl1
(sqrt)
Biotopes 1 145.10 12.77 <0.01
Month 3 0.18 0.12 ns
BxM 3 7.98 0.70 ns
Error 52 11.36
DC2
Biotopes 1 5609.00 2.89 ns
Month 3 948233 488 <0.01 a b b ab
BxM 3 3396.84 1.75 ns
Error 52 1942.83

structure was most strongly influenced by rare species. PCA
distinguished connected and disconnected lagoons based
on productivity (resources and nutrients). Fish assemblage
attributes (species richness, density, and biomass) were
correlated with PCA axes, while observed patterns of
assemblage structure were not.

The absence of direct relation between patterns of fish
assemblage structure and limnological variables (PCA axes)
contrastswith results obtained in floodplains from other South
Americanrivers. Differencesin water transparency inlagoons
of the Orinoco River (Rodriguez & Lewis Jr., 1997) and
AraguaiaRiver (Tgjerina-Garroet al., 1998) were correlated
with patterns of fish species composition, due to differential
predation effects of visually oriented piscivoresin clearwater
lagoons and piscivores adapted for low light in turbid lagoons.
Upper ParanaRiver floodplain lagoonswere characterized by
low abundance of piscivorous species, with the exception of
H. aff. malabaricus, which was broadly distributed between
both biotopes.

We expected to observe extreme values of abiotic factors
acting in detriment of the fish assemblages in disconnected
lagoons. However, opportunistic species seem to have been

Fish assemblages of tropical floodplain lagoons: exploring the role of connectivity in adry year

=.0.57; P <0.01
24 !
wn [ ]
1] .
=
: 18 * 4 * [
& » o mO
o — A - ©
R . o $ 900,09
70}
2 2 - ’ OA.“A [¢) u]
8 A «wo OAA me
o 6 Zooplankton A ‘E u »
¥ 5] Total phophorus o
a Chlorophyll a n 0o Depth
< e
0
-6 4 2 0 2 4
4
. n r=-0.59; P <0.01
V= A
S 3 °
=U] . ®
=) * » " om,
— A ¢ A A
-’ o ©® % aa
° o
b 2 . © ot O g
.; PY R A a
A 9
S w0 2% F
a 1 Zooplankton 4 o
Total phosphorus A
b Chlorophyll a Depth
< m o >
0
-6 4 2 0 2 4
4
- . o® r=-0.67;P <0.01
= -
= °
on 3 r A
[ ° .A 4 A. = .t! * a
p—
N’ i A a &
on a
»n (]
w2 VN u
& o, a0 {
A
A
g Zooplankton cogmo” O
o - 1 Total phosphorous o [u]
m Chlorophyll a o Depth
C < o N
-6 4 2 0 2 4

Fig. 5. Correlation between PCA axis 1 and species richness
(a), density (b), and biomass (c) in connected [February (o),
May (&), August (=), November ( ¢ )] and disconnected
lagoons[February (e), May (4), August (m), November (+)].
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influence.

favored by the autogenic conditions that prevailed in most
disconnected lagoons. Considering the strong relation found
between limnological variables and fish species richness,
density and biomass, two non-exclusive explanations are
suggested. First, an increase in autogenic processes in
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disconnected lagoons support greater species richness,
density and biomass. Those lagoons are shallower and the
predominance of diel mixing increases productivity (Thomaz
et al., 1997), as suggested by high total phosphorus and
chlorophyll a concentrations. Second, a dilution effect due
to permanent hydrological connectivity between connected
lagoons and the Parand River results in lower productivity
and species richness, density and biomass. In the Parana
River basin nutrient concentrations are low (especially
phosphate), because the Parana River dilutes nutrient
concentrations of environments connected to it (Thomaz et
al., 1992; Agostinho et al., 1995), not following the general
tendencies observed in temperate (Tockner et al., 1999) and
other tropical floodplain systems (Junk et al., 1989). Thisis
due to chains of reservoirs in the main channel and in its
tributaries, which modify the hydrologic regime and retain
nutrients and solids (Barbosa et al., 1999), negatively
influencing the productivity of downstream areas. In recent
work, Gomeset al. (2002) support the hypothesisthat primary
production (based on chlorophyll a concentration) in the
Parana River basin functions as limiting factor of fisheries
yield.
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In our investigation, limnological variables related to
primary and secondary productivity were significantly
correlated with fish assemblage attributes. Although we
acknowledge correlation does not denote causation,
productivity has been considered a reasonable hypothesis
to explain patterns of diversity (Connell & Orias, 1964, but
see Rosenzweig & Abramsky, 1993; Smith, 1996). Thisremains
a broad and curious subject to be explored in more detail in
thelentic environments of the upper ParanaRiver floodplain.
Fish assembl age regul ation by bottom up processes (Hanson
& Leggett, 1982; Horne & Goldman, 1994; Scheffer, 1998)
should be evaluated by future research utilizing controlled
experiments designed to specifically test these hypotheses.
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Appendix 1. Species collected during the study period, with mean density and biomass (in parentheses) in connected (C) and
disconnected lagoons (D) for each month. *denotes values less than 0.1.

Species February May August November
C D C D C D C D
Myliobatiformes
Potamotrygon motoro - - 0.1 (89.7) - - - 0.1 (22.2) -
Characiformes
Astyanax altiparanae 0.1(0.1) 5.3 (31.9) 3.9(4.0) 110.4(73.8) 0.1(*) 142.8(112.6) 7.5(18.5) 43.5(94.7)
Astyanax fasciatus 0.1 *(0.2) - - - - - -
Astyanax schubarti - 0.4 (3.0) - - - 0.1 (0.5) - -
Bryconamericus stramineus 14.1 (9.2) 0.1(0.1) 2.3 (2.0) 14.4 (9.3) 4.6 (4.7) 8.6 (7.7) 32(1.4) 4.1 (7.6)
Hemigrammus marginatus 3327 0.8(0.8) 38.4(33.7) 51.7(6.1) 0.3 (%) 0.3(0.2) 149(13.5) 0.5(04)
Hyphessobrycon eques 0.5(0.2) 16.7 (9.8) 1.8 (0.4) 3.2(1.5) 0.1 (%) 8.0 (4.4) 11.5 (5.9) 6.3(3.4)
Hyphessobrycon sp. - - - - - - 13.8 (2.9) -
Moenkhausia intermedia 18.1 (48.8) 9.7 (33.7) - 35.8(14.2) - 37.2(269) 5.7(21.3) 10.5(16.1)
Moenkhausia sanctaefilomenae - 52 (.4 122 (5.9) 28.0(156) 43(1.4) 46.1(44.6) 1.1(0.8) 91.0(89.5)
Aphyocharax anisitsi 6.9 (4.5) 9.0 (8.1) 0.7 (0.2) 13.5 (4.6) 0.4 (0.1) 36.5(13.6) 0.5(0.3) 9.3 (4.8)
Aphyocharax sp. 0.7 (0.4) 3.0 (2.0) 0.6 (0.3) 3.4(0.4) 3.1(0.9) 3.6 (0.8) 4.6 (4.2) 0.5(0.2)
Serrapinnus notomelas 7.1(3.9) 209.3(116.1) 5.8(1.7) 17.5 (6.8) 0.9(0.2) 137.0(48.0) 13.8(5.3) 186.7(87.9)
Serrapinnus sp. 1 2.1(0.5) 55.8(19.5) - 0.3 (0.1) - 0.2 (0.1) 0.1 (% 9.8 (3.0)
Serrapinnus sp. 2 1.9(1.0)0 409 (17.6) 1.2(0.3) 5314 - 1.4 (1.3) 5.1(1.9) 39.9(13.6)
Odontostilbe sp. 0.1 (*) 6.2 (4.9) 0.1 (*) 0.7 (0.1) 0.1 (%) 1.4 (0.3) - -
Salminus brasiliensis - - - - - *(1.3) - -
Roeboides paranensis 1.5(1.0) 7.0 (16.1) 0.1(0.1) 6.2 (6.8) - 6.0 (6.4) 1.3(0.8) 18.8(44.2)
Acestrorhynchus lacustris - 0.8 (26.2) - 0.3 (13.3) - 0.3 (8.0) 0.5 (0.7) 1.1 (27.8)
Metynnis ct. maculatus 0.1 (%) - - - *(2.4) - - -
Mpyleus tiete - - 0.1 (%) - - - - -
Serrasalmus marginatus 0.8 (0.2) 0.5(1.9) 0.1 (%) 0.4 (1.4) - 0.1 (0.3) 0.5(6.1) 0.5 (1.0)
Serrasalmus maculatus - - - 0.1(1.4) - 0.1 (16.7) - -
Characidium aft. zebra - 0.3(0.2) 0.1 (*) - 0.2 (%) 0.6 (0.1) 0.4 (0.2) 1.8 (0.8)
Characidium sp. - 0.2 (0.2) - - - - - 0.2 (0.1)
Apareiodon affinis - 0.1 (%) 1.4 (0.4) - - *(0.1) 2.3(0.3) 0.2 (0.1)
Prochilodus lineatus - 0.1 (23.1) - *(27.5) - - - 0.1 (6.4)
Steindachnerina inscupta 0.4 (5.8) 5.0 (53.6) 292.0) 17.8(56.3) 4.0(4.1) 132.9(1774) 11.5(59.6) 87.6 (464.5)
Cyphocharax modestus - 0.4 (7.6) - 1.5 (65.6) - - - -
Cyphocharax nagelii - - - - - 1.2 (2.5) - 0.1 (0.5)
Leporinus friderici 0.4 (13.6) 0.2 (3.8) - - - - - -
Leporinus lacustris - *(3.6) - 0.1(5.2) - - 0.1 (0.6) 1.6 (20.5)
Leporinus obtusidens - *(1.6) - - - - - 0.1 (0.4)
Leporinus sp. - *(1.9) - - - 0.1 (21.7) - -
Schizodon borellii - 0.1(5.5) 0.2 (0.1) 0.6 (20.0) - - - -
Pyrrhulina australis *(*) 0.3 (0.1) 0.2 (*) 0.1 (%) - 0.3 (0.1) 0.1 (%) 0.8 (0.1)
Hoplias aff. malabaricus 0.3(22.5) 1.4(1584) 0.1(3.9 0.5 (31.1) 0.1(0.6) 0.1(11.2) 1.4(21.8) 0.9(139.9)
Hoplerythrinus unitaeniatus - 0.3 (48.3) - (%) - 0.1 (14.9) - -
Gymnotiformes
Gymnotus spp. - *(0.4) - - - - - -
Eigenmannia sp. *(0.1) 0.2 (0.5) - * (%) - - - 0.1 (0.8)
Siluriformes
Parauchenipterus galeatus - - - - - *(0.4) - -
Pimelodella sp. - 0.2 (1.7) - 0.8 (0.5) - 3.9 4.4 - 6.6 (20.6)
Pimelodus maculatis 0.1 (17.1) - - 0.3 (0.3) - - - -
Hoplosternum littorale - - - 1.2 (0.7) - *(6.2) - 0.3 (15.7)
Liposarcus anisitsi - 0.2 (%) - *(32.0) - - 0.1 (50.9) -
Loricariichthys platymetopon 0.1 (0.6) 7.1 (39.1) 0.3 (5.0) 1.5 (28.0) *(0.9) 1.1 (13.3) - 3.0 (133.7)
Loricariichthys sp. - - 0.1(1.4) - - - - -
Cyprinodontiformes
Rivulus sp. 0.1 (%) - - - - - - -
Perciformes
Plagioscion squamosissimus 0.1 (0.1) - - - - - - -
Astronotus ocellatus - 2.1(0.9) - *(10.4) - - - 0.1 (48.6)
Cichla monoculus - 0.1(0.3) - 0.2 (4.4) - - - -
Cichlasoma paranaense - 0.7 (3.9) - *(*) 0.1 (%) 0.3 (17.7) 0.1(0.1) 0.3 (0.4)
Crenicichla britskii - - 0.1(0.1) - -(0.1) - 0.1 (0.6) -
Satanoperca pappaterra 0.8 (4.2) 3.1(39.4) 09(11.9) 1.0 (18.1) 0.6 (25.3) - 3.5(60.5) 3.2 (1.5)
Laetacara sp. - 0.1 (0.1) - 0.4 (0.3) 0.1 (%) - - -
Synbranchiformes
Synbranchus marmoratus - (%) - - - - - -
Pleuronectiformes
Catathyridium jenynsii 0.1(0.2) - 0.1 (0.3) - - - - -




