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Patter nsof habitat segregation among largefishes
in aVenezuelan floodplainriver

CraigA. Layman*** and Kirk O. Winemiller*

Distribution and abundance of large fishes (SL>100 mm) in the rio Cinaruco, a floodplain river in the Venezuelan
[lanos, were examined by gill net sampling in four habitat types: sand banks, backwater creeks, floodplain lagoons,
and river channel. Sampling was standardized using nets (25 m x 2 m) of three mesh sizes set for 24-h periods. Based
on datafrom >10,000 hours of gill netting over three years, there were significant differencesin assemblage compo-
sition among the four habitats. Pair-wise comparisons suggested differences in assemblage composition between
all pairs of habitats except creeks and lagoons. Differences in assemblage composition likely arose from species-
specific habitat affinities. For example, 21 taxa were collected from both creeks and lagoons, but not from sand
banks or the main river channel; each of these 21 taxa were associated with particular features characteristic of
creeks and lagoons (e.g. abundant detritus). Assemblage structure also could be influenced by predation or other
biological interactions, but mechanistic experiments are needed to evaluate this hypothesis. Assemblage composi-
tion was highly variable within all habitat types, likely the result of spatial and temporal heterogeneity associated
with seasonal hydrology. Long distance migrations by prochilodontids and other taxa contributed to higher CPUE
during the rising-water period of May 2002. Data from this study will provide a baseline to assess changes in the
abundance and distribution of large-bodied fishes in response to increasing impacts from illegal commercial fishing
in thisregion.

A distribuicao e abundancia de grandes peixes (SL>100 mm) no rio Cinaruco, um rio com uma planicie inundagdo
nos llanos da Venezuel a, foram examinadas através de amostragens por redes de espera em quatro habitats: bancos
de areia, riachos, lagoas da planicie de inundag&o e o canal do rio. As amostragens foram padronizadas usando-se
redes de espera (25 m x 2 m) de trés tamanhos de malha expostas por periodos de 24 horas. Baseando-se em dados
de mais de 10.000 horas de exposicéo de redes, coletados por trés anos, foram verificadas diferencas significativas
na composicéo da assembléia entre os quatro habitats. Comparagdes pareadas sugeriram que diferencas na
composicdo da assembléia provavelmente se devem as afinidades espécie-habitat. Por exemplo, 21 taxa foram
coletados em riachos e lagoas, mas ndo em bancos de areia ou no canal principal do rio, sendo que cada um destes
21 taxafoi associado acaracteristicas particulares dos riachos e das lagoas (ex. detrito abundante). A estrutura da
assembléia também poderia ser influenciada por predagdo ou outras interacdes biol6gicas, mas sdo necessarios
experimentos para avaliar esta hipotese. A composicéo da assembléia foi altamente variavel dentro de todos os
tipos de habitats, provavelmente devido a heterogeneidade espacial e temporal associada com a sazonalidade na
hidrologia. As grandes migracdes realizadas por prochilodontideos e outros taxa contribuiram para uma maior
captura por unidade de esforco (CPUE) durante o periodo de subida das aguas, em maio de 2002. Os dados deste
estudo forneceré@o a base para a verificacdo de mudancas na abundéancia e distribuicdo dos peixes de grande porte
em resposta aos crescentes impactos causados pela pesca comercial ilegal nesta regiéo.
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Introduction

Neotropical freshwater fish communities may be stochasti-
cally assembled (Lowe-McConnell, 1987; Goulding et al ., 1988;
Jepsen, 1997; Saint-Paul et al., 2000) or non-randomly struc-
tured according to habitat selection and/or biological interac-
tions (Winemiller, 1996; Jepsen et al., 1997; Rodriguez & Lewis,
1997; Arrington & Winemiller, 2003; Petry et al., 2003; Layman
& Winemiller, 2004; Arrington et al., in press). Theseaternative
views are largely derived from patterns viewed from different
gpatial and temporal scales(seeLevin, 1992). For example, there
are five spatial scales at which fish communities may exhibit
non-random structure: (1) among drainage basins, (2) among
habitats (e.g., between river channel and floodplain lagoons),
(3) among sites for a given habitat type (e.g., among lagoons
that vary in transparency), (4) among micro-habitats within a
habitat (e.g., sand bank vs. rocky structurein onelagoon), and
(5) accordingtofine-scaleabiotic variation (e.g., water vel ocity,
water column position, or substrate) within a habitat.

Studies in tropical freshwaters typically examine fish as-
semblage structure among drainage basins (Agostinho et al.,
2000; Saint-Paul et al., 2000), or at one of thelatter three scales
identified above (Winemiller, 1989, 1990; Rodriguez & Lewis
1997; Tejerina-Garro et al ., 1998; Winemiller & Jepsen, 1998;
Slarez et al., 2001, Arrington & Winemiller, 2003; Arrington et
al., in press). In this study, assemblages of large-bodied fishes
intherio Cinaruco, Venezuel a, were examined, during the dry
season and early rising-water period, among four landscape-
scale habitat types: sand banks, backwater creeks, floodplain
lagoons, and mainriver channel. Peacock cichlids (Cichlaspp.)
have been shown to partition habitats, with Cichla intermedia
(Machado-Allison) restricted largely to the main river channel,
and Cichla orinocensis (Humboldt) to floodplain lagoons, in
therio Cinaruco (Jepsen et al., 1997; Winemiller et al., 1997).
This study further evaluates potential habitat associations of
large-bodied fish species in the rio Cinaruco using data from
>10,000 hours of gill net sampling over athree-year period.

Materialsand M ethods

Study Site

Therio Cinaruco isatropical floodplain tributary of the
Orinoco River that drains the llanos (savanna) of southern
Venezuela (6° 32" N, 67° 24’ W). The Cinaruco is an olig-
otrophic, moderate blackwater river with high levels of dis-
solved organic carbon and low pH. Hydrology is strongly
seasonal, with water level s fluctuating more than 5 m annu-
aly. In the wet season (May to October) the riparian forest
is flooded, and dispersal of organisms is extensive
(Welcomme, 1979; Lowe-McConnell, 1987). From November
to January, rapidly falling water resultsin higher fish densi-
tiesand intensification of many biotic interactions (e.g. pre-
dation) during the dry season (January-April) (Winemiller,
1990; Rodriguez & Lewis, 1994, 1997; Winemiller & Jepsen,
1998; Layman & Winemiller, 2004). Maximum width of the
main channel during the dry season is 40-200 m. The river
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supports adiverse fish community (>280 species), with taxa
representing a wide range of ecological attributes and life
history strategies (Jepsen et al., 1997; Winemiller et al., 1997;
Arrington & Winemiller, 2003; Winemiller & Jepsen 2003;
Arrington et al., in press). A detailed description of the Rio
Cinaruco can be found in Jepsen (1999).

Four habitats are common in therio Cinaruco: sand banks,
backwater creeks, floodplain lagoons, and the river channel.
During the dry season (January to April), themainriver chan-
nel containslong (up to 2 km), broad, sand banksthat consti-
tute a large proportion of river shoreline. Sand banks slope
gradually, with depthsin most areas<1.5 m. Meandering creeks
fringed by dense gallery forest drain the floodplain and flow
into backwater areas of lagoons. During thedry season, creeks
havelow water vel ocity (0—0.2 m sect) and maximum depths
of ~3m (see Hoeinghaus et al., 2003a). Lagoons (~1-30 km?)
are connected to the river by varying degrees. In the dry
season, most lagoons become partially isolated water bod-
ies, as connections between lagoons and the river channel
become restricted (width of connections at lagoon mouths
~1-100 m). Maximum lagoon depths are ~7 m in the dry sea-
son, but in most areas |agoon dpeths are <2.5 m. Both creeks
and lagoons have heterogeneous habitat features including
sand, leaf litter, cut banks, partially submerged overhanging
vegetation, submerged branches and tree falls, and reaches
with accumulated detritus. The main river channel is 3-7 m
deep in the dry season. Water velocity in the channel varies
substantially both seasonally and spatially.

Sampling M ethodology

Sampling was conducted from January 2 to June 5 in
threeyears (2001, 2002, 2003). The objective wasto describe
assemblage composition among the four habitat types, but
not to compare micro-habitats within each habitat. Thus,
sampling locations were haphazardly chosen within habi-
tats, and no location was sampled more than once. Multiple
sitesfrom 10 different sand banks, 4 creeks, 10 lagoons, and
al12-km stretch of the main river channel were sampled dur-
ing the course of the study. Sampling dates were chosen at
random in each year, but with all habitat types sampled
throughout sampling periods. Samplesin January-April were
considered to be dry season, and May and June in the ris-
ing water period.

Fishes were sampled with three monofilament gill nets
(25 mx 2m), eachwith adifferent mesh size (2.5, 3.75, and 5
cm). Nets of each mesh size were simultaneously deployed
with ~5 m between nets. In creeks, lagoons, and river chan-
nel, nets were secured by the float-line to submerged or
overhanging vegetation near the bank, and the nets stretched
taut. Nets on sand banks were secured to 1.8 m metal posts
that were driven into the sand. In most cases, nets were set
so most of their length was in contact with the substrate.
Sampling effort was standardized by deploying nets for 24
hours at each site. Netswere checked at dawn, mid-day, and
dusk, and all individuals were measured (standard length,
SL, in millimeters and weight in grams) and identified to
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species. Problematic species were identified to genus and
assigned anumeric speciesidentifier (Table 1). Voucher speci-
mens were archived in the Museo de Ciencias Naturales at
the Universidad de Los Llanos Occidentales in Guanare,
Venezuela

In gill net sampling, some piscivores that feed on fishes
caught in nets (e.g. piranha) may be over-estimated due to
high net encounter rates, whereas sedentary species may be
underestimated. Gill net samples do not provide an unbiased
description of assemblages, but alow for relative abundance
comparisons among sampling dates or locations when based
on astandardized sampling protocol (Hickford & Schiel, 1995;
Kurkilahti & Rask, 1996; Mirandaet al., 2000; Saint-Paul et al.,
2000; Silvano et al ., 2000; Tejerina-Garro & DeMerona, 2001;
Hoeinghaus et al., 2003a). Abundance was recorded as catch
per unit effort (CPUE), thenumber of individuascollected from
a gill net sample (3 gill nets at a given site over a 24 hour
period). Species density was the number of species collected
in each standardized sample(following Gotelli & Colwell, 2001).

Statistical Analyses

To best assess assemblage structure and dynamics, both
aggregate (e.g., CPUE and species density) and composition
measures should be used in analyses (Micheli et al., 1999).
Comparisons among mean aggregate values were conducted
using non-parametric Kruskal-Wallis ANOVA and Mann-
Whitney Rank Sum Test. Multi-dimensiona scaling (MDS) was
used to compare fish assemblage similarity/dissimilarity based
on species relative abundances. MDS constructs a 2-dimen-
siona ordination in a manner that best represents relation-
shipsamong samplesin asimilarity matrix (Field et al., 1982;
Clarke & Warwick, 2001). In ordination plots, therelative dis-
tance between points reflects the dissimilarity of species com-
position in those samples. Similarity matrices were calculated
using the Bray-Curtis similarity index (Bray & Curtis, 1957).
Anaysisof similarities(ANOSIM; Clarke & Warwick, 1994), a
non-parametric analog of MANOVA, was used to test for dif-
ferences in species composition among habitat categories.
When ANOSIM revealed significant differences, similarity
percentageanaysis (SIMPER) (Clarke & Warwick, 1994) was
performed to identify species accounting for differences.

Results

In 150 samples (10,800 gill net hours), 4,140 individuals
of 72 species from 13 families were collected. The three
most commonly collected species, accounting for 33% of
al individuals, were the piscivores Hydrolycus armatus
(Jardine and Schomburgk) and Serrasalmus manueli
(Fernandez-Y épez & Ramirez) and the algivore/detritivore
Semaprochilodus kneri (Pellegrin) (Table I). Other com-
mon fish (>3.0% of all individuals collected) were
ctenolucid piscivores Boulengerella spp., omnivorous
Leporinus spp., omnivorous Triportheus albus (Cope),
herbivorous Myleus spp., and the benthic insectivore
Hassar ucayalensis (Fowler). Average CPUE and species
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density were significantly different among habitat types
(Fig. 1; Kruskal-Wallis, both P < 0.001). Creeks had high-
est mean CPUE (46.9 + 43.1) and species density (13.5 +
7.8). Sand banks had lowest mean CPUE (17.8 + 23.6), and
river channel sites the lowest mean species density (5.1 £
3.0). Therange of individuals collected in asample was 1-
146, and species density range was 1-30.
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Fig. 1. Mean (1) CPUE (catch per unit effort) and (2) spe-
ciesdensity in the four habitat types. Error barsare 1 S.D.
Letters next to habitat types represent results of Dunn’s
post-hoc test for differences in mean val ues between each
habitat pair.

P <0.001

Fig. 2. Multi-dimensional scaling (MDS) ordination depict-
ing the relative similarity of assemblage composition. Each
open symbol on the graph represents one sample (i.e. 3 gill
nets set for 24 hours), and the closed symbols are sample
meansfor each of the four habitat types. Error barsare 1 S.D.
Channel = sguares; sand bank = circles; creek = triangles;
lagoon = diamonds.



114

Table 1. Percentage of the total nhumber individuals repre-
sented by each species and the frequency which each was
collected in the 150 samples. Habitat abbreviations are: C —
Creek; L —Lagoon; R —River Channel; S— Sand Bank.

% of Total Freguency of

Fishes Occurrence  Habitats
Hydrolycus armatus 12.7% 50.6% CLRS
Semaprochilodus kneri 10.3% 56.5% CLRS
Serrasalmus manueli 9.9% 64.3% CLRS
Boulengerella lucius 6.2% 44.8% CLRS
Leporinus sp. 1 5.7% 37.7% CLRS
Boulengerella cuvieri 4.0% 27.9% CLRS
Hassar ucayalensis 3.6% 20.8% CLRS
Triportheus albus 3.1% 24.0% CLRS
Myleus spp. 3.0% 24.0% CLRS
Brycon falcatus 2.7% 6.5% CLRS
Laemolyta taeniatus 2.7% 24.7% CLRS
Hemiodus unimaculatus 2.3% 22.1% CLRS
Chalceus macrolepidotus 2.2% 14.3% CL
Geophagus spp. 2.1% 26.6% CLRS
Plagioscion squamosissimus 1.9% 19.5% CLRS
Cichla temensis 1.8% 26.0% CLRS
Curimata incompta 1.6% 15.6% CcLS
Metynnis hypsauchen 1.6% 13.6% CL
Pristobrycon striolatus 1.6% 18.8% CL
Cynodon gibbus 1.4% 9.1% CLR
Myleus schomber kyi 1.4% 16.2% CLRS
Leporinus sp. 2 1.2% 11.0% RC
Lorichariichthys brunneus 1.1% 13.6% CLR
Serrasalmus rhombeus 1.1% 15.6% CLR
Leporinus sp. 3 1.0% 15.6% CLR
Hemiodus argenteus 1.0% 11.7% CLS
Pellona castelnaeana 0.8% 12.3% CLRS
Pseudoplatystoma fasciatum 0.8% 13.6% CLS
Holias malabaricus 0.8% 9.7% CL
Semaprochilodus laticeps 0.7% 5.2% CL
Serrasalmus altuvei 0.7% 13.6% CLS
Curimata vittata 0.7% 6.5% CL
Acestrorhynchus falcirostris 0.6% 11.0% CL
Hemiodis immaculatus 0.6% 9.1% CLRS
Anodus orinocensis 0.5% 5.8% CL
Satanoperca daemon 0.5% 7.8% CLS
Boulengerella maculata 0.4% 7.8% CLS
Crenicichla o-lugubris 0.4% 7.8% CLR
Oxydoras niger 0.4% 7.1% LS
Ageneiosus brevifilis 0.3% 5.8% CL
Mylossoma aureus 0.3% 5.8% CLRS
Platynematichthys notatus 0.3% 3.9% CLRS
Serrasalmus medinae 0.3% 5.8% CLR
Argonectes longiceps 0.3% 4.5% CRS
Cichla intermedia 0.3% 5.2% LRS
Cichla orinocensis 0.2% 6.5% CL
Raphiodon vulpinnis 0.2% 3.9% CLS
Bivibranchia fowleri 0.2% 5.8% CLRS
Hypostomus argus 0.2% 5.8% CL
Leporinus sp. 4 0.2% 2.6% CRS
Brycon sp. 0.2% 4.5% CLS
Heroes sp. 0.2% 1.9% CL
Agoniates anchovia 0.1% 3.2% CLS
Hoplarchus psitticus 0.1% 1.9% LR
Pachypops furcraeus 0.1% 3.2% CSs
Platydoras costatus 0.1% 1.9% CL
Pristobrycon calmoni 0.1% 2.6% CL
Leiarus marmoratus 0.1% 3.2% L
Piaractus brachypomus 0.1% 1.9% L
Psectrogaster ciliata 0.1% 2.6% CL
Pigocentrus cariba 0.1% 1.9% L
Catoprion mento 0.1% 1.3% L
Serrasalmus elongatus 0.1% 0.6% L
Cochliodon plecostomoides 0.1% 1.9% CL
Glyptoperichthys gibbiceps 0.1% 1.9% CL
Pseudoplatystoma tigrinum 0.1% 1.9% CL
Auchenipterichthys longimanus 0.0% 1.3% CL
Rhamdia sp. 0.0% 1.3% CL
Bryconops caudomaculatus 0.0% 0.6% L
Dekesaria scaphyrhyncha 0.0% 0.6% C
Sorubim lima 0.0% 0.6% L
Trachycorystes trachycorystes 0.0% 0.6% C
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Assemblage composition was significantly different
among habitats (ANOSIM, P <0.001; Fig. 2). Pair-wise com-
parisons revealed significant differences between al habitat
pairs (ANOSIM, al P < 0.001) except between creeks and
lagoons (P = 0.13). Hydrolycus armatus and S. kneri were
more commonly collected in creeks and lagoons, and S.
manueli and Serrasalmus rhombeus (L.) most commonly in
river channels. Boulengerella spp. revealed habitat partition-
ing, with Boulengerella cuvieri (Agassiz) more common on
main channel sand banks and Boulengerella lucius (Cuvier)
common in creeks and lagoons. Benthic invertivores, such as
H. ucayalensis and Geophagus spp., were collected most
oftenin lagoons. Triportheus albus and Leporinus sp. 1 were
most commonly collected in creeks (except for Leporinus sp.
1 during oneweek in May, see below). There were no species
collected on either sand banks or in the river channel that
were not aso collected in either alagoon or creek sample. In
contrast, 21 species were collected in both creeks and la-
goons, but in neither of the other two habitats.

Average CPUE was higher during the dry season (33.1 +
31.9) relative to the rising water period (22.3 £ 26.0; Mann-
Whitney P = 0.04). CPUE of the four most commonly col-
lected species (Table 1) was higher during the dry season
than rising-water period. Assemblage composition was sig-
nificantly different within both dry- and rising-water periods
(ANOSIM, dry P<0.001, rising P=0.011), withMDS ordina-
tions suggesting slightly more structured communities (i.e.
higher similarity in composition within habitat types) for the
dry season samples. Assemblage composition did not differ
among years(ANOSIM, P=0.57).

Highest CPUE recorded for a lagoon sample (n = 119),
highest for a channel sample (n = 114), and second highest
for asand bank sample (n = 40) occurred during a one week
period, May 19-26, 2002. The mean CPUE of all samplestaken
during this week (44.5 £ 34.8) was significantly higher than
themean CPUE for the remaining samples (26.2 + 28.0; Mann-
Whitney, P = 0.021). These samples were characterized by
higher CPUE of Leporinus sp. 1 (CPUE all samples = 1.1,
CPUE May 19-26 = 7.3), Myleus spp.(0.4, 2.7) and
Semaprochilodus kneri (2.9, 4.2). The mean CPUE (13.4
19.9) of samples taken after this week (May 27-June 5) was
significantly lower than the average CPUE of remaining
samples(28.6 + 29.0, Mann-Whitney P = 0.021).

Discussion

Although fish assemblage composition was extremely
variable among sampleswithin each habitat type, assemblage
structure tended to differ between habitat categories. In pair-
wise comparisons, assemblage composition of habitat types
(except creeks and lagoons) was found to be significantly
different, suggesting some level of structure at the landscape
scale. Two questions stem from these data: (1) what is the
mechanism(s) producing assemblage structure at the land-
scape scale?, and (2) what factors contribute to high variabil-
ity in fish assemblages within habitats?
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Patterns observed are most likely driven by species-specific
habitat affinities, manifest in variation in relative abundance of
common species and the presence/absence of rarer species in
certain habitat types. For example, Serrasalmus spp. had higher
mean CPUE at deeper sites, and thus were more frequently col-
lected in the main river channel. Alternatively, Boulengerella
spp. rarely were collected in deep water sites, but dominated
sand bank assemblages. Relative abundances of Serrasalmus
and Boulengerella species accounted for much of the differ-
ence between assemblages on sand banks and the river chan-
nel. Relatively high mean CPUE of Semaprochilodus kneri and
Hydrolycus armatus in creeks and lagoons was the main factor
differentiating assemblages of these two habitatsfrom sand bank
and river channel assemblages. Detritivorous S kneri may in-
habit creeks and lagoons to exploit large deposits of particulate
organic matter and relatively high benthic primary production
(asindexed by chlorophyll a concentrations, Winemiller et al.,
in prep.) in these habitats.

Most of the 21 species collected exclusively from creeks
and lagoons can be classified into one of three trophic catego-
ries. (1) piscivores (e.g. Ageneiosus brevifilis Valenciennes,
Cichla orinocensis, Hoplias malabaricus Bloch), (2) species
that consume allochthonous terrestrial plant material such as
flowers and seeds (Chal ceus macrol epidotus Cuvier, Metynnis
hypsauchen Mller & Troschel), and (3) algivore/detritivores
(Hypostomus argus Fowler, Psectrocaster ciliata Muller &
Troschel, Semaprochilodus laticeps Steindachner). These
species may prefer creeks and lagoons because these habitats
contain submerged structure that attracts small prey fishes,
abundant overhanging vegetation that supplies flowers and
seeds, and benthic algal and detrital resources. During the dry
season, creeks are essentially lentic extensions of lagoons,
and it is not surprisingly that creeks and lagoons had similar
fish assemblages.

Fish assemblage structure at (and within) the landscape
scale aso could be influenced by species interactions. For
example, some of the most common prey species (Hemiodus
immaculatus Kner, Laemolyta taeniatus LUtken, Leporinus
sp.1, Semaprochilodus kneri) of large piscivores (e.g. Cichla
spp.) had highest mean CPUE in creeks. These prey taxawere
especially abundant in the upper, shallower portions of creeks
where large piscivores are rare. This is consistent with prey
distribution patterns driven by predator avoidance, as experi-
mentally demonstrated for prey species on sand bank habitats
intheriver channel (Layman & Winemiller, 2004). Further ex-
periments are needed to test if predator avoidance and/or the
availability of food resources determines distribution of prey
species among (and within) habitats.

Fish assemblage composition within habitat typeswasvari-
able due to high spatia and temporal heterogeneity that is
characteristic of floodplainrivers. Physical habitat characteris-
tics varied widely within each of the four habitat categories.
Lagoons have backwater areas with substrates dominated by
coarse particulate organic matter, aswell as broad, sandy flats.
Hence, alagoon samplefrom asandy areashould more closely
resemble a river sand bank sample than an average lagoon
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sample. Similarly, samplesfrom deep-water |agoon | ocations
may be similar to samples from the river channel. Sampling
sites were chosen essentially at random, therefore, signifi-
cant differences in assemblage composition among habitats,
despite heterogeneity of sites within habitat types, suggest
characteristic fish assemblages in the four habitat types.

Floodplain riversare dynamic (Welcomme, 1979; Hamilton
& Lewis, 1987; Lewiset al., 2000), and fish assemblages may
differ substantially among seasons (Saint-Paul et al., 2000;
Arrington, 2002). The peak in mean CPUE during a single
week in May 2002 likely was the result of the “ribazon”, an
annual migration of fishes during rising- and falling-water
periods (Lilyestrom, 1983; Barbarino Duqueet al ., 1998). Spe-
cies with higher than average CPUE during this week
(Leporinus spp. Myleus spp., and Semaprochilodus kneri)
are major components of the ribazon in other floodplain riv-
ers(Goulding, 1980; Lowe-McConnell, 1987). For example, S
kneri undergoes long distance migrations to spawn in the
productive Orinoco floodplain (Winemiller & Jepsen, 1998,
2003), and the high CPUE in late May likely reflect this sea
sonal movement. Mean CPUE of samples was significantly
lower following thisweek, likely the result of rapidly increas-
ing water levels (thus flooding the riparian forest, providing
additional aquatic habitat for fish dispersal) and emmigration
of certain species in the ribazdn.

Somelarge-bodied specieswhich are common in theriver
were not effectively sampled by the gill netting methodol ogy.
For example, datafrom hook-and-line sampling suggeststhat
Cichla are among the most common large-bodied fishes in
theriver (Jepsen et al., 1997; Winemiller et al., 1997). Cichla
arediurnally activeand visually acute, and can probably avoid
0ill nets. Sedentary species, such asloricariid catfishes, also
areless likely to encounter gill nets. In speciose aquatic sys-
tems, multiple sampling methodologies are needed to ad-
equately assess fish abundance and distribution. Neverthe-
less, standardized CPUE information provided by gill net sam-
pling allows comparisons among sites, especially for suscep-
tible species, and also provides baseline data that can be
used to assess shifts in assemblage composition over time.

In recent years, illegal commercial netting has increased
intherio Cinaruco (Hoeinghaus et al., 2003b). Netterstarget
large-bodied taxa, including the two most common speciesin
gill net sampling, H. armatus and S. kneri. These species
have important ecological functions and population reduc-
tionscould result in altered ecol ogical dynamics. For example,
the algivorous/detritivorous S. kneri isamajor prey of large
piscivores (Jepsen, 1997; Layman et al., 2005), and by feed-
ing low in the food web, piscivores increase efficiency of
energy conversion. Compressed food webs are characteris-
tic of Neotropical floodplain rivers (Lewis et al., 2001; Lay-
man et al., 2005; Layman et al., in press), and may explain why
fish production is so high in these systems. Consequently,
declining S. kneri populations could result in reduced
piscivore populations. These gill net surveys provide a
baseline for monitoring long-term changes in fish stocks in
response to commercial fishing, aswell as abasis for future
conservation initiatives.
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