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Abstract We performed an experimental manipu-

lation of trahira Hoplias aff. malabaricus in a series of

isolated lakes of the upper Paraná River floodplain to

evaluate its short-term impact on the structure of fish

assemblages. The effects of trahira density (treatment

groups: addition, removal, and reference) in two

habitat categories (open and macrophyte-covered

areas) on attributes of the fish assemblage structure

were evaluated (using rm-ANOVA) over 120 days.

Reductions in species richness were recorded in all

assemblages and were more pronounced at the end of

the experiment within macrophyte-covered areas of

the lakes where H. aff. malabaricus was removed. In

these lakes, the number of fish was also significantly

smaller and evenness was significantly higher than in

those in which trahira were added or maintained at

natural densities. The increase of the relative abun-

dance of all size classes over the first 60 days on the

assemblages where trahira was present, and the

decrease of the small-sized fish where trahira was

absent contributed to the lack of pronounced altera-

tions in total biomass. The absence of the predator

from its preferred habitat was found to negatively

affect the less abundant species, which seemed to be

highly sensitive to the effects of interspecific compe-

tition among prey species. In addition to the well-

known effects of hydrological seasonality, the role

played by native predators might be important in

determining the persistence of local species in the fish

assemblages of Neotropical floodplains.

Keywords Hoplias aff. malabaricus � Predation �
Whole-lake experiment

Introduction

The identification of mechanisms through which

some species can assume greater importance within

their assemblages has been the basis for research

aiming conservation of species and ecosystems,
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especially in temperate regions (Power et al., 1996a;

Creed, 2000). For example, predators may affect prey

in several ways, such as on its number, habitat use,

period and intensity of foraging, with direct effects on

intra- and inter-specific dynamics (e.g., growth,

reproduction, and interactions) (Werner et al., 1983;

Fraser & Gilliam, 1992; Miyasaka et al., 2003). Paine

(1969) used the term keystone to identify species,

such as the sea star Pisaster ochraceus, that, when

present, promoted the coexistence of a larger number

of species than expected relative to its abundance

(Paine, 1966, 1969; Power et al., 1996b). In tropical

regions, however, factors such as high environmental

complexity, high species diversity, high potential

interactions among species, and a limited understand-

ing of food web dynamics (Lowe-McConnell, 1987;

Flecker, 1992) have hampered investigations of the

keystone concept.

Based on the conclusions of several descriptive

studies, a strong candidate for this status is the trahira

Hoplias aff. malabaricus (Bloch, 1794), an opportu-

nistic and sedentary predator that is widespread in

Neotropical aquatic environments (Oyakawa, 2003).

Controlled investigations of the trahira’s effects on

other species are restricted to those which experi-

mentally examined only one (Mazzeo et al., 2010) or

two prey species (Fraser & Gilliam, 1992; Gilliam

et al., 1993; Fraser et al., 1999; Gilliam & Fraser,

2001). However, other fish and some invertebrate

taxa, e.g., the crab Pseudothelfusa garmani, appear to

undergo behavioral shifts in their habitat use patterns

in the presence of this strong predator (D.Fraser, pers.

comm.). Alterations in the distribution patterns of

small-sized fish species in Caribbean streams,

increasing fishery yields in large northeastern Brazil-

ian reservoirs, and strong cascading effects in

subtropical mesocosms have been associated with

the presence of trahira (Fraser & Gilliam, 1992; Paiva

et al., 1994; Mazzeo et al., 2010). H. aff. malabaricus

represents a species complex in several Brazilian

riverbasins, since at least seven cytotypes have been

identified (Bertollo et al., 2000). In the upper Paraná

River floodplain, trahira are found in almost all

biotopes, such as river channels, secondary channels,

permanent and temporary lakes (Petry et al., 2003a).

Despite the unsolved taxonomic problems, and the

fact that ecological reports may involve more than

one species, all trahiras studied have strong impacts

in their local communities, which is also true for

H. aff. malabaricus, which appears to play an

important role in structuring fish assemblages either

in temporary disconnected lakes of the upper Paraná

River floodplain over time. There, densities of trahira

were used to explain variations in the density of prey

species in recent studies, especially in macrophyte-

covered areas (Okada et al., 2003; Piana et al., 2006).

This study evaluated the short-term impact of the

strong piscivore trahira in modifying the dynamics of

fish assemblage structure of isolated lakes in the upper

Paraná River floodplain. The ichthyofauna of these

lakes is essentially composed of sedentary, small-sized

species whose life history characteristics [e.g., short

life span, early maturation (\12 months)] reflect in

high population growth rates (Winemiller, 1989;

Vazzoler, 1996; Okada et al., 2003; Froese & Pauly,

2008). The expected reduction in consumption and the

simplification of food webs during droughts (from

autumn to spring) suggests that, if competition exists,

it should be more intense during these periods. Aquatic

macrophytes play an important role in floodplain lakes

by increasing habitat heterogeneity, providing food

resources and refuge for prey species, and lessening

the forage efficiency of pelagic and aerial predators

(Agostinho et al., 2007), but not reducing predation

from trahira (Piana et al., 2006). Therefore, we tested

the hypothesis that by piscivory, trahira determines

assemblage structure and, therefore, is able to mediate

fish species coexistence. If the hypothesis is true, the

addition and removal of H. aff. malabaricus will alter

species richness, abundance, evenness, biomass, and

body size structure of the fish assemblages. We also

tested whether any effects depended upon habitat

structure, once trahira may be successful in capturing

fish in macrophyte-covered areas.

Materials and methods

The biology of the trahira H. aff. malabaricus

Hoplias aff. malabaricus is commonly found in the

upper Paraná River floodplain (Bialetzki et al., 2002;

Petry et al., 2003b), where it is the main predator. The

absence of pronounced floods in recent years has

prevented access for other large piscivores (Petry et al.,

2003b; Agostinho et al., 2004). The species exhibits

multiple spawning and an extended reproductive

period (from September to February) (Bialetzki et al.,
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2002; Suzuki et al., 2004). The sedentary and solitary

trahira preferentially inhabits macrophyte-covered

areas that favor its ambush feeding strategy (Almeida

et al., 1997; Luz-Agostinho et al., 2008), and as larvae,

juveniles, and adults, respectively, feeds on plankton,

insects, and primarily fishes (Oliveros & Rossi, 1991;

Hahn et al., 2004). Although there is evidence of a

positive relationship between trahira and prey size,

small-sized fish are the trahira’s most important food

resource (Loureiro & Hahn, 1996).

Whole-lake experiment

The experiment was conducted over 120 days during

autumn and winter of 2002. This period was selected

based on the low water levels of the Paraná River,

which caused the lakes to remain isolated (no fish

movement between lakes). The experimental design

consisted of six lakes (Canal do Meio, Carioca,

Cidão, Zé Marinho, Genipapo, and Tião), all with

open and macrophyte-covered areas (herein named

habitats) and a single initial disturbance (manipula-

tion of trahira density). We opted to test habitat effect

because trahira has behavioral adaptations to thrive in

macrophyte-covered areas (Piana et al., 2006). In

addition, fish species that inhabit macrophyte-cov-

ered areas are distinct than those that inhabit opened

areas (Delariva et al., 1994), but may present similar

response to trahira predation. The lakes were similar

in shape (elongated form and \1.6 m maximum

depth) and in structural complexity [macrophyte

cover [50% of the area and dominance of the

floating Eichhornia crassipes (Mart.) Solms and the

emergent Paspalum repens Berg.] (Table 1). Predator

density (treatment groups: addition, HM?; removal,

HM-; and natural density, named reference, REF)

was randomly assigned for each lake (Fig. 1). Before

running the experiment, each lake was sampled in

order to determine the trahira density and to obtain

baseline data for the fish assemblage (Table 1).

To better evaluate the effect of the trahira on the

fish assemblages, we added trahira (size ranging from

8.3 to 33.3 cm in SL) to two lakes, Canal do Meio

and Carioca, based on the mean density registered in

regular 4-year surveys carried out in the region by the

Nucleus of Research in Limnology, Ichthyology and

Aquaculture of Maringá State University (see Petry

et al., 2003b for details). Hooks and seine nets were

used to remove trahira from Cidão and Zé Marinho

lakes (HM- treatment). Despite the fact that the

experimental removal did not assure complete pred-

ator exclusion, the trahira density was kept near zero

in these lakes. Predator density manipulation was

carried out 2 days after the first sampling. At the

beginning of the experiment, SL did not differ

significantly between HM? treatment lakes (Student

t test, t(52) = 0.53, P = 0.60).

All samplings (before and after the manipulations)

were carried out bimonthly (from April to August)

during the morning (from 07:00 to 11:00). Seine nets

(50 m 9 2.4 m, 0.5 cm mesh) were used to isolate

ca. 112 m2 in two selected sampling areas (open and

macrophyte-covered) in every lake. These nets were

set on the bottom and were attached to the edges 24 h

prior to sampling. Immediately before each sampling,

the nets were raised to completely enclose the areas

in order to block fish passage, and fish were collected

inside the areas by seine nets (open area) (5 mm

mesh) and a sieve (macrophyte-covered area) until

successive five sweeps did not capture any fish. The

large sieve consisted of a rectangular metal frame

with a 1 mm mesh sized net, dimensions of 1.5 m 9

1.0 (1.5 m2) following Nakatani et al. (2001). After

identification and measurement (SL, cm) all fish were

returned to the water, except those that were collected

in the first sampling. Fish sampled in April were

weighed and coefficients of species weight–length

regressions were further used to estimate fish biomass

of June and August samplings.

Response variables and data analysis

Species richness, abundance (number of fish m-2),

evenness [E = H0/ln (species richness)] (Pielou,

1969), biomass (g m-2, determined from weight–

length regressions of the fish collected in the first

sampling), and body size structure (relative abundance

of fish in four size classes) were considered as

attributes of the fish assemblage structure. To reduce

the effects of the initial differences of the fish

assemblage attributes (Table 1), analyses were carried

out on percentage values in relation to the April

measurements. This allowed us to determine varia-

tions from the beginning of the experiment attributable

to treatment effects.

Repeated measures analyses of variance (rm-

ANOVA, procedure GLM of the software Statistica�

7.1, Stat Soft Inc., Tulsa, OK, USA) were applied to
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test the temporal variation of species richness, abun-

dance, evenness, biomass (two-way rm-ANOVA),

and assemblage body size structure (three-way rm-

ANOVA). Predator density (addition, HM?; removal,

HM-; and reference, REF) and habitat categories

(open and macrophyte-covered areas) were consid-

ered treatments, whereas samplings (June and August)

were the repeated measures. For the assemblage body

size structure analysis, size classes (1: \3.0 cm; 2:

3.1–4.5 cm; 3: 4.6–6.5 cm; 4: [6.5 cm) were also

considered a treatment. Assumptions of normality and

homoscedasticity were met in all tests and signifi-

cance was implied at P \ 0.05.

Results

All lakes exhibited a substantial reduction in area

between April and August (average 54.38%,

SE = 10.20) (Table 1). Immediate mortality result-

ing from prey handling (i.e., biometry) was less than

5%. A total of 40 fish species was recorded, with

Table 1 Surface area (SA, m2) at the beginning (April) and end

(August) of the experiment of the six isolated lakes of the upper

Paraná River floodplain, initial fish assemblage attributes

[SR, species richness; AB, abundance (ind m-2); EV, evenness;

BI, biomass (g m-2); SCA, size classes abundance (% individ-

uals)]; and initial manipulated trahira H. aff. malabaricus
density (ind m-2)

Treatment lakes SA Initial fish assemblage attributes Trahira density

April August SR AB EV BI SCA Addition

HM?

Canal do Meio 1330 273 14 27.53 0.54 4724.98 1: 94 0.01

2: 5

3: \1

4: 2

Carioca 3800 1184 18 5.57 0.71 33068.31 1: 49 0.01

2: 42

3: 5

4: 5

HM-

Cidão 660 228 7 7.41 0.28 2685.06 1: 83

2: 16

3: \1

4: 1

Zé Marinho 4580 3806 14 2.12 0.70 9361.27 1: 49

2: 23

3: 27

4: \1

REF

Genipapo 230 162 21 7.37 0.72 3066.70 1: 63

2: 26

3: 3

4: 8

Tião 840 285 12 5.37 0.60 1668.17 1: 93

2: 4

3: 2

4: 1

HM?, HM-, and REF refer to addition, removal, and reference of H. aff. malabaricus treatments, respectively
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most of them being opportunists (sensu Winemiller,

1989) that were characterized by small size and short

sedentary life cycles. Species such as Aphyocharax

anisitsi Eigenmann & Kennedy, 1903, Astyanax

altiparanae Garutti & Britski, 2000, and Serrapinnus

notomelas (Eigenmann, 1915) dominated the assem-

blage of almost all open and macrophyte-covered

areas and comprised almost 65.3 and 30.05% of the

initial abundance and biomass, respectively. On the

other hand, some species were so rare on the initial

sampling, that their occurrence (overall relative

density ranging from 0.01 to 0.09) was detected only

in June and/or August [such as Hyphessobrycon sp.,

Acestrorhynchus lacustris (Lütken, 1875), Characi-

dium aff. zebra Eigenmann, 1909, Characidium sp.,

and S. maculatus Kner, 1858] (Appendix—Electronic

Supplementary Material). In general, the effect of

predator density was stronger than habitat or time,

and significant differences for the assemblage attri-

butes were detected only in those lakes where trahira

was removed (Fig. 2).

Species richness decreased during the experiment

in all lakes and habitat categories. The species

number in August represented, on average, 73%

Fig. 1 Study area and location of the lakes in the upper Paraná

River floodplain where H. aff. malabaricus were added (1 Canal

do Meio, 2 Carioca), removed (3 Cidão, 4 Zé Marinho), or

maintained at natural density (5 Genipapo, 6 Tião)

Fig. 2 Fish species richness (percentage of the number of

species in relation to initial values) (A), abundance (percentage

of the number of individuals in relation to initial values) (B), and

evenness (percentage of evenness in relation to initial values)

(C) in open (solid line) and macrophyte-covered (broken line)

areas over 120 days in lakes of the upper Paraná River floodplain

where H. aff. malabaricus was added (HM?: closed circle
Canal do Meio; open circle Carioca), removed (HM-: closed
square Cidão; open square Zé Marinho), or kept at natural

density (REF: closed triangle Genipapo; open triangle Tião).

Manipulations were performed after the April sampling
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(SE = 7.20) of that observed in April (Fig. 2A).

Because ANOVA detected significant interactions

among factors, the influence of predator density

depended on the habitat category and time after

H. aff. malabaricus manipulation (Table 2). Reduc-

tions in species richness were significantly different

in August in macrophyte-covered areas and in the

absence of the predator compared to other conditions.

Species loss was associated with low abundance,

e.g., Hyphessobrycon eques (Steindachner, 1882),

Erythrynus erythrynus (Bloch & Schneider, 1801),

Eigenmannia trilineata López & Castello, 1966,

Hoplosternum littorale (Hancock, 1828) and Cre-

nicichla niederleinii (Holmberg, 1891) among others

(see Appendix—Electronic Supplementary Material).

In lakes where the trahira was added or kept at its

natural density (HM?; REF, respectively), fish abun-

dance experienced an overall increase in June, fol-

lowed by a sharp reduction in August, except in the

macrophyte-covered areas of the Carioca and Tião

lakes. These results were attributed to the increase of

small-sized Characins H. eques, Pyrrhulina australis

Eigenmann & Kennedy, 1903, Moenkhausia sanctae-

filomenae (Steindachner, 1907) and A. altiparanae

Garutti & Britski, 2000. However, this trend was not

observed in lakes where trahira was removed and

where other piscivores [A. lacustris, Hoplerythrinus

unitaeniatus (Spix & Agassiz, 1829), Astronotus

crassipinnis (Heckel, 1840), and Cichla kelberi

Kullander & Ferreira, 2006] were naturally absent.

Significant reductions in abundance were only

observed for the treatment predator density (Table 2).

On average, only 37% (SE = 5.79) of the initial

number of fishes were registered 60 days after trahira

removal (Fig. 2B).

A strong effect of predator density was also

observed on evenness, which was marked by signif-

icantly higher values in the assemblages where

trahira was removed (Table 2; Fig. 2C). An overview

of species abundances revealed a plausible mecha-

nism underlying this pattern of evenness: trahira

removal caused a differential effect on the popula-

tions of the more abundant species such as A.

altiparanae and Laetacara sp., which were drasti-

cally reduced in number after the initial sampling (see

Appendix—Electronic Supplementary Material).

Size classes changed substantially in some lakes

during the experiment (Fig. 3). Although small-sized fish

(Classes 1 and 2; smaller than 4.5 cm) predominated in

all assemblages (40–99% of total abundance) at the

beginning of the experiment, Zé Marinho, Genipapo, and

Carioca lakes exhibited the most heterogeneous fauna in

terms of standard length at the April sampling (Fig. 3, fist

and fourth columns). Over the initial 60 days of the

experiment, the ichthyofauna inhabiting these lakes and

also Cidão exhibited the most pronounced alterations in

size class structure: an intense reduction in the relative

contribution of fish of Class 1 and greater participation of

fish of Classes 2, 3, and 4 ([3 cm) (Fig. 3, fist and

second; fourth, and fifth columns). Except in Zé Marinho

and Genipapo (at a lesser extent), however, the relative

contribution of size classes at the end of the experiment

resembled that verified in April. Independently of the

habitat, the abundance of fish on each size class in June in

the presence of the trahira (HM?) was significantly

higher than those verified in all other assemblages

(Table 2). The spatio-temporal trends in size classes

mentioned above may explain the fact that biomass did

not significantly differ according to predator density,

habitat category, and the interaction among them.

Discussion

The importance of biotic interactions in structuring

fish assemblages was first recognized in the begin-

ning of the last century, but intense experimentation

did not begin until the 1960s (Sih et al., 1985).

Whole-lake manipulations of density demonstrated

that some species (usually predators) can play distinct

roles that influence the persistence of assemblages

(Mittelbach et al., 1995). Therefore, this study

experimentally addresses the importance of the

trahira in structuring fish assemblages in floodplain

lakes. Manipulative field experiments are well suited

for examining such multi-species responses and

follow general and growing trends in ecological

studies (Tilman, 1989; Demers et al., 2001).

Although they suffer from some important limita-

tions, such as a lack of replication (i.e., at large

spatial scale) and the influence of confounding

variables (i.e., differences of initial species compo-

sition and physical structure), these whole-system

studies allow measurement of how variables of

interest respond to altered levels of predictor vari-

ables (i.e., predator density, habitat, and time, herein

called treatments), while either maintaining or alter-

ing system complexity. Considering the multi-species

120 Hydrobiologia (2010) 651:115–126
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Table 2 Results of the rm-ANOVA applied to the species richness, abundance, evenness, biomass, and assemblage body size

structure

Fish assemblage attributes SS GL MS F P

Species richness

Predator 1,231.20 2 615.60 1.38 0.32

Habitat 170.50 1 170.50 0.38 0.56

P 9 H 521.30 2 260.70 0.59 0.59

Error 2,667.00 6 444.50

Time 3,484.70 1 3,484.70 35.86 \0.01

P 9 T 408.60 2 204.30 2.10 0.20

H 9 T 575.00 1 575.00 5.92 0.05

P 9 H 9 T 2,218.90 2 1,109.50 11.42 \0.01

Error 583.00 6 97.20

Abundance

Predator 172,385.00 2 86,192,50 7.28 0.02

Habitat 20,865.30 1 20,865.30 1.76 0.23

P 9 H 24,156.00 2 12,078.00 1.02 0.42

Error 71,069.60 6 11,844.90

Time 21,454.50 1 21,454.50 1.80 0.23

P 9 T 10,709.20 2 5,354.50 0.45 0.66

H 9 T 43,238.10 1 43,238.10 3.62 0.11

P 9 H 9 T 29,039.70 2 14,519,90 1.22 0.36

Error 71,631.70 6 11,938.60

Evenness

Predator 68,293.90 2 34,147.00 7.11 0.03

Habitat 782.10 1 782.10 0.16 0.70

P 9 H 1,440.90 2 720.50 0.15 0.86

Error 28,796.50 6 4,799.40

Time 51.50 1 51.50 0.08 0.79

P 9 T 985.60 2 492.80 0.76 0.51

H 9 T 32.90 1 32.90 0.05 0.83

P 9 H 9 T 687.50 2 343.80 0.53 0.61

Error 3,907.50 6 651.30

Biomass

Predator 472,456.00 2 236,228.00 1.12 0.39

Habitat 1,163.00 1 1,163.00 \0.01 0.94

P 9 H 597,325.00 2 298,663.00 1.42 0.31

Error 1,252,526.00 6 210,421.00

Time 51,176.00 1 51,176.00 1.16 0.32

P 9 T 85,463.00 2 42,732.00 0.97 0.43

H 9 T 5,194.00 1 5,194.00 0.12 0.74

P 9 H 9 T 182,817.00 2 91,408.00 2.07 0.21

Error 264,898.00 6

Body size structure

Predator 550,113.00 2 275,056.00 3.52 0.05

Habitat 334,211.00 1 334,211.00 4.27 0.05

Size class 171,401.00 3 57,134.00 0.73 0.54
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character of the studied assemblages, the adopted

framework was feasible and the complexity of the

results was less than expected in a short-term of 4

months. We are unaware of any other whole-lake

experiment in the Neotropics involving assemblage-

level responses to a strong piscivore.

In our study, the effects of the absence of trahira on

fish abundance and evenness were more severe than

those related to its presence (e.g., predation). For

species richness and assemblage body size structure,

however, the significance of the interaction highlights

the fact that the effect of predator density was

dependent on habitat category and/or time. Lakes

were characterized by high species richness, and fish

elimination was greater among the rare species.

Although decreases in species number occurred in

all assemblages and was strongly affected by drought,

the relevance of these sharp alterations was restricted

to macrophyte-covered areas in August. Therefore,

trahira could be influencing the persistence of organ-

isms in its preferred habitat through the mechanism of

predator-mediated coexistence (sensu Caswell, 1978).

According to other studies, environments struc-

tured by vegetation are recognized to promote species

coexistence because they offer shelter and protection,

especially to small-sized fish (Jacobsen & Berg, 1998;

Pelicice et al., 2008). However, the manipulated

species represents a typical ambush predator in

macrophyte stands in the investigated system, where

it takes advantages from its behavioral and morpho-

logical adaptations (Okada et al., 2003; Piana et al.,

2006). In our study fish abundance was negatively

affected by predator absence, independent of habitat

category and time. It is important to note, however,

that other piscivores may also feed on small fish, such

as a non-Hoplias erythrinid and some cichlid species

which were naturally absent in Zé Marinho and Cidão

lakes. Therefore, we are aware that our results may

depend, at some level, on the absence of species other

than trahira. We suspect that the sharp decreases in the

number of the more abundant species (which conse-

quently increased evenness) in the HM- treatment

lakes would either lead to local extinctions if the

experiment has been extended until the beginning of

the rainy season. Reductions in food availability

during the dry period intensified competitive interac-

tions in streams in Panama (Zaret & Rand, 1971) as

well as diet overlapping of fish species in the marginal

lakes of the upper Paraná River basin (Esteves &

Galetti, 1995). Therefore, we suggest extending this

approach to other independent floodplain lakes to

validate the patterns observed here.

The general increase of fishes of all size classes

following the April sampling by predator presence, as

Table 2 continued

Fish assemblage attributes SS GL MS F P

P 9 H 426,780.00 2 213,390.00 2.73 0.09

P 9 Sc 344,177.00 6 57,363.00 0.73 0.63

H 9 Sc 105,948.00 3 35,316.00 0.45 0.72

P 9 H 9 Sc 307,420.00 6 51,237.00 0.66 0.69

Error 1,877,298.00 24 78,221.00

Time 509,218.00 1 509,218.00 11.65 \0.01

P 9 T 392,249.00 2 196,125.00 4.49 0.02

H 9 T 130,823.00 1 130,823.00 2.99 0.10

Sc 9 T 234,344.00 3 78,115.00 1.79 0.18

P 9 H 9 T 269,273.00 2 134,636.00 3.08 0.06

P 9 Sc 9 T 232,452.00 6 38,742.00 0.89 0.52

H 9 Sc 9 T 128,794.00 3 42,931.00 0.98 0.42

P 9 H 9 Sc 9 T 81,750.00 6 13,625.00 0.31 0.92

Error 1,048,876.00 24 43,703.00

Predator density (addition, HM?; removal, HM-; and reference, REF) and habitat categories (open and macrophyte-covered areas)

were considered the treatments, whereas samplings (June and August) were the repeated measures. For the assemblage body size

structure analysis, size classes (1: \3.0 cm; 2: 3.1–4.5 cm; 3: 4.6–6.5 cm; 4: [6.5 cm) were also considered a treatment

122 Hydrobiologia (2010) 651:115–126

123



well as the sharp reduction in the small-sized fish

(Class 1) in HM- lakes may non-exclusively explain

the absence of treatment effects (predator density,

habitat, and time) on biomass. We postulate that the

alterations in small-sized fish species abundance,

which represents 77.42% of the total, would not

necessarily reflect a trend of similar variation in

biomass, since fish of less than three cm in length

represented only 23.22% of the total biomass. The

effect of size on prey species susceptibility has been

assessed in studies that involve the effect of predators

on their assemblages (Chase, 2003; Layman &

Winemiller, 2004). According to Bayley (1988),

consumption tends to increase with fish size. However,

small-sized fishes (\1.5 cm) feeding on zooplankton

seem to display more intense inter-specific competi-

tive ability (Connell, 1983) by their higher capacity to

deplete food resources (Hjelm & Persson, 2001).

The intensity of the trahira’s impact on fish

assemblages has been discussed for decades (Azevedo

& Gomes, 1943; Gilliam et al., 1993; Paiva et al.,

1994; Piana et al., 2006; Jeppesen et al., 2007).

Although this experiment revealed indirect effects of

trahira density, the intensity of direct effects (preda-

tion, for example) might have been underestimated

due to the period of the year when it was carried out

(Petry et al., 2007), as observed in studies of other

animal groups (Sanford, 1999; Norrdahl et al., 2002).

Feeding studies of trahira in a variety of systems and

regions have revealed high occurrences of empty

stomachs during the period from May to August

(Barbieri et al., 1982; Bistoni et al., 1995). However,

the species does not stop feeding during the repro-

ductive period (Barbieri et al., 1982).

From a conservation perspective, the investigation

of the influence of native predators on species

Fig. 3 Relative contribution of size classes [Class 1 (dotted):

\3.0 cm; Class 2 (gray): 3.1–4.5 cm; Class 3 (white): 4.6–

6.5 cm; Class 4 (black): [6.5 cm] over 120 days in lakes

where H. aff. malabaricus were added (HM?), removed

(HM-), or kept at natural density (REF). Manipulations were

performed after the April sampling
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persistence is crucially important. In spite of not

being evaluated in this study, the potential effect of

non-piscine piscivores on the fish assemblages of the

study area cannot be ignored. Fish-eating mammals

(e.g., otters, puma) and especially aquatic birds are

diverse groups that use these floodplain areas for

foraging and breeding (Okada et al., 2003; Gimenes

& dos Anjos, 2004). At least 15 species of Ciconii-

forms live closely associated to aquatic environments

of the upper Paraná River floodplain. During low

water season, however, they exhibit habitat prefer-

ence for lakes permanently connected to the main

river and secondary channels, which are greater in

size and perimeter (Gimenes & dos Anjos, 2006). The

reference sites (REF) were included in our experi-

mental design to overcome a possible effect of these

non-piscine piscivorous, in addition to control for

trahira density manipulation (either addition, HM?

as removal, HM-). For this reason, and considering

the strong effect of predator density in most of the

response variables, it seems not reasonable to believe

that our randomly chosen and similar in habitat

feature sampling sites would exhibit differential

patch quality for fish-consumers other than the

trahira. Thus, the hypothesis that the existence of

competition is capable of promoting species exclu-

sion in the absence of predators is a rich subject for

further exploration in floodplain lakes.

Conclusion

Our results supported the hypothesis that the trahira

may mediate the short-term coexistence in fish

assemblages of the upper Paraná River floodplain

lakes. The dynamics of fish abundance and evenness

was similar between assemblages with the addition of

trahira and the reference assemblages, whereas alter-

ations were observed with removal of the species.

However, the negative effect on species richness and

assemblage body size structure depended on habitat

category and/or elapsed time since predator removal.

The loss of the less abundant species, as well the life

history traits of trahira (e.g., feeding tactics, prefer-

ences for macrophyte-covered areas) may account for

this apparent contradiction of more intense competi-

tion among prey species in structurally complex

habitats.
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students of Maringá State University assisted in field and lab

work; logistical support was supplied by the Nucleus of Research

in Limnology, Ichthyology and Aquaculture (Nupélia), and
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Brazilian Journal of Biology 62: 211–222.

Bistoni, M. A., J. G. Haro & M. Gutiérrez, 1995. Feeding of

Hoplias malabaricus in the wetlands of Dulce river
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