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Abstract

In this study, we evaluated the influence of various hydrological cycles on the feeding body condition of fish species
of different trophic guilds in the Parana River floodplain, as well as the impacts of upstream impoundments on fish
conditions. Attributes of the river floods (duration, time of year, intensity, and variability in a given year) and the body
condition, measured by the mean residuals of length-weight ratios, of the detritivorous, herbivorous, insectivorous,
invertivores, omnivorous, piscivorous, and planktivorous species were evaluated. Fish were sampled during a period
before (1986-1994) and after (2000-2004) the completion of filling of the Porto Primavera Reservoir, which is located
upstream from the floodplain area under study. Three sub-basins in the floodplain were sampled: the Ivinheima River,
which has no dams; the Parand River, which has several dams; and the Baia River, which is influenced by the Parana.
A two-way ANOVA identified significant variations in mean body conditions for localities and for the hydrological
cycles, and the interactions were also significant. The findings revealed that before the Porto Primavera Reservoir was
filled, the body condition of the feeding guilds varied similarly in the three sub basins, but this pattern was not observed
after filling was completed. However, in years with minor or no floods, the body condition was high, especially in the
sub-basins influenced by Porto Primavera (Parand and Baia). Pearson’s and Spearman’s correlations showed that most
effects of the floods were unfavorable to the body condition of the guilds, except for the annual variation in water level,
which aids herbivores in accessing allochthonous food resources. Detritivores were negatively affected by all flood
attributes. A correlation between the relative stomach weight (mean residual of the ratio of total and stomach weights)
and the body condition demonstrated the poor relationship between the amount of food intake and weight gain; insec-
tivores were the exception, showing a significant negative correlation. Therefore, for this guild, there is evidence that
their food sources during floods have low nutritional value. It is hypothesized that dry years lead to improvement in
the nutritional quality of food resources, and that the water released from the upstream dam dilutes and removes these
resources without providing new food inputs. This exacerbates the effects of floods on body conditions.

Keywords: condition factor, nutritional condition, flood pulses, floodplain, regulated rivers.

Influéncia do regime de cheias na condicio corporal de peixes de diferentes
guildas troficas na planicie de inundacio do Alto Rio Parana, Brazil

Resumo

Nesse estudo, buscou-se avaliar a influéncia de diversos ciclos hidroldgicos sobre a condi¢@o nutricional de peixes de
diferentes categorias tréficas, na planicie alagdvel do alto rio Parand, bem como dos impactos de represamentos a mon-
tante, sobre esse processo. Para isso foram avaliados os atributos das cheias anuais (duragdo, época, intensidade, varia-
bilidade) e a condi¢do nutricional dos peixes, medida pelos residuos médios da relagdo entre o peso e o comprimento
de espécies detritivoras, herbivoras, insetivoras, invertivoras, onivoras, piscivoras e planctivoras. Os peixes foram co-
letados em periodo anterior (1986-1995) e posterior (2000-2004) ao represamento de Porto Primavera, a montante,
em trés subsistemas da planicie aldgavel do alto rio Parand, Ivinheima (sem controle por represamentos), Parand (com
represamentos) e Bafa (influenciado pelo rio Parand). Uma andlise de varidncia (ANOVA bifatorial) revelou variacdes
significantes na condi¢do nutricional média dos peixes, tanto entre subsistemas e ciclos hidrolégicos, como em suas
interagdes. Os resultados evidenciaram que antes do represamento, as variacdes na condi¢@o nutricional dos peixes
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foram similares entre os subsistemas, divergindo no periodo subseqiiente, e que em anos com cheias incipientes ou
nulas a condi¢do nutricional foi elevada, especialmente nos subsistemas influenciados pelo represamento a montante.
As correlacoes de Pearson e Spearman revelaram que, pelo menos parte dos atributos das cheias foram adversos para os
peixes de diferentes categorias tréficas, exceto a variabilidade anual dos niveis fluviométricos, que possibilitou as espé-
cies herbivoras o acesso periddico a fontes de alimento externas. As espécies detritivoras foram afetadas negativamente
por todos os atributos da cheia. As mesmas correlagdes realizadas entre o peso relativo do estdmago (residuo médio da
relacdo peso do estomago-peso total) e a condicio nutricional demonstraram auséncia de relacdo entre a quantidade de
alimento ingerida e o ganho de peso, exceto para as espécies insetivoras, para as quais a correlacdo mostrou-se signifi-
cativamente negativa, sugerindo ser sua fonte de recurso durante as cheias de menor valor nutricional. Postula-se que
0s anos secos permitem uma melhoria na qualidade nutricional dos recursos alimentares e que os efluentes de barragem
promovem a diluicdo e o arraste desses recursos, sem que se promovam novos aportes, potencializando o efeito das

cheias sobre a condic@o nutricional dos peixes, independente de seus habitos alimentares.

Palavras-chave: fator de condigdo, condi¢do nutricional, pulsos de cheias, planicie alagavel, rios regulados.

1. Introduction

The “river-floodplain” systems in tropical latitudes
provide a great heterogeneity of habitats and high biodi-
versity (Lowe-McConnell, 1999). These characteristics
are highly related to the hydrological regime, with alter-
nate flood and dry periods. These pulses have been con-
sidered as key factors in the biotic integrity (Agostinho
et al., 2004a), and are responsible for the proper struc-
turing and functioning of these areas. The processes by
which the flood regime affects the functioning of these
environments have been thoroughly discussed by Junk
(1989), Neiff (1990), and Junk and Wantzen (2004).

In the neotropical region, some of the most promi-
nent factors making the flood pulses highly important
for the integrity of the floodplains are: changes in lim-
nological characteristics, balance of production and res-
piration processes, patterns of nutrient cycling (Thomaz
et al., 2004), structuring of the aquatic communities
(Junk, 1980), and the increase in availability of food
resources for the fish (Junk, 1980; Lowe-McConnell,
1999; Margal-Simabuku and Peret, 2002). Junk (1980)
added that the changes in hydrological conditions affect
not only the quantity, but also the quality of available
foods. In this way, the availability of food resources for
the ichthyofauna, as well as the nutritional value and di-
gestibility of food, are directly and indirectly related to
the river dynamics.

In the Parand River basin, as in many other drainage
basins worldwide, these systems have been profoundly
altered by the regulation of discharge by reservoirs up-
stream, which affects the intensity, duration, and timing
of the floods, and consequently affects the availability
of food (Agostinho et al., 2004a). Because of the impor-
tance of the integrity of floodplain areas to the mainte-
nance of biological diversity, considerable efforts have
been expended to understand the mechanisms through
which this regulation affects ecosystem processes, and
the conservation of the biota in particular.

Several studies of the effect of annual variation in
water level on the diet of fish in this region have been car-
ried out (Almeida et al., 1997; Hahn et al., 2004; Russo,
2004; Luz-Agostinho et al., 2008). However, studies on
the effects of the inter-annual variation of the flood re-

gime (involving periods before and after the construction
of the Porto Primavera Reservoir) on features related to
the intensity of food intake and the body condition of the
fish species have been accomplished only for piscivorous
fish (Luz-Agostinho et al., 2009).

Based on the assumption that the flood pulses alter
the composition, quantity, and quality of food resources
available to the fish, and the assumption that the charac-
teristics of the water released from the reservoirs under-
goes changes related to the transport and sedimentation
processes, it is postulated that inter-annual variations in
the attributes of the floods (duration, time of year, inten-
sity, and variability) affect the body conditions of fish
differently, according to their food habits and the partic-
ular environment, independently of the amount of food
ingested. The evaluation and discussion of this hypoth-
esis is the object of this study.

2. Materials and Methods

The data on the hydrological cycles of the Ivinheima
and Parand rivers were provided by the Hydrology
Department of Itaipu Binacional. The data were obtained
at the hydrological stations located at Porto Sumeca and
Porto Sdo José.

The annual hydrographic data, considered as at-
tributes of the flood regime, were: duration of floods
(% of the number of days with water levels above the
long-term mean); time of year (temporal displacement,
in two-week periods, of the first month of each flood,
according to historical records; Agostinho et al., 2007);
intensity (maximum level and annual mean); mean level
in flood season (November to May; Thomaz et al., 2004)
and variability of the levels (coefficient of variation, cal-
culated based on daily records).

The data for river levels of the Bafa River, whose fish
assemblage is also analyzed in this study, were surro-
gated using the Parand River level because their variation
was similar to the Bafa, which has a nearby and parallel
course, and has surface contact with the Bafa during ma-
jor floods (Luz-Agostinho et al., 2009).
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Fish collections were made on the Upper Parand
River floodplain on a monthly basis from October 1986
through September 1987 (86-87), October 1987 through
September 1988 (87-88), March 1992 through February
1993 (92-93); every two months from March 1994
through February 1995 (94-95); and every three months
from February through November in the years 2000,
2001, 2002 and 2004. The collections were made at many
sampling stations located in floodplain lakes, channels,
and river environments, and were distributed among the
Ivinheima, Bafa, and Parand rivers (Figure 1).

The fish were grouped according to feeding regimes
in six trophic guilds (detritivores, herbivores, insecti-
vores, invertivores, omnivores, piscivores, and plankti-
vores), based on data compiled by different investigators
(Hahn et al., 2004; Russo, 2004) for the Upper Parand
floodplain (Table 1).

Stationary and trawl nets were used for the fish
catches, with a standardized effort exerted for each
type of fishing gear. After the fish were removed from
the nets, they were identified, measured, weighed, and
eviscerated for identification of the sex and to obtain the
stomach weight.

The mean body condition was calculated based on
the mean values of the standardized residuals, gener-
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ated by the regressions between the logarithms of total
weight (Wt) and standard length (Ls), by species. When
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ANOVA, residuals for each sex were obtained using
different equations. The significance levels of the dif-
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(bifactorial ANOVA). The significance level adopted for
all analyses was p < 0.05.
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tions, using the program Statistic, v. 7.0.
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Figure 1. Location of the sampling stations on the Upper Parand River floodplain.
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Table 1. Assemblage of fish species and their respective trophic guilds in the Upper Parana River floodplain. Based on the

analyses of Hahn et al. (2004) and Russo (2004).

Trophic guilds

Species

Leporinus friderici, Leporinus obtusidens, Parauchenipterus galeatus, Pterodoras granulosus,

Astronotus crassipinnis, Acestrorhynchus lacustris, Ageneiosus ucayalensis, Apteronotus sp.,

Crenicichla haroldoi, Catathyridium jenynsii, Crenicichla britskii, Cichla kelberi, Galeocharax

In the Parana River, the floods were also minor dur-
ing the 1986-87, 2000-01, and 2003-04 cycles. Although
the dry periods had some influence, especially in the
year 2000-01, the closure of the Porto Primavera Dam
(located about 40 km upstream) at the end of 1998 con-
tributed to the occurrence of minor flooding during the
two subsequent years. The Ivinheima, which has no res-
ervoirs except for the extremes mentioned, had an annual
hydrographic cycle that was less variable.

The attributes of the flood regime differed among
the periods and sub-basins (Table 2). The duration of the
annual floods in the Ivinheima River fluctuated between
15.0% (2001-02) and 63.3% (1992-93) during the high-
water period (November to May); whereas in the Parana
River, the duration of the floods varied between 1.3%
(1999-00) and 38.1% (1992-93) during the same period.
In the Ivinheima River, the floods began earlier in the
year and showed less inter-annual variation than in the
Parana River, especially after Porto Primavera dam. In
both rivers, the annual maximum and mean levels were
highest during the 1992-93 cycle. For the Parand River,
the lowest values of annual maximum and mean levels
were recorded in 1999-2000. For the Ivinheima, this oc-
curred in 1986-87 and 2001-02 for the annual maximum
level, and in 2001-02 for the annual mean. The lowest
values of the maximum levels were observed in 1994-95

Detritivores Apareiodon affinis, Cyphocharax modestus, Cyphocharax nagelii, Hypostomus spp.,
Loricariichthys platymetopon, Loricaria sp., Prochilodus lineatus, Rhinelepis aspera,
Steindachnerina brevipinna, Steindachnerina insculpta
Herbivores Astyanax schubarti, Leporinus lacustris, Schizodon altoparanae, Schizodon borellii
Insectivores Astyanax altiparanae, Auchenipterus osteomystax, Brycon orbygnianus, Bryconamericus
stramineus, Eigenmannia trilineata, Gymnotus inaequilabiatus, Gymnotus spp., Leporinus
elongatus, Moenkhausia intermedia, Pimelodella gracilis, Pimelodella avanhandavae,
Roeboides paranensis
Invertivores Callichthys callichthys, Hoplosternum littorale, Iheringichthys labrosus, Satanoperca
pappaterra, Trachydoras paraguayensis
Omnivores
Pimelodus maculatus
Piscivores
knerii, Hoplias malabaricus, Hemisorubim platyrhynchos, Hoplerythrinus unitaeniatus,
Pseudoplatystoma corruscans, Pinirampus pirinampu, Plagioscion squamosissimus,
Rhaphiodon vulpinus, Sorubim lima, Serrasalmus maculatus, Serrasalmus marginatus,
Salminus brasiliensis
Planktivores Aphyocharax anisitsi, Hypophthalmus edentatus
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Figure 2. Daily variations in river levels during the fish
sampling period. Horizontal lines show the threshold of the
water level for river bank overflowing (192 cm = Ivinheima
River, Luz-Agostinho, 2008; 350 cm = Parand River,
Agostinho et al., 2004a).

for the Ivinheima, and in 1999-2000 for the Parand.
3.2. Variations in the body condition of the fish

The analyses of variance applied to the mean annual
values of the standardized residuals indicated significant
interactions of the body condition for all the trophic guilds
between the sub-basins and periods (Table 3). The absence
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Table 2. Values of the hydrological attributes in the two principal sub basins sampled on the Upper Parand River floodplain,

in each period (CV = coefficient of variation).

Sub basin Attributes Periods
86-87 87-88 92-93 94-95 99-00 00-01 01-02 03-04
Ivinheima  Duration (%) 473 41.5 63.3 29.0 21.1 46.9 15.2 42.2
Beginning 2/Dec.  1/Nov.  1/Oct.  2/Oct.  2/Dec.  1/Nov. 1/Nov. 1/Dec.
Maximum (cm) 298 444 550 367 383 479 318 344
Mean (year-cm) 184.0 184.0 226.9 172.2 162.0 203.5 142.1 179.3
CV (%)-year 31.1 36.5 45.0 324 35.8 37.9 35.8 36.1
Mean (flood, cm)  191.3 233.7 211.5 178.7 131.0 226.7 244.1 149.9
CV (%)-flood 32.6 27.1 53.9 34.0 27.4 23.9 31.6 35.6
Parana Duration (%) 10.0 36.8 38.1 25.2 1.3 8.3 139 7.6
Beginning 2/Feb.  2/Nov. 1/Jan.  2/Nov.  2/Feb.  2/Mar.  2/Jan. 1/Mar.
Maximum (cm) 462 584 630 605 384 507 530 434
Mean (year-cm) 297.6 347.2 357.5 336.9 198.2 297.6 266.7 276.7
CV (%)-year 16.6 20.9 26.9 19.9 26.9 14.4 27.0 16.4
Mean (flood, cm)  286.0 384.3 401.1 366.0 270.5 305.1 287.1 272.4
CV (%)-flood 17.5 21.8 25.4 19.6 15.9 16.4 36.0 15.8

Table 3. Results of the analysis of bifactorial variance applied to the standardized residuals generated from the regressions
between the logarithms of total weight (Wt) and standard length (Ls) for each trophic guild.

Trophic guilds Factors
Locality (sub basin) Year Locality * year
Detritivores F, 14050 = 88.78 p < 0.001 F, 105 = 704.11 p < 0.001 F, 5005 = 2837 p < 0.001
Herbivores F, 05 =12.53 p<0.001 F, 40453 =57.05p <0.001 F . s =10.92p <0.001
Insectivores F, o555 = 18.17 p < 0.001 F, o855 = 120.12 p <0.001 F, losss = 13-57 p < 0.001
Invertivores F, (16 = 5242 p < 0.001 F, 4146 = 137.98 p <0.001 F, g6 = 17.81 p<0.001
Omnivores F, 4 = 1.79 p < 0.001 F, 4 = 107.30 p < 0.001 F, g =4.04 p<0.001
Piscivores F, ,u5; = 19.00 p < 0.001 F, .5 =17.53 p<0.001 F, 213 = 10.31 p <0.001
Planktivores F, 5, =3.17p<0.001 F, .5, =23.27 p<0.001 F, 5 = 12.08 p<0.001

of planktivorous species in the Parand River in the second
period made it impossible to use this period in the analysis.

The interaction between the factors (locality and pe-
riod) made it difficult to evaluate, on a separate basis,
the differences between the means found for the differ-
ent sub-basins and periods. However, these results are
to some degree expected in the context of this study, in
that the different sub-basins showed distinct annual flood
regimes during the time interval considered.

As a general pattern, means of body condition above
the expected occurred during the year 2000. In all the
trophic guilds, this pattern was more consistent in the
Parand and Baia rivers. In the Ivinheima River, although
this tendency was also observed for some trophic guilds
(detritivores, invertivores, omnivores, and planktivores),
higher (but less extreme) values were recorded in other
flood years, such as during 1986-87 (insectivores), 2002
(herbivores), and 2004 (piscivores).

In all three rivers, trends toward poorer body condi-
tion in the year of the highest flood (1992-93) were ob-
served for the detritivores, insectivores, and invertivores.

Braz. J. Biol., 69(2, Suppl.): 469-479, 2009

For the herbivores in all the sub basins, the lowest values
for body condition were obtained in the first cycle exam-
ined (1986-87); however, this was a dry year. During the
study period, the piscivores did not show different pat-
terns of variation among localities (Figure 3).

Until 1995, the temporal variations in body condi-
tion of the fish were quite similar among the three sub
basins, with the different trophic guilds varying in a sim-
ilar manner. Beginning in 2000, after the construction of
the Porto Primavera Reservoir, representatives of these
categories came to show divergent annual fluctuations.

3.3. Correlations between attributes of the
hydrological cycle and body condition

Correlations (Pearson’s r and Spearman’s p) between
the attributes of the floods and the body condition of the
fish were negative for the majority of the trophic guilds
in all three localities (Table 4). Significant positive cor-
relations were recorded for the attribute “beginning of
the flood” between the detritivores of the Ivinheima and
Bafa rivers, demonstrating that the retardation of this at-
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Figure 3. Mean values of the residuals of the ratio between the logarithms of total weight (Wt) and standard length (Ls) (£ stand-
ard error) of fish of different trophic guilds in the different sub basins and across sampling periods (Legend: m = Ivinheima

River, e = Baia River, and A = Parand River).

tribute had a positive effect on the weight gain of the
individuals. There was also a significant positive correla-
tion between the body condition of the herbivores and
the coefficient of annual variation of the Parand River
level, demonstrating that the fluctuations in level favored
weight gain in this group. This same attribute was, how-
ever, unfavorable for the body conditions of the insecti-

vores and invertivores of the Ivinheima River. The vari-
ability of river levels during the flood period negatively
affected the detritivores of the Ivinheima and Baia, as
well as the invertivores of the Ivinheima.

The body condition of the detritivores was negative-
ly correlated with the main attributes of the floods (dura-
tion, maximum level, annual mean level, and mean level

Braz. J. Biol., 69(2, Suppl.): 469-479, 2009
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during the floods) in both the Parand and Baia rivers. A
similar tendency was observed among the invertivores of
the Baia sub-basin (Table 4).

The correlations between relative stomach weight
(mean residuals of the relationship of stomach weight x to-
tal weight) and body condition (mean residuals of the rela-
tionship of total weight x length) were generally not statis-
tically significant (Table 5). Except for the insectivores of
the Parana River, for which the increase in the mean values
of stomach weight resulted in poorer body condition, no

significant relationships were observed between these vari-
ables. Note that these correlations, though not significant,
were positive only for the piscivores in all the sub basins.

4. Discussion

The body condition of fish can be inferred from
the parameters of the length-weight ratio (Bagenal and
Tesch, 1978), and reflects their general well-being.
Called the condition factor or simply condition (Le Cren,

Table 4. Values of Pearson’s and Spearman’s correlations between the flood attributes and the relative weight of individuals
(condition) for the different trophic guilds of the fish of the Upper Parana River floodplain (for definitions of the attributes,

see text). Values in bold = significant correlations.

Detritivores Herbivores Insectivores Invertivores Omnivores Piscivores Planktivores
Ivinheima
Duration (%) -0.26/-0.12 -0.74/-0.81 -0.35/-0.14 -0.51/-0.05 -0.57/-0.33 0.06/0.05 -0.07/-0.09
Beginning 0.82/0.78 -0.22/-0.12  0.50/0.27 0.49/0.33 0.50/0.55  0.40/0.24  -0.28/-0.15
Maximum (cm) -0.32/-0.07 -0.22/-0.28 -0.64/-0.52 -0.57/-0.43 -0.21/-0.26 -0.13/0.19  -0.10/-0.14
Mean (year-cm) -0.30/~0.09 -0.65/-0.76 -0.43/-0.28 -0.55/-0.07 -0.47/-0.48 -0.03/0.05 0.02/-0.14
CV (%)-year -0.47/-0.21 -0.04/-0.19 -0.84/-0.71 -0.77/-0.38 -0.01/-0.21 0.05/0.09 -0.44/-0.43
Mean (flood, cm) -0.19/~0.24  0.13/-0.02  0.04/0.02 0.19/0.45 -0.35/-0.14 -0.66/-0.67  0.04/0.07
CV (%)-flood -0.84/-0.74 -0.20/0.01 -0.61/-0.33 -0.87/-0.62 -0.29/-0.31 0.08/0.28  —0.18/-0.24
Baia
Duration (%) -0.77/-0.90 -0.26/-0.52 -0.50/-0.50 -0.72/-0.62 -0.25/0.05 -0.14/-0.10 -0.17/-0.07
Beginning 0.58/0.75 0.09/0.24 0.18/0.29 0.28/0.41 -0.09/-0.16 0.14/0.24 -0.01/-0.08
Maximum (cm) -0.89/-0.93 -0.41/-0.50 -0.63/-0.64 -0.84/-0.86 -0.38/-0.19 -0.64/-0.60 -0.18/-0.17
Mean (year-cm) -0.87/-0.81 -0.62/-0.64 -0.68/-0.60 -0.88/-0.86 -0.72/-0.45 -0.67/-0.38 -0.21/-0.07
CV (%)-year -0.14/-0.43  0.26/-0.17 0.30/-0.10 -0.43/-0.05 0.88/0.55  0.74/0.24  -0.62/-0.10
Mean (flood, cm) -0.79/-0.83 -0.30/-0.55 -0.53/-0.60 -0.85/-0.93 -0.40/-0.36 -0.40/-0.64 -0.04/-0.17
CV (%)-flood -0.44/-0.76 -0.19/-0.62 -0.32/-0.29 -0.21/-0.45 0.32/0.21 -0.23/-0.33 -0.48/-0.24
Parana

Duration (%) -0.90/-0.88 -0.04/0.36  -0.72/-0.48 -0.37/-0.33 -0.29/-0.12 0.32/0.12  -0.09/-0.14
Beginning 0.66/0.69 -0.35/-0.59 0.18/0.28 -0.07/0.01 -0.11/0.10 -0.43/-0.11 -0.17/-0.05
Maximum (cm)  -0.83/-0.88 -0.33/0.02 -0.52/-0.43 -0.52/-0.40 -0.44/-0.26 0.07/-0.12 -0.01/-0.07
Mean (year-cm) -0.85/-0.88 -0.71/-0.33 -0.48/-0.24 -0.71/-0.45 -0.75/-0.50 -0.05/-0.14 -0.26/-0.32
CV (%)-year -0.21/~0.31 0.75/0.76 -0.41/-0.48 0.22/-0.12 0.61/0.48  0.40/0.31 0.20/0.11
Mean (flood, cm) -0.83/~0.81 -0.30/-0.14 -0.60/-0.36 -0.40/-0.48 -0.52/-0.31 0.27/-0.24  0.09/0.01
CV (%)-flood -0.35/-0.67 0.30/0.29 -0.34/-0.36 -0.29/-0.31 0.43/0.29 -0.11/0.02 -0.17/0.01

Table 5. Values of the correlations of Pearson (r) and Spearman (p) between the relative stomach weights (residuals of the
relationship We x Wt) and relative weight of the individuals (annual mean residuals of the relationship Wt x Lt) for the dif-
ferent trophic guilds of the fish of the Upper Parana River floodplain. Values in bold = significant correlations, * = no data.

Ivinheima Baia Parana

r p r p r p
Detritivores -0.201 -0.095 0.301 0.119 0.331 0.381
Herbivores -0.387 -0.321 0.236 0.001 0.460 0.143
Insectivores -0.076 -0.286 -0.467 -0.179 -0.849 -0.771
Invertivores -0.184 0.191 -0.200 -0.214 -0.440 -0.548
Omnivores -0.376 -0.571 0.225 0.071 0.208 0.024
Piscivores 0.355 0.048 0.622 0.429 0.361 0.238
Planktivores * * -0.690 -0.500 * *
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1951), this factor is derived from the consideration that
for a group of individuals of the same size, those weigh-
ing more are in better condition. Difficulties such as the
strong correlation between the input parameters (a and b
of the length-weight relationship; Weisberg, 1985), the
existence of allometry in the growth of many species
(Braga, 1986), and the limitations in comparing different
populations (Murphy et al., 1990) are some controversial
points regarding the use of condition factors.

In this study, our choice to use the mean residuals,
obtained from a general equation whose parameters were
estimated for each species, resulted from our desire to
compare the temporal trends of variation in the body
conditions of fish belonging to different trophic guilds;
this was done without intending precision. The body
condition shown by fish is a result of many environmen-
tal factors, such as: physical and chemical variables of
the water (Holmes and Yousen, 1994); biotic variables,
such as intra- and interspecific interactions (competi-
tion, Wyttenbach and Senn, 1993; predation, Dannewitz
and Petersson, 2001; diseases and parasitism, Machado
etal., 2005; Hoffnagle et al., 2006); factors peculiar to all
the species that comprise a guild (e.g., feeding strategies
and tactics, reproduction, asymptotic size, Engelhard
and Heino, 2006), the availability and quality of food
(Luz-Agostinho et al., 2008), and the interactions among
these variables (Asaeda et al., 2007). Therefore, a lack
of consistency in some results is expected, seeing that
some trophic guilds are composed of species with dif-
ferent reproductive strategies, dietary flexibility, or even
tolerance to certain environmental conditions, such as
fluctuations in oxygen or water levels.

The analysis of the results showed that the years
with minor or even no floods resulted in mean values
of body condition much superior to those of years with
major floods, especially in the biotopes most affected by
the closure of the Porto Primavera Reservoir (Parand and
Baia). Two hypotheses may explain this tendency: i) the
lack of floods increases the availability of food of better
nutritional value; and ii) the retention of nutrients and
sediment behind the Porto Primavera Dam upstream pro-
duces an outflow that, during floods, causes the dilution
of nutrients and reduction in drifting food organisms, in-
tensifying the effects of the floods on the body condition
of the fish.

Although the floods and water turbidity are impor-
tant in spawning and survival and development in the ini-
tial life stages of fish — especially the migrators (Gomes
and Agostinho, 1997; Agostinho et al., 2007) — these
events cause profound changes to the habitats, increas-
ing the dynamics of the watercourse and affecting energy
expenditure (Ortlepp and Miirle, 2003) and changing the
characteristics of the substrate, thus changing the ben-
thic communities as a result (Petts, 1986). As a further
result, these events reduce the primary productivity of
phytoplankton (Train and Rodrigues, 1998; Rodrigues
et al., 2002) and of submerged macrophytes (Padial
and Thomaz, 2008; Thomaz et al., 2009), affecting the

abundance and composition of the plankton (Velho
et al., 2001; Ortlepp and Miirle, 2003) and the periphy-
ton (Bielsa et al., 2003; Murakami et al., 2009). Thus,
although the floods increase the availability of alloch-
thonous food items from the flooded areas and drift, they
reduce the autochtonous food supply. As a result of these
processes, the floods change the nature of the available
food and reduce its quality; these effects are in addition
to the expected stress caused by oxygen depletion during
the heterotrophic phase. During dry periods, the greater
light penetration and substrate stability lead to primary
and secondary productivity, resulting in good availability
of more nutritious food items.

The second hypothesis can be substantiated by:
i) the annual variations in body conditions of fish in the
Ivinheima (which is not controlled by dams) were less
pronounced than in the Parand (directly affected by the
retention of nutrients, sediments and drifting organisms
caused by the dam upstream) and the Bafa (moderately
affected); and ii) the fish of the three rivers showed simi-
lar variations in annual mean condition before the clo-
sure of this reservoir, and these variations diverged in the
subsequent period.

The generally negative correlation between flood at-
tributes and nutritional condition (body condition) indi-
cates the unfavorable effect of this event on the weight
gain of representatives of different trophic guilds. This
was particularly evident in the detritivores, for which all
the relationships were found to be negative, except for
the delay in the beginning of the floods (which had the
same significance despite being positive). This group of
fish includes species with different adaptations and strat-
egies for food intake (Fugi et al., 1996; Fugi et al., 2001),
including those that feed on the sediment, on periphyton
or on rocky substrates. Together with the herbivores, this
category has the most protein-limited diet (Bowen et al.,
1995; Faria, 2007). These species show adaptations that
allow them to ingest large amounts of food, including a
digestive tract adapted to process the food, a mechani-
cal stomach to crush algae with the aid of inorganic
sediment, and/or a long intestine to increase absorption
(Fugi et al., 1996; Fugi et al., 2001). Nevertheless, the
resources ingested by this group show a wide range of
spatial and temporal variation in nutritional value, and
although these resources are apparently unlimited, de-
tritivores show a high degree of selectivity, seeking to
ingest more protein-rich material (Bowen, 1987). This
explains their predominance in fish biomass in tropical
rivers (Lowe-McConnell, 1999). Periphytic algae or al-
gae that concentrate in the upper sediment layers are im-
portant components in the nutritional quality of the diet
of detritivores, and they are affected by major floods as
much by the transport processes (carried by the strong-
est currents) as by deposition on the sediment (Bowen,
1987). In the case of the Parand River sub basin, the sec-
ond process was obviously more important.

The variability in river level, measured using the co-
efficient of annual variation, showed that this attribute

Braz. J. Biol., 69(2, Suppl.): 469-479, 2009



Effects of flooding regime on body conditions of fish

acted favorably only on the body condition of the herbiv-
ores of the Parand River, probably due to the frequency
of access to areas with vegetation along the banks, espe-
cially grasses. This variability had a negative effect on
some other trophic guilds (detritivores, insectivores, and
invertivores, especially in the Ivinheima). It is neverthe-
less expected that medium-scale fluctuations will posi-
tively affect the availability of food for fish, because they
bring in allochthonous resources. However, the results
showed that there was no significant correlation between
the mean stomach weight (mean residuals of the rela-
tionship: stomach weight x total weight) and the body
condition, except for the insectivores of the Parand River.
The negative relationship found for this group indicates
that the food taken during the flood period was of poorer
nutritional quality and/or difficult to digest, remaining
longer in the stomach. It is equally appropriate to empha-
size that only the piscivores showed positive correlations
between feeding activity and body condition, although
these were not significant. This must be attributed to the
lower variability in the nutritional value of the resources
consumed during the years and in the sub-basins consid-
ered, independently of the flood regime. The detritivores,
herbivores and omnivores showed negative correlations
in the Ivinheima River, and positive correlations in the
Parand. The food used by these trophic guilds have lower
energy and protein content (Faria, 2007), and the trends
shown by the results confirm that the nutritional value
of the resources eaten by these fish shows high spatial
(Bowen, 1987) and temporal variation. The capability to
alter the diet (while more characteristic of omnivores)
can be seen in fish of other trophic guilds in floodplain
environments (Hahn et al., 2004). Thus, although many
species of fish are omnivores during the entire year, oth-
ers reveal themselves to be omnivorous when their main
food source becomes less abundant (Bowen, 1995).

It is thus concluded that minor floods or no floods, al-
though they may be responsible for recruitment failures
of new individuals into the populations or the high mor-
tality of juveniles (Agostinho et al., 2004b), have a posi-
tive impact on body condition. These floods affect fish of
all trophic guilds to different degrees, independently of
feeding intensity. This impact is weaker in waterbodies
that are free of dams.

Good body conditions increase the probability
that individuals will carry out reproductive migrations
(Engelhard and Heino, 2006), increase fecundity, and
also increase the diameter and viability of the eggs
(Thorsen et al., 2006), positively affecting the fitness. On
the other hand, major floods are known to be important
for reproduction and initial development, particularly for
migratory species, and also contribute to their reproduc-
tive success (Agostinho et al., 2004a). This apparently
paradoxical situation can be considered as an adaptation
of the fish fauna (especially the migrators) to improve
fitness, because drought years are naturally recurrent
phenomena (as are major floods). Therefore, alternations
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between drought and flood years would be highly signifi-
cant events for the species conservation.
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