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ABSTRACT: Biological and Ecological Aspects of Pinirampus pirinampu (Spix, 1829), Siluriformes,
Pimelodidae, in Capivara reservoir, Paranapanema River, Southern Brazil. Temporal and spatial
distribution of the catfish Pinirampus pirinampu (Spix, 1829) in Capivara reservoir (middle
Paranapanema River basin) and its correlation with water discharges and limnological
attributes (water transparency, temperature and dissolved oxygen) were studied from
October, 1993 to October, 1995. Monthly samples of fish total were carried out in three
sampling sites. The annual abundance of P pirinampu was 213 individuals and the fish
was considered a constant species in the reservoir. Correlation between hydrological
and limnological variables and the abundance of the species was not significant, even
though a trend of increasing in abundance has been observed after flood periods. The
analysis of the structure of P. pirinampu population revealed a predominance of
individuals of small size, and there were no significant differences in the proportion
between males and females. The weight/length relationship was described by the
equation Wt = 0.0057*1.532286 poth for males and females. The mean value of the condition
factor obtained was K = 0.48507 + 0.26726 SD. The smallest value of relative condition
factor was observed in the quarter January to March 1995. Significant reproductive activity
of this species in Capivara reservoir was not observed, which might indicate that its
recruitment occurs in lotic environments of their tributaries.

Key-words: Pinirampus pirinampu, population structure, Capivara reservoir, Paranapanema
River.

RESUMO: Aspectos biolégicos e l6gicos de Pinirampus pirinampu (Spix, 1829), Siluriformes,

Pimelodidae, no reservatério de Capivara, rio Par p ma, Sudeste do Brasil. As distribuicoes tem-
poral e espacial de Pinirampus pirinampu (Spix, 1829) no reservatorio de Capivara, bacia
do médio rio Paranapanema, € suas correlacoes com vazoes e atributos limnoldgicos,
(transparéncia, temperatura e oxigénio dissolvido da agua) foram estudadas no periodo
de outubro de 1993 a outubro de 1995. Foram coletados mensalmente exemplares de
peixes (abundancia total: 213 individuos) em trés locais de coleta. A espécie em estudo
foi considerada constante no reservatorio. Correlacoes entre as variaveis hidroldgicas e
limnoldégicas e a abundancia da espécie nao foram significativas, embora tenha sido
observada uma tendéncia de incremento da abundancia apds periodos de cheias. Na
estrutura populacional da espécie registrou-se predominancia de individuos de pe-
queno porte, nao ocorrendo diferenca significativa na propor¢cao entre machos e fé-
meas no total amostrado. A relacao peso/comprimento, valida para ambos 0S sexos,
foi descrita pela equacao Wt = 0.0057.L.S32286, O valor médio do fator de condicao
obtido foi K = 0.48507 + 0.26726 D.P. O valor mais baixo do fator de condicao relativa foi
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observado no trimestre de Janeiro a margo de 1995. Nao foi constatada atividade reprodutiva
significativa dessa espécie no reservatorio de Capivara, o que pode indicar que seu
recrutamento esteja ocorrendo em ambientes 16ticos dos seus tributdrios.
Palavras-chave: Pinirampus pirinampu, estrutura da populacao, reservatorio de Capivara, rio
Paranapanema.

Introduction

The Pinirampus pirinampu (Spix, 1829) is a large size pimelodid catfish, with migratory
behaviour (Agostinho & Julio Jr., 1999). It has a wide distribution in Brazil, occurring in
Amazon, Paraguay and Parana basins (Torloni et al., 1993; Agostinho et al., 1995; Barthem
& Goulding, 1997; Agostinho & Judlio-Jr, 1999; Britski et al., 1999). It reaches about 60
(CEMIG/CETEC, 2000) or 75 cm length (Agostinho & Julio-Jr, 1999), with average weight
ranging from 3 to 5 Kg. It is as a non specialized predator, feeding on fish like the catfish
lheringichthys labrosus and the piranha Serrasalmus sp. (Hahn et al., 1997) and shrimps
(CEMIG/CETEC, 2000), although in Tucurui reservoir it became strictly piscivorous after
dam closure (Merona et al., 2001). The P pirinampu is a very attractive species both for
leisure or professional fisheries, due to tasteful meat and fighting behaviour when captured
(CEMIG/CETEC, 2000). According to IBAMA (2000), P pirinampu is important for the fishery
yield in Amazonas, Mato Grosso, Mato Grosso do Sul, Parana and Roraima States. In
Amazon Basin, this species is preyed by Brachyplatystoma flavicans, but it is not important
among the big catfishes in industrial fishery (Barthem & Goulding, 1997).

P pirinampu is one of the ten dominant species in professional landing in Itaipu
reservoir, Parana River (Agostinho et al., 1999), where it is captured with longlines and
castnets in the upper half of the reservoir (Agostinho et al., 2002). In Jupia reservoir, in
upper Parana River, and Agua Vermelha reservoir, in Grande River, P pirinampu is also
among the most important fishery resources (Torloni et al., 1993).

This species has a significant ecological importance, due to its role in trophic webs
in rivers and reservoirs, mainly in those where it is among larger predators, such as
Capivara reservoir. Nevertheless, there is not enough information about its biological and
ccological characteristics.

The present study was developed as a part of the Environmental Monitoring Plan of
Canoas Complex, which is a set of two hydroelectric power plants in the middle stretch
of Paranapanema River. This Monitoring Plan demanded studies in upstream and
downstream reservoirs, respectively Salto Grande and Capivara. The specific aims of this
study were to characterize the population structure of P pirinampu, its relationships with
the hydrological and limnological attributes in Capivara reservoir.

According to CESP (1993, 1998), Capivara reservoir was shaped by the confluence of
Tibagi and Cinzas Rivers with the Paranapanema River in 1975, for energy supplying and
hydrological control. This reservoir lies between the geographic coordinates 51°22’-50°30° W
and 22°32'-23°00 S, in the border of Sao Paulo and Parana states, in Southern Brazil
(Fig. 1). The morphometric parameters of the reservoir are: perimeter: 1,550 km; drainage
area of 85,000 km?2, covered mainly with pastures and agriculture, with rare occurrence of
forest fragments; surface area: 515 km?2; volume: 10,540.10° m?; normal water level: 334.0 m
above sea level; mean depth 14 m, average residence time of water: 119 days; long-term
mean outflow in the dam section 1024 m3.s'. The climatic classification of the region,
according to the Koppen system, is Cfa, which means humid climate in all seasons with
warm summer, average temperature above 22°C in the warmest month, and above 18°C in
the coolest month. (Mendonga & Danni-Oliveira, 2002).

Furthermore, the fish fauna of Capivara is composed of 49 species (Britto & Dias,
1997). Even being a large reservoir, Capivara has a low fishery yield and a few number of
fishermen.
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Figure 1: Geographic localization of Capivara reservoir (after CESP, 1998) ; PAS: Assis/Sertanodpolis

bridge: RTB: Tibagi river; BCP: Capivara dam.

Material and methods

Three sampling sites were adopted in this study, as described in the Tab.l.
Hydrological data concerning each of the sites were obtained from stream gauging stations
of DNAEE (National Department of Water and Electric Energy) in Tibagi and Paranapanema
Rivers. Three limnological variables were measured: water transparency by Secchi disk;
water temperature and dissolved oxygen by the electronic analyzer Horiba U-10, measured
at 0.2 m below water surface. The experimental fishery was carried out monthly from
October, 1993 to October, 1995, using standardized sets of gill-nets, with mesh sizes
ranging from 3.0 to 12.0 cm, exposed during 24 hours in each sampling site. The gill-nets
were verified each 12 hours.

Table I: Location and characteristics of sampling sites in Capivara reservoir.

Samplin Geographic Characteristics
g Site Coordinates
PAS 227 54 30" S, Riverine zone of the reservoir, near to Assis-Sertanopolis bridge;
50° 47 20" W width range from 600 to 1000 m, and maximum depth 25 m.
RTB 22° 51" 427 S, Tibagi River, tributary of the reservoir; lentic environment, width
519 01' 22" W range from 2000 to 3000 m, and maximum depth 40 m.
BCP 22° 38 30" S, Lacustrine zone of reservoir, near the Capivara dam; lentic
51° 20 14" W environment, width ranging from 800 to 1000 m, and maximum depth
30 m.

The numerical abundance of P pirinampu collected was expressed in Catches Per
Unity of Effort (CPUE), which is the number of individuals trapped in 1,000 m? of nets, each
24 hours, and it was determined by the formula CPUE = C/E*1,000, where C is the number of
specimens caught and E the effort applied, expressed in m? of net (King, 1995).

Variations of spatial (sites) and temporal (months) abundance were compared through
the non parametric test of Kruskal-wallis (Ayres et al., 2000). The coefficient of variation
(C.V.) was also computed and used as an indicator of variability of abundance values
(Winemiller, 1989).
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The multiple linear regression was used in order to verify relationships among
abundance of P pirinampu and monthly water discharge, water transparency, water
temperature and dissolved oxygen (Ayres et al., 2000).

For fish fauna, all the species caught were classified in three categories according to
Dajoz (1973): constant (when sampled in more than 50% of samples), accessory (when
occurred between 25 to 50% of samples) or accidental (when sampled in less than 25% of
samples). For the selected species (P pirinampu), the fishes captured were counted, measured
(standard length) and weighted (body and gonadal weights). The sex was identified and the
maturation stage and weight of female gonads were analyzed according to Vazzoler (1996).
Females were considered matures for reproduction, when their ovaries are swollen, filling
almost the whole abdominal cavity, showing great spherical and translucent oocytes, and
spawned when showing flabby and bleeding ovaries, with few visible oocytes.

Sexual ratio was calculated and tested using the c? test (Vazzoler, 1996) in length
classes, and the Komolgorov-Smirnov test for the whole sample (Ayres et al.,, 2000). The
differences between average values of length and weight in males and females were
tested using the Z test (Ayres et al.,, 2000). The relationship between weight and length
was calculated by the equation: Wt = K. LS, where Wt: total body weight, LS: standard
length, b: angular coefficient of the linear regression between In Wt and In LS, and K: the
condition factor estimated by the linear coefficient of the same linear regression (Le
Cren, 1951; Vazzoler, 1996).

The condition factor (K) was estimated for each individual, using the same variables
according to the formula K = Wt/LS".10°. The mean values of K were estimated both for
males and females from the individual K values, and its results were tested with Mann-
Whitney test (Ayres et al., 2000). Moreover, it was calculated the relative condition factor
(Kn), which expresses the differences between the expected and the obtained weight
(Le Cren, 1951), allowing inferences about the condition of studied population with relation
to the environment (Capivara Reservoir) because it reflects the action of abiotic and
biotic factors on the population (Benedito-Cecilio & Agostinho, 1997).

Results

Monthly discharge of Paranapanema River, in sections PAS and BCP, and of Tibagi
River, in the section RTB, and limnological variables in each site are presented in Tab. Il
and Fig. 2. During the study period, the greater discharges occurred in summer (December
to March), when the most intensive rains were registered.

Table II: Minimum (min), mean (and standard deviations - SD) and maximum (max) values of limnological

variables in three sampling sites of Capivara reservoir.

Sites Water Transparency Water Temperature Dissolved Oxygen
min mean max min mean max min mean max
(sb) (SsD) (SD)
PAS 0.4 1.2 (0.6) 2.1 147 22.7(33) 260 6.4 7.5 (0.8) 8.9
RTB 0.4 1.0 (0.6) 2.5 16.7 23.1(2.8) 26.0 6.3 7.6 (0.9) 9.0
BCP 0.9 1.5 (0.4) 2.5 18.7 235(2.4) 263 5.7 7.6 (0.8) 9.2

The higher values of transparency were obtained in BCP site, which is located in
the lacustrine zone of the reservoir, and the smaller ones in PAS, in the riverine zone.
This pattern is consistent with the model presented by Thornton (1990). Values of dissolved
oxygen and water temperature obtained were suitable to aquatic life, which means that
availability of DO and the temperature were not restrictive factors for fish fauna.

Results of experimental fisheries carried out are shown in Tab. Ill. P pinirampu was
more abundant in PAS site and less abundant in BCP site. Its constancy reached high
values in all sites, being a constant species in Capivara reservoir.
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Figure 2: Monthly discharge (A), water transparency (B), water temperature (C) and dissolved oxygen (D)
in three sampling sites of Capivara reservoir (PAS, RTB and BCP), from October, 1993, to

October, 1995.

Table III: Number of individuals (N), average CPUEn and constancy (C) in samples of P. pirinampu of

Capivara reservoir.

Sites N Average CPUEN C

PAS 90 7.16 77.8 (C)
RTB 55 4.03 83.3 (C)
BCP 68 5.3 77.8 (C)

There were not significant differences in effect of sampling sites (H = 0.724, p = 0.696)
on the abundance, expressed as CPUE, meaning that there was not a spatial stratification,
despite the greatest abundance in PAS and the smallest one in RTB (Fig. 3A). The
differences observed among the months were not significant either (H = 27.51, p = 0.051).
This denotes an absence of seasonal pattern in the abundance of P pirinampu in Capivara
reservoir, despite the low occurrence, or even absence in the driest months, and a
greater occurrence in rainy months. The widest temporal variation in abundance occurred
in PAS site, where the coefficient of variation reached the highest value (108.4 %), but
variations were high in all sites (Fig. 3B).
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Figure 3: (A) Spatial distribution of CPUEn (X + SD) of P pinirampu in three sampling sites (PAS, RTB and
BCP) of Capivara reservoir.(B) Coefficient of variation (C.V.) of average CPUE in sampling

sites (PAS, RTB and BCP), from October, 1993, to October, 1995.
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The variation in numerical abundance of P pirinampu in each sampling site is revealed
in Fig. 4. Comparing these data with the water discharge data (Fig. 2A), it is verified a
general trend of increasing in abundance after higher discharge periods. However, the
results of the multiple linear regression did not reveal dependence of the abundance of
P pirinampu on water discharge, transparency, water temperature and dissolved oxygen
(Tab. 1V).
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Figure 4: Monthly distribution of CPUE of P. pinirampu in PAS (A), RTB (B) and BCP (C) sampling sites
from October, 1993 to October, 1995.

Table IV: Multiple linear regression equations of the abundance of P. pirinampu, expressed as CPUE, in
function of hydrological (Q: water discharge) and limnological variables (Transp: water
transparency; Temp: water temperature; DO: dissolved oxygen) in Capivara reservoir, from

October, 1993 to October, 1995.

Sites Multiple Linear Regression equations F p R: d.f.
BCP CPUE = 22.01 - 0.002.Q + 1.068.Transp + 0.253.Temp - 2.947.DO 1.483 0.268 0.331 4,12
RTB CPUE = 13.18 - 0.004.Q - 2.593.Transp - 0.010.Temp - 0.771.DO 1.709 0.217 0.383 4, 11
PAS CPUE = -28.91-0.001.Q + 1.531.Transp + 1.531.Temp + 3.66.DO 0.291 0.878 0.089 4, 12

The values of standard length and total weight are revealed in Tab. V. Differences of
length and weight between males and females were not significant (z = -1.136, p = 0.128
for length; z = -1.062, p = 0.144 for weight).

Table V: Mean, standard deviation (SD), maximum and minimum values for standard length (LS) and total
weight (Wt) for males and females of P. pinirampu in Capivara reservoir from October, 1993 to

October, 1995.

Males Females
STATISTICS
LS (cm) Wt (g) LS (cm) Wt (g)
maximum value 62.4 3,400 56.0 2,800
minimum value 13.9 28.5 14.9 36.8
mean (SD) 26.1 (9.1) 311.9 (449.9) 27.9 (9.8) 410.1 (523.0)
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The modal length classes were 10.0 to 20.0 and 20.0 to 30.0 cm both for males and
females. Significant differences between sexes were revealed in smaller and larger clas-
ses, but not in the whole sample. Proportions between males and females in whole
sample and in length classes are showed in Tab. VI and Fig. 5.

Table VI: Length classes for males and females of P. pirinampu collected in Capivara reservoir, from

October, 1993 to October, 1995.

Accumulated
Absolute Frequenc Relative Frequenc
L:Ingth q y c? q y Frequency
ass

M F M F M F
10.0 20.0 32 15 6.15 * 68 32 34.4 18.1
20.0 30.0 35 42 0.64 45 55 72.0 68.7
30.0 40.0 20 14 1.06 59 41 93.5 85.5
40.0 50.0 4 10 2.57 29 71 97.8 97.6
50.0 60.0 1 2 0.33 33 67 98.9 100.0

60.0 70.0 1 1.00 100 0 100.0
Total 93 83 0.57 53 47
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Figure 5: Proportion between males (M) and females (F) of P pirinampu collected in Capivara reservoir from

October, 1993, to October, 1995, in the whole sample (A) and in the different lenght classes (B).

In an indirect form, the Man-Whitney test indicated that there was not significant
differences between the weight/length relationship of males and females of P pirinampu
(Fig. 6). In this case, the relationship of the whole sample (Fig. 7), is representative both for
males and females. The equation which describes that relationship is Wt = 0.0057.1.53:2286,
The value obtained of b (3.2286) indicates that P pirinampu has an allometric type
of growth.
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Figure 6: Box-plot of median condition factor in males and females of P pirinampu caught in Capivara

reservoir, from October, 1993, to October, 1995, compared through the a Man-Whitney test.
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Figure 7: (A) Weight (g)/length (cm) relationship of P pirinampu from Capivara reservoir. (B) Transformed

data of weight (In Wt) and length (In LS) of P pirinampu from Capivara reservoir.

The mean condition factor obtained was K = 0.48507 + 0.26726 SD. Concerning the
relative condition factor (Kn), the quarterly means and respective standard errors and
standard deviations are showed in Fig. 8. The smallest value of Kn occurred in the
period from January to March 1995, probably when the less favorable environmental
conditions for the P pirinampus population of Capivara reservoir were observed.

Reproductive activity of P pirinampu was not significant in the reservoir. A very low
percentage of females with mature ovaries was found, restricted to BCP site, and a slightly
higher percentage of ovaries in regression stage was observed in all sites (Tab. VII).
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Figure 8: Box-plot (mean values : standard errors and + standard deviation) of relative condition factor
(Kn) of P pirinampu caught in Capivara reservoir, (OND93: from October to December, 1993;
JFM94: from January to March, 1994; AMJ94: from April to July, 1994, JAS94: from July to
September, 1994; OND94: from October to December, 1994; JFM95: from January to March,
1995; AMJO95: from April to July, 1995; from JAS95: from July to September, 1995; OND95:
October, 1995).

Table VII. Percentage of P pirinampu mature females in reproductive processes in Capivara reservoir
from October, 1993 to October, 1995. (N: total number of females analized; n (Illl) percentage of

females with mature ovaries; n (IV): percentage of spawned females).

PAS RTB BCP TOTAL

N 25 20 38 83
n (i, r) 23 17 33 73
% (i,r) 92.0 85.0 86.8 88.0
n () o o} 1 1
% Il 0.0 0.0 2.6 1.2
n (IV) 2 3 4 9
% IV 8.0 15.0 10.5 10.8
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Discussion

P pirinampu occurs in middle and low stretches of Paranapanema basin (Romanini
et al., 1994; Bennemann et al. 1995; Britto & Dias, 1997; CESP 1998; Bennemann et al.
2000), but is not found in the stretches above Canoas Complex (Dias, 1995; Britto & Dias,
1997; Carvalho et al., 1998; Dias & Garavello, 1998; Carvalho & Silva, 1999). Bennemann et
al. (1995) pointed out the occurrence of P pirinampu mainly in low stretches of Tibagi River.

This species was constant in all sampling sites of Capivara reservoir, even in lentic
environments. It occurs in several reservoirs in Upper Parana basin (Torloni et al., 1993;
Santos & Formagio, 2000; Agostinho et al., 2002). According to Romanini et al. (1994),
P pirinampu was an accidental species in the low stretch of Paranapanema before the
filling of Rosana reservoir, and became a constant species after that.

P pirinampu probably has adopted reservoirs as growing and feeding sites, and the
lotic environments of tributaries or riverine stretches as spawning and nursery areas. The
stock of P pirinampu in Capivara reservoir shows a high percentage of juveniles: 72.0%
of males and 68.7% of females were collected with standard length below 30.0 cm, less
than the length (37.0 cm) of the first maturation in Itaipu reservoir (Agostinho et al.,
1999). This species is using the reservoir mainly for growing and feeding activities. The
very low percentage of mature females found in Capivara reservoir also evidenced an
absence of reproductive activities in that area.

The hypothesis of reservoirs as growing and feeding sites for P pirinampu is also
supported by researches in Itaipu reservoir, where there is a stock of this migratory
species whose recruitment is performed in the lotic upstream stretch of the Parana River
(Agostinho et al., 2002).

Statistical analysis did not evidence dependence of the abundance of this species
on hydrological and limnological variables in Capivara reservoir. Concerning limnology,
this probably occurred due the fact that the variables studied remained within the critical
thresholds for fish. Certainly, severe conditions of the studied variables would be harmful
for most fish species, but this situation was not found in Capivara reservoir, which presents
a good water quality (CESP, 1998). However, it was observed a general trend for P pinirampus
to increase its abundance after flood periods.

Concerning the hydrology, a significant influence of flood dynamics on fish abundance
was expected (Lowe-McConnell, 1979, 1987; Welcomme, 1979; Oldani, 1990; Agostinho &
ZalewsKi, 1995), mainly through recruitment process. The rise of water levels allows the
connection between the river and the surrounding environments, such as marginal lakes,
channels and floodplains, improving the availability of food and shelters for larvae and
young forms of fish. In Parana River, significant floods are followed by increase of migratory
fish abundance, and the lack of floods implies in losses in this abundance (Agostinho &
ZalewsKi, 1995). Nevertheless, in more homogeneous environment such as reservoirs,
this influence could be reduced. According to Lowe-McConnell (1987), fish assemblage
shows wider fluctuations under changing conditions and less in the more stable ones. In
Capivara reservoir, the effects of hydrological variations would be more correlated with
the recruitment of P pinirampu, which probably occurs in lotic environments upstream
the reservoir, or in its tributaries. Gomes & Agostinho (1997) showed that abundance of
juveniles of Prochilodus lineatus in Itaipu reservoir is influenced by flood regime of
Parana River through the increase of recruitment in marginal lagoons on floodplain when
the flood reaches suitable water level and span, or decrease when these conditions are
not reached. Similar process could be occurring with P pirinampu upstream Capivara
reservoir or in its tributaries: the recruitment of this species could occur during the rainy
seasons, under the influence of floods, and the juveniles performs dispersion migrations
to the reservoir, searching for trophic resources. This would explain the increase of
abundance after higher discharges. However, this dispersion was restricted downstream
in the Capivara dam, and upstream, in the studied period, in Salto Grande dam, and
nowadays in Canoas dam.
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A promising approach for ecological studies of P. pirinampu in the middle
Paranapanema basin would be the surveying and the identification of its spawning and
nursery areas, which are probably located in Cinzas, Laranjinhas and Congonhas Rivers,
where the recruitment probably occurs. As stated by Agostinho et al. (2002), the protection
of critical habitats is the most effective management action for fish. Then, identification
and protection of these habitats seems to be the immediate and best management
strategy for the conservation of P pirinampu in this region.
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