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ABSTRACT

The reproductive strategy of a species depends upon the interaction between intrinsic and extrinsic
factors. Examining the population of Leporinus friderici in two reservoirs of the Upper Parana River
basin in reference to first gonadal maturation and breeding season and sites, the present investigation
tested whether the environment formed by damming promoted spatial and temporal changesin the re-
productive strategy of this species. Analyses of sex ratios showed that females significantly predomi-
nated in Itaipu, while in Corumba the sexes were about equal with a slight predominance of males.
Size-associated sexual dimorphism was observed, that is females dominated the longer length catego-
ries, and males the shorter. The minimum size at which L. friderici initiated reproduction varied from
year to year, and was larger in the periods soon after formation of both reservoirs. In Itaipu, stabiliza-
tion between the maximum and minimum lengths at first maturation was also noted after year 6 fol-
lowing closure and continuing until year 15. In general, the breeding season lasted from October
through April, athough cyclic changes in the duration and intensity of this season were evident.
Young individuals predominated during the entire study period in Corumbd. The formation of Itaipu
Reservoir had a greater effect on the reproduction of L. friderici, where a gradual adaptation of the re-
productive strategy of this species may possibly have been occurring. It is also possible that some of
the characteristics of the Itaipu population will in the future be shown by the Corumbé population.
It was concluded that reproductive strategies constitute ecological adaptations that are temporally and
spatially altered and are fitted to resource availability and environmental pressure.
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RESUMO

Edtratégiareprodutiva de Leporinusfriderici (Char aciformes, Anostomidae) nabaciadorio
Parana: efeito derepresamentos

A estratégia reprodutiva de uma espécie é dependente da interacdo entre fatores intrinsecos e extrinsecos.
Examinando a populagéo de Lelporinus friderici em dois reservatorios da bacia do alto Rio Parang, com
referéncia ao tamanho da primeira maturagéo gonadal, época e local de reproducao, o presente trabalho
testa se 0 ambiente formado com o represamento promove alteracdes espago-temporais na estratégia
reprodutiva da espécie. Analisando a proporcao sexual, as fémeas predominaram, significativamente, em
Itai pu, enquanto em Corumba foi evidenciada igualdade sexual com leve predominio de machos, sendo
constatado, todavia, para a espécie em questéo, dimorfismo sexual associado ao tamanho, isto &, fémeas
preval eceram nos maiores comprimentos e machos nos menores. O tamanho minimo em que a espécie
inicia a reproducdo variou anualmente, sendo maiores nos periodos logo apés a formagéo de ambos os
reservatérios. Em Itaipu, foi notada ainda estabilizagéo entre os maximos e minimos comprimentos de
primeira maturagdo, apds o sexto ano de represamento mantendo-se no décimo quinto ano. Em geral, o

Rev. Brasil. Biol., 60(2): 255-266



256 LOPES, C. de A., BENEDITO-CECILIO, E. and AGOSTINHO, A. A.

periodo reprodutivo estabelecido foi de outubro a abril, no entanto, alteragGes ciclicas naduracdo einten-
sidade deste periodo foram evidenciadas. Os individuos jovens predominaram durante todo o periodo
de estudo em Corumba. A formagdo do reservatorio de Itaipu promoveu efeito maior sobre a reproducao
de Leporinus friderici, onde possivelmente estd ocorrendo um processo gradativo de adaptacGes da
estratégia reprodutiva da espécie. E possivel supor, ainda, que algumas das caracteristicas exibidas pela
populacéo em Itaipu se manifestem futuramente nagquela de Corumbd. Conclui-se, portanto, que as estraté-
gias reprodutivas constituem-se em adaptacGes ecoldgicas, alteradas temporal e espacialmente e
condicionadas a oferta de recursos e a pressao ambiental.

Palavras-chave: Bacia do Rio Parang, Leporinus friderici, reproducéo, reservatorio.

INTRODUCTION

In aguatic environments, the expression of the
reproductive strategy of a species depends on the
interaction between intrinsic factors, such as the
metabolism of the organisms themselves, and
extrinsic factors resulting from existing envi-
ronmental conditions, such as the quality of
reproductive habitats and interspecific rela-
tionships, as well as physical factors and flood
regimes (Nikolsky, 1963; Lowe-McConnel, 1987;
Wootton, 1989).

Artificial environmenta conditions caused by
reservoir construction have led to habitat changes,
with consequences for the composition and
structure of fish populations (Agostinho et al.,
1992). The reproductive success of a speciesis a
limiting condition for its maintenance and
exploitation in the new environment.

In this process, the balance between the
advantages and disadvantages in the allocation of
energy for reproductive strategy and its variations
(tactics) is the factor determining the characteristics
of the life history of an organism, such as age or
size at sexual maturation, survival rate, fecundity,
and reproductive frequency.

Some studies have demonstrated the
plasticity of reproductive strategies in fishes
confronted with the environmental conditions and
pressures caused by reservoir formation (Ferreira
& Godinho, 1990; Agostinho et al., 1992;
Shatunovskii et al., 1996). Knowledge of repro-
ductive strategies is fundamental to imple-
mentation of management measures and preser-
vation of the populations of native fishes, as well
as contributing to knowledge of the species’
ecology. Nevertheless, the changes in populations
subjected to the unpredictable conditions of the
first years of reservoir formation have rarely been
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documented. Information from such studies may
also be useful in evaluating the evolutionary
pattern and the ecological relationships which make
it possible for a species to survive in these
environments.

The present investigation examined the
regularity of the reproductive strategy of the
populations of Leporinus friderici in two
reservoirs of the Upper Parana River basin, with
special reference to the size at first gonadal
maturation, and the breeding season and sites. It
tested whether the environment formed by damming
the river promoted different local reproductive
modes, and whether temporal changes in repro-
ductive strategy are patterns for the species, or are
dependent on the impacted environment.

MATERIAL AND METHODS

The Parana River basin contains a series of
reservoirs that were constructed gradually
throughout its extent. Corumba Reservoir, located
on the upper stretch of the Parana River, and the
Itaipu Reservoir on the lower stretch of its middle
course, have distinct characteristics. Itaipu
Reservoir was closed in October 1982 and
eventually attained an area of 1,460 Km? at its
maximum level, with mean depth 21.5 m and
maximum depth 170 m. The residence time of the
water is40 days (Benedito-Cecilio, 1994). The more
recently formed Corumbé Reservoir was closed in
August 1996. Itsareais 65 Km?, mean depth 23 m,
and mean water residence time 30 days (De Filippo
& Soares, 1996).

In Corumba, 12 sampling stations were
established along the Corumba River and its main
tributaries, the Peixe, Sapé, and Pirapitinga Rivers.
The Corumba was divided into three subsystems:
Tributaries (Trib; Stations 1-4), Reservoir (Rese;
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Stations 5-11), and Downstream (Jusa; Station 12).
Collections were made monthly in both the pre-
closure (April-August 1996) and the post-closure
(September 1996-August 1998) phases.

In Itaipu Reservoir, 21 sampling points were
established, also grouped into subsystems: Rivers
(Rios; Stations 1 and 2), Upstream (Mont; Stations
3-5); Reservoir (Rese; Stations 6-13); Tributaries
(Trib; Stations 14-20), and Downstream (Jusa;
Station 21). Collections were made monthly from
November 1983 through October 1989, and
trimonthly from March through December 1997.
Samples were taken during the period before
closure of the reservoir by Cetesb (Cetesb/Itaipu
Binacional, 1979; Cetesb/Itaipu Binacional, 1981).
Leporinus friderici was not recorded in Itaipu
before the reservoir was closed.

Fishing gear consisted of stationary nets
with mesh sizes 3 to 14 cm, and trammel nets with
mesh 6 to 9 cm between nonadjacent knots, set out
for 24 hours at each sampling station. Standard
length (Ls), total weight (Wt), and gonadal weight
(Wg) were measured for each specimen caught.
Specimens were sexed and the state of gonadal
maturation was estimated by macroscopic
inspection of the gonads (Vazzoler, 1996).

Data analysis

The sex ratio per standard length class,
environment, and season was established. Signi-
ficant differences from 1:1 were analyzed using the
G test (Zar, 1974).

The mean size at first sexua maturation (Lpm)
was considered the size at which 50% of the
individuals begin the reproductive process
(Vazzoler, 1996). This datum was cd culated for each
year of the study.

The relative contribution of gonadal weight
to total weight, the Gonad-Somatic Relationship
(GSR) of each individual was used to quantify the
degree of gonadal maturation (Isaac-Nahum &
Vazzoler, 1987; Vazzoler et al., 1989). The highest
values of this ratio were used as indicators of the
breeding season. Breeding sites were identified as
those with the largest concentration of individuals
with mature and emptied gonads and the highest
mean GSR values.

The well-being of the species was evaluated
using monthly values for the condition factor (K),

obtained from the equation K = Wt/Ls”, b being the
angular coefficient of the ratio Wt/Ls. The
relationships between breeding sites and seasons
and the condition factor were evaluated by
ANOVA. The effect of reproduction on the
condition of the fish was evaluated by the
regression between gonadal weight (Wg) and the
residues for the body weight ratio (Wt —Wg) and
standard length (Ls).

The numerical abundance of young and adult
fish was quantified as catch per unit effort (CPUE =
C/E*1000, where C is the number of specimens
caught and E isthe effort, in m? of net for 24 hours).
Young specimens were considered as those with
immature gonads, and adults those with gonadsin
later stages of maturation.

RESULTS

No common pattern was observed in the
predominance of one sex between the environments
of either reservoir. In Itaipu, females predominated
significantly in the larger and more lotic envi-
ronments, whilein Corumba maes dominated in the
lotic aswell as lentic stretches sampled (Fig. 1A).
Year to year, females were always more abundant
in Itaipu, and dominated significantly during most
of the study period. In Corumba, no significant
differences in sex ratios were observed during the
study period, although males predominated (Fig.
1B). Both populations showed differencesin the
sex ratios in the shorter and longer length classes,
females being longer than males (Fig. 1C).

The size at which L. friderici began repro-
ductive activity (Lpm) in the reservoirs varied from
year to year, but was similar for both sexes. Lengths
at first gonadal maturation in Corumbawere greater
than those calculated for Itaipu (Figs. 2A and B).
In both cases Lpm was greater during the first years
after flooding, and then decreased. In Itaipu,
following a gradual reduction in size, an increase
and stabilization in mean length at first gonadal
maturation were observed in the last three years
studied (years 6, 7, and 15).

In both environments, the reproductive
investment of the females was much higher than
that of the males (Figs. 3A and B). In general, in
Itaipu Reservoir the GSR between females and
males was 3.74, while in Corumbé it was 2.58.
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Fig. 1 — Sexual proportion of L. friderici for subsysistems. (A) periods (B) and class of standard length (C) (* significant

at 5%).

However it is important to note that soon
after closure of Itaipu Reservoir, thisratio was very
similar to that observed in Corumbé for the same
stage of filling of the reservoir, and gradually
increased over time.

The breeding season extended from
September through April, although annua variation
was seen in both reservoirs. The relationship
between the duration of the breeding season and
the reproductive intensity (values of mean GSR)
was also notable: the greater the duration, the
lower the values, while the shorter seasons were
represented by higher values of the mean GSR
(Figs. 3A and B).

The breeding sites selected by the popu-
lations of L. friderici in Corumba and ltaipu
corresponded to the largest and most lotic
environments sampled (Figs. 4A and B).

The relationship between breeding sites and
season and the well-being of the species,
interpreted as the values of the condition factor
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(K), was different in the two reservoirs (Figs. 5A
and B). In Corumba, the lower values of the
condition factor were associated with sites
(ANOVA: df = 6; F = 4.890; p < 0.05) and seasons
(ANOVA: df = 26; F = 24.845; p < 0.05). In Itaipu,
the condition of the species was quite variable and
was unrelated to season (ANOVA: df = 53; F =
0.792; p = 0.858), dthough arelationship with sites
was recorded (ANOVA: df = 16; F=14.911; p<
0.05). In Corumba, heavier gonads showed a
constant and smaller residual variance of the
standard length-body weight ratio, while for Itaipu
the variances were random and independent of size
(Figs. 6A and B). This showed that there was no
pattern in utilization of stored energy by L. friderici
in the reservoirs studied.

Catch per unit effort (CPUE) in Corumba Re-
servoir was characterized by the high abundance
and dominance of young fish in the population,
mainly during the second year after closure (64.8
ind./1,000 m? of net/24 hours).
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Fig. 2 — Mean size at first maturation (Lpm) of L. friderici for period.

Although adult individuals were abundant in
Itaipu, the largest catches of young fish were
recorded in year 3, 7, and 15 following reservoir
formation (Figs. 7A and B), and the CPUE remained
lower than 2.0 ind./1,000 m? of net/24 hours.

DISCUSSION

Deviations from a 1:1 among males and
femal es reflect responses of the speciesto existing
conditionsin the system. In many cases food supply
is a determining factor, and females predominate
when food is abundant, while males predominate
in oligotrophic environments (Nikolsky, 1963). Food
would influence the metabolism through hormonal
activity, causing changes in the production of
individuals of one sex.

The often statistically significant predo-
minance of females in ltaipu and the equal
proportion of sexes in Corumba (with a slight

predominance of malesin the pre-closure period
and the first year after closure) may be related to
the trophic state of those environments, since Co-
rumba Reservair is oligotrophic (UEM.Nupelia/
FURNAS, 1998) and Itaipu is mesotrophic
(SUREHMAV/Itaipu Binaciona, 1989). Current velo-
city did not appear to affect aggregation of the
sexes, since no significant pattern of predominance
of either sex was observed in relation to type of
environment (lentic or lotic).

Size-associated sexual dimorphism was
observed in L. friderici, since females predominated
in the longer length classes, and malesin the shorter
classes. This characteristic has also been noted for
severd other teleost species (Narahara et al., 1985;
Kraak, 1996; Canan & Gurgel, 1997). It is admitted
that more or less preferential catch of specimens
of one sex would reflect different growth rates
(Munro, 1976), which may also be a consideration
in the case of L. friderici.
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The minimum size at first reproduction varied
annually, and was larger in the periods immediately
after formation of both reservoirs. Although there
are no studies on the relationship of fecundity and
standard length in L. friderici, in most fish species
the highest growth rates translate into greater egg
production, since fecundity appears to increase
with body size of the individual (Schifino et al.,
1998; Fialho et al., 1998). Thus the post-closure
period may possibly be marked by greater fecundity
of the species. On the other hand, the costs of fe-
cundity influence directly or indirectly the avai-
lability of energy for future reproduction. The
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direct costs of fecundity would over the long term
reduce the availability of stored energy used for
reproduction, while the indirect costs would reduce
growth rate, indirectly influencing future re-
production (Schwarzkopf, 1993). Decreasesin mean
length at first maturation of L. friderici were also
observed immediately after the impact of the closure
of Itaipu Reservair. In Itaipu the maximum and
minimum mean lengths at first maturation stabilized
following year 6 after closure, and continued
through year 15. Similar behavior can be expected
in the Corumba population if no other envi-
ronmental disturbance occurs.
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The breeding season established for L.
friderici was generally from September through
April. Nevertheless, cyclic changesin the duration
and intensity of the breeding season were
observed in Itaipu. Longer or shorter spawning
seasons must favor the permanence of a species
in reservoirs, since the virtual reproductive losses
of a shorter season are compensated by success
in the survival of the young in the same or the
subsequent season. The continuity of stimuli for
initiation and intensity of spawning are, therefore,
a consequence of the annual variability of stored
and environmental resources available to the
individuals.
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Biotic aswell as abiotic factors are uncouplers
of the reproductive process in the environments
considered. However we can suppose that the
evident cyclical changes in environmental
conditions, such as temperature and rainfall, are
related to the physiological rhythm of L. friderici
and uncouple the reproductive process, as has
been commonly observed by many investigators for
other species (June, 1977; Fishelson et al., 1996; Mal,
1996). Relationships between the breeding season
and suddenrisein river level, changesin current flow,
water pressure, and occasionally chemical factors
have been observed for L. friderici (Schubart, 1943;
Nomura, 1975; Barbieri & Garavello, 1981).
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Information on the preferential spawning
habitats of a species is fundamental, since it
constitutes basic ecological data on life history and
can be used as a management tool in environments
impacted or regulated by man (Sempeski & Gaudin,
1995). The habitats selected for spawning by L.
friderici were similar in both reservoirs, corres-
ponding to the largest and most lotic environments
sampled. This tactic coincides with the migratory
habit of the species (Nomura, 1976; FUEM/Itaipu
Binacional, 1985). Nevertheless, Barbieri & Santos
(1988) recorded that L. friderici reproducesin Lobo
Reservoir, an artificial environment only 8 Kmlong
and 900 m in mean width.

The reguirements for spawning necessarily
[imit the spawning grounds of fish (Santos et al.,
1996), which seek favorable conditions for de-
velopment of their eggs, protection from predators,
and reduction of environmental stresses (tur-
bulence and oxygen deficit among others) (Potts,
1984). It is admitted that, of the reproductive tactics
analyzed for L. friderici, the spawning grounds
constitute the most specific reproductive requi-
rement for this speciesin reservoirs, and current
velocity is an important factor affecting selection
of these environments.

The resources physiologically stored by L.
friderici are directly related to its reproductive costs
in Corumba, since the lowest values of the condition
factor were observed during the breeding seasons
and at breeding sites. This condition has been
commonly observed for other fish species (Santos
et al., 1996; N'Da & Déniel, 1993). Nevertheless,
the same pattern could not be demonstrated in
Itaipu, that is the variationsin the physical condition
of the species could not be attributed to changes
in the breeding season, but coincided only with the
spawning sites, possibly reflecting the availability
of food in the environment. Interestingly, in Itaipu
the fish appeared fatter than those caught in
Corumba, and gonadal weight was independent of
body condition, which reinforces the above suppo-
sition.

The population of L. friderici in Corumba
consists basically of small individuals. This might
be explained by three suppositions: i) there were
sampling problemsin locales where young fish were
developing; ii) refuges were destroyed and
consequently the fish were more vulnerable to
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catching; iii) this structure indicated the full
population growth phase.

Other species were also sampled in the area
of Corumbd Reservoir, including its river phase
(UEM.Nupdlia=FURNAS, 1997). In those catches
there was no evidence of predominance of young
fish, which does not support the first supposition.
The second suggestion cannot be totally discarded,
since fish species have specific tactics for spaw-
ning and development of the young and information
about these behaviors is sparse, not only for L.
friderici but also for most species of the Parana
River basin. However, the dominance of young fish
was observed during the entire period of the study
including the river phase, and was not shown to
be an effect of reservoir formation. According to
Odum (1986), a high proportion of young indi-
viduals provides evidence that a population is
growing rapidly. This condition may reflect high
recruitment in the region flooded by the Itumbiara
Reservair, just below the area studied. In spite of
the fact that the present fish community thereis
dominated by species of lentic environments, lotic
species such as the dourado, piapara, and piau are
still caught by the commercial fishery of Itumbiara
(Godinho, 1993).

In Itaipu, the higher incidence of young fish
in year 2 (the period immediately after closure of the
reservoir) may reflect the availability of food in that
unstable colonization period, beside other deter-
mining factors such as predation and greater habitat
availability.

The highest densities of young fish observed
in year 7 appeared to have maintained themselves
after 15 years following damming, and were similar
to those observed for years 3 and 7. However, this
fact is inconclusive since the abiotic and biotic
conditions responsible for the recruitment process
were not investigated, and could aswell result from
acyclic environmental process.

In sum, it can be admitted that reproductive
strategies are more ecological adaptations than
genetic phenomena. These strategies undergo
temporal and spatial changes, and are conditioned
by resource availability and environmental pressure.
The characteristics required for the spawning sites,
nevertheless, are among the more limiting and
specific reproductive tactics of L. friderici in
reservoirs.
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