Patterns of investment of the reproductive
strategy of two stream-dwelling Characidae
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Abstract

The reproductive strategy of two congeneric species (Astyanax janeiroensis — AJ and Astyanax hastatus — AH) was
assessed, in order to address the costs imposed by different investment patterns, on four major life history characters:
migratory behaviour, breeding time, fecundity and egg size. Altitudinal segregation of young and adult individuals
plus data from the literature indicated that AJ is a migratory species, whereas AH is non migratory. Breeding season
(BS) analysis revealed that AH was reproductively active year-round (12 months), whereas AJ breeds during 9 months.
Brood costs (Ovarian Investment) were almost the same for both species (AJ — 364 oocytes / g and egg volume =
0.52 mm?, AH -702 oocytes / g and egg volume = 0.27 mm?). Reproductive costs (RC), considered as product of
gamete production (OI) and gamete output (BS), were 1,703.7 for AJ and 2,274.0 for AH; thus RC is 25% higher in
AH. It is concluded that the costs with OI (egg size and egg numbers) are equal for both species but as breeding season
is larger for AH the overall strategy is 25% more expensive in AH. Thus, it is hypothesized that this 25% should be
considered as the extra costs that AJ uses during migration and is compensated by its shorter breeding time (9 months
versus 12 months of AH).
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Padroes de investimento da estratégia reprodutiva de
duas espécies de Characidae de riacho

Resumo

A estratégia reprodutiva de duas espécies congenéricas (Astyanax janeiroensis — AJ e Astyanax hastatus — AH) foi
analisada a fim de se determinar os custos energéticos impostos por diferentes padrdes de investimento em quatro
dos principais caracteres da histdria de vida de peixes: comportamento migratdrio, estagio reprodutiva, fecundidade
e tamanho dos ovocitos. A segregacdo espacial dos individuos jovens e adultos associada a informacdes da literatura
indicaram que AJ € uma espécie migratdria enquanto AH ndo migra. A andlise sobre a estacdo reprodutiva (ER) re-
velou que AH se reproduz ao longo de todo o ciclo anual (12 meses) enquanto AJ se reproduz durante 9 meses. Os
custos com a desova (Investimento Ovariano - 10) foram similares nas duas espécies (AJ — 364 ovdcitos/g e volume
dos ovdcitos = 0,52 mm?; AH — 702 ovdcitos/g e volume dos ovdcitos = 0,27 mm?). O custo da reproducio (CR), con-
siderado como o produto da produgdo de gametas (I0) e o tempo de liberagdo dos gametas (ER), foram 1.703,7 para
AJ e 2.274,0 para AH; assim CR € 25% superior em AH. Concluimos assim, que os custos com IO (tamanho e nimero
de ovdcitos) sdo iguais para as duas espécies, mas como a estagio reprodutiva € maior para AH, a estratégia como um
todo € mais custosa para AH. Dessa forma, sugerimos que os 25% excedentes podem ser considerados como os custos
extras que AJ necessita para a migragdo e sdo compensados pelo menor tempo da estagdo reprodutiva (9 meses em AJ
versus 12 meses em AH).

Palavras-chave: tamanho dos ovos, fecundidade, estagdo reprodutiva, migracdo, riacho de floresta pluvial, trade-off.
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1. Introduction

Since Williams (1966) introduced the concept of
costs of reproduction, some essays were developed
and culminated with Stearns (1976), who established
the basic tenets for life history theoretical approaches.
Therefore, energetic costs of reproduction have been
claimed as an essential part of almost every life history
theoretical treatment and always discussed in terms of
allocation resources. According to Williams (1966), the
resources that organisms allocate to reproduction should
be partitioned into what they invest at present, which is
called reproductive effort and what they save for the fu-
ture, called residual reproductive value.

Reproductive effort involves energy allocation for,
among other, four main life history attributes (migra-
tory behaviour, breeding time, fecundity and egg size)
that generate a trade-off between such attributes, during
the establishment of the whole strategy (Kinnison et al.,
2001). Reznick et al. (2000) state that reproductive effort
is part of the whole life history that, in turn, should be
thought as being similar to a pie divided into slices, each
slice being devoted to a different function. Therefore, in-
creasing the size of a given slice necessarily decreases
the size of another slice.

Following this analogy the main goal of the present
study was to compare the reproductive strategy of two
congeneric species (Astyanax janeiroensis Eigenmann,
1908 and Astyanax hastatus Myers, 1928) in order to ad-
dress the costs imposed by different investment patterns
on four major life history characters: migratory behav-
iour, breeding time, fecundity and egg size. We formulate
a simple equation linking such life history attributes and
discuss the trade-offs associated with the maintenance of
each life history pattern.

2. Material and Methods

2.1. Study area and sampling procedure

AJ and AH were obtained in Rio Ubatiba (22° 60* S
and 42° 48’ W) between July / 1994 and August / 2000.
Rio Ubatiba is a 2™ order stream which flows for about
15 km. Seven sites (S1 to S7) were bimonthly sampled
by electro fishing (Mazzoni et al., 2000), through the
three removal method (Zippin, 1958) and differed main-
ly by its position in the longitudinal axis being S1 the
one near the headwaters (~150 a.l.) and S7 (~5 a.l.) the
one near the confluence with Lagoa de Maricd. Despite
its small catchment, since 1987, the Ubatiba River has
been exploited as a water supplier for Maricd City. The
dam is located on its middle reaches, separating the river
into two relatively isolated systems. Sites above and be-
low the dam were S1 to S4 and S5 to S7, respectively
(Figure 1).

2.2. Data analysis

Altitudinal segregation of young and adult individu-
als is an indicative of differences in the habitat use by
different age classes and achieved by up-stream repro-
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Figure 1. Ubatiba River localization with indication of the
seven sampling sites. A black spot, on the upper stretch, in-
dicates the waterfall and the black rectangle, the location
of the dam.

ductive migration (= energetic investment) and down-
stream drift of young and larvae (Mazzoni et al., 2004).
This pattern of segregation (migratory behaviour) was
used as a first indicative parameter of energetic invest-
ment with reproduction and was tested, for AH, through
young and adult individual quantification in an altitudi-
nal gradient of the Ubatiba river. Migratory behaviour of
AJ was demonstrated by Mazzoni et al. (2004) with the
same methodology.

The extension of Breeding Season (BS), consid-
ered as the number of months with breeding individu-
als, was the second indicative parameter of energetic
investment and determined through the temporal oc-
currence of reproductive females (ripe and spawned
ovaries). The third parameter, egg size and fecundity,
were obtained from the literature (Mazzoni and Petito,
1999; Mazzoni et al., 2005) and treated as Ovarian
Investment (OI), by the following model: OI = F * EV;
where, F = fecundity (number of eggs / g of fish) and
EV = mean volume of ripe eggs. A measurement of
the reproductive cost (RC) of each species, that is the
breeding season fecundity (sensu Wootton, 1990), was
estimated with a simple equation linking OI and BS
values: RC = BS * OL

3. Results

A. janeiroensis (AJ) occurred at the seven studied
sites whereas A. hastatus (AH) was found from S2 to S7,
being absent at S1 that is exactly above a waterfall of
about 4 a.l. (Table 1). Spatial segregation of young and
adult individuals, as a consequence of reproductive mi-
gration, was registered by Mazzoni et al. (2004) for AJ
(Figure 2a), but no clear segregation was registered for
young and adult individuals of AH (Figure 2b).

The extension of breeding season (BS) was 9 months
for AJ and 12 months for AH (Figure 3). The number
of eggs / unit of weight (F) did not vary with fish size
for both species. Mean values of F and volume of ripe
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Table 1. Spatial occurrence of Astyanax janeiroensis and
Astyanax hastatus along the seven sampled sites (S1.... S7)
in the Ubatiba river.

Species Sites

S1 S2 S3 S4 S5 S6 S7

Astyanax janeiroensis X X X X X X X

Astyanax hastatus X X X X X X
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Figure 2. Spatial distribution of young (grey bars) and adult
(black bars) individuals of a) Astyanax janeiroensis and
b) Astyanax hastatus. Dotted line indicates the dam posi-
tion.
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Figure 3. Temporal distribution of breeding females of
a) Astyanax janeiroensis and b) Astyanax hastatus.

eggs were 364 £ 86 oocytes /g and 0.52 mm?® for AJ
and 702 + 125 oocytes /g and 0.27 mm?® for AH. Such
contrasting values determines OI of 189.3 and 189.5 for
AJ and AH, respectively, and indicate that both species
spend a similar amount of energy in gamete production.
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Thus, as both species have a similar reproductive strat-
egy when breeding season and oocytes recruitment are
considered (Mazzoni and Petito, 1999; Mazzoni et al.,
2005) RC, at the population level, considered as a meas-
urement of gamete production (OI) and gamete release
(BS), were 1,703.7 for AJ and 2,274.0 for AH; thus RC
is 25% higher in AH.

4. Discussion

Comparison of the breeding season of both species
indicates that AH invests a larger amount of time in re-
producing. AH produces a large amount of small eggs
whereas, AJ produces a smaller number of relatively big
eggs. Such contrasting strategies determined, at least, no
differences of OI of each species (OI = 189.3 in AJ and
182.5 in AH) and suggest that, despite the differences
in the allocation strategy, both species spend the same
amount of energy when gametic production is consid-
ered.

It is well documented that energetic investment with
migration can affect the evolution of allocation patterns
in closely related species, determining rigorous trade-
offs between egg size and number (Sargent et al., 1987;
Healey, 2001; Kinnison et al., 2001) as well as breeding
time and migration. A consistent amount of informa-
tion, concerning breeding season of migrating and non-
migrating fish species from the upper Rio Tocantins, has
shown negative correlation between breeding time and
migratory behaviour (unpublished data).

The occurrence of AJ at S1 in contrast to the absence
of AH plus the spatial segregation of young and adult
specimens of AJ in contrast to the absence of such pat-
tern among the AH population, indicate the ability of
the latter in transposing barriers and corroborates the
proposition that, in opposition to AH, AJ is a migratory
species (Mazzoni et al., 2004). Thus, assuming that re-
production is a driving force for the ascent of adult fishes
and that ascending involves a high loss of somatic en-
ergy (Dodson, 1997; Leonard and McCormick, 1999) AJ
spends more energy than AH, when such aspect of repro-
ductive strategy (migration) is considered. In fact, it was
estimated that the costs with OI (egg size and egg num-
bers) are equal for both species but the overall strategy,
the above parameter plus breeding time, is 25% more
expensive in AH. Thus, it is hypothesized that this 25%
should be considered as the extra costs that AJ uses dur-
ing migration and is compensated by its shorter breeding
time (9 months versus 12 months of AH).

Despite the scarce information about migration of
Neotropical fishes, it is well known that it is metaboli-
cally expensive, particularly if followed by reproduction
(Blem, 1980; Brett, 1995; Sandberg and Moore, 1996).
In such cases it is expected that fecundity and eggs size
co-evolve in order to enhance reproductive success and
compensate energetic output (Leggett and Carscadden,
1978; Snyder and Dingle, 1989). Following this ration-
ale, the patterns of energetic allocation for reproduction
of AJ and AH are in agreement with most observed mod-
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els for other Osteichthyes species. It is suggested that the
reproductive strategy of both species followed important
decisions between ovarian investment and migratory
behaviour. AJ compensates the low OI with migratory
behaviour whereas AH compensates non-migrating be-
haviour with a high OI.

The reproductive benefits associated with migration
are well known and their role has been extensively con-
sidered for fish populations from holartic region (Legget,
1985; Roff, 1988; Gross et al., 1988). Nonetheless, very
scarce information is available concerning the evolu-
tionary patterns that determine this behaviour among
neotropical species and less about the mechanisms that
trigger migratory movements. Mazzoni et al. (in press),
present the first evidence of migratory behaviour among
a Tetragonopteriinae (Characiform) species from a
coastal stream from Serra do Mar (Southeast Brazil) and
propose that it is an adaptive response to eggs and larval
drift.

According to Kinnison et al. (2001), the existence of
migratory behaviour within a taxonomic group imposes
energetic constraints that contribute to the variation in
allocation to other major attributes such as total ovarian
investment or parental care. By the same rationale, it is
expected that among migratory species the cost of migra-
tion could drive initial divergence in reproductive alloca-
tion, with implications for long-term patterns. Despite
the fact that neither tissue composition nor energy con-
tent of AJ and AH specimens were measured, before
and/or after reproductive events, it is hypothesised that
the observed patterns of fish movement, breeding time
and egg production, should be explained as an impor-
tant decision between these attributes of the reproductive
strategy. In the case of the studied species, a clear case
of trade-off was observed. Differences in ovarian invest-
ment, manifested as a decrease in egg size and increase
in number within AH, and the contrary plus migratory
behaviour within AJ, could be interpreted as a life history
strategy that enhances reproductive success of both and
preserve their differentiated genotypes. Following these
results, it would be convenient to test the hypothesis that
despite the adopted strategy, almost all fish species spend
the same amount of resources during reproduction.
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