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ABSTRACT

The Ubatibariver is a coastal stream subject to stochastic spates all over the year and, Characidium
sp.n. is among the twenty-two species that compose its ichthyofauna. In this study we analyse some
traits of its reproductive biology and discuss whether the adopted strategy has causal relationship with
the environmental variables. Specimens were collected in the upper Ubatiba river. Samplings, were
carried out monthly by electrofishing, between Oct./94 and Sep./95. Some differences between male
and female strategies were observed. Females were significantly (p < 0.05) bigger than males; length —
weight relationship was different (p < 0.05) between sexes with the onset of sexual maturity occuring
at smaller sizes among males. Reproductive investment is high for both males and females but higher
for males, maximum Gonadosomatic Index for females and males were 40.97% and 44.90%, respec-
tively. Reproductive specimens were registered all over the year, suggesting continuous reproduc-
tion. High values of fecundity were also registered varying from 1342 to 5535 eggs for ripe females
of 4.4 and 7.0 cm, respectively and an amount of 1105 oocytes per grams of fish. We suggest that
differences in the reproductive strategy, between sexes, determine the observed patterns in the size
structure; the absence of males in the higher SL classes could be a consequence of high mortality
rates and/or reduction in the growth rates as a precocity consequence in the onset of reproduction
and/or high reproductive investment. Relationship between continuous reproduction and environmental
condition could be explained as an adaptation to maximise supervivency of the young fishes that is:
guarantee the species maintenance in a stochastic environment.

Key words: Characidiinae, coastal stream, reproductive biology.

RESUMO

Reproducao de peixes em riacho costeiro

O rio Ubatiba é um riacho costeiro sujeito a chuvas torrenciais imprevisiveis e Characidium sp.n.
€ uma das 22 espécies que compdem sua ictiofauna. Neste estudo, sdo analisados alguns aspectos
de sua reproducéo e discutidas possiveis relacdes de causalidade entre a estratégia adotada e a
situacdo ambiental. Os exemplares estudados sdo provenientes do trecho superior do rio Ubatiba.
As coletas foram realizadas mensalmente, por pesca elétrica, entre out./94 e set./95. Foram registradas
algumas diferencas nas estratégias de machos e fémeas. As fémeas foram significativamente (p <
0,05) maiores que os machos; arelacéo peso/comprimento é significativamente diferente (p < 0,05)
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entre 0s sexos; e na primeira maturacdo também ha diferencas entre os sexos. O investimento
reprodutivo é alto para ambos 0s sexos, mas levemente superior para os machos, sendo o indice
Gonado Somatico maximo de fémeas e machos de 40,97% e 44,90%, respectivamente. Exemplares
reprodutivos foram frequentes ao longo de todo o ano, sugerindo que a reproducéo da populagéo
é continua. A fecundidade variou de 1.342 a 5.535 ovécitos para fémeas maduras de 4,4 a 7,0 cm,
respectivamente, sendo produzidos 1.105 ovécitos por grama de peixe. Sugerimos que as diferencas
na estratégia reprodutiva de machos e fémeas determinam o padréo observado na estrutura de
tamanho, sendo a auséncia de machos nas maiores classes de SL consequiéncia da precocidade da
12 maturagdo e/ou do alto investimento reprodutivo. A relacdo entre a reproducéo continua da
populacéo e as condic¢des ambientais poderiam ser explicadas como uma adaptacdo para maximizar
a sobrevivéncia de jovens, isto é, garantir a manutencéo da espécie em um ambiente imprevisivel.

Palavras-chave: Characidiinae, riacho costeiro, biologia reprodutiva.

INTRODUCTION

The Ubatiba river composes a small coastal
fluvial system of the Brazilian East Basin in the
State of Rio de Janeiro. It flows through deforested
meadows for agricultural practices and for cattle
ranching, though patches of pristine Mata Atlantica
forest which are still common on the slopes of the
surrounding rocky hills.

A total of twenty-two fish species make up
the Ubatiba river ichthyofauna (Costa, 1984,
Mazzoni & Lobon-Cervig, 2000). Some studies
on life history strategies of fish species are available
(e.g., Menezes & Caramaschi, 1994; Soares-Porto,
1991; Aranha & Caramaschi, 1999; Mazzoni &
Petito, 1999); nonetheless, a full knowledge of
reproductive aspects of the Ubatiba river fishes,
is far from complete.

Characidium sp.n. is restricted to the upper
Ubatiba on rocky and gravel substrata and riffles
(Mazzoni, 1998). It is the most abundant species
from the upper Ubatiba River where Mazzoni &
Lobdn-Cervia (2000) registered mean densities of
2686 and 2047 ind.ha™. It isa Characidiinae species
under description as some other Characidium
speciesin the coastal streams from Southeast Brazil
(Paulo Buckup personal communication). In order
to allow the recognition of the species used in the
present work, some specimens were deposited in
the ichthyological collection of Museu Nacional
do Rio de Janeiro (MNRJ 22002).

The main purpose of thiswork is to describe
male and femal e reproductive strategies, as well
as discuss causal relationships between the adopted
strategies and environmental characteristics. So,
the traits analysed include size of first reproduction,
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fecundity, sex ratio, size of the gametes, spawning
type and reproductive season.

MATERIAL AND METHODS

Study area

The Ubatiba fluvial system (22°60'S and
42°48'W) isatypical smal Serrado Mar basin (~16
km long, 42 km?) located 70 km north from Rio de
Janeiro city. It composes, together with itstributaries
(Silvado, Caboclo, Fundo, Itapeteiti and Ludigério
rivers) asmall fluvial system whose water level is
solely regulated by rain fall (~1500 mm yr=). Local
hydric regime indicates an absence of seasonality
(Mazzoni, 1998) and the main physica characteristic
is the sudden spates that stress local habitats and,
probably, populations (Fig. 1).

Sampling procedure and data analysis

Fishes were electrofished (1000 W, 2-3 A)
in the upper Ubatiba system, between October/94
and September/95, through monthly sampling (see
more detailed information about sampling
methodology in Mazzoni et al., 2000a).

Sampled fishes were conditioned in ice for
transportation, processed in the laboratory and the
following data obtained: (i) standard length (SL)
to the nearest 0.1 mm (ii) total weight (WT) to the
nearest 0.01 g (iii) sex (iv) gonadal weight (WG)
to the nearest 0.01 g. Prior to preservation the
ovarieg/testis were classified in amacroscopic scale
of gonadal development according to vascular
irrigation as well as on relative occupation in the
abdominal cavity, for both sexes; for females size
and colour of oocytes was also registered and, for
males sperm liberation when pressing the abdomen.
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Fig. 1 — Historical series (1989-1994) of temporal variation of monthly mean values of daily rainfall at Marica region,
RJ. Numbers in the right side means the numerical increment in the river water volume and gray spots indicate interme-
diate and hard disturbs. Data obtained at 6° Distrito do Instituto Nacional de Meteorologia (INMET, RJ).

According to these characterigtics the following
classification was considered: females—immature,
mature 1, mature 2, ripe and spawned; and ma-
les—immature, mature 1, mature 2, ripe and spent.
Thereafter, ovaries were fixed in modified Gilson's
fluid (Vazzoler, 1981) for oocytes measurements
and counts.

Ovaries preserved in Gilson's fluid were
stored for two weeks and shaken periodically to
promote oocyte release. Oocytes were then
cleaned by subsequent alcohol change and
removal of the ovarian walls, and stored in a 70°
GL alcohol solution. Fecundity (Bagenal &
Braum, 1971) was determined after counting all
vitellogenic oocytes from 25 ripe ovaries and
correlated to SL and WT. Spawning type was
evaluated according to the distribution of oocytes
diameter (measured on subsamples of 10ml under
a stereomicroscope-x50) from dissociated ovaries
in different maturation stages (mature 1, mature
2, ripe and spawned).

Standard length structure analysis was
determined from the number of individuals in
different size classes. Length/weight relationship
was established from the LN transformed data of
SL and WT, throughout the Minimum Square
Method. The size of first maturation (SL,)) was

determined according to the methodology presented
in Vazzoler (1981). All the previously mentioned
analysis were done for males and females
separately.

Sex ratio was determined for the whole
sample and the bias in the individual proportion
of each sex were tested by the chi-square test (X?).
Temporal distribution of ovarian/testis maturation
stages was used to determine reproductive season;
for this, maturation stages were rearranged as
follows: immature — young fishes without
developed gonads and SL equal or under SL; non-
reproductive — adult fishes, SL over SL_, in mature,
mature 1 and 2 and recovering gonads; and
reproductive — adult fishes, SL over SL,, ripe and
spawned/spent gonads. Temporal variation of
female Gonadossomatic Index (GSI = WG/WT *
100) was used as complementary information for
the determination of reproductive season.

RESULTS

A total of 165 specimens were analysed,
being 51 females and 114 males; sex ratio presented
significant differences from the expected 1:1
(X2=24.96:p < 0.001), so the 2.2:1 (male:female)
proportion, was determined.
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Fig. 2 — Standard length distribution of males and females Characidium sp.n. from the Ubatiba fluvial system, Marica,

RJ. SL_, means standard length at sexual maturity.

Maximum standard length was 7.5 cm and 6.0
cm for females and males, respectively (Fig. 2).
Mean s ze between sexes were significantly different
(t=4.62; p<0.01; DF = 152), being 5.3 cm and
4.7 cm for females and males, respectively.

Sexual dimorphism was detected for SL/WT
relationship (t,. =208 >t = 1.99; p < 0.02;
DF = 134), thus, two different equations explain the
SL x WT rdationship: WT =-4.24+3.119_; ’=0.82,
p < 0.01 for females and WT = -3.51 + 2.59SL ;
r’=0.73; p< 0.01 for males. Size of first maturation
(SL,,) differed between sexes being 4.0 cm for females
and 3.0 cm for males (Fig. 3a, b).

Temporal variation of maturation stages shows
that reproductive specimens occur during the whole
annual cycle with a reproductive peak between
January and June; thisis corroborated by the GS
values, indicating reproductive specimens (GSI > 5)
all over theyear (Fig. 4). GSI values of males and
females, in different maturation stages, indicate
higher reproductive effort among males (Table 1).

Oocyte diameter distribution suggests that
the species have total spawning (Fig. 5). Mature
1 stage presents one oocyte mode with a diameter
of 0.3 mm, which reaches 0.6 mm in Mature Il and
0.8 mm in Ripe gonads.

Fecundity (F) varied from 1342 to 5535 for
ripe females of 4.4 to 7.0 cm, respectively, corre-
lation between SL and F followed alinear relationship
(F=-11.82 + 1.389L; r’=0.43; n = 12; p = 0.02).
Considering that the mean number of oocytes per
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grams of weight isindependent of fish size the mean
number of oocytes per grams of weight as 1105
oocytes (standard deviation = 225 oocytes) per grams
of weight was calculated. Ripe oocytes have amean
diameter of 0.75 um (range = 0.7 to 0.85 pum).

DISCUSSION

A set of traitsthat draw the reproductive strategy
of Characidium from the Ubatiba river, suggests a
high reproductive effort, for both males and females,
that isreflected in: (i) early onset of sexual maturation,
(iii) high values of GSI, (iv) prolonged reproductive
season and (v) high fecundity. Therefore, according
to life-history theory (sensu Stearns & Crandal, 1984)
the trade off between all of these characters and
optimum reproductive life span assure the
maintenance of the species that, probably, balance
high losses caused by environmental constraints, with
high reproductive effort. Our results indicate that
Characidium from the Ubatiba river reproduces
throughout the year. Thisinformation isin agreement
with that found for other fish species in the same
river (e.g., Menezes & Caramaschi, 1994; Mazzoni
& lglesias, 1996; Mazzoni & Petito, 1999) as well
asfor other tropical fish species (e.g., Mazzoni &
Caramaschi, 1995; Mazzoni & Caramaschi, 1997,
Mazzoni et al., 2000b). Extended reproductive
season has been treated as an adaptive response to
environmental constraints that prevail in streams
(Garuitti, 1983, 1988).
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Fig. 3— Length-frequency distribution of females (a) and males (b) adult Characidium sp.n. from the Ubatiba fluvial system,
Maricd, RJ.

TABLE 1
Values of Gonadosomatic Index (GSI) of male and female Characidium sp.n., in different maturation stages.

Females Males
Stage Mean SD Max Mean SD Max
Imature 0.51 0.18 0.86 0.64 0.32 0.97
Mature 1 2.35 1.55 5.34 2.04 0.70 297
Mature 2 7.68 1.06 8.95 4.39 124 8.64
Ripe 22.61 8.49 40.97 26.09 5.72 44.90
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Fig. 4 — Temporal variation in the gonadal stages frequency and Gonadosomatic Index (GSI) of Characidium sp.n. from

the Ubatiba fluvial system, Maricé, RJ.

Corroborating such proposition, Matthews
(1998) argues that environmental constraints may
set limits on life-history traits that are successful
or enhance fitness of a species in a particular
situation; in the case of Ubatibariver, a prolonged
reproductive season may be explained as an
important strategy to assure new born supervivency
in a stochastic environment, in the same manner
as proposed by Garutti (1983, 1988).

Nevertheless, it iswell known that |atitudinal
differencesexist in life-history traits of fish species.
Slower growing, later onset of reproduction and brief
spawning season are common among fishes from
temperate zones (e.g., Wootton, 1984; Knight &
Ross, 1992; Heins & Machado, 1993); but, it was
aso registered that tropical fish populations, despite
living in rivers, streams or lagoons (between 22°S
and 20°S) usually have an extended breeding season
(Mazzoni & Caramaschi, 1995; Mazzoni &
Caramaschi, 1997) due to available resources all
year long (i.e., large photoperiod, abundant food
supply, high temperatures all over the annua cycle).

The total spawning strategy presented by
female Characidium from the Ubatiba river
suggests a contradiction between time and type
of spawning. Nonetheless, it has been noticed that
many species from the studied river have total
spawning type and associated rapid and continuous
oocyte recruitment and development (R. Mazzoni
unpublished data); such a strategy plus a population
reproductive asynchrony could explain the
reproductive pattern shown in the present study.

Braz. J. Biol., 62(3): 487-494, 2002

Some results point to life history differences
between females and males, and suggest higher
reproductive investment between the latter’'s. Ma-
les are smaller than females, attain sexual maturity
at lower sizes, presents higher values of GSI and
length/weight relationship is significantly different
(heavier females). Body size differences between
sexes were referred by Nikolsky (1963) as the most
frequent form of fish dimorphism and, larger size
among femal es has been suggested to be an evalutio-
nary advantage in order to produce, potentially, more
and larger offspring. The positive correl ation between
SL and fecundity, found in our study, supports this
proposition, but did not explain al the differences
registered for the reproductive strategy of both sexes.

Higher values of GSI and the onset of sexual
maturation at lower sizes between males are
important points that suggest high reproductive
effort. It has been suggested that early maturity can
be related to an adaptive behavior that compensates
the high juvenile losses, as a consequence of the
stressed climate that prevails in the Ubatiba river
system (Mazzoni & Petito, 1999). The imbalanced
number of male in the higher SL may be claimed
as a consequence of differential mortality and/or
growth rates caused by the differences on the
reproductive investment between sexes.

Evidences for mortality and different growth
rates as a cost of reproduction are supported by some
studies (e.g., Goulart & Verani, 1992; Mazzoni &
Caramaschi, 1995) and could explain the SL
structure presented by the male population.
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Fig. 5 — Oocyte size distribution of ovaries of Characidium sp.n. in different maturation stages. Oocytes to the left side

of doted line represent the stock cells.

Thus, mortality and slow growth arising from
heavy investment in early reproduction should counter-
balance the early reproductive advantagesto generate
an optimal size and time of maturity (Rochet et al.,
2000); the resolution of this potential conflict should
be a pattern of alocation that maximises the repro-
ductive lifetime under prevailing environmental
conditions. It isimportant to mention thet no references,
concerning reproductive strategy of Characidium

species, werefound in the literature, in order to alow
for comparisons between populations.

Nonetheless, as quoted above, a high
reproductive effort among stream dwelling fishes,
specially that from the Ubatiba river, were
demonstrated elsewhere and, supports the idea
that the studied population is under an important
environmental pressure that delineate its life
history strategy.

Braz. J. Biol., 62(3): 487-494, 2002
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Finally, Characidium reproductive strategy
could be considered as an opportunistic strategy
(sensu Winemiller & Rose, 1992). Although this
was hot tested in the present study, we suggest that
the unexpected climatic conditions, especially the
stochastic spates plus local climate (low latitudes),
could probably be the main determinant of such
life-history traits. Part of such proposition has
already been done for other fish species from the
Ubatibariver (i.e., Menezes & Caramaschi, 1994;
Mazzoni & Petito, 1999) and corroborates the idea
that most of the species from the Ubatiba fluvi-
al system adopt similar reproductive strategiesin
order to maintain viable populations.
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