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ABSTRACT

The age and growth of three silverside species are described, and a discussion on possible phylogenetic
constraints on life-history characteristics is presented. Samples were collected monthly between March
1992 and February 1993 in three freshwater coastal lakes. Standard length-total length (Ls-Lt) and
weight-length (Wt-Lt) relationships studied showed interspecific differences in comparisons between
juveniles and adults, males and females. Age was determined by scales. The three species presented
alife-cycle duration of 4 to 5 years, with growth coefficients values (K) between 0.37 and 0.63, and
asymptotic lengths between 211 and 257 mm. Some interspecific differences may be useful for dis-
tinguishing between species (sexual and life-stage related patternsin L -L and W -L). The observed
life-cycle ranges and maximum sizes were compared to those of other silversides and revealed a pattern
coherent with available phylogenetic hypotheses at the supra-generic level, indicating that some life-
history characteristics may be subject to phylogenetic constraints.
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RESUMO

I dade e crescimento de tr és espécies de Odontesthes (Atherinopsidae) do sul do Brasil,
com obser vacOes sobre a relacéo entrefilogenia e histéria de vida de peixes-rei

Este estudo apresenta uma descricdo das caracteristicas de idade e crescimento de trés espécies de
Odontesthes, além de uma discussédo sobre possiveis relacdes de caracteristicas de histéria de vida
com filogenia. Amostragens foram feitas mensalmente entre marco/1992 e fevereiro/1993, em trés
lagoas costeiras do Rio Grande do Sul. As relacBes comprimento padrdo-comprimento total (Ls-Lt)
e peso-comprimento (Wt-Lt) revelaram diferencas interespecificas nas comparacgdes entre juvenis e
adultos e entre machos e fémeas. A idade foi determinada a partir das escamas. As trés espécies
apresentaram um ciclo de vida de 4 a5 anos, com coeficientes de crescimento (K) entre 0,37 € 0,63
e comprimentos assintoticos entre 211 e 257 mm. A duragéo do ciclo de vida e os tamanhos méximos
foram comparados com aquel es de outras espécies de Atheriniformes e revelaram um padr&o coerente
com as hipoteses filogenéticas disponiveis em nivel supragenérico, indicando que certas caracteristicas
de histéria de vida estéo relacionadas ao contexto filogenético.

Palavras-chave: histéria de vida, filogenia, idade, crescimento, Atherinopsidae.
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INTRODUCTION

The explanation of biological problems can
greatly benefit from the integration of phylogenetic
hypotheses and behavioral and ecological studies
(Miles & Dunham, 1993). The case of the South-
American silverside Odontesthes argentinensis
(Atherinopsidae) is an example of the contribution
of life-history characterigtics to the study of taxonomic
and evolutionary problems. This species was found
to have aresident estuarine population morpho-
metrically indistinguishable from the adjacent marine
one (Bemvenuti, 1993). Neverthdess, both populations
presented remarkabl e differencesin genetic population
structure and in reproductive biology and egg
morphology characteristics (Beheregaray & Levy,
2000). Similar situations seem to be common among
other silversides. Both New World (Atherinopsidag)
and Old World (Atherinidae) silversides (Dyer &
Chernoff, 1996; Dyer, 1998) present an overall
uniformity in morphology and life history strategies,
with many species forming isolated or semi-isolated
populations (Bamber & Henderson, 1988; Creech,
1992a, 1991; Beheregaray & Levy, 2000). Because
of thisuniformity, interpopulational and interspecific
differences were sought by means of genetic and
morphometric techniques (Gajardo, 1987, 1988;
Prodohl & Levy, 1989; Ggjardo, 1992; Creech, 1991,
1992a; Bemvenuti, 1997; Gallego et al., 1998;
Beheregaray & Levy, 2000). Differencesin lifecycle,
age, and growth between populations and species have
also been discussed (Prince & Potter, 1983; Klink &
Eckmann, 1985; Potter et al., 1986; Bemvenuti, 1987;
Becker, 1995; Scasso & Campos, 1999).

Silversides are typical elements of the fish
faunain shallow coastal lakes of southern Brazil.
Most silverside species in these lakes are included
in the Odontesthes perugiae species group (family
Atherinopsidae, according to Dyer, 1997). These
coastal lakes have a recent geological history
(Schwarzbold & Schéfer, 1984) and form a complex
system of either isolated or connected freshwater
lakes associated with the estuarine system of the
Tramandai River. Asiscommon for silversides, the
Odontesthes species from these lakes are a so very
similar morphologically, being the outcome of rapid
radiation associated with transgressive cycles of the
Quaternary (Beheregaray, 2000; Behergaray et al.,
2002). Several studies provide taxonomic, phylo-
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genetic, and evolutionary information about these
gpecies (Mdabarba & Dyer, 2002; Bemvenuti, 1997;
Dyer, 1997, 1998; Beheregaray & Sunnucks, 2000;
Beheregaray & Levy, 2000), and the life history of
some populations has a so been studied (Bemvenuti,
1987; Fiaho & Verani, 1994; Becker, 1995; Fiaho,
1996; Fialho et al., 1996).

One of the main characteristics of fish life
history is that very different growth patterns can
be exhibited by the same species in different
environments or by the same population in different
years (Ricker, 1975; Wooton, 1990). Consequently,
fish growth rates and absolute size seem not to be
useful for distinguishing between species. Never-
theless, Wooton (1990) states that the success of
programs of artificial selection based on growth
traits suggests that spontaneous selection for these
traits can occur in natural populations. Therefore,
certain growth patterns may be potential indicators
for taxonomic differentiation if they imply a more
complex biological (and genetic) basis.

In thiswork, we describe the age and growth
characteristics of three populations of silversides,
each representing a different species of Odontesthes
from freshwater coastal 1akes of the Tramandai River
basin, southern Brazil. A brief discussion of the
observed interspecific differencesis aso presented,
asapreliminary attempt to assess the usefulness of
life-history characteristics in taxonomic and
phylogenetic studies.

Study area

The Tramandai River basin is situated in
northeastern Rio Grande do Sul, Brazil (appro-
ximately 29°45’ to 30°15'S, 50°00" to 50°30'W). The
climate in the region is considered subtropical and
humid. Rainfall is uniform throughout the year,
although more intense and shorter in summer and
lessintense but longer in winter. The Tramandai River
basin comprises several isolated and connected
shalow coadtd lakes. The connected system isformed
mostly by freshwater lakes, which are ecologicaly
separated by the Tramandai estuary into northern and
southern freshwater sub-systems (see Schwarzbold
& Schéafer, 1984, for a further description).
Odontesthes bicudo, O. piquava, and O. ledae are
all freshwater species occurring, respectively, in the
isolated lakes, northern interconnected lakes, and
southern interconnected lakes.
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MATERIAL AND METHODS

Data collection

The three species studied in the present work
(O. bicudo, O. piquava, and O. ledae, Malabarba
& Dyer, 2002) belong to the O. perugiae species
group (Dyer, 1998) and are freshwater forms with
non-overlapping geographical distributionsin the
Tramandai River system, except for the populations
of O. bicudo and O. piquava from Lake Caconde.
These three species have also been recognized by
Beheregaray (2000) and Beheregaray et al. (2002)
using mtDNA sequences.

Between March 1992 and February 1993,
sampleswere taken monthly using gill netswith mesh
sizes of 1.2 and 1.5 cm (bar measure) and a seine
net of 16 m x 3 m (mesh size of 0.3 cm). Samples
of O. bicudo were further collected until May 1994.
Three lakes were sampled: Lake Caconde, Lake
Pinguela, and Lake Rondinha, representing the
geographical range of O. bicudo, O. piquava, and
O. ledae, respectively.

Captured fish were stored in ice for posterior
examination and scale collection. Data.on tota length
(L), standard length (L), total weight (W,), and sex
of each individual were obtained. Scales collected
from sub-samples of approximately 10 individuals
from each 20 mm length class were taken from the
left side of the body and preserved in 70% ethanal.
In order to assess which part of the body provides
better scales for determining aging, samples from
three different regions were taken: posteriorly to
the pectoral fin base, from adorso-lateral areabelow
the dorsal fin, and from aventro-lateral area below
the dorsal fin. No remarkable differences were noted
among scales from the three areas. However, scales
from the mid-body lateral area were of a more
uniform size than those collected near the pectoral
fin, and were thus preferred for analysis. With scales
immersed in 70% ethanol, rings were counted under
a stereomicroscope. This method was judged to be
better after trials with scales mounted on dlides,
immersed in water, or stained with aizarin red using
a modificaton of the Dingerkus & Uhler (1977)
technique.

Scales of all three Odontesthes species were
thin and difficult to read. Exhaustive adjustments
with incident light and under illumination were
necessary to identify the annual rings. Ring
identification and counting was donein two stages,
the second of which started only after al scalesfrom

the three species had been examined. During the
reading process, the length and sex of the fish were
not known by the reader. Scalesin which the rings
were too difficult to digtinguish were eiminated from
the study, which resulted in a decreased sample size
and the need for pooling monthly data into three-
month periods, each corresponding to one season
of the year.

Data analysis

The weight-length relationship, W, = al_°, was
estimated by least-squares regression of the
logarithmically transformed weight-length data. The
dopes of the regressions (parameter b) of the log-
transformed values of W, and L, were tested for
allometry (Ho: b = 3) using the t-test described in
Zar (1999). Statistical differences of b between
juveniles and adults of each species were tested
according to the t-test described in Zar (1999). An
andysis of covariance (ANCOVA) was used to com-
pare the regression parameters among females of the
three species; the same procedure was repeated for
maes. The multi-comparison Tukey test was employed
to detect pairwise contrastsif the ANCOVA reveded
significant differences. The same Satidtica testswere
used for comparisons of the sandard length-total length
relationships, except that the null hypothesis for
allometry was b = 1 (Gould, 1966). The L-L,
relationships were estimated by least-squares regression
ontheorigina L -L, values.

The time of annual ring formation was
determined by following the seasona variation of the
mean tota length that corresponded to agiven number
of scale rings. It was assumed that ring formation
occurred whenever the mean length for agiven ring
count decreased between two consecutive seasons
(Vazzoler, 1981).

Length growth curves were determined
according to the von Bertalanffy model, after the
Ford-Walford transformation, and considering t =
0. Age at the time of first ring formation was
determined according to Santos (1978). Because
of low sample size, male and female data were
pooled to estimate the O. ledae growth curves.

RESULTS

Weight-length relationship (W, = aL.”)
Theweight-length rdationships were esimated

separately for adult (maes and females, Table 1) and

young specimens (individuals with gonads not yet
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developed; Table 2). For O. bicudo, separate
estimations were also made to compare results
between two consecutive years (1993 and 1994).

In adults, allometry, meaning that larger
individuals are relatively more elongated than smaller
ones, was observed only in O. piquava (p < 0.05).
Juveniles of the three species presented isometric
W-L, relationships. In juveniles of the three species,
and in adults of O. bicudo and O. ledae, the body
proportions remained comparatively the samein both
smaller and larger individuals (isometry).

| ntragpecific comparisons between maes and
females showed that the estimated b values were
sgnificantly different in O. bicudo (p < 0.05). Neither
O. piquava nor O. ledae presented sexua differences
in the W-L, relationship.

I ntragpecific compari sons between adults and
juveniles (Table 2) revealed significant differences
in the three species (except between juveniles and
female O. bicudo; Table 2), indicating that juveniles
tend to have different W-L, relationships than adullts.
The calculated t values for significant intraspecific
differences of b between juveniles and adults were:
O. bicudo malest = 3.39; O. piquava maes

005 (2), 679

Coos(o, 1003 = 482, and femalest ., 6, = 6.73; and
O. ledaemalest | ., ,.,s= 5.39 and femalest .
= 3.67).

(2), 1232
Interspecific comparisons using ANCOVA

revealed no significant differencesin parameter b.
However, differencesin parameter a were significant
for both females (p < 0.05) and males (p < 0.05).
The Tukey test showed that the three species had
different a values (ao bicudo ' ao. piquava ' ao Iedae; males
and females analyzed separately).

The comparison between the 1992 and 1993
samplesof O. bicudo showed no significant difference
for both parameters a and b, therefore the data was
pooled and a single weight-length relationship was
calculated for the species (Table 1). In all cases (1992
sample, 1993 sample, and pooled sample), b was
significantly different between males and females,
and growth was isometric.

Total length-standard Iength regressions (L = a +
bL)

l The parameters of the L -L relationships are
presented in Table 3. In all species, relative growth
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isisometric (b not significantly different from 1).
The ANCOVA indicated significant interspecific
differencesin parameter b among females and among
males (p < 0.05; Ffemas(Z), 158 14.23, Mmdes(z), e
12.53). The Tukey test for males indicated that

b =b For females, the test

_~O. bicudo O. piquava ? ledae’
indicated that b By, siquavar PUL By | COUI

0. bicudo
not be unambiguously differentiated from either

b orb

0. bicudo 0. piquava”

Age and growth

The consgtency of scaereadingsisindicated
by the low % coefficient of variation of total indi-
vidual length (L) in relation to ring countsin the
three studied species (Table 4). Annual ring
formation takes place between winter and spring
for O. bicudo (males and females) and for female
O. piquava. In male O. piquava and in O. ledae,
annud rings are formed between spring and summer
(Fig. 1).

The age of first annual ring formation was
different in the three studied species (Table 5). In
O. bicudo, thefirst ring is formed when the males
are about one year old and females are about two
years old, while in O. piquava the first annual ring
forms when both females and males are about two
yearsold (Table 5). In O. ledae (pooled femae and
male data) the estimated age of first ring formation
was 1.5 year.

Up to three annual rings were observed in
females and males of the three studied species.
Consequently, it can be inferred that the population
of O. bicudo was structured into 4 and 5 age classes
(males and females, respectively). The populations
of O. piquava and O. ledae had 5 and 4 age clas-
ses, respectively. The estimated lengths at each age
class, as caculated from the von Bertalanffy growth
equation (Table 5), indicate that O. bicudo and O.
ledae grow faster than O. piquava (see also Table
5). O. bicudo lives longer and reaches larger sizes
than O. ledae.

The growth coefficient was lower for females
(sexual differences were not analyzed for O. ledae).
Growth in the first year, indicated by the proportion
of asymptotic length (L ;) attained at the first year
of life, was approximately similar for the three
species (Table 5).
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Fig. 1 — Seasonal variation of mean L, in relation to the number of scale rings. The coefficient of variation of L, according
to number of rings was under 17% in all three species. Dashed lines indicate time of ring formation; fal = fall, win = win-
ter, spr = spring, sum = summer.
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TABLE 1
Weight-length regressions (InW, = Ina + binL ) for adults of three freshwater Odontesthes species from southern
Brazil.
sex Ina SEa b SEb N | Lymin-Lumay | 12
) m -11.378 0.103 2.885 0.020 | 2075 120-212 0.91
O. bicudo (total)
f -11.882 0.114 | 2982 0.022 1341 120-253 0.93
) m -11.264 0.123 2.860 0.024 | 1537 120-208 0.90
O. bicudo (1993)
f —12.040 0.146 3.008 0.029 714 121-253 0.94
) m —11.240 0.180 | 2.864 0.036 538 120-212 0.92
O. bicudo (1992)
f -11.772 0.167 2.966 0.033 627 120-238 0.93
. m -11.149 0.170 | 2.842 0.034 655 120-194 0.92
O. piquava T
f -11.101 0.234 | 2.843 0.046 262 120-200 0.94
m -11.435 0.202 2.908 0.040 288 120-192 0.95
O. ledae ;

—11.598 0.149 2.949 0.030 671 120-194 0.94
* Statistically different from 3 (p < 0.05).

TABLE 2

Weight-length regressions (InW, = Ina + binL ), for juveniles of three freshwater Odontesthes species from southern
Brazil. Theregression coefficient b is not statistically different from 3 (isometric growth) in the three species.

Ina SEa B SEb N L gminy~L tgmany r?
O. bicudo -12208 | 0108 | 303" | 003 | 145 18-116 0.99
O. piquava -12.767 | 0051 | 317 | 001 | 815 18-99 0.98
O. ledae -12.765 | 0038 | 3172 | 001 | 948 20-116 0.99

INot significantly different from female adults; 2significantly different from both male and female adults (p < 0.05).

TABLE 3
Standard length — total length linear regressions (L = a+ bL ) for three freshwater Odontesthes species from
southern Brazil. Values of parameter b were not significantly different from 1 (p < 0.05); m = males; f = females; SE =
standard error; n = sample size.

sex a SEa b SEb N Limin-Limag | 1
0. bicudo m -3134 0.533 0.866 | 0.003 522 120-204 0.99
. bicu
f -3.178 0.452 0.867 | 0.003 626 120-238 0.99
. m -1.396 0.543 0.849 | 0.004 656 120-194 0.99
O. piquava
f —2.208 0.812 0.856 | 0.005 262 121-200 0.99
0. led m 0.554 0.723 0.838 | 0.005 288 120-192 0.99
. ledae
f 0.024 0.496 0.845 | 0.003 671 120-194 0.99
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TABLE 4

Mean and % coefficient of variation of total length (L,) in relation to number of age ringsin scales of three
Odontesthes species from southern Brazil.

O. bicudo O. piquava O. ledae
males females males females
rings|MeanLt| CV% | MeanLt|CV% | MeanLt | CV% |MeanLt| CV% | Mean Lt | CV%
0 136.2 7.6 147.4 9.5 141.4 7.7 141.0 9.0 135.5 8.9
1 150.9 7.8 167.7 10.0 159.8 6.0 162.3 6.0 160.2 5.3
2 176.9 49 192.3 6.7 175.2 3.4 177.0 4.8 176.4 53
3 199.6 15 210.2 7.1 186.3 3.0 192.3 25 186.5 04
TABLE 5

Approximate size (L, in mm) at age (years) for each Odontesthes species, calculated according to the estimated
parameters of the von Bertallanfy growth model.

O. bicudo O. piquava O. ledae
age (years) females males females males fernqgjjz+
1 80 102 76 78 97
2 135 156 126 127 150
3 173 185 159 158 179
4 200 201 180 177 195
5 217 — 194 189 —
DISCUSSION (allometry or isometry) can be compared between

Standard length-total length and weight-length
relationships

TheL -L, relationships are usually calculated
because many studies employ standard length instead
of total length or because, in some situaions, the total
length of afish cannot be measured, therefore L, is
esimated from L . Smiler agumentsare vaid regarding
the weight-length relationships which, in addition, are
needed for studying the condition of thefish (Le Cren,
1951). These morphometric rel ationships may well
provide information about interspecific or
interpopulationd variation, if statistical differences
are detected. The parameter “b” of equations describing
linear morphometric relationships can be used for
comparing samples in two ways. First, significant
differences between the values estimated for each
sample can be tested. Second, the type of changein
a body dimension relative to the size of the body

samples. The parameter b of the equation INW, = Ina +
bL, is adescriptor of change in relative proportions
with Sze. Whenb = 3, body proportions do not change
with size (isometry). However, whenb >3 orb< 3,
body proportions change with size (allometry). The
detection of isometry or allometry using bivariate
analysis can also represent taxonomic information
(Gould, 1966; Sweset, 1980; Wilhelm, 1984).
Regarding W,-L, relaionships, juveniles of the
three gpecies presented significantly different b vaues
Both juvenile and adults presented the same type of
relative change in body proportions (isometry), except
for those of O. piquava. In this species, body
proportions change differently in juveniles and adults
(the rlationship isisometric in juveniles and negetive
alometric in adults), so that the ratio of W, relative
to L, changes with sizein adults, but not in juveniles.
Interspecific comparisons of the L -L, and W-
L, relationships showed differences for parameter a,
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but not for parameter b. When two species have the
same b inthe W -L, relationship, the one with larger
vaue for awill tend to be heavier for agiven L. The
comparisons of the estimated a values indicate that
males and females of O. piquava tend to be heavier
than males and females of O. bicudo and O. ledae
of agiven length. O. ledae tends to have the lightest
males and O. bicudo, the lightest females.

Similarly, when two species have the same b
inthe L -L relationship, the species with higher a
will, at the same L, have a comparatively larger
standard length than a species with lower a. Tota
length can be indirectly calculated asL = L_+ L,
(where L is caudal fin length). Thus, species with
higher awill so have ashorter caudd length. Among
the studied species, both female and mae specimens
of O. bicudo tend to have longer standard lengths
and shorter caudal fins. The relation between size
of cauda fin length and body length has been related
to fish locomotion and foraging strategies (Webb,
1984), although not at the level of the subtle
morphometric variations here observed. Such rdation
between form and function suggests that differences
inL -L, may indicate underlying ecomorphological
distinctiveness among the studied species. In fact,
the three species present different feeding habits, with
O. bicudo eating mainly fish, O. piquava preying on
allochthonous insects, and O. ledae on zooplankton
(C. B. Fialho, personal communication).

The b parameter of W-L, relaionshipsis known
to vary between populations or within the same
population (seasonally, between sexes and between
life stages, Bagenal & Tesch, 1978). Nevertheless,
when found to be relatively constant within a
population or species, it can be usad for differentiation
of small taxonomical units like any other
morphometric relationship (Le Cren, 1951). In the
present work, the results about interspecific compa
risons of the W-L, parameters provided evidence of
differences between the three studied species only
for parameter a. These differences should not be taken
as taxonomically important because the a values
estimated may change with annual variationsin the
environmental conditions (e.g., food availability).

On the other hand, some differences observed
intheL -L, and W-L, relationships (related to sexua
dimorphism, juvenile vs. adult differencesin b and
allometry) may yield taxonomical meaning for the
Odontesthes species studied. These should not be
considered as separate, well-defined characters, but
as aset of characteristics jointly indicating that the

Braz. J. Biol., 63(4): 567-578, 2003

observed differences could represent interspecific
distinctiveness.

There are four relevant aspects regarding L -
L, and W -L, relationships observed in this study. First,
the three species presented significant differencesin
L-L, which may indicate subtle differences in
locomotion and foraging. Second, O. piquava was
the only specieswhere juveniles and adults presented
different types of relative growthin W-L, relaionships
(isometry in juveniles, negative alometry in adults),
suggesting that, in contrast with other species, O.
piquava presents a pattern of variation in relative body
proportions that varies with size in adults but not in
juveniles. Third, significant differences between
female and male W -L, occurred only in O. bicudo,
suggesting sexua dimorphism in growth patternin
this species but not in the others. Finally, juveniles
hed different W -L, relationships (b values) from adults
in al species, except for female O. bicudo. This
suggests a particular life-stage related modification
of the W-L, in this species.

Age and growth

Accuracy and precision assessments are
important in age determination studies, particularly
when results are intended for use in fisheries
management (Campana, 2001). Scales of
Odontesthes were difficult to read, but in those that
were readable, ring counts of individuals of agiven
size were consistent, providing a measure of
precision. Although precision (the reproducibility
of repeated measurements on a given structure)
cannot be used as an indicator of accuracy (the
closeness of the age estimate to the true value), it
is valuable for assessing the relative ease of
determining age of a particular structure or of the
reproducibility of an individual”s age determinations
(Campana, 2001). Accuracy was hot checked in the
present study, and its results should be applied with
caution in stock assessment. However, the relative
precision found allows for comparison of general
patternsin the life histories of the studied species.

Among the species studied, O. bicudo isthe
one that lives longest and O. ledae is the one that
livesleast, and thisisreflected in the maximum total
length observed for each species. The comparison
between the populations of O. bicudo from Lake
Caconde and Lake Emboaba (Fialho, 1992) shows
generaly concordant age and growth characterigtics,
in spite of the different sampling periods and lack
of separate estimates of male and female growth in
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the later population. The asymptotic length in the
Emboaba population was 218 mm, and 218 and 256
mm in Lake Caconde. The size of males at any age
classwas dwayslarger in Lake Cacondethan in Lake
Emboaba, suggesting thet growth isfaster in the first.
For femdes up to three years old, growth is equivalent
in both populations, but after that, growth is faster
in Lake Caconde. The faster growth in that populaion
could be a consequence of improved food supply,
as primary productivity is higher than in Lake
Emboaba. Similarly to the Lake Caconde population,
in that of Lake Emboaba (Fialho, 1992), the first
annual ring isformed when individuals are 1.5 year
old, and the life-cycle duration is about 5 years.

Annual rings of scales and otoliths are usually
formed in a particular season of the year, reflecting
the effects of exogenous (environmental) and
endogenous (genetic) factors (Nikolsky, 1963;
Wootton, 1990). In temperate regions, the formation
of annual ringsis generally linked to the marked
seasonality, particularly to low temperatures and a
short photoperiod in winter (Bagend & Tesch, 1978).
In many tropical species, formation of annual rings
isrelated to reproduction more than to a specific
season of the year, possibly because temperature
changes and photoperiod variations are subtler than
in high latitudes. As aresult, reproduction would
demand aredlocation of energy that otherwise would
be used in somatic growth. However, reproduction
of tropical fish usually coincides with other events
of marked environmental seasonality, such as
flooding periods (Lowe-McConnell, 1987; Vazzoler
etal., 1997), and it is possible that tropical species
are sensitive to even more subtle environmental
fluctuations (Lowe-McConnell, 1987).

Although annual ring formation was found to
coincide with reproduction in some silversides (Sverlij
& Arceredillo, 1991; Creech, 1992b), in both
Atherinidae and Atherinopsidae dow growth isusudly
corrdated towinter (Markevich, 1977; Vilaet al., 1981;
Palmer & Culley, 1983; Villavicencio & Muck, 1984;
Klink & Eckmann, 1985; Fernandez-Delgado et al .,
1988; Elias et al., 1991; Leonardos & Sinis, 2000).
However, the reproductive season of many silversides
startsin winter, particularly in the South American
Atherinopsidee (Moreno et al., 1977; Bemvenuti, 1987,
Villavicencio & Muck, 1984; Vila et al., 1981), so
that it is difficult to determine the rel ative importance
of winter or reproduction on annual ring formation.

Environmental seasonality in the lakes of the
Tramandai River basin is most evidently reflected

by water temperature. Monthly variation of water
temperature in Lake Caconde between summer and
winter can be as much as 20°C (approximately 13
to 25°C). Water level fluctuation is also seasonal,
but not as markedly as temperature.

The relaionship between annud ring formation,
winter, and reproduction was assessed using the
information about reproductive cyclein Becker (1995).
In O. bicudo, ring formetion coincided with the process
of final gonadal maturation and the spawning peak
(between winter and spring). In the O. bicudo
population of Lake Emboaba (Fialho, 1992), ring
formation occurred approximately under the same
conditions, but between fal and winter. InO. piquava,
growth ring formation in females took place between
winter and spring, and reproduction occurred by the
end of winter and early aring. In males, ring formation
took place between spring and summer, after the end
of the reproductive season but coinciding with the
lowest mean condition of the study period. No
biologicd explanation could be found for this difference
between femaes and males, and it is possibly aresult
of error in interpretation or in aging determination
method, indicating that accuracy (Campana, 2001) of
this result should be checked in further studies.

In O. ledae, ring formation occurred between
spring and summer, after the end of the reproductive
period. Consequently, the studied species presented
an ambiguous relationship between ring formation,
winter, and reproduction, as observed in other South
American silversides.

Life history and systematics of silversides

The estimated lifetime growth (the K
coefficient of the von Bertalanffy growth model)
and first year percentage of asymptotic growth for
the three Odontesthes species studied are within
range of observed values for other South American
slversides. Maximum and minimum K values were
respectively observed in male Basilichthys australis
(K=0.78, Vilaet al., 1981) and O. bonariensis (K =
0.09; Vila& Soto, 1986). Thisisaso true for growth
during the first year, which was faster in male B.
australis (67% of L; Vilaet al., 1981) and slower
in O. bonariensis (11% of L ; Vila& Soto, 1986).
Considering the available data for South American
silversides, it has not been possible to discern any
pattern in age and growth relative to latitude,
geographic proximity of species or type of habitat
(marine x freshwater). The results of studies on
different O. bonariensis populations (Burbidge et
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al., 1974, Freyre, 1976; Vila& Soto, 1986; Sverlij
& Arceredillo, 1991) suggest that age and growth
characteristics in Odontesthes are highly dependent
on environmental conditions. For the above reasons,
and because growth parameters and age structure
are known to vary among populationsin many other
species (Bagena & Tesch, 1978; Wootton, 1990),
these characterigtics are not adequate for taxonomical
purposes. Consistent comparative analysisis also
precluded by the diversity of aging determination
methods employed in different studies, and the lack
of data on more than one population of each species.
Nevertheless, patterns that are more general
were apparent from comparisons with species of
Atherinidae and within Atherinopsidae subfamilies.
Thefamily Atherinops dae comprises the subfamilies
Menidiinae and Atherinopsinae, the later with two
tribes, Atherinopsini and Sorgentinini. Most South
American slversides areincluded in the Sorgentinini
(Dyer, 1998). Sorgentinin silversides present some
common life history characteristics that distinguish
them from the mgjority of other members of the family
and from mogt Atherinidae. The Sorgentinini typicaly
present along life-cycle, ranging from 3 to 10 years,
and maximum tota lengths between 150 and 750 mm
(Ciechomski, 1972; Burbidge et al., 1974; Freyre,
1976; Vilaet al., 1981; Villavicencio & Muck, 1984;
Klink & Eckmann, 1985; Vila & Soto, 1986;
Bemvenuti, 1987; Elias et al., 1991; Fialho, 1992).
The life-cycles of other Atherinopsidae (subfamily
Menidiinae and tribe Atherinopsini) and of the
Atherinidae seldom extend 3 years, and individuals
rarely attain more than 120 mm in length (see
Turnpenny et al., 1981; Hubbs, 1982; Milton &
Arthington, 1983; Palmer & Culley, 1983; Prince &
Potter, 1983; Conover, 1985; Potter et al., 1986;
Warkentine & Rachlin, 1987; Creech, 1992b).
There are exceptions to the above gene-
raization: certain Chirostoma (Menidiinag), agenus
endemic to the Mexican Plateau, can attain up to 300
mm in length and reach 4 years of age (Barbour, 1973;
Jimenez-Badillo & Gracia, 1995; Aguilar &
Navarrete, 1997). The only short-lived, small
silversides in South America are the Atherinella
species (Menidiinae; Bemvenuti, 1987; Paiva-Filho
& Giannini, 1990; Unger & Lewis, 1991). Atherina
mochon, which reaches about 140 mm in length and
livesup to 5 years, was the only atherinid found to
live longer than 3 years (Markevich, 1977). Some
atherinids may reach sizes between 150 and 189 mm,
but their life cycleis not longer than 2 years (Prince
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& Potter, 1983; Potter et al., 1986; Creech, 1992b;
Conand, 1993). Lahille (1929, apud Prince & Potter,
1983) and Elias et al. (1991) have previously
commented on these patterns in the life cycles of
slversdes, but not in a phylogenetic context. Presently,
the coherence of the described patterns with available
phylogenetic hypotheses for silversides (Dyer &
Chernoff, 1996; Dyer, 1997; Dyer, 1998) demongrates
that some life history characteristics may be subject
to phylogenetic constraints and should be further
studied to ascertain their usefulness in systematics.

Research on life-history patterns by comparing
several species or groups of species for which
phylogenetic hypotheses are available, can contribute
to a better understanding of the relative roles of
environmental conditions and phylogeny in the life
history of silversides, with implications for
conservation and management.
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