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ABSTRACT. The present study has assessed spatial and temporal variations in the length structure of Hemigrammus
marginatus Ellis, 1911 and estimated growth parameters for the species. Sampling was carried out in five streams in the
Vitéria and Piravevé sub-basins of the Ivinhema River from January to December 2002. A total of 933 specimens of H.
marginatus were caught (97 in the Vitéria sub-basin and 836 in the Piravevé sub-basin). Mean length of the individuals
caught in the Piravevé sub-basin was shorter (21.58 mm, SD = 4.67) than that of individuals caught in the Vitéria sub-
basin (29.24 mm, SD = 4.42). Analysis of condition factor calculated from the weight/length relationship revealed that
the values were constant both spatially (between sub-basins) and temporally (throughout the year). In the Piravevé sub-

basin, the theoretical maximal length estimated for this species was 37.26 mm, with natural mortality rate of 1.22 year™,
growth rate (k) of 0.66 year', and growth performance index (¢) of 3.80 and 4.25 years of longevity. The input of new

individuals in the population occurs twice per year, with greater recruitment at the peak of the rainy season (May) and

the peak of the dry season (August).
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All environments are subject to some degree of varia-
tion. However, streams historically experience, variations in
flow, temperature and oxygen, thus being subjected to more
environmental variations than other freshwater environments
(Woortron et al. 2000). Therefore, the life history traits of fishes
(i.e., breeding frequency, longevity, age, maximum length, and
length at maturation) determine which species persist in a given
habitat. Under the prevailing environmental conditions, traits
must generate sufficient recruitment for a given population to
persist. As a result, stream fishes are particularly adept at re-
sponding to local variation. It is due to this that their lifespans
are highly variable (GormaN & Karr 1978, WootroN et al. 2000).

Life-history traits are the underlying determinants of
populational responses to environmental forces, and they can
differ between populations because of phenotypic plasticity
(adaptation to short-term variability of the environment)
(Nixorsky 1963, Wootton 1999). In this context, length struc-
ture is particularly important among populations in which
growth is flexible, and in which feeding and vulnerability to
predation depend on the length of an individual (Dt ANGELIS et

al. 1993, Wootton 1999). Individuals belonging to smaller
length classes undergo greater intensity of predation, and are
more susceptible to physical and chemical changes in the en-
vironment in comparison to larger individuals (Reznick ef al.
1996).

Correctly estimating age and growth of fishes is crucial
for effective fishery management. Accurate information on age
and growth allows for better understanding of the events in
the life history of a given species (Grasowski & IseLy 2008). In
the Neotropical region, age and growth estimates in small-sized
fishes are based on length frequencies, whereas the method
based on bone structure remains under-utilized. This is due to
the extensive preparation and processing required, as well as
lack of infrastructure and appropriate equipment (CamPANA
2001).

Hemigrammus marginatus Ellis, 1911, is a small characin
popularly known in Brazil as “bandeirinha-de-rabo-vermelho”.
This fish is commonly found in streams and lagoons in the
basins of the Sdo Francisco, Parana and Paraguai rivers (Reis et
al. 2003). Studies on condition factor (Lizama & AMBROsIO 1999),
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feeding habits (Casarti et al. 2003) and reproductive dynamics
of the species (ANDRADE et al. 2008) have been carried out in the
Parané River Basin. However, no information on population
structure, mortality, growth parameters, and recruitment of this
species is found in the literature.

Aims of the present study consist of the following: (I) to
establish the structure of standard length classes for the Vitéria
and Piraveveé sub-basins of the Ivinhema River; (II) to analyze
the variation in length between the sub-basins; (III) to analyze
variation in the length-weight relationship between the sub-
basins; (IV) to determine whether the condition factor of H.
marginatus is influenced by temporal (months) and spatial (sub-
basin) variation; and (V) to estimate growth, mortality and lon-
gevity parameters, and recruitment patterns for the Piraveveé
sub-basin.

MATERIAL AND METHODS

Sampling was carried out monthly from January to De-
cember 2002 in five streams of two sub-basins of the Ivinhema
River (three in the Piravevé sub-basin and two in the Vitéria
sub-basin) (Fig. 1). The Ivinhema is an important tributary of
the Upper Parana River, located in the state of Mato Grosso do
Sul, Brazil (Souza-FiLho & Stevaux 2004). Characteristics of the
sampled streams (Tab. I) were adapted from Suarez (2008).

In each stream, a stretch of approximately 50 m was
sampled during the day. Sampling was performed using a rect-
angular sieve with a metal frame (1.2 x 0.8 m) and 2-mm mesh
size. Twenty deployments were performed in each stretch of
stream. The specimens caught were fixed in a 10% formalin
solution and then conserved in 70% alcohol. They were, iden-
tified and deposited at the Museu de Zoologia, Universidade
de Sao Paulo (MZUSP #80147).

Standard length (SL) was measured in millimeters using
a caliper with 0.1 mm accuracy. Total weight (Wt) in grams
was determined using an analytical scale with 0.0001 g preci-
sion. Length structure was assessed from the distribution of
standard length classes. Two-way analysis of variance (ANOVA)
was used to evaluate spatial (sub-basin) and temporal (month)
influences over the mean standard length of individuals
sampled in the Piravevé and Vitéria sub-basins. Weight-length
relationship was determined using non-linear regression ad-
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Figure 1. Streams sampled in the Vitéria and Piravevé sub-basins
of the lvinhema River Basin, Upper Parana River, Mato Grosso do
Sul, Brazil.

justment and the confidence interval of slope “b” and inter-
cept “a”. Two-way ANOVA was employed to evaluate the influ-
ence of temporal and spatial variance over the condition factor
(CF), with CF as the response variable. The sampling month
and specific sub-basin served as explanatory variables. CF was
calculated as follows: CF = weight/length®. Weight and length
data were previously logarithmically transformed to attend
normality and homogeneity of the variances. The Kolmogorov-
Smirnov and Bartlet tests were used to determine normality
and homogeneity of the variances, respectively. A 5% level of
significance was set for all statistical tests.

Due to the small number of individuals sampled in the
Vitéria sub-basin, only specimens sampled in the Piravevé sub-
basin were used for the analysis of growth, age, mortality and
recruitment of H. marginatus. Asymptotic length (L) was esti-
mated from the largest individual in the sample, using Paury’s
equation (1983): L =L _ /0.95. The growth coefficient (k) was
estimated using electronic length-frequency analysis (ELEFAN
I method). This method of modal class progression analysis

Table I. General characteristics of sampled streams in the Ivinhema River Basin, Upper Parand Basin: stream order, water velocity (m/s),

mean water transparency (m), mean depth (m) and mean width (m).

Sub-basin  Streams Order Velocity Transparency Depth Width

Cover

Piravevé Azul 2 0.35 0.33 0.78 3.0  Without forest, with a lot of grass and Eichhornia azurea along the margin.
Mata 1 0.20 0.60 0.50 1.5 Channel altered by dam construction, deforestation, and grass along the margin.
Piravevé 3 0.10 0.25 2.50 8.0  Forest and grass along the margin, channel with riffles alternating with pools and a
small marginal lagoon with macrophytes and floodplain.
Vitéria  Antonia 1 0.40 1.20 0.50 1.2 Dense forest, without aquatic macrophytes.
Rosério 1 0.50 1.40 1.40 2.0  Without forest, with float grasses and Typha sp.
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infers growth from the apparent shift of modes or means in a
time series of length-frequency samples (Paury & Davip 1981).
From estimated growth parameters (k and L), the growth curve
was adjusted to data from the monthly distribution of stan-
dard length (SL).

Growth performance index (¢) was determined using the
equation proposed by Paury & Munro (1984): ¢ =logk + 2logL.
This equation permits the identification of a biased growth
parameter estimate, and can be used only to compare the
growth performance of fishes with similar shapes. Longevity
was estimated using the equation proposed by TavyLor (1958):
to.n = t, + 2.996/k. In this equation, t__ equals longevity or
maximal age, t, represents the theoretical age at length zero,
and k is the growth coefficient of the Von Bertalanffy model.
Estimate of the t, parameter was determined with aid of the
empirical equation proposed by PauLy (1983), calculated as fol-
lows: log,, (-t,) = -0.3922 - 0.2752 x log, L, - 1.038 x log, k.
The Bhattacharya method (BuaTTACHARYA 1967) Was used to sepa-
rate the cohort and determination of the mean using the FISAT
II computational package. This was done through modal pro-
gression analysis of length-frequency samples, in which the
normal distribution curve, standard deviation and separation
index were determined. The analysis infers that each normal
distribution represents one cohort (Gavaniro Jr. et al. 2005).

Total mortality (Z), defined here as equal to natural mor-
tality (M), was calculated based on the formula proposed by Paury
(1980): In(M) =-0.0152-0.279 x In(L ) + 0.6543 x In(k) + 0.463
x In(T). In this equation, T is the annual mean water tempera-
ture in °C. As the water surface temperature is close to air tem-
perature, the latter was used in the equation to estimate mortality.
Growth parameters (L, and k) were also used in the equation.

Recruitment pattern was determined through length-fre-
quency samples and growth parameters (L and k) estimated
for the species, using a routine of the FISAT II program (GavaniLo-
Jr & Paury 1997). To evaluate the effect of temporal variation
on recruitment, data recruitment behavior was analyzed graphi-
cally as a function of rainfall, using Spearman’s correlation test.
Rainfall data was obtained from the National Meteorology In-
stitute (INMET), measured at the Ivinhema-MS station, located
approximately 7 km from the sampled sites.

max

RESULTS

A total of 933 individuals of H. marginatus were caught
from January to December 2002 (97 in the Vitdria sub-basin
and 836 in the Piravevé sub-basin). Weight ranged from 0.01
to 0.89 g (mean = 0.26 g; standard deviation = 0.16) and stan-
dard length ranged from 8.80 to 33.0 mm (mean = 21.60 mm;
standard deviation = 4.67) in the Piravevé sub-basin. Larger
mean weight and length values were recorded in the Vitéria
sub-basin, with weight ranging from 0.01 to 1.08 g (mean =
0.63 g; standard deviation = 0.25) and length ranging from
16.2 to 35.4 mm (mean = 29.24 mm; standard deviation = 4.42).

ZOOLOGIA 29 (4): 300-307, August, 2012

Polymodal length frequency distribution was determined.
However, distribution was asymmetric and truncated to the right
side in the region of the largest lengths of both sub-basins. The
Piravevé sub-basin had a higher number of individuals in the
16-to-18-mm range and the Vitoria sub-basin had a higher num-
ber of individuals in the 28-to-34-mm range (Figs 2 and 3).

150 — 2
° _
© —
3100 |-
=
©
£ |
“6 | L
5]
£
S 50—
zZ
0 |
0 10 20 30 40

Standard length (mm)

40 — 3

30—

Number of individuals
N
o
[

0 |
10 20 30 40
Standard length (mm)

Figures 2-3. Length-frequency distributions of H. marginatus caught
in the Piravevé sub-basin (2) and Vitoria (3), lvinhema River basin.

ANOVA demonstrated that mean length varied between
sub-basins (F, ,,,=23.512, p<0.001) and months (F1’929= 22.744,
p < 0.001), with no interactions between sub-basin and sam-
pling period (F, ,,,=0.619, p = 0.432) (Fig. 4).

The weight-length relationship determined through non-
linear regression for the two sub-basins demonstrated that the
Piraveveé sub-basin had the lowest value of constant “a” and the
highest value of intercept “b”. An overlap of the estimated pa-
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There was no influence from temporal variation (F, ,,, =
0.448, p = 0.503) or spatial variation (F, ,,,= 2.002, p = 0.157)
on the condition factor of individuals, and no interaction be-
tween these factors (F, ,,,= 2.963, p = 0.085). Graphic analysis
of condition factor throughout the year in the two sub-basins
demonstrated virtually constant values (Fig. 7).

Maximal length for H. marginatus was estimated at 37.65
mm, with a mortality rate of 1.22 year' and growth rate (k) of
0.66 year!. Longevity was 4.25 years and the growth perfor-
mance index was 3.80. Figure 8 displays the adjusted growth
curve from the Von Bertalanffy equation. Using the modal pro-
gression method, four cohorts were calculated for the Piraveveé
sub-basin (Tab. III).

With regard to recruitment, there was input of individu-
als in the population from February to November, with the
highest frequency of input between May and September. More-

Piravevé sub-basin (5) and Vitéria sub-basin (6), lvinhema River
basin.

Table lll. Mean, Standard deviation (SD), Number of individuals
(N), proportion of individual (Pro), and separation index (SI) of
each cohort using the Bhattacharya method for population of H.
marginatus from 2002.

Cohorts Mean SD N Pro N
1 10.52 1.43 38 0.05 n.a
2 15.04 1.36 155 0.22 2.29
3 22.90 2.07 421 0.59 2.54
4 30.68 2.33 99 0.14 2.27

over, two recruitment peaks were observed — one in May, coin-
ciding with the peak of the rainy season, and another in Au-
gust, which was one of the months with the lowest amount of
rainfall. Despite the recruitment peak in the period of greatest

ZOOLOGIA 29 (4): 300-307, August, 2012
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rainfall, the input of new recruits of H. marginatus occurred
with a higher frequency during months with the least amount
of rainfall (Fig. 9). However, no significant association was
found between recruitment and rainfall (r = -0.18, p = 0.56).
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Figure 7. Mean Condition Factor by month for H. marginatus
sampled in two sub-basins (Piravevé and Vitéria) of the lvinhema
River. Vertical bar represents standard deviation of average values.
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Figure 8. Length growth curve estimated for H. marginatus in
Piravevé sub-basin, lvinhema River Basin.
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Figure 9. Recruitment pattern of H. marginatus and rainfall during
the study period: (®) Recruitment, and (-) rainfall.
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DISCUSSION

The length data analyzed in two sub-basins suggests spa-
tial variation in length structure. We identified that the indi-
viduals caught in the Vitéria sub-basin were, on average, smaller
than those caught in the Piravevé sub-basin. This occurred
because the streams are subject to short-term changes and fish
populations have the capacity to adapt by adjusting some of
their life history traits. Length is a life history trait that re-
sponds to local conditions (TrenxpaLL, 1982, Lowe-McCONNELL
1999).

The Piraveveé sub-basin has larger streams, a channel with
riffles alternating with pools, and a small marginal lagoon with
aquatic macrophytes (Tab. I). It is possible that the characteris-
tics of this sub-basin allow for the occurrence of individuals in
different length classes, especially juveniles. In addition, the
higher frequency of smaller individuals in this sub-basin may
be related to differences in habitat availability between the sub-
basins (Piravevé and Vitoria). In the Piravevé sub-basin, a third-
order stream was sampled (Piravevé stream), which has a large
amount of submerged aquatic plants, as well as a small pond
and floodplain. In contrast, no third and second-order streams
were sampled in the Vitéria sub-basin (Tab. I). In this context,
length structure in the Piravevé sub-basin could be attributed
to favorable conditions (biotic and abiotic) for the populations
of these streams (GurGeL 2004, Orsi et al. 2004).

On the other hand, variations in length composition
between sub-basins could be explained by the differential spa-
tial occupation of habitats in relation to specimen length. This
is in function of adequate structural conditions of the envi-
ronment for each life cycle stage (larvae, juveniles and adults).
In the Ubatiba River, spatial segregation of length classes was
reported for Astyanax janeiroensis Eigenmann, 1908 population.
It was found that larger individuals were abundant in the up-
stream sections, and smaller juveniles were abundant in the
downstream section (Mazzoni et al. 2004). This same distribu-
tion pattern was reported for Mimagoniates microlepis
(Steindachner, 1877) in a coastal stream in the state of Parana,
Brazil (Bracga et al. 2007).

No evidence was found of any difference in the weight-
length relationship between sub-basins. The allometric equa-
tion (y = ax®) had been developed to describe the relative growth
of various parts of the organism. An analogous formula (W =
a.L’) was used to describe growth in terms of weight-length
relationship, in which W represents individual weight, L rep-
resents length, a is the proportionality coefficient or condition
factor, and b is the allometric coefficient. This equation is of-
ten used either to describe the increase in length and conse-
quent weight gain, or to estimate mean weight when length is
known (Braga 1996). Parameter values of the weight-length
relationship for H. marginatus in the two sub-basins were equal,
which indicates that the specimens in the two sub-basins ex-
hibit similar weight gain and length increase.
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In sampling carried out on the right and left margins of
the Parana River Floodplain, set within secondary channels
formed by the Baia River, Curutuba Channel and lower course
of the Ivinhema River, weight-length relationship parameters
for H. marginatus were: a = 0.01450 and b = 3.14 (Lizama &
AmBRrOsio 1999). In the two sub-basins of the Ivinhema River,
the constant estimated value was much lower (a = 0.0000203),
but the increase in body length was similar (b = 3.040) to that
found in the upper Parana River. Thus, one may conclude that
the H. marginatus population in the floodplain of the Parana
River has greater weight gain than the population in the
Ivinhema River Basin, while the increase in length is similar in
both sites.

The growth parameters estimated for the species in the
Piravevé sub-basin follow a predictable pattern, as species of
small size, which are considered prey, are expected to exhibit
fast growth, high mortality rate and, consequently, low lon-
gevity values (Wootrton 1999). The growth parameter estimates
for small-sized species in the Ivinhema River basin follow this
same pattern (Lourenco et al. 2008). A similar pattern was also
reported for the Moenkhausia dichroura (Kner, 1858) popula-
tion sampled in an oxbow lake located on the right margin of
the Aquidauana River in the Patanal Wetland (Brazil) (CunHa et
al. 2007).

The growth performance estimate (¢) for the species was
3.80, which is close to estimates reported for other species of
the same family, such as Serrapinnus notomelas (Eigenmann,
1915) (¢ = 3.027), Bryconamericus stramineus Eigenmann, 1908
(¢ = 3.208) (Lourenco et al. 2008), Roeboides paranensis
Pignalberi, 1975 (¢ = 3.64) (CAPISTRANO-SANTANA et al. 2004), and
M. dichroura (¢ = 3.75) (Cunna et al. 2007). Estimation of growth
and asymptotic length using the same model permits the com-
parison of performance among fishes with similar shapes
(Mateus & PenHA 2007). Broad variation in this value indicates
an error in the estimate of growth parameters. Therefore, the
value reported in the present study for H. marginatus suggests a
good estimate of parameters, as there was no large difference
in comparison to other species of the same family.

Length-frequency analysis is based on the supposition
of seasonal recruitment with one or two peaks throughout the
year at most (SPARRE & VENEMA 1997). There are two input peaks
of individuals in the H. marginatus population throughout the
year — one in the dry season (greater) and another in the wet
season (lesser). These findings suggest more than one repro-
ductive event throughout the year, with apparently greater re-
cruitment frequency during months of lesser rainfall. However,
there is no evidence of a negative correlation between recruit-
ment and months with greater rainfall. This pattern of high
degree of recruitment in the dry season among small-sized fishes
is also reported for B. stramineus and S. notomelas in streams of
the Ivinhema River Basin (Lourenco et al. 2008), as well as for
S. notomelas in the Dourados River Basin of the upper Parana
River (Benrtez & Suarez 2009). The ‘low flow recruitment hy-

pothesis’ postulates that some species of fishes take advantage
of extended recruitment in the dry season because of concen-
trations in appropriately sized prey. Lesser volume of water
would concentrate the prey to such an extent that could in-
crease densities to levels sufficient to feed larvae (HumpHRIES et
al. 1999).

The explanation for more than one reproductive event
and input of individuals in the H. marginatus population may
be related to the opportunistic reproductive strategy of small-
sized species of fishes in the Neotropical region (WINEMILLER
1989, Lowe-McConnNELL 1999). Species exhibiting this strategy
maximize the colonization capacity of environments that un-
dergo unpredictable changes in time and space (WINEMILLER
1989, Lowe-McConnELL 1999). Essentially, juveniles resulting
from more than one reproductive episode in a given year per-
form the task of colonization (Wootrton 1999). This constitutes
an advantage for such species, as small fishes are unable to
store large amounts of oocytes (Lampert ef al. 2007). In the
Ubatiba River, Astyanax janeiroensis reportedly breeds practi-
cally throughout the entire year, except in May and June, with
greater reproduction intensity between November and March
(Mazzont et al. 2005). In a coastal stream of the Atlantic Forest,
specimens of Bryconamericus microcephalus (Miranda Ribeiro,
1908) were found in reproductive condition between June and
February, with peak breeding between September and Decem-
ber (Mazzont & Siva 2006).

The condition factor is an index used in studies on fish
biology that indicates the nutritional status of fishes, resulting
from the interaction of biotic and abiotic factors. This measure
is generally used when the intention is to: (I) compare two or
more populations under different conditions; (II) determine
the duration of the reproductive period; and (III) determine
the degree of feeding activity (Braga 1986, Braga 1993). How-
ever, no spatial (between sub-basins) or temporal (throughout
the year) variations in the condition factor were found in the
present study, suggesting similar physiologic conditions of in-
dividuals in both sub-basins.

The H. marginatus population demonstrated high growth
and mortality rates as well as a relatively high longevity value.
Yet this longevity value is still considered low in comparison
to the longevity of long-living species of fishes. This species
exhibited recruitment occurring twice throughout the year —
once in the dry season and once in the wet season. These fea-
tures characterize the reproductive strategy of this species as
opportunistic.
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