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Abstract: This paper describes the length-weight relationship, size at first maturation (L), and breeding season
of Poecilia reticulata found in drainage channels on the campus of the Federal University of Pard (UFPA) in
the Brazilian city of Belém. A total of 1.936 specimens (942 males and 994 females) were collected in monthly
samples of the study area between June, 2006, and March, 2007. Females were significantly longer and heavier
than males. The length-weight relationship for males was established by the equation Pt = 5 x 10 x Ct>**7 and
for females by Pt =3 x 10°x Ct*#!. The estimated value of L. was 17.5 mm for males and 20.4 mm for females,
suggesting that males initiate reproductive activity at a smaller size than females. The abundance of mature females
did not vary significantly among months, and there was little variation in the sex ratio, which was close to parity
overall. Despite the adverse conditions encountered in the UFPA drainage system, P. reticulata appeared to have
adapted its biological processes adequately.
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Resumo: O presente trabalho tem por objetivo descrever aspectos populacionais relacionados ao estabelecimento
da relacdo peso/comprimento, estimativa de tamanho de primeira maturagdo (L) e periodo reprodutivo de
Poecilia reticulata encontrados em sistemas de coleta residual no campus da Universidade Federal do Par4, regidio
metropolitana de Belém — PA (Brasil). Foram realizadas coletas mensais no periodo de junho de 2006 a marco
de 2007, utilizando um pugd, que resultou na captura de 1.936 exemplares, sendo 942 machos e 994 fémeas. As
fémeas apresentaram-se maiores e mais pesadas que os machos. A relagdo peso/comprimento para machos foi
estabelecida pela equagio Pt = 5 x 107 x Ct**7 e para fémeas esta foi dada pela férmula Pt = 3 x 10 x Ct341°.
Os valores estimados para L foi 17,5 mm para machos 20,4 mm para fémeas, sugerindo que os machos iniciam
atividades reprodutivas em tamanhos menores que as fémeas. A frequéncia mensal de fémeas maduras ndo
variou significativamente. Além disso, também ndo foram encontradas diferencas na proporcéo sexual durante
os periodos investigados, sendo no geral, a proporcao de fémeas iguais as de machos. Desta forma, verificamos
que, apesar das condi¢des presentes nos sistemas de coleta residual da UFPA, a espécie P. reticulata parece ter
adaptado seus processos bioldgicos.
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Introduction

The poeciliids, commonly known as guppies, are fish of the order
Cyprinodontiformes with an ample distribution, principally in the
watercourses of southern and central America (Lucinda 2003, Nelson
2006, Aratjo et al. 2007). Guppies have also been introduced into the
wild in many regions worldwide as a biological agent for the control
of mosquito larvae (Lucinda 2003) and are popular ornamental fish.

Poecilids are able to both inhabit a wide diversity of environments
and tolerate high levels of habitat disturbance, being able to survive in
environments that many other species are unable to endure (Aratjo et al.
2003). These ecological characteristics appear to be related to the
dietary flexibility of the guppies, and the fact that they do not require
sites with specific characteristics for breeding (Reznick & Bryga 1996).

Many species of this family, principally Poecilia reticulata Peters,
1859 and Phalloceros caudimaculatus (Hensel 1868), are used as
indicator species for the evaluation of the integrity of aquatic habitats
(Bozzetti & Schulz 2004, Ferreira & Casatti 2006, Pinto et al. 2006,
Vieira & Shibatta, 2007). Despite this interest in the group, there have
been few studies of Brazilian populations, especially in the Amazon
region, and few data are available on patterns of reproduction and
growth in the poeciliids of this region. The principal population
studies have all been conducted in southeastern Brazil — Aranha
& Caramaschi (1999), analyzed the population structure of a
cyprinodontiform community, while Machado et al. (2002) studied
the reproductive cycle of P. caudimaculatus, and Aradjo et al. (2007)
focused on the distribution pattern of poeciliids in polluted streams.

In most major urban centers, the disposal of large quantities of
chemical and industrial waste into drainage systems has negative
effects on local water quality and aquatic habitats (Paranhos et al.
2006), provoking modifications in the breeding patterns and growth
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rates of the fish species that inhabit urban environments (Martin-Smith
1998, Cunico et al. 2006). Given this potential problem, the present
study analyzed on a population of guppies, Poecilia reticulata
(Cyprinodontiformes: Poeciliidae), inhabiting an open-air drainage
system in the metropolitan area of the Brazilian city of Belém (the
main campus of the Federal University of Pard). The analyses were
based on the establishment of the length-weight formula, size at first
maturation (L) and the breeding season.

Methods

1. Study area

The study focused on the open-air drainage system of the
main campus of the Federal University of Pard (UFPA), located
in the metropolitan area of Belém, the capital of the Brazilian
state of Pard (Figure 1). The specific site was the system of
concrete channels adjacent to the Institute of Biological Sciences
(IBC; 1° 287 24.9” S, 48° 27’ 26.0” W), which are approximately
50 cm in depth, and receive a constant influx of chemical
residues from the IBC laboratories, as well as the tidal waters
of the Guama River, which borders the campus. In addition to
Poecilia reticulata, a second cyprinodontiform species, the exotic
poeciliid Xiphophorus hellerii Heckel, 1848 can be found in
the channels, as well as Synbranchus marmoratus Bloch, 1795
(Synbranchiformes: Synbranchidae).

2. Data collection

Specimens of P. reticulata were collected in the three channels
adjacent to the IBC on a monthly basis between June, 2006, and
March, 2007, using a hand-net with a 32 cm X 23 ¢cm rim and 1 mm

Institute of biological
sciences/UFPA

)

—
Guama River

48°28' 0" W 48°24' 0" W

Figure 1. Location of the UFPA Biological Sciences Institute in the Brazilian city of Belém, where the specimens of P. reticulata were captured between June,

2006, and March, 2007.

Figura 1. Localizaco do Instituto de Ciéncias Bioldgicas (Belém — Pard) onde espécimes de P. reticulata foram coletados entre junho de 2006 a marco de 2007.
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mesh. While the original aim of the study was to cover a full annual
cycle, the study area was dredged clean following the tenth month of
sampling, impeding the collection of additional specimens.

The specimens of P. reticulata collected during sampling were
measured (total length, Lt, in mm) and weighed (total weight,
Wt, in g), sexed, and classified according to their sexual maturity
(reproductive or non-reproductive). This classification was used to
estimate body size at first gonadal maturity. The specimens were
examined using a stereomicroscope, and males were considered
sexually mature when they presented a completely-formed gonopod,
while females were classified as mature when their gonads containing
oocytes/eggs or embryos (Vazzoler 1996). All the specimens were
fixed in 10% formaldehyde and conserved in 70% ethanol before
being deposited in the ichthyological collection of the Goeldi Museum
in Belém, under the catalog numbers MPEG 13410-13417.

3. Data analysis

The statistical significance of the sexual dimorphism (body
weight and length) of P. reticulata was evaluated using the ¢ test,
given the satisfaction of the assumptions of data normality and
homoscedasticity. The length-weight formula for each sex was found
by adjusting Huxley’s (1924) allometric equation y = a.x®, using the
Solver routine available in Microsoft Excel® 2007. This equation
assumes that bodily dimensions increase by a constant (b), which
is known as the coefficient of allometry. The values of b may be
interpreted in the following manner (Huxley 1924) — when the bodily
dimensions (length and weight in this case) vary proportionately,
i.e., isometrically, b is equal to 3. When body size increases at a
faster rate than weight (b < 3), there is negative allometry, while
positive allometry occurs when weight increases at a faster rate
than body size (b > 3). As one of the objectives of the study was the
identification of possible differences in growth patterns between the
sexes, a single weight-length function was initially adjusted to the
sample as a whole, and the residual values for males and females
were compared using a ¢ test.

Body size at first sexual maturation (L) was estimated separately
for the two sexes, with the males being arranged in length classes of
0.5 mm, and the females in classes of 1.0 mm. The estimate was based
on Trippel & Harvey’s (1991) logistic equation: P =A /(1 + e "=,
where P = the proportion of reproductive adults in each size class, A =
the asymptote of the curve (A = 1), r = the rate of change between
non- and reproductive individuals, Lt = the total length (cm) used in
the size classes, and L = the size (cm) at which 50% of the individuals
reaches sexual maturity. The parameters of this equation were also
adjusted using the Solver routine in Microsoft Excel.

The definition of the breeding season was based on the analysis
of the relative frequency of mature females recorded each month over
the study period, adjusted using a sinusoidal function, as proposed
by Fontoura & Agostinho (1996). This procedure describes seasonal
variation based on the formula: FMF = M + A * cos (2r/ (Frq *(t-f))),
where FMF = Frequency of Mature Females, M = the mean number
of mature females recorded per month over the study period, A = the
amplitude of the monthly variation in the number of mature females
(difference between the overall mean and the mean of the maximum
and/or minimum values), Frq = units of time in which the events
were measured (here, Frq = 12 when the measured time is month),
t = numerical scale of time (here, January = 1, February = 2,
March = 3... December = 12), and f = the difference between the
baseline time and the time with the maximum frequency of mature
females (representing the sinusoid). The impossibility to complete
an annual cycle did not interfered the sinusoidal analysis.

The coefficients of determination (R2) and respective p values were
also obtained for both L and the sinusoidal equation. The values of R?
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were calculated by the ratio of the sum of the squares of the residuals
to the total sum of squares, with the p values being obtained through a
significance test based on the F statistic, with a 5% significance level
(Zar 2010). The deviation of the sex ratio from parity during the study
period was also tested using Chi-square, also with o = 0.05.

Results

A total of 1936 specimens of P. reticulata were collected during
the study period (June, 2006, to March, 2007), of which 942 were
males, and 994, females. There was significant sexual dimorphism
in terms of both body weight and length (p = 0.000 in both cases),
with females being larger than males, on average. Mean body weight
in females was 0.13 = 0.1 g (range: 0.02-0.46 g) in comparison with
0.07 £ 0.1 g (0.03-0.12 g) in males, while mean body length was
22.7 5.0 mm (range: 13.1-35.1 mm) in females and 20.1 + 1.5 mm
(range: 16.0-23.9 mm) in males.

The comparison of the residues of the combined length-weight
relationship for males and females indicated a significant difference in
growth patterns between the sexes (=-10.01, d.f. = 1935, p=0.000),
which clarified the need for the application of distinct equations for
males and females. In the males, the length-weight relationship was
established through the equation Pt = 5 x 10 x Ct***7 (R2 = 0.68;
Figure 2a), while for the females, the formula was Pt = 3 x 10 x
Ct**1? (R2 = 0.97) (Figure 2b). Whereas the growth pattern of the
males was negatively allometric (b=2.397), i.e., the increase in body
size was disproportionately greater than that in weight, the females
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Figure 2. Length-weight relationship in the male a) and female b) of

P, reticulata collected in the drainage system of the IBC on the UFPA campus
in the metropolitan area of the Brazilian city of Belém.

Figura 2. Relag¢do peso-comprimento para machos a) e fémeas b) de
P. reticulata dos sistemas de coleta residuais no campus da UFPA, na regido
metropolitana de Belém — PA.
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presented positive allometry (b=3.419), with the gain in weight
outpacing that of body size.

Estimated size at first maturity (L) was 17.5 mm for males
(R?2 =0.942, F = 87.09, p = 0.002) (Figure 3a) and 20.4 mm for
females (R2 =0.999, F = 7976.4, p = 0.000) (Figure 3b), indicating
that the males engage in reproductive behavior at a smaller size than
the females. The size classes smaller than 17 mm and larger than
24 mm were excluded from the analysis of the males due to the small
numbers of specimens involved. Similarly, the female specimens
with size below 13.5 mm and above 32.5 mm were also excluded
from the analysis.

The sinusoidal equation did not describe any clear seasonal
pattern in the monthly frequency of mature female P. reticulata in
the drainage channels of the UFPA campus (R? = 0.65, F = 3.29,
p=0.133) (Figure 4). On average, approximately 60% of the females
captured each month were sexually mature. In addition, no significant
variation was found in the sex ratio during the study period, with
the overall proportion of females almost equal to that of males
(%% =1.40, d.f. = 1, p = 0.246).

Discussion

The female-biased sexual dimorphism recorded in the present
study for P. reticulata is similar to that observed in the same species
by Sterba (1983) and Herndndez et al. (2004), who recorded maximum
body lengths of 60 mm and 51.1 mm, respectively, for females, in
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Figure 3. Estimating size at first maturity of male a) and female b) of
P. reticulata through the frequency of mature fish against the total length.

Figura 3. Frequéncia de individuos maduros pelo comprimento total na
estimativa de tamanho de primeira maturac@o sexual (L; mm) para machos
a) e fémeas b) de Poecilia reticulata.
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comparison with values of approximately 30 mm in males. While the
degree of dimorphism is similar, the maximum values recorded in
the present study were well below those reported by these authors,
which may be related to differences in the quality of the habitats
occupied by the different populations (Lizama & Takemoto 2000).
However, despite the number of habitats impacted by urbanization,
relatively few studies have focused on the reproductive parameters
of fish populations in polluted environments (Becker et al. 2010).

The larger size of the females is an expected trait of viviparous
species, in which fecundity is directly related to body size (Batista
1991), and the females invest more energy in their development than
the males, a common pattern in the poeciliids (Machado et al. 2002).
This accounts for the positive allometry recorded in the females
(b = 3.4), reflecting a strategy aimed at maximizing reproductive
output, in which the females accumulate as much energy as possible
for their gonadal production (Keane & Neira 2004, Wolf et al. 2007).

By contrast, the males require more energy for courtship and
mating with viable partners, as well as the need to invest in the
production of secondary sexual characteristics, such as the elaborate
caudal fin typical of the species, which may explain the negative
allometry (b = 2.4) recorded in this study. As mentioned above, this
pattern of growth involves disproportionate growth of body size over
weight, and may reflect the need to grow rapidly in order to compete
for reproductive opportunities and guarantee the transmission of their
genes (Vazzoler 1996).

In addition to the growth pattern, the values estimated for size
at first maturity (L) in P. reticulata were also differentiated by sex,
with the females reaching sexual maturity at a larger size than males.
These findings are in accordance with the conclusions of Vargas &
Sostoa (1996), who recorded marked sexual dimorphism in body
size in many species of the Poecilidae, including P. reticulata, with
the males being reproductively more precocious in comparison with
the females.

However, the parity of the sex ratio recorded in the present study
contrasts considerably with the female-biased ratio (4:1) recorded by
Valério & Starez (2005). Nikolsky (1963) confirmed that the sex
ratio may vary not only between populations of the same species, but
also in the same population during different periods, presumably in
order to guarantee a predominance of females when conditions are
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Figure 4. Monthly variation in the number of mature female P. reticulata
captured in the drainage channels of the UFPA campus in Belém. The dotted
line indicates the values estimated for each month using the sinusoidal
equation.

Figura 4. Variagdo mensal de fémeas maduras de P. reticulata nos canais
de coleta residual do campus da UFPA; a linha tracejada indica os valores
estimados, por més de coleta, obtidos pela equag@o sendide.
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most favorable for reproduction, such as during the colonization of
a new habitat.

Opverall, then, clear differences were recorded between the sexes
in P. reticulata in all the parameters analyzed, ranging from the
length-weight relationship to growth rates and size at first maturity
(L). Despite the relatively poor quality of the environment inhabited
by the population, the species appears to have adapted its biological
processes to the prevailing conditions, in particular by limiting growth
and maturing at smaller body sizes.
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