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Abstract

In this work the length-weight relationship and the condition factor of Astyanax intermedius parasitised and not by
Paracymothoa astyanaxi were analysed in the Grande River. The length-weight relationship was estimated for females,
males and immatures, and seasonally for the fishes and the parasites through the expression W = al.. The condition
factor of non-parasitised specimens differed seasonally and between sexes, contrasting with the results for parasitised
fishes which showed no differences between sexes and season. The condition factor of non-parasitised specimens
was higher than that of the parasitised fishes. Specimens of Astyanax intermedius parasitised do not have the same
biotic conditions compared to non-parasitised individuals, in which the condition factor was similar over the years. In
conclusion, parasitism by P. astyanaxi has deleterious effects on this host population which may cause changes in the
reproductive and food dynamics of parasitised specimens due to low body conditions.
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Fator de condicao de Astyanax intermedius Eigenmann, 1908
(OSTEICHTHYES, CHARACIDAE) parasitados por Paracymothoa astyanaxi
Lemos de Castro, 1955 (CRUSTACEA, CYMOTHOIDAE) no Rio Grande,
Niucleo Santa Virginia, Parque Estadual da Serra do Mar, Sao Paulo, Brasil

Resumo

Foram analisados a relagdo peso-comprimento e o fator de condi¢@o de Astyanax intermedius parasitados ou nao
pelo isépode Paracymothoa astyanaxi. A relagdo peso-comprimento foi estimada para fémeas, machos e imaturos,
e sazonalmente tanto para os peixes quanto para o parasito, por meio da expressdao P = aC®. O fator de condi¢éo dos
exemplares ndo parasitados diferiu sazonalmente e entre os sexos, contrastando com os valores do fator de condi¢io dos
peixes parasitados, que nao apresentaram diferengas sazonais e entre os sexos. O fator de condi¢do dos exemplares nao
parasitados foi sempre maior do que o dos exemplares parasitados. Os exemplares de Astyanax intermedius parasitados
nao passaram pelas mesmas condi¢des bidticas dos individuos ndo parasitados, apresentando um fator de condicio
semelhante ao longo do ano. Conclui-se que o parasitismo por P. astyanaxi atua de forma deletéria na populagio desse
hospedeiro, podendo causar alteracdes nas dindmicas reprodutiva e alimentar dos exemplares parasitados em razio
da baixa condic@o corpdrea.

Palavras-chave: parasitismo, fator de condicio, relagdo peso-comprimento.
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1. Introduction

Based on the morphology and karyotipe differences,
Moreira-Filho and Bertollo (1991) categorised the
populations of Astyanax scabripinnis (Eigenmann, 1914)
as the “scabripinnis complex”. Nowadays, 15 species are
recognised, including Astyanax intermedius Eigenmann, 1908
(Bertaco and Lucena, 2006). This species is an interesting
biological material in studies of natural populations due
to their peculiar characteristics of limited distribution at
the headwaters of many watersheds in Brazil (Souza and
Moreira-Filho, 1995). In the Grande River, 10 species
were sampled, being A. intermedius the most abundant
and constant (Gomiero and Braga, 2006). The “lambaris”
are food for species of large fish, mammals, reptiles and
ichthyophagous birds and therefore have an important
role in the food chain, and are associated with submerged
vegetation for both food and shelter (Vilella et al., 2002).
The macrophyte community harbours a fauna characterised
by small species or juveniles of larger fish, and these habitats
provide shelter and places for food (Delariva et al., 1994).

Fishes have a greater quantity and variety of parasites
than any other class of vertebrates, and this occurs due to
the long period of time living in association with a variety
of forms of invertebrates (Thatcher, 1991). In natural
ecosystems, they are always found with infestations of
parasites and studies are needed concerning the influence of
these parasites, even more because most research has been
done in the laboratory (Barber et al., 2000). Therefore, due to
the lack of studies on the effects of macroparasites in teleost
hosts, changes in fitness have rarely been quantified, and
their ecological and evolutionary meanings are unknown.
The possible effects of pathogens (parasites) on their
hosts are difficult to assess or quantify, especially in fish
under natural conditions, where the difficulty lies in the
definition of the control group that can compare individuals
parasitised (Yamada et al., 2008). The parasite infestations
can cause changes in the efficiency of foraging, habitat
selection, competitive ability, predator-prey relationships,
swimming performance, mate choice and sexual behaviour
(Barber et al., 2000).

The isopod parasites have no important morphological
changes; except for the anterior prehensile appendages and
adaptation of the armor oral to feed, its morphology is quite
similar to the free living forms. Cymothoidae are typically
hemophagous parasites. However, the supply to the large-
sized females in the oral cavity is unknown and it has been
suggested that some species are commensal (Eiras, 1994).
Males of Cymothoidae are always smaller than females
(Thatcher, 1993), copulation and insemination was still
occurring in the host (Brusca, 1978). For some species,
no male was found with females showing reproductive
larvae in its chambers (marsupials), which suggests that
these small males go for the environment and may die
after fertilising the females (Bastos and Thatcher, 1997).
Pregnant females are more frequent in the months with
higher temperatures (Brusca and Gilligan, 1983).
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Paracymothoa astyanaxi Lemos de Castro (1955) was
described as parasites of the mouth of Astyanax bimaculatus
(Linnaeus, 1758) on the River das Pedras (RJ) and River
Matip6é (MG). Pregnant females of the parasite have the
characteristic of presenting the posterior pleopods as the
stylets of males, which indicates that they are protandrous
hermaphrodites (Lemos de Castro, 1955), reaching the hosts
as males, but after a short period of free life as juveniles,
later transforming themselves into females in the gills or
mouth (Eiras, 1994). Transferrals of parasites to different
hosts seems to be common (Varvarigos, 2003), which
may have occurred in the same living environment of
A. bimaculatus and Astyanax intermedius. The behaviour
of school fish favours direct transmission of parasites
(Barber et al., 2000; Tavares and Luque, 2004).

This parasite causes the degeneration or atrophy of the
tongue by pressure (Thatcher, 1991) and is clamped by
the pereopods replacing functionally and mechanically the
tongue and it grows with the hosts (Brusca and Gilligan,
1983; Eiras, 1994). Parasites in the oral region weaken
the host and facilitate their predation (Abdallah et al.,
2004). Moreover, Moreira et al. (2005) observed that
parasitism had no influence on the condition factor of
lheringichthys labrosus (Liitken, 1874). Parasitism can
prolong the life of the host by channelling reproductive
investment for growth and maintenance (Lima et al., 2007).
However, adverse effects and death can occur in young
or smaller hosts, while the greatest changes can occur in
body condition (Varvarigos, 2003).

The aim of this study is to characterise and compare
the length-weight relationship and condition factor by sex
and seasonally of Astyanax intermedius parasitised and
not parasitised by Paracymothoa astyanaxi. The length-
weight relationship and seasonal condition factor of the
parasite were also characterised.

2. Material and Methods

A total of 24 samples were taken monthly from January
to December 2004 and 2006. The river is typical hillside
streams, which have riparian forest in regenerations, pools
and riffles, bed sediments of sand, gravel or rock, and clear
shallow water. In areas of the collections macrophyte banks
of the Potamogeton polygonus Chamess. and Schltdl.
and Juncus sp. were always present, and in these places,
concentrated schools of A. intermedius were found. The
site is located within the Santa Virginia Unit of the Serra
do Mar State Park (23° 17 S and 45° 03° W), in the
municipality of Sdo Luis do Paraitinga, Sdo Paulo state,
Brazil. At each sample point, individuals were collected
with gill nets with mesh sizes of 1.5;2.0; 2.5; 3.0; 3.5, and
4.0 cm, measured between adjacent knots (10 m long and
1.5 m high), and totalling 60 m. In addition to the nets,
sieves (10 passages per site), and traps (three per site) were
also used. Fish effort was standardised, keeping constant
sampling time and the quantity of instruments employed
at each point. Voucher specimens are deposited in the
fish collection of Universidade Federal do Rio Grande do
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Sul, Porto Alegre (UFRGS 10821). For each specimen of
Astyanax intermedius and of the parasites, the total weight
(g), the total length (cm) and sex were taken. The immature
fishes were determined by visualisation of the gonads
macroscopically, considering colouration, transparency,
and superficial vascularisation. Males and females were
determined with visualisation of the gonads in colour, shape
and presence of sperm or oocytes, respectively (Braga,
1990). For parasites, the females were determined by the
larger size as compared to males and by visualisation of
eggs or embryos in the marsupium.

Numerical frequencies in the classes of total length
of females and males of A. intermedius parasitised and
not were analysed with the Kolmogorov-Smirnov test
(Vanzolini, 1993), as well as the numerical distribution in
classes of total length of females and males of the parasite
Paracymothoa astyanaxi.

The condition factor for fish without parasites and
parasitised was estimated initially using length-weight
relationship (W = al’), after logarithmic transformation
of length and weight and subsequent adjustment of two
straight lines, obtaining Iny = InA + Blnx that the method
of least squares obtain A and B from whicha=e*, b=B
(Santos, 1978; Braga, 1986) is calculated. The straight
lines estimated were tested among themselves with regard
to slope (b) and intercept (a).

The mean and standard deviation of the condition
factor for females, males and immature of parasitised
and non-parasitised A. intermedius were obtained. For
the parasites, the length-weight relationship and the mean
values and standard deviations of the seasonal condition
factor were presented. The non-parametric Kruskal-Wallis
test followed by an a posteriori Tukey test (Zar, 2010)
was applied to check the correspondence of the seasonal
condition factor for parasitised and non-parasitised fish,
the groups of females, males, and immatures, and the
seasonal condition factor of the parasites.

3. Results

Some anatomical changes mainly in the oral region
were observed in individuals of A. intermedius without
parasites and those parasitised (Figure 1).

The parasite Paracymothoa astyanaxi presents the
typical morphology of the family Cymothoidae with the
latest pereopods adapted for grasping in the oral region
of the fish host (Figure 2).

In 24 samples, 1073 specimens of Astyanax intermedius
without parasites constituted by 282 females, 334 males
and 457 immatures, and 172 parasitised specimens, made
up of 60 females, 66 males and 46 immatures, were
collected and analyzed. Astyanax intermedius without
parasites reached total lengths of 2 to 10.3 cm, females
3.6 to 10.3 cm, males from 4 to 9.3 cm and immatures, 2
to 6.4 cm. Parasitised fishes reached total lengths of 2.3 to
9.3 cm, with females from 5 to 9.3 cm, males 3.5 to 8.6 cm
and immatures from 2.3 to 8 cm (Figure 3). There was a
difference (32 = 152.59; p < 0.001) between the distributions
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Figure 1. Astyanax intermedius without the parasite in the
oral cavity (a) and with the parasite Paracymothoa astyanaxi
in the oral cavity (b).

Figure 2. Side view (a), ventral (b) and dorsal (c) of the
parasite Paracymothoa astyanaxi (female).

of lengths of females and males of A. intermedius without
the parasite. However, no significant difference (32 = 3.62;
p > 0.05) between the distributions of lengths of females
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Figure 3. Numerical frequencies in the classes of total length of females, males and immatures of Astyanax intermedius with

no parasites and parasitised by Paracymothoa astyanaxi.

and males parasitised by P. astyanaxi. In the distribution
of lengths of the parasites, it was verified that the size at
which individuals change sex was between 6.5 and 8 mm.
Males of P. astyanaxi reached total lengths of 3 to 8 mm
and females were 6.5 to 11.7 mm (Figure 4). Significant
differences in the frequency distributions of lengths of
females and males was found (y* = 62.32; p < 0.001).
The average length of females without parasites and
with parasites was higher than that for males. For both
the parasitised and non-parasitised fish, the females had
higher average weight in relation to males and immatures.
However, the average weight of females without parasites
was higher than that of females with parasites (Table 1).
In the straight lines obtained from the data of weight
and length of non- parasitised and parasitised fish, the
variances were heterogeneous (F < 0.05), and in the test
between the slopes, it was determined that these are different
(p <0.05). Thus, the lines are distinct and are not parallel,
setting different length-weight relationships (Table 2).
The linear regressions and the length-weight relationship
of Astyanax intermedius without parasites and parasitised
by Paracymothoa astyanaxi with their equations and
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r? values (coefficient of determination) are shown in
Figure 5. This figure displays that the straight lines and
curves relating to the non-parasitised and parasitised fish
are different, featuring distinct characteristics for the two
groups sampled.

Means and standard deviations for the allometric
condition factor were obtained by the season for the
specimens of A. intermedius with and without parasites
(Figure 6). Significant variations were found in the means
of seasonal condition factor of A. intermedius without
parasites (H = 122.42; p < 0.01). For the test a posteriori
the average condition factor of winter (K = 0.009374) was
similar (p > 0.01) to spring (K = 0.009252) and was higher
(p < 0.01) than the values for summer (K = 0.008764) and
autumn (K = 0.00832). The average condition factor of
autumn was lower (p < 0.01) than for summer. Moreover,
there was no significant difference in the average seasonal
condition factor for specimens of parasitised A. intermedius
(H=0.3738; p>0.01).

Means and standard deviations for the allometric
condition factor of A. intermedius parasitised and not
by P. astyanaxi were obtained for females, males and
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Table 1. Biological data of total weight (TW), average weight (AW) and average length (AL) with the respective errors
of the mean for the total, females, males and immatures of Astyanax intermedius with no parasites and parasitised by
Paracymothoa astyanaxi.

No parasites Total Females Males Immature
TW (g2) 3,690.44 2,164.68 1,287.43 238.33
AW + EM (g) 343 +0.11 7.73+£0.23 3.83+0.13 0.52+0.01
AL + EM (cm) 5.66 = 0.07 8.13 +£0.09 6.56 £ 0.07 3.49 +£0.03
N 1073 282 334 457

Parasitised Total Females Males Immature
TW (g) 551.62 245.05 234.98 71.58
AW = EM (g) 32+0.13 4.08 £0.23 3.56 £0.15 1.55+0.17
AL + EM (cm) 6.38+0.1 7.02+0.13 6.75+0.1 5.01+0.2
N 172 60 66 46

Table 2. Parameters of linear regressions concerning the of weight-length relationships of Astyanax intermedius with no
parasites and parasitised.

Groups/parameters A B a b T, R N szyx F,.s
No parasites -4.73  3.1605 0.0088 3.1605 p<0.05 0.9958 1073 1.7615 F<0.05
Parasitised -5.01  3.2492 0.0066 3.2492 0.9872 172 0.04121

A = log. the intercept; B and b = value of the slope; a = numeric value of the intercept; Tv = test result between the slopes
with v degrees of freedom calculated when variances are heterogeneous; R = correlation coefficient; N = number of data
pairs; szyx = variance of regression; F, .. = result of test of homogeneity of variances.

immatures (Figure 7). A significant variation in the condition
factor among groups of females, males and immature
without parasites (H = 25.6; p < 0.001) was verified. For
the a posteriori test, the immatures demonstrated a mean
condition factor (K = 0.008967) higher (p < 0.01) than
males (K =0.008651) and similar (p > 0.01) than females
(K'=0.009017). The average value of females was higher
(p < 0.01) than those of males. However, there was no
significant difference in the mean condition factor among

Braz. J. Biol., 2012, vol. 72, no. 2, p. 379-388

groups of females, males and immatures parasitised
(H=0.5164; p>0.01).

In Figure 8, the length-weight relationship of P. astyanaxi
is presented with its equation of potency function (Y = aX®)
and the values of 12 (coefficient of determination), as well
as mean values and standard deviations for the seasonal
allometric factor condition. There was significant variation
in the average seasonal condition factor of P. astyanaxi
(H=160.78; p < 0.01). For the a posteriori test, the average
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condition factor of winter (K = 0.0000188) was similar
(p > 0.01) to autumn (K = 0.0000187) and was lower
(p <0.05) for values of spring (K = 0.0000232) and summer
(K =0.0000238). The values of spring and summer were
similar (p > 0.01) and higher (p < 0.05) than those of
values for autumn.

4. Discussion

Fish with parasites in the oral region may show
morphological changes, including in relation to the size of
the tongue. The replacement of the tongue by the parasite
may not be highly developed or a required evolutionary
strategy, but this substitution is a consequence of the
evolutionary pre-adaptation to have a body plan that
may be able to play this role (Brusca and Gilligan, 1983).

About 16% of Astyanax intermedius were parasitised
by Paracymothoa astyanaxi, and parasitism increases
the susceptibility of fish to predation, and also increases
susceptibility to humans (Barber et al., 2000). In the case
of parasitism by Cymothoidae, the occurrence may be
underestimated by the behaviour of the parasites who
abandon the host and so cease swimming movements
(Brusca, 1978). These underestimated values were minimised,
because most samples were collected with sieves and
packaged in formaldehyde.

Abilhoa (2007) found different values of the distribution
of lengths between males (5.4 to 6.7 cm) and females
(6.1 to 8.1 cm) of Astyanax scabripinnis. Females were
more frequent and larger than males of Astyanax paranae
(= A. scabripinnis paranae) (Souza and Moreira-Filho,
1995; Abelha and Goulart, 2008).

There was no difference in length distribution of male
and female of A. intermedius parasitised as in Luque et al.
(1996), Tavernari et al. (2005), Azevedo et al. (2006) and
Lizama et al. (2008) in studies with other species of marine
and freshwater fishes. These authors verified that there was
no difference in parasitism between males and females or
according to the size of the host. If there were significant
differences these can be inferred to different behaviours
and thus different exposures to parasitism (Guidelli et al.,
2003). Parasitism of Scomberomus brasiliensis Collette,
Russo and Zavala-Camin (1978) by isopods showed a
preference for immature and maturing individuals regardless
of the sex, without influence on body condition of hosts
(Lima et al., 2005).

In parasites of the family Cymothoidae, sexual
dimorphism is common in males which are shorter than
females. For the parasite Livoneca sp., youth reach
2 mm long, females 10 to 16.5 mm and males 7.5 to
10.2 mm (Colorni et al., 1997). For P. astyanaxi parasitising
Astyanax bimaculatus, the largest female with eggs was
10.5 mm long and 5 mm wide, and the smallest was 8 mm
in length and 3 mm wide (Lemos de Castro, 1955). For the
same species parasitising A. intermedius, females were 6.5 to
11.3 mm and males were 3.2 to 7.6 mm. This variation can
be explained by the larger sample of Astyanax intermedius
or a change due to the characteristics of the new species
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parasitised. Being a protandrous species, it was possible
to determine the length of the parasites which pass from
male to female and changed its behaviour from a free life
to a life exclusively parasitic.

The values of seasonal condition factor for specimens
without parasites were higher in winter and spring, possibly
due to better conditions before the breeding season (winter)
as in Astyanax scabripinnis paranae (Barbieri, 1992b) and
feeding (spring) (Abilhoa, 2007). In addition, Abelha and
Goulart (2008) found that females of Astyanax scabripinnis
have higher condition factor than males in the winter
months. On the other hand, Barbieri (1992a) stated that
the condition factor of A. scabripinnis was highest during
the reproductive period in late spring and early summer.
Condition factors can vary and corroborate food and/
or breeding conditions of fish in various environments.
However, for the condition factor of the specimens no
parasites showed seasonal differences, and were greater
than the average condition factor of parasitised fishes. In
addition, the parasitised fishes showed no differences in
average seasonal condition factor. It can be inferred then,
that parasitised A. intermedius do not have the same biotic
conditions of non-parasitised individuals, with values of
condition factors being similar throughout the year.

The condition factor of Gymnotus spp. was greater
for parasitised individuals (Isaac et al., 2004). However,
the condition factor of Gymnotus carapo Linnaeus,
1758 and of Cichlasoma paranaense Kullander, 1983
parasitised by Clinostomum complanatum (Rudolphi, 1814)
(Trematoda) did not change compared to non-parasitised
individuals (Silva-Souza and Ludwig, 2005). As for
Pterodoras granulosus (Valenciennes, 1821) parasitised
by Rondonia rondoni Travassos (1920) (Nematoda), for
Franciscodoras marmoratus (Reinhardt, 1874) for the Sao
Francisco River (Dias et al., 2004; Santos and Brasil-Sato,
2006) and for Atherinomorus lacunosus (Forster, 1801)
parasitised by Livoneca sp. (Cymothoidae) (Colorni et al.,
1997), suggesting a stable fish-parasite relationship.
However, low body condition is not necessarily a result of
parasitism, but fish that are always in poor condition may
be more susceptible to parasitism (Barber et al., 2000).
Condition factor did not differ significantly between
parasitised and non-parasitised individuals of two species
of cichlids and of Plagioscion squamosissimus (Heckel,
1840) (Tavernari et al., 2005; Yamada et al., 2008). Eiras
(1994) and Varvarigos (2003) highlighted that fishes that
have survived parasitism are usually of inferior body
condition and have both inferior length and weight when
compared with parasitised and non-parasitised fishes.

The energy absorbed by the parasite would often be
required for the development of the gonads of the host.
The parasitic castration must have some benefit for the
parasite, either more growth or success of transmission.
In these cases, the individuals of the population who
avoid the parasites are favoured by selection. Moreover,
individuals without parasites can have benefits in being
associated with parasitised fish that cannot feed themselves
adequately (Barber et al., 2000). Regarding this, the larger
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the school, the greater the protective effect against predation
and for some fish in this school unable to feed themselves
sufficiently, the greater are the chances to ensure food.

The condition factor for both sexes in individuals
free of parasitism showed that the values of females and
immatures was higher than males, as is presented by Abilhoa
(2007). On the other hand, Barbieri et al. (1982) verified no
differences in condition factor between males and females
of Astyanax scabripinnis. The values of condition factor
for the groups of females, males and immatures parasitised
showed no difference, which corroborate the reasons given
for the same result found in different seasons.

The condition factor of the parasites was higher in
spring and summer. The population dynamics of parasites
show a clear seasonal variation (Simkova et al., 2005).
Females of Riggia paranensis Szidat (1948) (Cymothoidae)
reproduce throughout the year, but show higher percentages
of embryos (90%) developing in the marsupium during
the spring-summer (Lima et al., 2007).

The host-parasite relationship appears to be species-
specific and has all the characteristics of an evolutionary
process of adaptive strategies, as the host is able to maintain
its feeding ability while the parasites grow to sexual
maturity (Brusca and Gilligan, 1983; Colorni et al., 1997).
However, in some cases parasitism can be harmful in the
population of the host causing changes in the reproductive
and food dynamics of parasitised specimens due to low
body condition. The presence of large adult isopod parasites
in the oral cavity interferes with feeding, causing stress
and growth retardation, and predisposition to invasion of
bacteria and/or endoparasites (Varvarigos, 2003).

The condition factor of Astyanax intermedius was
affected by the parasitic isopod Paracymothoa astyanaxi.
The parasite is located in the oral cavity of the host and
makes the ingestion of food by parasitised fish difficult,
causing them to decline in weight compared with fish
without parasites of the same length. This relationship of
parasitism can also influence the reproductive activity of
the parasitised specimens due to the decrease of stored
energy from foods.
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