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Abstract

The catfish species Sciades proops inhabits muddy estuaries and shallow brackish lagoons, as well as freshwater.
For these reasons, it is believed that this species may act as an intermediate, definitive and paratenic host in the life
cycle of many parasites. From November 2010 to November 2011 and from August 2012 to July 2013, a total of
126 specimens of Sciades proops from the estuarine region of the Japaratuba River in the state of Sergipe, Brazil,
were examined for parasites, of which 84.13% were infected by at least one species: Ergasilus sp. (Copepoda)
(Prevalence P = 77.78%, Mean of Intensity MI = 10.08 + 15.48, Mean Abundance MA = 14.27 + 7.48) in the gills,
Contracaecum sp. (P = 23.02%, MI = 20.59 + 80.58, MA =39.12 + 4.47) in the general cavity, Procamallanus sp.
(P=0.79%, MI =1, MA = 0.01 £ 0.09), Raphidascaroides sp. (P =2.31%, MI = 1.33 + 0.58, MA = 0.33 £ 0.22) and
Cuccullanus sp. (Nematoda) (P =0.79%, Ml =1, MA=0.01 £ 0.09) in the intestine, Ancyrocephalinae (Monogenea)
(P=0.79%, MI =1, MA=0.01 + 0.09) in the gills, Pseudoacanthostomum panamense (P =1.59%, M1 =9.00 + 8.49,
MA = 0.14 £ 1.36) in the intestine, Clinostomum sp. (P =1.59%, MI = 17.50 + 23.33, MA = 0.29 + 3.03) on the body
surface and two unidentified metacercariae, referred to as Metacercaria 1 (P =0.79%; IM =1, MA=0.01 £ 0.09) and
Metacercaria 2 (Digenea) (P =0.79%, Ml =7, MA = 0.06 + 0.62) in the swim bladder. Ergasilus sp. was the dominant
species and thus classified as core, with Contracaecum sp. as the satellite and other species as secondary species.
The spatial distribution of infection with Ergasilus sp. and Contracaecum sp. showed a typical pattern of aggregate
distribution. The sex of the host did not influence parasitic infections, but infection with Ergasilus sp. showed a positive
and significant correlation with biometric and epidemiologic parameters, whereas infection with Contracaecum sp.
was correlated only with prevalence and abundance.
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Estrutura da infracomunidade parasitaria de Sciades proops (Valenciennes,
1840) (Siluriformes, Ariidae) do Estuario do Rio Japaratuba, Sergipe, Brasil

Resumo

A espécie de bagre Sciades proops habita principalmente estuarios de aguas rasas enlameada e lagoas salobras, ocorrendo
também em aguas doces. Por esses motivos acredita-se que essa espécie pode atuar como hospedeiro intermediario,
definitivo e paraténico no ciclo de vida de varios parasitas. Entre novembro de 2010 a novembro de 2011 e de agosto de
2012 a julho de 2013, Um total de 126 espécimes de Sciades proops originarios da regido estuarina do rio Japaratuba,
municipio de Pirambu, SE, foram examinados em busca de parasitas, dos quais 84,13% estavam parasitados por pelo
menos uma espécie de parasita encontrada: Ergasilus sp. (Copepoda) (Prevaléncia (P)=77,78%; Intensidade Média (IM)
=10,08+15,48, AbundAncia Média (AM) =7,48+14,27) nas branquias, Contracaecum sp. (P=23,02%; IM=20,59+80,58,
AM=4,47+39,12) na cavidade geral, Procamallanus sp. (P=0,79%; IM=1, AM=0,01+0,09), Raphidascaroides sp.
(P=2,31%; IM=1,33+0,58, AM=0,33+0,22) e Cuccullanus sp. (P=0,79%; IM=1, AM=0,01+0,09) (Nematoda) no
intestino, Ancyrocephalinae (Monogenea) (P=0,79%; IM=1, AM=0,01+0,09) nas branquias, Pseudoacanthostomum
panamense (P=1,59%; IM=9,00+8,49, AM=0,14+1,36) no intestino, Clinostomum sp. (P=1,59%; IM=17,50+23,33,
AM=0,29+3,03) na superficie do corpo e duas metacercarias nao identificadas, denominadas como Metacercaria 1
(P=0,79%; IM=1, AM=0,01+0,09) e Metacercaria 2 (P=0,79%; IM=7, AM=0,06+0,62) (Digenea) ambas na bexiga
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natatoria. Ergasilus sp. foi a espécie dominante sendo classificada como central, Contracaecum sp. como a satélite
¢ as demais como espécies secundarias. A distribuicdo espacial da infec¢do por Ergasilus sp. ¢ Contracaecum sp.
apresentaram um padrdo tipico de distribui¢do agregada. O sexo dos hospedeiros ndo influenciou nas infec¢des
parasitarias, porém a infec¢ao por Ergasilus sp. apresentou correlagdo positiva e significativa entre os parametros
biométricos e os parametros epidemiologicos enquanto que na infec¢ao por Contracaecum sp. a correlagdo ocorreu

apenas com a prevaléncia e a abundancia.

Palavras-chave: infracomunidade parasitaria, peixe estuarino, Sciades proops, Rio Japaratuba, Brasil.

1. Introduction

The study of the characteristics of parasitic infection in
fish, in conjunction with the analysis of the structure of the
parasite community and the use of ecological parameters,
such as species richness and diversity measures, provide
input for future work on the monitoring and evaluation of
environmental health in aquatic ecosystems and help to
expand the knowledge base on parasite-host relationships
(Schmidt et al., 2003a, b; Luque et al., 2004).

The catfish Sciades proops (Valenciennes, 1840),
popularly known as “uritinga”, are fish of the order
Siluriformes, family Ariidae, occurring in tropical and
subtropical coastal zones in marine, estuarine and inland
waters, and they are generally most abundant in shallow
coastal waters with a muddy or sandy bottom (Araujo,
1988; Andreatta et al., 1989). This species is distributed
from the Caribbean Sea down the coast to the north coast
of Bahia (Froese and Pauly, 2013). Estuarine and coastal
areas are considered places of feeding, breeding and shelter
for these species and, during the spawning season, many
species of marine catfish usually move to estuarine and
lagoon areas (Gurgel et al., 2000). By adopting feeding
habits based mostly on fish and crustaceans that inhabit
estuaries and regions where biodiversity is most abundant,
S. proops can serve as intermediate, definitive or paratenic
hosts of various species of parasites.

This work aims to study the characteristics of parasitic
infection and community structure of metazoan parasites
present in S. proops catfish collected in the Japaratuba River
estuary in the state of Sergipe, Brazil, and examine the
relationship between parasitic infection and the biological
characteristics of the host.

2. Material and Methods

This study was conducted over two periods: November
2010 to November 2011 and August 2012 to July 2013.
The S. proops specimens were acquired from artisanal
fishers in the coastal and estuarine zones of the Japaratuba
River, Pirambu County, SE, Brazil. The fish were cooled
on ice and transported to the laboratory in a thermal
box, weighed, measured and then necropsied. Initially,
an external examination of the body surface of the host,
including the fins, was conducted to search for ectoparasites.
We then proceeded to open the visceral cavity to expose
the following organs, which were analyzed to verify the
presence of parasites: muscles, general and opercular
cavity, intestine, stomach, swim bladder, liver, pancreas,
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gallbladder, heart and gills (Eiras et al., 2006). For the
study of monogeneans and copepods, the gills were isolated
whole and placed in water at 56°C with vigorous agitation
for one minute. Then, the supernatant was placed in a
Petri dish and monogeneans were counted and fixed in
5% formaldehyde and 70% alcohol. (Kritsky et al., 1995;
Eiras et al., 2006; Vianna et al., 2008). The branchial arches
were separated in a Petri dish and taken to the stereoscope
for analysis; any specimens of copepods that were found
were preserved in 70% alcohol and then clarified in 85%
lactic acid for identification (Tavares and Luque, 2001).
The trematodes were compressed between two slides and
preserved in formalin-acetic acid, and subsequently stained
with acidified carmine (Langeron, 1949). Nematodes
were killed in hot 0.15 M saline solution and preserved
in 80% alcohol 10% glycerin (Eiras et al., 2006). Later,
any nematodes collected were clarified in lactophenol
(Fagerholm, 1979).

The prevalence (P), mean intensity of infection (MI)
and mean abundance (MA) were calculated based on the
definitions presented by Bush et al. (1997). Fish were
separated into two groups (infected by any parasite species
vs. not infected at all), and the intensity of infection
was then calculated. Finally, the Condition Factor — Kn
(Le Cren, 1951) from each group was computed to
analyze the influence of parasitism in fish development.
The frequency of dominance, shared dominance and mean
relative dominance was calculated according to the procedure
described by Rohde et al. (1995) and analyzed as described
by Bush and Holmes (1986). The spatial distribution of
parasitic infections was checked by calculating the index
of aggregation (k) as described by Ludwig and Reynolds
(1988). The Simpson diversity index of parasite species
analyzed (Ludwig and Reynolds, 1988; Magurran, 2006)
and the inter-species association indices of Jaccard, Dice and
Ochiai (Janson and Vegelius, 1981; Poulin and Valtonen,
2001) were calculated.

Statistical analyses involving epidemiological indices
were performed using only parasite species that showed a
prevalence above 10%, except for the analysis of relative
condition, in which the overall prevalence of all parasite
species was used. Student’s t-test was performed to compare
the mean Kn of parasitized and non-parasitized groups.
To test the influence of sex on the prevalence of parasitism,
the chi-square test was performed with a Yates correction
and 2x2 contingency table. We used the nonparametric
Mann-Whitney test to assess the influence of sex on
infection intensity and mean abundance. We calculated the
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Pearson correlation coefficient to test the influence of weight
and total length on the prevalence of parasitism, and the
Spearman correlation coefficient to verify the correlation
between weight, total length, mean intensity of infection
and abundance When necessary, data transformation
was applied using log (n+1) and statistical analyses were
performed using a confidence interval of 95%.

3. Results

A total of 126 Sciades proops specimens with mean
total length of 27.40 cm (+4.98 SD) and mean weight of
179.03 g (+103.06 SD), with 42 females and 84 males,
were examined. Overall, 61.11% were parasitized by one
species of metazoa, 19.84% were parasitized by two species,
and 3.17% harbored three species, for a total prevalence
of 84.13%. One thousand six hundred fifty-three parasite
specimens (1,013 adults and 640 larvae) belonging to
10 species were collected: Ergasilus sp. (Copepoda),
Contracaecum sp., Procamallanus sp., Raphidascaroides
sp. and Cuccullanus sp. (Nematoda), Ancyrocephalinae
(Monogenea), Pseudoacanthostomum panamense,

Clinostomum sp. and two unidentified metacercariae
referred to as Metacercaria 1 and Metacercaria 2 (Digenea).
Epidemiological indices and sites of infection are shown
in Table 1.

No significant difference was found between the mean
Kn of parasitized (KnP=0.94 + 0.21) and non-parasitized
(KnNP = 1.00 + 0.38) (p = 0.32) specimens.

There was a statistically significant difference in the
total prevalence (considering all parasites species) of
parasitism between male specimens (47.62%) and female
specimens (30.15%) (Table 2).

Weight was positively and significantly correlated
with the intensity and the mean abundance of Ergasilus sp.
infection and total length was positively and significantly
correlated with all epidemiological parameters. With regard
to Contracaecum sp. Infection, only the prevalence and mean
abundance showed a positive and significant correlation
with weight and length (Table 3).

The copepod Ergasilus sp. was considered the dominant
species, with a higher frequency of cases in which the
intensity was greater than that of other species, followed

Table 1. Epidemiological parameters of infection by metazoan parasites of Sciades proops from the Japaratuba River estuary,

SE, Brazil.

Prev‘;:ence Range Mear(lilsnlt;nsny Mean (il;lll)r;dance Site of infection
Ergasilus sp. 77.78 1-101 10.08 (£15.48) 7.84 (£14.27) Gills
Contracaecum sp. 23.02 1-437 20.59 (+80.58) 4.74 (£39.12) General cavity
Procamallanus sp. 0.79 NA 1 0.01 (£0.09) Intestine
Raphidascaroides sp. 231 1-2 1.33 (+0.58) 0.03 (+0.22) Intestine
Cuccullanus sp. 0.79 NA 1 0.01 (£0.09) Stomach
Ancyrocephalinae 0.79 NA 1 0.01 (£0.09) Gills
Pseudoacanthostomum 1.59 3-15 9.00 (+8.49) 0.14 (+1.36) Intestine
panamense
Clinostomum sp 1.59 1-34 17.50 (£23.33) 0.29 (£3.03) Body surface
Metacercaria 1 0.79 NA 1 0.01 (+0.09) Swim bladder
Metacercaria 2 0.79 NA 7 0.06 (+0.62) Swim bladder

SD — standard deviation NA — not applicable.

Table 2. Influence of sex on the prevalence, mean intensity and mean abundance of parasitic infection in Sciades proops
from the Japaratuba River estuary, SE, Brazil. (X?) Chi-square test with Yates correction; (U) Mann-Whitney test.

Prevalence Mean Intensity Mean Abundance

X? p U p U p
Ergasilus sp. 4.83 0.03 1109.5 0.83 1458.5 0.11
Contracaecum sp. 0.95 0.33 68.0 0.65 1593.0 0.38

Table 3. Influence of weight and total length (TL) on the prevalence, mean intensity and mean abundance of infection by
Ergasilus sp. and Contracaecum sp. in Sciades proops from the Japaratuba River estuary, SE, Brazil. (r) Pearson correlation

coefficient, (rs) Spearman correlation coefficient.

Prevalence Mean Intensity Mean Abundance

r p s p rs p
Ergasilus sp. Weight 0.1474 0.10 0.3590 <0.01 0.3216 <0.01
Total Length 0.1976 0.03 0.4005 <0.01 0.3674 <0.01
Contracaecum sp. ~ Weight 0.3784 <0.01 —0.0451 0.82 0.3575 <0.01
Total Length 0.4058 <0.01 0.0369 0.85 0.4041 <0.01
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Table 4. Analysis of dominance of metazoan parasites of Sciades proops from the Japaratuba River estuary, SE, Brazil.

(SD - standard deviation).

Frequency of

Shared Dominance Mean relative

Dominance dominance + SD

Ergasilus sp. 89 1 7.38+14.35
Contracaecum sp. 11 1 4.214£39.13
Pseudoacanthostomum panamense 1 - 0.11+1.33
Clinostomum sp. 2 - 0.27+3.02
Metacercaria 1 1 - 0.05+0.62
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Figure 1. Spatial distribution of infection by Ergasilus sp. (A) and Contracaecum sp. (B) in Sciades proops from the

Japaratuba River estuary, SE, Brazil.
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Figure 2. Inter-species associations between pairs of parasite
species in Sciades proops from the Japaratuba River estuary,
SE, Brazil. (ERG - Ergasilus sp.; CON -. Contracaecum sp.;
PRO -. Procamallanus sp.; RAP -. Raphidascaroides sp.;
CUC - Cuccullanus sp.; PSEU -. Pseudoacanthostomum
panamense; MET1 - Metacercaria 1).

by Contracaecum sp. (Table 4). Both species showed an
aggregated distribution pattern, i.e., a high concentration
of parasites in a few infected hosts (Ergasilus sp. k=0.31;
Contracaecum sp. k = 0.01 - Figure 1), as demonstrated
by the Simpson diversity index (0.49).

All inter-species association indices showed low
interaction between pairs of parasite species, denoting
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independent relationships between different types of
parasitic infection (Figure 2).

4. Discussion

Several factors can influence the composition of the
parasite fauna of fish, including food, sex of the host,
physical and chemical parameters of water, stocking
density of fish, etc... (Pavanelli et al., 2002; Madi and
Ueta, 2012). The feeding habits of hosts are among the
most influential factors in the formation of the parasitic
fauna (Bell and Burt, 1991). Piscivorous species tend to
harbor more species of parasites because they feed on
other already infected fish, and other animals that serve as
intermediate hosts of various parasitic groups (Reid, 1983).

In their study of the structure of the parasitic fauna of
the white catfish Netuma barba (Ariidae), a demersal fish
that occurs in marine and estuarine environments and seeks
the mouths of rivers and lagoon areas at spawning time,
Tavares and Luque (2004) found that Copepoda was the
most abundant taxon, representing 37.5% of total parasites
collected. Similarly, in S. proops, the prevalence of the same
taxon was 77.8%. Moreover, six species of copepods were
found in N. barba whereas only Ergasilus sp. was found in
S. proops. Tavares and Luque (2004) found that copepods
are the main components of the parasite community of adult
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N. barba, and suggested that a sample containing only
adult individuals can influence the observed abundance
and prevalence of these ectoparasites compared to other
endoparasites. In the present study, Ergasilus sp. was the
species with the highest prevalence in both young and adult
Sciades proops specimens. According to Aratjo (1988),
adult marine catfish feed little during the time of incubation
after spawning, for a period that may extend up to three
months; during this time, they exhibit lower conditioning
factors, which may indicate deficiencies in physiological
wellness. This decreased feeding may contribute to reduced
exposure of S. proops to the probable intermediate hosts
of digeneans and nematodes. In contrast, ectoparasites
are influenced by the size of the hosts, as well as the
degree of specialization of the means of attachment and
the availability of infective forms of certain population
host groups (Poulin, 2000).

Torres et al. (2000) reported that variations in the
infection parameter of anisakids in fish species are related
in part to the presence of definitive hosts, environmental
factors, such as temperature, that influence the development
of the parasite eggs, populations of intermediate or paratenic
host crustaceans, as well as the age, size and feeding habits
of the fish. Madi and Silva (2005) studied infection by
Contracaecum larvae in Rhamdia quelen and found that
fish smaller than 20 cm had no larval parasites whereas
larger fish did, a finding that the authors attributed to a
difference in diet quality.

The results obtained regarding the relative conditioning
factor of S. proops suggest that parasitic infections do not
influence the general health of the fish.

According to Esch et al. (1988), the sex of the host
could be a decisive and influential factor and Fernandez
(1985) explains that this could be due to differences in
diet composition between males and females, as well
as differences in behavior and physiological resistance.
However, Dias et al. (2004) and Ferreira (2008) found that
males and females showed no significant differences with
respect to the intensities and frequencies of parasitism, in
disagreement with the results obtained in the present study.
Ferreira (2008) believes that males and females have the
same behavior in relation to food habits and habitat and thus
have the same chances of infection. However, in a study
of the ecological aspects and the biodiversity of parasites
in the catfish S. proops, it was noted that the males of this
species are involved in parental care, carrying juvenile
offspring in the mouth and spending more time in the
estuary, the place where the sampling occurred, whereas
females return to the marine region after fertilization.

In the work of Tavares and Luque (2004), none of the
species of parasites found in N. barba demonstrated an effect
of host sex on abundance and prevalence. The observed
abundance was similar to the present study, but the total
prevalence (considering all species of parasites) differed:
in this study we found a significant difference between
males (47.62%) and females (30.15%).

Weight and total length influenced the prevalence,
mean intensity and mean abundance of Ergasilus sp.
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in S. proops. Dias et al. (2004) suggest that the highest
intensity of parasitism in larger specimens is explained
by the progressive accumulation of parasites over time.
For ectoparasites, the observed correlation between
morphometric and ecological parameters may be related
to environmental factors such as quantity of organic
material present in water or solid materials in suspension
(Madi and Ueta, 2009). However, for Contracaecum sp.
weight and length influenced only the prevalence and
mean abundance. Tavares and Luque (2004) did not
observe a correlation between the total length of the host
and frequency of nematode parasites, in contrast with the
results of the present study. Koya and Mohandas (1982)
observed that, in general, the frequency of nematodes
is higher among juveniles, although intensity is higher
among older fish; this finding also differs from the results
of'this study, in which larger size was negatively correlated
with the intensity of infection. According to Cordeiro and
Luque (2005), few helminth species are influenced by host
length, which has almost no influence on the parasite load.
According Polyanski (1961), negative correlations can be
caused by temporal segregation of a particular food item.

Sasal et al. (1999) noted that large fish may feed more
and thus have greater likelihood of ingesting intermediate
hosts. Host length is indicative of the expected parasite
burden and Dogiel (1964) notes that a variety of factors
can determine or influence the parasitic fauna of many
species or groups of hosts: age, sex, size, type of food,
lifestyle. In addition to biological factors, the geographical
and seasonal distribution of the host population over time
and space can influence the intensity of infection (Timi
and Poulin, 2003; Vidal-Martinez and Poulin, 2003).
Freeman (1964) found that, in general, younger fish were
more infected than older fish, consistent with the findings
regarding infection by Contracaecum larvae in this work.
The length of the fish can be considered a reflection of age,
which is one of the most influential factors in the variation
of parasitic infrapopulations and accumulation of parasites
throughout the lifespan (Alves and Luque, 2001).

In a study of the structure of the parasite community
of Pseudoplatystoma. tigrinum Lopes (2006) found a
dominance relationship between host fish and nematode
larvae, and explained this result by the fact that a single
host showed a high intensity of larvae in the mesentery.
In S. proops, a large quantity of Contracaecum was also
found in the mesentery (497) in a single specimen, but
there was no dominance relationship between this parasite
and others. This finding supports the hypothesis that many
hosts harbor few parasites and few hosts harbor many
parasites (Anderson and Gordon, 1982). All the N. barba
parasites found by Tavares and Luque (2004) showed the
typical pattern of aggregate distribution similar to S. proops.
The spatial distribution of Ergasilus sp. and Contracaecum
sp. parasites also presented an aggregate pattern.

One of the most common features in parasitic infections
in vertebrate hosts is the tendency of parasites to present
an aggregate distribution in their hosts (Von Zuben, 1997).
Most hosts tend to harbor few parasites, whereas few hosts
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contain most of the parasite population (Poulin, 1993).
This suggests that density-dependent processes, such as
the suppression of fertility or survival of the parasite, may
have an effect (Anderson and Gordon 1982). The Ergasilus
sp. and Contracaecum sp. parasites found in the hosts in
this study followed the pattern of aggregate distribution
(k = 0.31 and k = 0.01, respectively). The model of
aggregate dispersion can be due to (1) the heterogeneity
of host behavior, (2) models of spatial aggregation in the
distribution of infective stages, and (3) differences in
host susceptibility and immune response (Anderson and
Gordon, 1982; Von Zuben, 1997).

The most prevalent species occupy core and satellite
positions within the community and are therefore more
widely distributed, with a high dispersion power (Kennedy,
2001). The Ergasilus copepods occupied a central position
within the S. proops parasite infracommunity, whereas
Contracaecum sp. larvae acted as satellite species and
other parasitic species as secondary. Generally, ectoparasite
species occupy the position of satellites in the host species
because they live on the outer surface of the body and
may be lost during handling and transportation of the fish.

Itis believed that satellite species have a low transmission
rate and have less potential to colonize their hosts, which
may be related to a lower availability of intermediate hosts
and infective forms (Sousa, 1994).

Rohde et al. (1995) designated unsaturated communities
as those in which abundance, prevalence and species
richness can vary widely, with common vacant niches
and some parasites forming disordered clusters defined by
varying degrees of exposure to infection. This characteristic
pattern of major parasites of Sciades proops was observed
in this work.
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