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ABSTRACT
Austrodiplostomum compactum is a digenetic trematode whith metacercariae that occur in the eyes of a wide variety of fish 
species. In Brazil, A. compactum metacercariae have been reported in many fish species, but there are only a few studies in 
the Amazon region. Due to the lack of information in the Amazon, the aim of this study was to report the occurrence of 
A. compactum metacercariae in the eyes of 15 specimens of Plagioscion squamosissimus from the Lake Catalão, in Amazonas, 
Brazil. Fishes were collected using gill nets placed randomly in the lake, euthanized in a field laboratory, and had their eyes 
dissected and examined under a stereomicroscope. A total of 801 metacercariae were registered infecting the eyes of the hosts 
with a parasitic prevalence of 100%. There was a significant positive correlation between the number of metacercariae recorded 
and the standard body length of fishes. No significant correlation was found between the number of metacercariae and the 
weight and relative condition factor (Kn) of the hosts. Values of the variance-to-mean ratio and Green’s index suggested an 
aggregate distribution of the parasites in the hosts, with a low degree of aggregation. This is the first report of occurrence of 
A. compactum parasitizing a fish in the Lake Catalão.
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Metacercárias de Austrodiplostomum compactum (Lutz, 1928) (Trematoda, 
Diplostomidae) infectando os olhos de Plagioscion squamosissimus 
(Heckel, 1840) (Perciformes, Scienidae) do Lago Catalão, Amazonas, Brasil
RESUMO
Austrodiplostomum compactum é um trematódeo digenético cuja metacercária ocorre nos olhos de uma grande variedade 
de espécies de peixes. No Brasil, metacercárias deste parasita foram relatadas em diversas espécies de peixes, mas existem 
poucos estudos na região amazônica. Devido à falta de informação na região amazônica, o objetivo deste estudo foi relatar a 
ocorrência de metacercárias de A. compactum nos olhos de 15 espécimes de Plagioscion squamosissimus provenientes do Lago 
Catalão, Amazonas, Brasil. Os peixes foram coletados usando redes de pesca distribuídas aleatoriamente no lago e sacrificados 
em laboratório de campo, onde os olhos foram removidos e examinados sob microscópio estereoscópico. Um total de 801 
metacercárias foram registradas infectando os olhos do hospedeiro, com uma prevalência parasitária de 100%. Houve uma 
correlação positiva significativa entre o número de metacercárias e o comprimento padrão dos peixes. Nenhuma correlação 
significativa entre o número de metacercárias e o peso e o fator de condição relativa (Kn) dos hospedeiros foi evidenciada. 
Valores do índice de dispersão e do índice de Green sugerem uma distribuição agregada dos parasitas com um baixo grau de 
agregação nos hospedeiros. Este é o primeiro relato da ocorrência de A. compactum parasitando um peixe no Lago Catalão.
PALAVRAS-CHAVE: corvina, Digenea, parasitas, infecção, peixes
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INTRODUCTION
Parasites with heteroxenous life cycles depend on trophic 

transmission. Infected hosts have to be ingested by the next 
host in the life cycle for successful transmission (Holmes 
and Bethel, 1972). Diplostomid species require three hosts 
to complete their cycle, including a piscivorous bird as a 
definitive host, a snail first-intermediate host and a fish second-
intermediate host (Karvonen et al. 2004). 

Adult parasites are found in the intestine of piscivorous 
birds. Their eggs are shed with the avian host’s feces and a 
free-swimming miracidium hatches from each egg to seek and 
penetrate a snail. Inside the snail, the miracidum develops into 
a mother sporocyst, which reproduces asexually to produce 
daughter sporocysts. Each of these daughter sporocysts 
reproduces asexually to produce cercariae (infective stages). 
Thousands of cercariae may be released from a single snail 
in search of a fish which they penetrate through the gills to 
subsequently develop into metacercariae in the fish’s eyes. The 
avian final host acquires the metacercariae by consuming an 
infected fish (Chappell et al. 1994).

Diplostomid metacercariae can alter fish behaviour 
(Seppala et al. 2004) and cause diseases in their hosts, causing 
severe ocular pathology associated with cataracts and blindness 
and, in some cases, lead to death (Valtonen and Gibson, 1997). 
The formation of cataract in fishes infected by diplostomid 
metacercariae is more intense after the parasites complete their 
development and are ready to infect the final host, increasing 
the susceptibility of the fish host to predation. This is a highly 
efficient transmission method of these parasites (Mouritsen 
and Poulin 2003).

Hosts, defined as shelter, mating point and food resource 
for parasites, consist of replicated habitats in time and space. 
Host-parasite systems are undoubtedly interesting models 
for understanding patterns and processes in community 
ecology (Price 1990). Host size and age have an effect on 
parasite communities, since larger hosts are also older and 
have been exposed to parasite colonization for a longer period. 
Moreover, as fish body size increases, the body area increases, 
thus permitting a larger number of parasites to infect hosts 
(Bell and Burt, 1991). 

The aggregated distribution pattern tends to increase 
stability in the host-parasite relationship, and may increase the 
reproductive efficiency of some adult parasites. In this kind of 
distribution severe effects caused by high infection intensity 
may be restricted to few individuals instead of affecting the 
whole population (Dobson 1990).

The relative condition factor of fishes is an indicator of 
parasitism levels and it has been used in recent decades as 
an important tool for the study of host-parasite interactions 
(Lizama et al. 2006). The analysis of the variation of this 

indicator among populations and individuals can be used to 
show the effect of parasite species on their hosts in natural 
environments (Ranzani-Paiva et al. 2000). 

 Species of the Diplostomidae family have been found 
in fishes in Asia, Europe, North America and South 
America (Niewiadomska, 1996). In Brazil the diplostomid 
Austrodiplostomum compactum has been reported in 
approximately 25 fish species (Machado et al. 2005; Eiras et 
al. 2010; Paes et al. 2010). 

One of the described hosts of A. compactum is Plagioscion 
squamosissimus (Heckel, 1840), a fish species native to the 
Amazonas River basin, including the Tocantins-Araguaia sub-
basin, in northern Brazil (Agostinho et al., 2007). Studies on 
the diet of the species characterize it as carnivore consuming, 
basically, crustaceans and fish (Goulding and Ferreira, 
1984). A. compactum has been studied more frequently as a 
endoparasite of P. squamosissimus in rivers where this fish is 
introduced (Kohn et al., 1995; Silva-Souza, 1998; Martins et 
al., 1999; Machado et al., 2005).

This work reports the first infection case of  A. compactum 
metacercariae in P. squamosissimus from Lake Catalão (central 
Amazonia), where it is part of the native fish fauna. It is also 
the first record of A. compactum in any fish in Lake Catalão. 
We describe the distribution pattern of A. compactum in the P. 
squamosissimus population, and analyze the relation of host size, 
weight and relative condition factor with the infection level.

MATERIALS AND METHODS
Fifteen specimens of Plagioscion squamosissimus were 

collected on December 2015 using gill nets placed at random 
points in Lake Catalão (30 09’ 47”S and 0590 54’ 29” W), a 
floodplain lake located at the confluence of the Negro and 
Solimões rivers (Amazonas, Brazil). The hydrological balance 
of Lake Catalão is greatly influenced by the relative magnitudes 
of the influx of the Solimões and Negro rivers, and can be 
described as a variable mixture of these two chemically distinct 
sources, therefore, there is a very particular temporal and 
spatial sequence of physical and chemical characteristics for 
this lake (Almeida & Melo, 2009).

For parasitological analysis, the fishes were quickly 
immersed in a 75 mg clove oil·L−1 solution and euthanized 
(CONCEA 2013). Posteriorly, fishes were measured and 
weighed, and had both eyes removed. The parasites were 
removed from the eyes, counted and processed according 
to Eiras et al. (2006). Metacercariae were removed from the 
vitreous humor and fixed in AFA (alcohol – formaldehyde 
and acetic acid) solution under cover slip pressure. Specimens 
were stained with Langeron´s alcoholic carmine, cleared in 
Eugenol and mounted in Canada balsam as permanent slides. 
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Taxonomical identification was according to Travassos et al. 
(1969) and Kohn et al. (1995).

Morphometric analyses were performed using a 
computerized system for analysis of images, QWin Lite 2.5 
(Leica). Voucher specimens were deposited in the zoological 
collection of the Instituto Nacional de Pesquisas da Amazônia 
(INPA). The ecological terms in parasitology follow Bush et 
al. (1997): prevalence (P) is the number of infected fish with 
one or more individuals of a particular parasite species (or 
taxonomic group) divided by the number of hosts examined 
(expressed as a percentage). Intensity of infection (I) is the 
number of individuals of a particular parasite species in a single 
infected host (expressed as a numerical range); mean intensity 
of infection (mI) is the average intensity, or the total number 
of parasites of a particular species found in a sample divided 
by the number of infected hosts; and mean abundance of 
infection  (mA) is the average abundance, or the total number 
of parasites of a particular species found in a sample divided 
by the total number of hosts. 

The condition factor is a quantitative indicator of fish 
health, reflecting recent feeding conditions and is obtained 
using the weight–length relation of the individual. Values of 
standard length (L) and total weight (Wt) of each host were 
adjusted to the relationship curve Wt/ Ls (Wt = a.Ltb) and 
were used to estimate values of the regression coefficients “a” 
and “b”. The a and b values were used for estimating expected 
values for weight (We) using the equation: We = a.Ltb.  The 
relative condition factor (Kn) corresponds to the ratio between 
observed weight and expected weight for a given length (Kn= 
Wt/ We) (Le Cren 1951).

The Shapiro–Wilk W statistic was used to test for 
normality of distributions. Pearson´s correlation test with 
previous transformation of the number of metacercariae 
recorded in each fish (Log 10) was used to evaluate the 
correlation between the total number of metacercariae and 
the fish standard length, weight and relative condition factor. 

The variance-to-mean-ratio (VMR) and the Green 
index (GI) were used to examine dispersion patterns of the 
metacercariae (Ludwig and Reynolds 1988). Green’s index 
was used to compare samples that vary in the total number 
of individuals, their sample means and the number of sample 
units in the sample. GI varies between 0 (for random) and 

1 (for maximum clumping) (Ludwig and Reynolds 1988). 
Statistical significance was set at P < 0.05. Data were analyzed 
using the software BioEstat 5.0

RESULTS
Fifteen specimens of Plagioscion squamosissimus with 20.4 

± 2.9 cm standard length and 158.7 ± 51.5 g weight were 
infected in the humor vitreous with A. compactum (Figure 1), 

with prevalence = 100%. A total of 801 metacercariae were 
recovered, ranging from 2 to 210 specimens per fish. The 
values of mI and mA were the same (53.4 ± 65.2 parasites) 
since prevalence was 100%.

Austrodiplostomum compactum metacercariae had a 
foliaceous body, slightly concave on the ventral face, small 
conical segments in the posterior region, a small subterminal 
oral sucker, two lateral pseudosuckers in the anterior region, 
an oval pharynx, short esophagus, intestinal caeca ending 
near the posterior region, an oval tribocytic organ, gland 
cells occupying most of the anterior region, extending from 
the beginning of intestinal caeca in the anterior region to the 
tribocytic organ. Data on the morphometry of A. compactum 
metacercariae are summarized in Table 1.

There was a significant positive correlation between the 
intensity of infection (I) and the standard length of fishes (r 
= 0.5681, p = 0.0271) (Figure 2). No significant correlation 
was found between I and the weight (r = 0.466; p = 0.079) 
and relative condition factor (Kn) of the hosts (r = -0.099; p = 
0.723). Values of the variance-to-mean-ratio (VMR = 79.73) 
and Green’s index (GI = 0.098) for A. compactum parasitizing 
P. squamosissimus suggested an aggregate distribution of the 
parasites in the host with a low degree of aggregation. 

Figure 1. Austrodiplostomum compactum (Diplostomidae) metacercaria found 
in an eye of Plagioscion squamosissimus (Scianidae) from Lago Catalão 
(Brazilian Amazon). Ventral view, with oral suckers (OS), pseudosuckers (PS), 
pharynx (P), and tribocytic organ (TO).
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DISCUSSION
The prevalence of diplostomid species in introduced fish is 

higher when compared with that of native fish (Chabros and 
Pojmanska, 1993). In the upper Paraná River floodplain in Brazil 
A. compactum infection levels were higher in introduced fish 
species as compared with native species (Machado et al. 2005). 

Austrodiplostomum sp. larvae were reported in the aqueous 
humour of P. squamosissimus from three different localities: 
Paraná, Solimões, and Tocantins rivers. The higher infection 
rates were reported in the river Paraná where P. squamosissimus 
is an introduced fish (Lacerda et al., 2012). 

A high parasitic index of A. compactum infecting P. 
squamosissimus, with prevalence higher than 90%, was found 
in several areas in Brazil (Kohn et al. 1995, in the Paraná river; 
Martins et al. 1999; 2002, in Minas Gerais; Machado et al. 
2005, in the floodplain of the upper Paraná River; Paes et al. 
2010, in São Paulo state). As P. squamosissimus was introduced 
in these places, these authors suggest that high parasitic levels 
of infection are due to the introduction of the parasite along 
with the host.

The high abundance of Austrodiplostomum sp. in P. 
squamosissimus in the Paraná River basin (Kohn et al., 1995; 
Silva-Souza, 1998; Machado et al., 2005) and the records of 
this eye fluke parasitizing native hosts (Yamada et al., 2008; 
Zica et al., 2009) had led some authors to suggest that the 
diplostomid is an invasive species in the upper Paraná River 
(Machado et al., 2005). According to Lacerda et al.(2012) this 
is unlikely, so, instead of introducing a new parasite into the 
new habitat, it seems more probable that P. squamosissimus 
may be acting as a new host for a local parasite, acting as a 
reservoir for native parasites from which infections flow back 
to native hosts.

Austrodiplostomum compactum has low host-specificity, as 
it is present in many fish families with different behaviour and 
biology, but seems to have a preference for P. squamosissimus, 
considering the consistently high metacercariae infection levels 
reported in this species. High infection levels also suggest 
that P. squamosissimus is highly susceptible to infection by 
A. compactum, and may even reflect the presence of a large 
abundance of intermediate and definitive hosts. In the present 
study all sampled hosts were infected with A. compactum 
(100% prevalence) which supports these hypotheses.

With the increase of the standard length of the host, the 
area of the body surface also increases, as well as the possibility 
of active penetration of cercariae (Luque et al. 1996). In 50 
fish species from the coast of Brazil a positive correlation 
was found between host body length and helminth larvae 
abundance (Luque et al. 2004). Machado et al. (2005) and 
Paes et al. (2010) found a positive correlation between the 
intensity of infection of A. compactum and the standard length 

Figure 2. Correlation between the standard length and intensity of infection of 
metacercariae of Austrodiplostomum compactum in the eyes of Plagioscion 
squamosissimus from Lake Catalão, Amazonas, Brazil (r = 0.56; p = 0.02).

Table 1. Morphometrical data of 15 Austrodiplostomum compactum 
metacercariae infecting the eyes of Plagioscion squamosissimus. 
Measurements are in µm (mean ± standard deviation, followed by minimum 
and maximum values).

Morphological trait Measurement

Lenght 1783.5 ± 118.3 (148.2 – 2024.4)

Width 662.2 ±56.2 (589.1 – 782.4)

Lenght of anterior segment 1654.6 ± 103.6 (1368.3 – 1863.7)

Width of anterior segment 662.2 ± 56.2 (138.5 – 288.9)

Lenght of posterior segment 128.6 ± 35.3 (57.2 – 184.2)

Width of posterior segment 194.6 ± 39.6 (138.4 – 288.7)

Lenght of oral sucker 60.5 ± 8.7 (44.8 - 72.4)

Width of oral sucker 70.1 ± 8.9 (47.6 - 81.7)

Pharynx lenght 62.9 ± 8.4 (46.9 - 79.4)

Pharynx width 57 ± 8.4 (41.3 – 69)

Right pseudosucker lenght 103.8 ± 10.7 (74.1 - 127.4)

Right pseudosucker width 80.6 ± 13.1 (59.5 - 95.1)

Left pseudosucker lenght 99.5 ± 13.7 (83.6 - 121.7)

Left pseudosucker width 83.1 ± 8.4 (63.7 - 105.6)

Tribocytic organ lenght 344.9 ± 54.4 (230.3 - 425.2)

Tribocytic organ width 181.1 ± 32.2 (122.2 - 238.2)

Anterior genital primordial lenght 47.7 ± 6.5 (34.8 - 59.6)

Anterior genital primordial width 46.9 ± 7.4 (35.6 - 62.6)

Posterior genital primordial lenght 52.1 ± 8.7 (36.7 - 67.9)

Posterior genital primordial width 46.5 ± 8.5 (38.1 - 64.9)
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of P. squamosissimus, as was the case in this study, supporting 
the notion that metacercariae intensity of infection increases 
with the amount of body surface available for infection.

In populations of P. squamosissimus from the upper Paraná 
River, metacercariae of A. compactum presented aggregated 
distribution with a low degree of aggregation (Machado et al. 
2005). In this type of distribution, many individuals of the 
host population are not parasitized, while few hosts shelter 
many parasites (Ludwig and Reynolds, 1988). The same 
distribution pattern of parasites was recorded in this study. 
All sampled P. squamosissimus were infected by A. compactum, 
but some sheltered many metacercariae and others only a 
few. Thus, the possibility of severe effects caused by elevated 
intensities of infection may be restricted to a small part of 
the host population.

High infection levels of metacercariae in the eyes of fish 
can reduce their alimentary efficiency, leading to weight 
loss (Chappel 1994). Silva and Souza (1988) found that P. 
squamosissimus infected by metacercariae of A. compactum had 
lower values of relative condition factor than non infected fish, 
while Machado et al. (2005) found no difference in the health 
condition of fishes related to the infection by A. compactum. 
Likewise, we found no indication of an effect of the intensity 
of infection by  metacercariae in the eyes of fishes and their 
relative condition factor. As all the sampled fish were infected 
by A. compactum metacercariae it was not possible to compare 
health condition between infected and non infected fishes. 

In the Amazon there are two main hydrological periods: 
the high water season (from January until July in the central 
Amazon), when large areas are flooded, and the low water 
season (from July to December), characterized by a drastic 
reduction of the water availability, leading to the concentration 
and spatial overlap of different organisms (Lowe-McConell 
1999). In smaller water volumes parasite transmission may 
be intensified as a result of increased spatial overlap of hosts 
involved in the parasite`s life cycle (Marcogliese et al. 2001), 
which may explain the high parasite prevalence in our 
sample, that was obtained in December, during low water 
levels. Lentic habitats, like Lake Catalão, are characterized by 
extensive macrophyte growth, providing suitable habitat for 
the intermediate gastropod hosts of A. compactum. In addition, 
slower currents likely permit greater retention of both snails 
and free-swimming cercariae (Marcogliese et al. 2001). 

CONCLUSIONS
The high parasitism rates by A. compactum metacercariae 

in P. squamosissimus  indicates that this fish species occupies an 
intermediate position in the food chain and is a likely part of 
the diet of piscivorous birds, the definitive hosts of this parasite 
species. Our data support the notion that P. squamosissimus is 

highly susceptible to infection by this diplostomid in the given 
presence of the first intermediate and final hosts. 
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