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Abstract

In this work, parasites associated with the mangrove oyster Crassostrea rhizophorae were studied at a cultivation
unit in the estuary of the Graciosa River in Taperod, Bahia. On a monthly basis, between April 2011 and March 2012,
20 oysters were collected, measured and fixed in 10% formaldehyde. In order to identify the parasites, routine histological
techniques were used. The specimens were embedded in paraffin and sections, 7 um thick, were cut. These were then
stained with Harris hematoxylin and eosin and were examined using an optical microscope. The parameters analyzed
to investigate water quality showed that the temperature ranged from 23.9 °C to 29.3 °C, water salinity from 0.4 to
24.2 Practical Salinity Units PSU and recorded rainfall from 80 mm to 406.4 mm/month. During the parasitological
analyses, infestation of the polychaete Neanthes succinea was observed in 41% of the oysters. Through histological
techniques, the following parasites were identified: colonies of Rickettsia-like organisms (RLOs); the protozoa Nematopsis
sp. and Ancistrocoma sp.; the turbellarian Urastoma sp.; the metacestode Tylocephalum sp. and an unidentified tapeworm.
The data collected showed that there was low-intensity infection with and prevalence of parasites, except for Nematopsis
sp., thus attesting that these cultivated oysters were in a healthy condition.
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Resumo

No presente trabalho, parasitos associados a ostra-do-mangue Crassostrea rhizophorae foram estudados em uma
unidade de cultivo no estudrio do rio Graciosa em Taperod, Bahia. Mensalmente, entre abril de 2011 e marco de 2012,
20 ostras foram coletadas, mensuradas e fixadas em formol a 10%. Para a identificagio dos parasitos, foram utilizadas
técnicas histoldgicas de rotina, com inclusio em parafina e obtenc¢ao de cortes com 7pum, corados com hematoxilina de
Harris e eosina e examinados em microscopia de luz. Os parimetros analisados para a qualidade da d4gua mostraram que
a temperatura variou de 23,9 °C a 29,3 °C, a salinidade de 0,4 a 24,2 PSU e a pluviometria de 80 mm a 406,4 mm/més.
Nas andlises parasitoldgicas foram observadas infestagoes do poliqueta Neanthes succinea em 41% das ostras. A partir
das técnicas histolégicas foram identificados os seguintes parasitos: col6nias de organismos assemelhados a Rickettsiae
(RLOs); os protozodrios Nematopsis sp. e Ancistrocoma sp.; o turbeldrio Urastoma sp.; o metacestdide Tylocephalum sp. e
um platelminto nio identificado. Os dados obtidos mostraram baixa intensidade de infec¢io e prevaléncia de parasitos,
exceto para Nematopsis sp., atestando a boa condi¢io de satide das ostras no cultivo.
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Introduction

Bivalve mollusks are filter feeders and consequently they feed on
particles that are suspended in water. Because of this characteristic,
they are considered to be carriers of numerous pathogens for
humans, given that they primarily bioaccumulate bacteria such
as those from the genera Salmonella and Shigella, along with
enteric viruses and protozoa. This mainly happens because of fecal
contamination at cultivation sites (LEE et al., 2003).

According to Boehs et al. (2012), the main marine bivalve
diseases on the Brazilian coast are: bacterioses, mycoses, protozoosis
(caused by: Ciliophora, Apicomplexa, Perkinsozoa, Haplosporidia,
Paramyxea and Microspora), metazooses (caused by: Turbellaria,
Digenea, Cestoda, Polychaeta, Pinnotheridae, Copepoda),
neoplasms and other tumors.

Studies looking at parasites in bivalve mollusks have provide
an insight into the extent of the problems caused during bivalve
mollusk production (SILVA et al., 2002; SABRY & MAGALHAES,
2005). In many cases, diseases due to pathogens cause repeated
losses, decimating stocks and thereby stalling the bivalve production
industry. The same happened with the European oyster (Ostrea
edulis), which was severely affected by the protozoa Marteilia
refringens and Bonamia ostrea (SILVA & VILLALBA, 2004).
These parasites spread during the 1970s and 1980s, dramatically
reducing production in the main bivalve cultivation areas in Europe.
There were no methods available to eradicate them, and therefore
these diseases endemically persisted in most natural oyster beds
and oyster farming areas, thus making any production enterprise
impossible (ABOLLO et al., 2008; FAO, 2013).

In Brazil, the first recorded cases of parasitoses in edible bivalve
mollusks date from 1966, in a study on a trematode parasite that was
feeding on the pointed venus (Anomalocardia brasiliana) (NARCHI,
1966). To assist in developing oyster and mussel cultivation, the
first research groups investigating the health of these animals were
formed (COSTA, 2007). Recent studies on parasites in bivalve
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mollusks with potential for cultivation on the Brazilian coast have
been developed with using the oysters Crassostrea rhizophorae and
C. gigas, the mussels Perna perna and Mytella guyanensis and the
cockle A. brasiliana (BOEHS et al., 2012).

In Bahia, and specifically in All Saints’ Bay (Baia de Todos os
Santos), Nascimento et al. (1986) found various parasites in C.
rhizophorae, including the protozoa Nematopsis sp. (Apicomplexa)
and Ancistrocoma sp. (Ciliophora); a trematode of the genus
Bucephalus and a cestoid of the genus Tjlocephalum.

The expansion of oyster cultivation in communities in Brazil’s
coastal regions highlights the need to develop studies relating to
diseases in bivalve mollusks that are caused by parasites, since
increased cultivation may trigger the spread of these organisms,
through the proximity and density of specimens. Based on this
assumption, the present study aimed to investigate the parasites
associated with C. rhizophorae oysters at a cultivation unit in the
Graciosa River estuary in the municipality of Taperod, located in
southern Bahia.

Materials and Methods

Taperod is a municipality located in the southern lowland region
of the state of Bahia, and it is 282 km south of the state capital,
Salvador. The municipality has a tropical climate, (Af = humid or
superhumid tropical climate accordind to Képpen classification),
with an annual average temperature of 19.4 to 24.6 °C; temperatures
below 15 °C have never been recorded. Rainfall is very common
and occurs most frequently in April and August, with a total rainfall
of around 1100 to 2000 mm per year (SEI, 2013).

Opysters were collected from the cultivation area located in the
village of Graciosa, situated between the municipalities of Valenga and
Taperod, at the UTM (Universal Transverse Mercator) geographical
coordinates E 489960.575 and N 8509845.632 (Figure 1).

Twenty C. rhizophorae specimens were collected every month
between April 2011 and March 2012. The oysters were packed

Figure 1. Study area location.
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in labeled plastic bags and were transported from the site in cool
boxes with ice and water to the Invertebrate Zoology Laboratory
at the Federal University of Recdncavo da Bahia, Cruz das Almas
campus, in order to determine biometrics (length, width and
height), wet weight and macroscopic features.

At the same time, measurements were made on the environmental
descriptors of temperature and salinity (using a multi-parameter
probe), at the cultivation site.

In order to determine the biometrics and wet weight, a caliper
of precision 0.05 mm and a digital scale were used, respectively.
Before opening the valves, height, width and thickness measurements
were made, in accordance with Galtsoff (1964). After the oysters
had been opened using a short-bladed knife, which was then
inserted between the two valves in order to section the adductor
muscle, the oysters were examined for macroscopic changes and
evidence of parasites.

Histological sectioning was conducted partly at the Center
for Fishery and Aquaculture Studies (NEPA) and partly at the
Histology and Embryology Laboratory, at the Federal University
of Recodncavo da Bahia. For histological analysis, soft tissues were
removed, in a diagonal direction from the visceral mass, and
samples were taken from the gills, digestive tract, mantle and
gonads of each specimen, in accordance with recommendations
of Howard et al. (2004). Subsequently, the samples were fixed in
10% formaldehyde solution, for 24-48 hours, and were kept in
70% alcohol until histological processing.

The histological processing consisted of subjecting the soft
tissues to processes of dehydration in ethanol baths, diaphanization
in xylene baths, impregnation in liquid paraffin and embedding
in paraffin.

Histological sections, 7 pm thick, were taken with the aid of a
microtome, and these were stained using the Harris hematoxylin
and eosin method (H&E). The histological slides were evaluated
using optical microscopy to register the parasites, which were then
identified and photomicrographed.

The prevalence of parasites was calculated in accordance with
Bush et al. (1997), and was defined as the number of infected

animals per sample, expressed as a percentage.
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Results

The water temperature was found to range from 23.9 °C in
June 2011 to0 29.3 °C in March 2012 (26.9 + 2.0); salinity from
0.4 PSU in April 2011 to 24.2 PSU in December 2011 (10.5 £ 9.1);
and rainfall from 80 mm (minimum) in September 2011 to
406.4 mm (maximum) in April 2011 (147.7 + 89.3).

The results obtained from biometrics showed that C. rhizaphorae
had the following average values: height = 81.4 + 10.6 mm;
width = 51.2 + 8.7 mm; thickness = 30.6 + 6.8 mm; and wet
weight =72.5+234 ¢g.

An external parasite, the polychaete Neanthes succinea (Frey and
Leuckart, 1847), was observed during the macroscopic analyses
on the oysters. This parasite drills tubes and tunnels into the
inner structure of the shells and allows polydiariosis to become
established (Figure 2). Infestation by the polychaete V. succinea
was found in 41% of the oysters: the parasite’s tubes were observed
in 28.4% of the oysters, marks made by the parasite inside the
shell were seen in 31.9% and mud blisters were seen in 20.8%.

In September and December 2011 and in January and February
2012, the oysters did not show any polychaete tubes in the valves.
Formation of mud blisters and presence of polychaetes in the
internal valves were found in 100% of the oysters in December
2011, while in June and November, none were found.

During microscopic analyses, organisms from bacterial,
protozoan and metazoan groups were observed. The parasites
found were as follows: the protozoan Ancistrocoma sp., the
turbellarian Urastoma sp., the metacestode Tjlocephalum sp.,
colonies of Rickettsia-like organisms (RLOs), Nematopsis sp. and
an unidentified tapeworm.

The protozoan Nematopsis sp. (Figure 3a) occurred in 98.7% of
the oysters analyzed. This parasite was only not detected in three
oyster specimens in June 2011 (one specimen) and September
2011 (two specimens). The parasite prevalence was 85.7% in the
mantle; 79.0% in digestive tract; 70.7% in the gills; 50.7% in
the adductor muscle; and 35.9% in the gonads. The average size
of the oocysts was 12.2 + 1.2 pm; n = 25.The number of oocysts

Figure 2. Polydiariosis in Crassostrea rhizophorae. a) External view of the shell, showing the tubes of the polychaete Neanthes succinea; and b)

internal view of shell with mud blisters.
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Figure 3. Parasites in the oyster Crassostrea rhizophorae. a-c: digestive gland, showing: a: Nemaropsis sp. between the acini, b: colonies of
Rickettsia-like organisms inside the acinus and c: Ancistrocoma sp. inside the acini; d: Urastoma sp. in the gill filaments; e: Tylocephalum sp.
with a fibrous capsule (marked as CF) and myzorhynchus of the metacestode (*) between the acini of the digestive gland; f: unidentified

flatworm in the lumen of the digestive tract.

per phagocyte ranged from one to eleven, but in most cases, the
numbers were from one to three. In only one specimen there
was disorganization in the labial pulp tissue, i.c. showing damage
caused by the parasite.

Colonies of Ricketzsia-like organisms (RLOs) were observed
with a prevalence of 8.3% (20 oysters) in the digestive gland
(Figure 3b). The diameters of these colonies ranged from 9.2 to
16.44 pm (13.6 £ 1.9 um; n = 26). Up to 34 colonies were observed
per histological section and 13 colonies per acinus of the digestive
gland. In most cases, there were four colonies/acinus.

The ciliate Ancistrocoma sp. was observed in the lumen of the
digestive tract (Figure 3¢), with a prevalence of 6.6% (16 oysters).

The ciliate had an oval shape, with its length ranging from 18.3 to
27.1 pm (22.2 + 3.3 pm; n = 10), and a granular and basophilic
macronucleus. The infection intensity was low, at an average of
six protozoa per histological section, but up to three ciliates were
observed in the lumen of the digestive tract.

Urastoma sp. was observed in 6.28% of the oysters analyzed
(Figure 3d). This metazoon was only found in the gill filaments,
with only one turbellarian per histological session, with the
exception of one histological section, which featured two. No
histological changes to oyster tissue were observed.

One specimen of the metacestode Tjlocephalum sp. was found
encapsulated in an oyster, between the acini of the digestive
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gland (Figure 3e). In this case, a localized hemocytic reaction was
observed. The prevalence was 0.42%.

In a sample of C. rhizophorae, an unidentified flatworm was
found inside the lumen of the digestive tube, but did not appear
to be causing any damage (Figure 3f).

Discussion

Cultivation of bivalve mollusks serves as a marine substrate for
fouling organisms, and this is favored by the constant immersion.
Fouling organisms can fix themselves both on cultivation structures
and on the bivalves themselves, often harming their growth, and
this stress leads to a weakening of the animals’ defensive capabilities,
thus making them more susceptible to disecase (MAGALHAES
& FERREIRA, 2006).

The high infestation rates of Neanthes succinea in this study
(41%) did not cause morphological changes to the tissues of
cultivated oysters. Presence of Polydora websteri was recorded in
100% of the C. rhizophorae and C. gigas oysters in cultivation areas
in Brazil's southern regions (SABRY & MAGALHAES, 2005;
MACIEL etal., 2010). Despite the high level of infestation in the
oysters analyzed, no damage was observed in their tissue. These
parasites do not compromise the host’s health, but formation of
mud blisters affects the appearance, taste and market value of
these mollusks (SABRY & MAGALHAES, 2005). In the present
study, in November 2011 and in January and February 2012,
polychaete tubes were not observed. However, this was due to the
oyster cleaning process that was performed before the specimens
were collected. In December 2011, when the temperature and
salinity reached the period’s highest levels, high rates of polychaete
infestation and mud blisters in the oysters were observed, thus
suggesting that greater infestation occurs during periods of high
temperatures and salinities. The water temperature and salinity, as
reported by Lauckner (1983), are primary factors in determining
the abundance of Polydora bristle worms.

Presence of Nematopsis sp. has frequently been recorded in
C. rhizophorae. Similarly to polychaetes, this parasite has been
reported not to cause significant damage to its host’s health
(NASCIMENTO etal., 1986; BOWER etal., 1994; AZEVEDO
& MATOS, 1999; WINSTEAD etal., 2004; CREMONTE et al.,
2005; SABRY et al., 2007; ZEIDAN et al., 2012). However,
the gill functions of host animals, which are severely infected
by these gregarines, may be compromised (CARBALLAL et al.,
2001; ESTEPA, 2006). Regarding this parasite, as was reported
by Zeidan et al. (2012), the present study found a range of one to
three oocysts per phagocyte in most cases. Pinto & Boehs (2008)
studied Nematopsis sp. in M. guyanensis, in the Ilhéus region of the
state of Bahia, and observed that the number of oocysts/phagocyte
ranged from one to twenty and that the most common range of
occurrence was 1-3 oocysts/phagocyte. However, it is possible
that this is a species differing from Nematopsis.

The areas with the highest frequency of Nematopsis sp. infection
were the mantle, digestive gland, gills and adductor muscle. These
results were consistent with observations made by Brandio et al.
(2013) in C. rhizophorae and were also similar to those of Pinto
& Bochs (2008) in M. guyanensis, where the greatest infection
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occurred in the gills, followed by the mantle, digestive gland and
muscle.

The frequency of these gregarines in bivalve mollusks is
associated with the presence of large numbers of crustaceans in
the mangroves: these are the organisms in which these protozoa
complete their life cycle (BOEHS et al., 2009, 2010), and this
point was also observed in the present study. During collection,
a great quantity of crustaceans of the Porcellanidae and Xantidae
families was observed in the oyster cultivation lantern nets.

Nascimento et al. (1986) observed 100% occurrence of
Nematopsis sp. in C. rhizophorae in the Baia de Todos os Santos,
in the state of Bahia, and concluded that the parasite was not
the determining factor for the observed oyster mortality. In
this study, the occurrences of Nematopsis sp. did not cause any
apparent histopathological change in the host, and even though the
prevalence was high, the infection intensity in the tissue was low.

The Rickettsia-like organisms (RLOs) observed in this study
did not cause any microscopic changes to the oyster tissue.
Bower et al. (1994) stated that occurrences of RLOs are generally
of low intensity and their presence is not associated with disease.
However, other studies have indicated more severe effects, such as
rupturing of the digestive tubules, which contain larger colonies
(CREMONTE et al., 2005). Villalba et al. (1999) found high
prevalence of RLOs in mollusks, with an inflammatory reaction
and disorganization of gill architecture, which possibly undermines
gill function and suggests that these bacteria may be responsible
for mortalities in Venerupis rhomboides.

The occurrences of the ciliate Ancistrocoma sp. did not
compromise the tissues in C. rhizophorae. This ciliate is associated
with the gill surfaces and the bivalve digestive gland and it uses the
host cell as a food source (RUSSEL, 1967). In Crassostrea virginica
(WINSTEAD et al., 2004), C. gigas (PONTINHA, 2009) and
C. rhizophorae (ZEIDAN etal., 2012; BRANDAO etal., 2013), it
is often found in the digestive gland. However, in C. rhizophorae,
this parasite was only observed at low prevalence and infection
intensity in the digestive tubules, without causing significant
damage to the host (BOWER et al., 1994; VILLALBA et al,,
1997; WINSTEAD et al., 2004; SILVA & VILLALBA, 2004;
PONTINHA, 2009; ZEIDAN et al., 2012; BRANDAO et al.,
2013). The opportunistic behavior of this ciliate contributes
towards its greater frequency of occurrence in bivalves, especially
those that show physiological stress caused by other pathogens
(RUSSEL, 1967; LAUCKNER, 1983). In the present study,
the oysters that were infested by this ciliate were parasitized by
Nematopsis sp. and RLOs at lower intensity.

Zeidan et al. (2012) and Brandio et al. (2013) also studied
C. rhizophorae on the coast of Bahia and observed Urastoma sp. in
the gills and mantle, with a range from one to three histological
specimens per section, and no histological change was observed.
Brun et al. (1999) confirmed that the greatest attraction was
between U. cyprinae (Graff, 1882) and the oyster C. virginica,
in relation to Mytilus edulis, and also found that the greatest
occurrences were in the gills and mantle.

The nature of the parasite/host relationship between Turbellaria
and marine bivalves is not yet well defined. These parasites have
been more frequently referred to as guests that do not cause any

damage to their hosts (LAUCKNER, 1983; BOWER etal., 1994;
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BRUN et al., 1999). However, at high infection levels, they can
be considered to be pathogenic and cause macroscopic lesions,
highlighted by localized white patches and microscopic changes
that are characterized by disorganization in the branchial filaments,
hypertrophy of the epithelial cells and hemocytic infiltration, with
evidence of reduced filtration capacity (ZEIDAN et al., 2012).

The occurrence area (digestive gland) of the metacestode
Tylocephalum sp. confirms previous records, as observed in C. rhizophorae
(NASCIMENTO et al., 1986; SABRY & MAGALHAES, 2005;
SABRY et al., 2007); in studies on other bivalves (4. brasiliana
and Iphigenia brasiliana) by Boehs et al. (2010); and in C. gigas
(SABRY & MAGALHAES, 2005). Ceuta & Bochs (2012) found
Tylocephalum sp. in the mantle, gills, digestive gland and labial
pulp of M. guyanensis. In all of these studies, a defense reaction was
observed in the host, with formation of a fibrous capsule around
the metacestode, without any damage to the host, because of the
reabsorption process (ZEIDAN et al., 2012). The same responses
were observed in other mollusks such as Tapes semidecussata
(CHENG & RIFKIN, 1968), C. virginica (WINSTEAD et al.,
2004), C. rhizophorae (SABRY & MAGALHAES, 2005) and
A. brasiliana and L brasiliana (BOEHS & MAGALHAES, 2004;
BOEHS et al., 2010).

Conclusion

Opysters in the Graciosa River estuary are affected by seven
parasites, at low intensities, which suggests that these bivalves are
in good condition. Polychaete infestation in the shell affects the
oysters’ appearance through formation of mud blisters, thereby
impairing the product quality. Management techniques need to
be optimized in order to remove these organisms from the oysters
and cultivation structures.
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