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ABSTRACT 
 

The mangrove oyster Crassostrea gasar plays a vital ecological and socio-economic role in the Ébrié and 

Aby lagoons of Côte d’Ivoire. However, it is threatened by infestations of boring worms from the Polydora  

genus, which cause shell damage that can reduce both its commercial value and physiological health. This 

study aims to quantify the Polydora  Index (PI) and the prevalence of tissue lesions in C. gasar at three 

sites, Azito and Grand-Bassam on Ébrié Lagoon and Assinie on Aby Lagoon, based on a sample of 1,080 

oysters. Infestation levels were classified into five severity classes and histopathological lesions were 

assessed in the mantle, gills, and gonads. Results show that Assinie had the lowest PI (0.16) and only 

exhibited gill necrosis (21.1%). Grand-Bassam and Azito had higher PI (0.24 and 0.33, respectively) and a 

greater prevalence of lesions: necrosis (32.5% to 51.4%), abscesses (12.2% to 41.9%), and neoplasia (14.2% 

to 28.6%). A clear correlation was observed between shell infestation levels and lesion prevalence, 

especially in Azito, where up to 85% of infested oysters showed necrosis. The study highlights the need to 

monitor such infestations as indicators of environmental stress and potential threats to oyster farming . 
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INTRODUCTION 

The mangrove oyster Crassostrea gasar (Adanson, 

1757) is a species of major ecological and socio-

economic importance in the Ebrié and Aby lagoons of 

Côte d’Ivoire (Yapi et al., 2016). It contributes not 

only to the food security of local communities but also 

plays a role in water filtration, oyster bed structuring, 

and the overall productivity of lagoon ecosystems 

(da Silva et al., 2014 ; Queiroga et al., 2013).  

 

However, several threats compromise its health, 

among which is infestation by boring worms of the 

genus Polydora, responsible for shell lesions (mud 

blisters, burrows, cracks) that can impair both its 

commercial value and biological functions (Catherine 

et al., 1990; Chambon et al., 2007). Classical studies 

on Crassostrea gigas  have shown that Polydora  

infestation can lead not only to physical alterations of 

the shell but also to significant physiological impacts. 

 

Catherine et al. (1990)  described Polydora -related 

shell anomalies associated with antifouling paints 

along the French coast. Additionally, (Chambon et al., 

2007) studied the effect of Polydora  on respiratory 

behavior and oxidative stress in C. gigas. Recent 

work, such as that of (Sato-Okoshi et al., 2023), has 

examined oyster shell-boring infestations by 

Polydoria species (Annelida : Spionidae) in cultivated 

oysters in Normandy. Zhang et al. (2020) also 

reported histological changes in the mantle region of 

Patinopecten yessoensis in response to Polydora. 

Regarding Crassostrea gasar, studies have 

highlighted its vulnerability to parasites and 

environmental stressors (Queiroga et al., 2015). 

These authors examined parasites infecting C. gasar 

in northeastern Brazil, notably Perkinsus spp. and 

Nematopsis sp., and reported high prevalence 

rates.(Costa et al., 2023) assessed the biological 

responses of C. gasar exposed to different 

concentrations of suspended matter in a biofloc 

system, showing effects on growth and physiology. 

(Yapi et al., 2017) studied population dynamics of C. 

gasar in the Ebrié (Grand-Bassam, Azito) and Aby 

(Assinie) lagoons, but without focusing on Polydora -

related lesions.  

There is thus a gap in the literature characterized by a 

lack of studies quantifying the Polydora  index (a 

measure of infestation) and the prevalence of shell 

lesions in C. gasar from the Ebrié and Aby lagoons. 

This is a critical issue, as these lesions can reduce 

market value, increase susceptibility to other 

pathogens or stressors, and serve as indicators of the 

environmental health of lagoon ecosystems. The 

present study addresses this gap, with the objectives 

of determining the Polydora  index and lesion 

prevalence in C. gasar populations from Grand-

Bassam and Azito (Ebrié Lagoon) and Assinie (Aby 

Lagoon). 

 

MATERIALS AND METHODS 

This study was conducted on two (2) lagoon systems in 

Côte d’Ivoire, namely the Aby Lagoon at Assinie and the 

Ebrié Lagoon at Grand-Bassam and Azito (Fig. 1). 

 

 

Fig. 1. Geographical location of the study sites in the 

Aby and Ébrié lagoon systems (Côte d’Ivoire) 

 

It involved 1080 oysters, with 360 oysters per site, and 

aimed to determine the level of shell infestation and 

histopathological lesions of the mantle, gill, and gonad of 

the mangrove oyster Crassostrea gasar. The shell 

infestation study was carried out by assessing the boring 

levels on the oyster shells. For this purpose, both valves 

of each oyster were examined visually to determine the 

level of infestation by Polydora  worms, based on five 

oyster classes as defined by Ifremer (Catherine et al., 

1996). These classes are : Class 0 (no worm traces), Class 

1 (few galleries with limited extension, no chambers), 

Class 2 (no more than 2 chambers and infested surface 
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less than 10%), Class 3 (more than 2 chambers or 

infested surface between 10% and 25%), and Class 4 

(infested surface greater than 25%). From the infestation 

level, the Polydora  Index used within the REMORA 

network (Fleury et al., 2001) was calculated using 

formula 1. 

 

IP= 0.00 X p0 + 0.25 X p1 + 0.5 X p2 + 0.75 X p3 + 

1.00 X p4                                                                            (1) 

  

In this formula, p₀, p₁, p₂, p₃, and p₄ represent the 

frequencies of oysters in classes 0, 1, 2, 3, and 4, 

respectively (Fleury et al., 2001). According to these 

authors, the Polydora  Index also accounts for 

structures created by all polychaetes, not only 

annelids of the genus Polydora. The histopathological 

study was based on the classical histology technique 

described by (Martoja and Martoja-Pierson, 1967). 

Thus, in order to identify potential lesions present in 

the mantle, gills, and gonads of oysters from the two 

lagoon systems at Assinie, Grand-Bassam, and Azito, 

histological sections were performed. After analyzing 

the obtained sections, the prevalence of observed 

lesions was determined using formula 2. 

 

Lesion prevalence=  {(number of cases for a lesion 

)/(total number of oysters )} × 100 

All collected data were subjected to statistical 

analysis using R software version 3.1.3 with a 

significance level of 5%. A global comparison of 

counts or proportions was performed using the 

Chi-square test. Furthermore, when the Chi-square 

test was significant, post-hoc tests for two 

proportions were conducted. 

 

RESULTS 

Chambering status of oysters from Assinie 

(Aby Lagoon) and from Azito and Grand-

Bassam (Ébrié Lagoon) 

Table 1 shows the chambering levels of oysters 

from the different study sites. It appears that, at 

each site, individuals in the first class (class 0) are 

significantly more numerous in Assinie compared 

to Grand-Bassam and Azito, by 1.14 and 1.43 times 

respectively (p < 0.05).  

 

Among the three sites, Assinie is the only one with 

no individuals in the highest chambering class 

(class 4). For this class, oysters from Azito are 

significantly more represented (p < 0.05). In fact, 

Azito is the most affected site, with 60% of oysters 

exhibiting shell-boring (chambering), while Grand-

Bassam and Assinie record 50% and 43% of 

chambered individuals, respectively. 

 

Table 1. Oyster classes of boring-shell from Assinie in the Aby lagoon and from Azito and Grand-Bassam in the 

Ebrié lagoon 

Sites Number Number of boring-shell oyster 

Class 0 Class 1 Class 2 Class 3 Class 4 

Azito 360 143c (0.40) 86c (0.24) 47a (0.13) 37a (0.10) 47a (0.13) 
Grand-Bassam 360 179b (0.50) 101a (0.28) 36b (0.10) 9c (0.03) 35b (0.10) 

Assinie 360 205a (0.57) 92b (0.26) 47a (0.13) 16b (0.04) 0c (0.00) 
p-value  0.001 0.001 0.001 0.001 0.001 

The letters "a," "b," and "c" indicate, within the same category, a significant difference in the degree of shell-

boring infestation among oysters between the three sites. The values in parentheses represent the proportions of 

infestation for each category. The statistical test used is the G-test from the R software. 

 

Table 2. Polydora  Index (PI) of the different study sites (Azito, Grand-Bassam, and Assinie) 

Lagoon Localities Polydora  index 

Aby Assinie 0.16c 
Ebrie Azito 0.33a 

Grand-Bassam 0.24b 
p-value 0.001 

The letters "a", "b", and "c" indicate significant differences between the Polydora  indices of the three localities. 

The statistical test used is the Chi-squared test (Chi²) performed with R software version 3.1.3. 
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Polydora  index 

Table 2 shows Polydora  index (PI) ranging from 0.16 

to 0.33 depending on the lagoon system and location. 

The site with the lowest index is Assinie. The index 

value at this site is significantly lower than those of 

the two other sites. Indeed, the PI value at Assinie is 

1.52 and 2.06 times lower than those at Grand-

Bassam and Azito, respectively. In this study, Azito 

appears as the site with the highest PI value. 

 

Lesion prevalence in the mantle, gills, and 

gonads of oysters from the Aby and Ebrié 

Lagoons 

Table 3 presents the lesion prevalence observed in 

oysters from the three study sites. According to the 

Table 3, the gills exhibited only one type of lesion, 

namely necrosis. Thus, 32.5% of oysters showed 

branchial necrosis at Grand-Bassam, compared to 

21.11% in Assinie and 51.39% in Azito. In the gonads 

and mantle, three types of lesions were identified. 

However, these lesions were only observed in 

individuals from the Grand-Bassam and Azito sites. 

These include pustules or abscesses, neoplasia, and 

necrosis. Among the 360 oysters examined at each of 

these two sites, 14.17% and 23.33% of oysters 

presented neoplasia in the gonads and mantle, 

respectively, at Grand-Bassam, compared to 4.72% 

and 28.61% at Azito.  

 

As for pustules, 12.22% and 18.61% of oysters exhibited 

them in the gonads and mantle, respectively, at Grand-

Bassam, while Azito recorded 41.94% and 28.33% in the 

same order. Finally, the proportion of oysters with 

necrosis in the gonads and mantle was 8.06% and 

11.94% at Grand-Bassam, compared to 16.94% and 

37.50% at Azito, respectively. 

 

Table 3. Lesional prevalence of the mantle, gills, and gonads of oysters from Aby (Assinie) and Ebrié (Grand-

Bassam and Azito) lagoon systems 

Tissues Sites Number Prevalence (%) X2 p-value 

Necrosis 
Gill 
  

Assinie 360 21.11c  
15.42 

 

 
<0.001 

 
Grand-Bassam 360 32.50b 
Azito 360 51.39a 

Neoplasia 
Gonad 
 

Assinie 360 00.00c  
20.65 

 

 
<0.001 

 
Grand-Bassam 360 14.17a 
Azito 360 04.72b 

Neoplasia 
Mantle Assinie 360 00.00c  

43.70 
 

 
<0.001 

 
Grand-Bassam 360 23.33b 
Azito 360 28.61a 

Abscess 

Gonad Assinie 360 00.00c  
62.25 

 

 
<0.001 

 
Grand-Bassam 360 12.22b 

Azito 360 41.94a 
Abscess 

Mantle Assinie 360 00.00c  
41.04 

 

 
<0.001 

 
Grand-Bassam 360 18.61b 

Azito 360 28.33a 

The test used for the comparison of prevalence is the Chi-square test. The letters 'a', 'b', and 'c' indicate, for the 

same tissue, a significant difference in lesion prevalence between the three sites. 

 

Prevalence of different lesions observed 

across study sites 

Fig. 2 shows the prevalence of the different lesions 

observed at each site. According to the Fig. 2, only 

the two sites located in the Ebrié Lagoon (Grand-

Bassam and Azito) exhibited all three types of 

lesions: necrosis, abscesses, and neoplasia. The 

Assinie site, which is the only site located in the 

Aby Lagoon, recorded only necrosis, with a 

prevalence of 21.1% which is 1.54 times and 2.44 

times lower than those recorded in Grand-Bassam 

and Azito, respectively. Azito was the most affected 

site, with a necrosis prevalence of 51.4%, neoplasia 

at 28.6%, and abscesses at 41.9%. These prevalence 
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rates were, respectively, 1.58 times, 1.23 times, and 

3.43 times higher than those observed at Grand-

Bassam. 

 

 

Fig. 2. Prevalence of different lesions in the three 

study sites 

 

Prevalence of tissue lesions in burrowed 

oysters 

Table 4 presents the prevalence of tissue lesions in 

oysters with infested shells. It is noteworthy that the 

prevalence of lesions increases with the number of 

oysters affected by shell damage. Indeed, the Assinie 

site, which recorded 155 oysters with damaged shells, 

showed only one type of lesion—necrosis. In contrast, 

a higher prevalence and diversity of lesions were 

recorded at the Grand-Bassam and Azito sites, which 

had 181 and 217 affected oysters, respectively. 

Moreover, the prevalence of necrosis was significantly 

higher in individuals from Azito (85.25%) compared 

to those from Grand-Bassam (64.64%) and Assinie 

(49.03%). Regarding neoplasia, Azito again ranked 

highest with a prevalence of 47.47%, slightly ahead of 

Grand-Bassam (46.41%). As for abscesses, the 

prevalence at the Azito site (69.59%) was more than 

2.86 times higher than that recorded at Grand-

Bassam.  

 

Within each site, the prevalence of lesions varied. The 

Assinie site recorded only one type of lesion 

(necrosis) with a prevalence of 49.03%. At Azito, 

necrosis prevalence (85.25%) was significantly 1.23 

times and 1.80 times higher than that of abscesses 

and neoplasia, respectively. At the Grand-Bassam 

site, the highest prevalence was also observed for 

necrosis (64.64%), followed by neoplasia (46.41%), 

and finally abscesses (24.31%). 

 

Table 4. Prevalence of gonadal, mantle, and gill tissues in oysters with infested shells 

Lagoons Sites Oyster shell-boring 
infestation 

Lesions prevalences p-value 

Necrosis (%) Neoplasia (%) Abscess (%) 

Aby Assinie 155 49.03cA 0.00bB 0.00cB 0.00 
Ebrié Grand-Bassam 181 64.64bA 46.41aB 24.31bC 0.00 

Azito 217 85.25aA 47.47aC 69.59aB 0.00 
p-value 0.00 0.00 0.00 0.00  

Within the same column, the lowercase letters a, b and c indicate a significant difference, while within the same 

row, the uppercase letters A, B and C indicate a significant difference. 

 

DISCUSSION 

This study aimed to evaluate the Polydora  index and 

histopathological lesions in the mantle, gill, and 

gonad tissues of the mangrove oyster Crassostrea 

gasar across three sites belonging to two lagoon 

systems in Côte d'Ivoire. These include the Assinie 

site in the Aby Lagoon system and the Grand-Bassam 

and Azito sites in the Ébrié Lagoon system. Based on 

the results, Assinie exhibited not only the lowest 

Polydora  index but also only one type of lesion.  

 

In contrast, Azito and Grand-Bassam recorded the 

highest numbers of burrowed (chambered) oysters, as 

well as the highest numbers and diversity of lesions. 

Furthermore, these two sites shared similar lesion 

types. The reduced number of burrowed oysters and 

lesions observed at Assinie suggests that oyster 

habitats at this site are less infested by Polydora  

worms and potentially less polluted compared to 

Grand-Bassam and Azito. The similarity in lesion 

types at Azito and Grand-Bassam may be explained 

by the comparable physicochemical parameters of the 

environment and the possible presence of similar 

pollutants, given that both sites belong to the same 

lagoon system. Indeed, being part of the same lagoon, 

these sites are likely exposed to the same types of 
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physical or chemical stressors, although the intensity 

may differ between locations. Chambon et al., 2007, 

demonstrated that environmental heterogeneity can 

significantly alter larval development and survival 

capacities of bentho-pelagic organisms, and that 

infestation by Polydora  sp. modifies respiratory 

behavior and induces oxidative stress in Crassostrea 

gigas. Moreover, these authors reported that harmful 

algal blooms also have detrimental effects on bivalves, 

causing behavioral changes, tissue lesions, and altered 

immune responses-often associated with 

immunosuppression or activation of antioxidant 

defenses. In addition, histopathological studies by 

(Haberkorn et al., 2010) on bivalve mollusks from 

polluted aquatic environments revealed an increased 

incidence of necrosis, tissue lesions, and vacuolization of 

the digestive epithelium. According to the same source, 

several histopathological studies also documented the 

presence of neoplasms (cancerous tumors) in the 

gonadal tissues of these mollusks. A macroscopic 

histopathological study conducted on tissues of the 

mangrove oyster Crassostrea rhizophorae, native to 

coastal areas of eastern South America, revealed 

tissue lesions caused by protozoan and metazoan 

parasites of the genera Nematopsis and 

Tylocephalum, respectively (Hégaret and Wikfors, 

2005; Hégaret et al., 2007, 2011). Similarly, a study 

on Crassostrea gasar from the Mamanguape River 

estuary (Brazil) by (Queiroga et al., 2013) identified 

the presence of Perkinsus sp., Nematopsis sp., 

Tylocephalum sp., and other parasites, with 

associated tissue damage in infected organs. Another 

study by (Zhang et al., 2020) on the scallop 

Patinopecten yessoensis infested by Polydora  

showed histological changes in the mantle, 

particularly an increase in mucous cells secreting acid 

mucopolysaccharides and alterations in mantle folds, 

suggesting a defensive response akin to the formation 

of repair layers in the shell. These structural changes 

may be analogous to the mantle lesions observed in 

the present study on mangrove oysters. (Joshy et al., 

2022) examined pathological changes in various 

bivalve species in relation to pollution, finding 

vacuolization, hemocyte infiltration, parasitic 

infestations, lamellar disorganization, and 

prokaryotic inclusions in gills and digestive glands. 

These types of lesions closely resemble those reported 

in this study when comparing sites.  

 

Finally, in a similar context, (Cole et al., 2020) 

investigated the spatial and seasonal patterns of 

infestation by Polydora  websteri in farmed oysters 

from the Gulf of Mexico. They found that infestation 

intensity varied significantly depending on location, 

stocking density, and local pollution levels, 

supporting the idea that more polluted or disturbed 

sites tend to exhibit higher Polydora  indices and 

more severe lesions. 

 

CONCLUSION 

This study provides the first quantification of the 

Polydora  index and associated histopathological 

lesions in Crassostrea gasar from the Ébrié and Aby 

lagoons in Côte d’Ivoire. It revealed the specific 

characteristics of each site. The Assinie site (Aby 

Lagoon) showed better oyster health, with a low 

Polydora  index and only one type of lesion, the gill 

necrosis, indicating a less stressful environment. In 

contrast, the Grand-Bassam and Azito sites (Ébrié 

Lagoon) had oysters in poorer health, with higher 

Polydora  indices and a greater diversity of lesions 

(necrosis, abscesses, neoplasia), reflecting a more 

polluted environment.  

 

A strong correlation was observed between 

Polydora  infestations and internal tissue lesions, 

indicating a direct impact on oyster health, likely 

worsened by environmental stressors such as 

pollution. The similarity in lesion profiles between 

Azito and Grand-Bassam further suggests the 

influence of shared environmental conditions 

within the same lagoon system. These findings 

highlight the need for regular health monitoring of 

oysters, which serve as effective bioindicators, and 

for management strategies aimed at reducing 

environmental stress, particularly in the heavily 

impacted Ébrié Lagoon. Further studies should 

incorporate analyses of environmental parameters 

and assess the long-term impacts of infestations on 

oyster reproduction and survival. 



 

 

175  Yapi et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 3, p. 169-176, 2025 

 
Int. J. Biosci. 

 
ACKNOWLEDGEMENTS 

We would like to thank the team at the Pathological 

Anatomy Laboratory of the Treichville University 

Hospital (CHU) for providing access to their 

technical facilities, which enabled us to carry out 

the histological sections. We also extend our 

gratitude to the management of the Oceanological 

Research Center for their support with sampling 

logistics. Finally, we thank the Laboratory of 

Animal Biology and Cytology at Nangui Abrogoua 

University for providing the sampling kit. 

 

REFERENCES 

Catherine M, Blateau D, Mazurie J, Le Bec C. 

1990. Anomalies des coquilles d’huîtres creuses 

Crassostrea gigas  observées sur le littoral français en 

mai-juin 1989 dues au ver Polydora  et aux peintures 

antisalissures. Rapports IFREMER, 109p. 

https://archimer.ifremer.fr/doc/00104/21491/ 

 

Catherine M, Dumont F, Ménanteau C, 

Pézeron A. 1996. Abnormalities of the 

Crassostrea gigas  oyster shells due to Polydora  

sp., observed in Pen-Bé and Mesquer harvesting 

areas (Loire-Atlantique) from 1988 to 1989. 

Rapport IFREMER, 42p. 

 

Chambon C, Legeay A, Durrieu G, Gonzalez 

P, Ciret P, Massabuau J-C. 2007. Influence of 

the parasite worm Polydora  sp. on the behaviour 

of the oyster Crassostrea gigas: A study of the 

respiratory impact and associated oxidative stress. 

Marine Biology 152(2), 329‑338. 

https://doi.org/10.1007/s00227-007-0693-1 

 

Cole SM, Dorgan KM, Walton W, 

Dzwonkowski B, Coogan J. 2020. Seasonal and 

spatial patterns of mudblister worm Polydora  

websteri infestation of farmed oysters in the 

northern Gulf of Mexico Aquaculture Environment 

Interactions 12, 297‑314. 

https://doi.org/10.3354/aei00365 

Costa LC, De O, Carvalho A, Holanda M, 

Santos J, Borges L, Guterres B, Nam Junior 

J, Fonseca V, Muller L, Romano L, Botelho 

S, Pias M, Ventura J, Poersch LH. 2023. 

Biological Responses of Oyster Crassostrea gasar 

Exposed to Different Concentrations of Biofloc. 

Fishes 8(12), 586. 

https://doi.org/10.3390/fishes8120586 

 

Da Silva PM, Scardua MP, Vianna RT, 

Mendonça RC, Vieira CB, Dungan CF, Scott 

GP, Reece KS. 2014. Two Perkinsus spp. Infect 

Crassostrea gasar oysters from cultured and wild 

populations of the Rio São Francisco estuary, 

Sergipe, northeastern Brazil. Journal of 

Invertebrate Pathology 119, 62‑71. 

https://doi.org/10.1016/j.jip.2014.04.005 

 

Fleury PG, Goyard E, Mazurié J, Claude S, 

Bouget JF, Langlade A, Le Coguic Y. 2001. 

The assessing of Pacific oyster (Crassostrea gigas) 

rearing performances by the IFREMER/REMORA 

network : Method and first results (1993–98) in 

Brittany (France). Hydrobiologia 465(1‑3), 

195‑208. 

https://doi.org/10.1023/A:1014531128458 

 

Haberkorn H, Lambert C, Le Goïc N, 

Guéguen M, Moal J, Palacios E, Lassus P. 

Soudant P. 2010. Effects of Alexandrium 

minutum exposure upon physiological and 

hematological variables of diploid and triploid 

oysters, Crassostrea gigas. Aquatic Toxicology 

97(2), 96‑108. 

https://doi.org/10.1016/j.aquatox.2009.12.006 

 

Hégaret H, Da Silva PM, Wikfors GH, 

Haberkorn H, Shumway SE, Soudant P. 2011. 

In vitro interactions between several species of 

harmful algae and haemocytes of bivalve molluscs. 

Cell Biology and Toxicology 27(4), 249‑266. 

https://doi.org/10.1007/s10565-011-9186-6 



 

 

176  Yapi et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 3, p. 169-176, 2025 

 
Int. J. Biosci. 

 
Hégaret H, da Silva PM, Wikfors GH, Lambert 

C, De Bettignies T, Shumway SE, Soudant P. 

2007. Hemocyte responses of Manila clams, 

Ruditapes philippinarum, with varying parasite, 

Perkinsus olseni, severity to toxic-algal exposures. 

Aquatic Toxicology 84(4), 469‑479. 

https://doi.org/10.1016/j.aquatox.2007.07.007 

 

Hégaret H, Wikfors GH. 2005. Effects of natural 

and field-simulated blooms of the dinoflagellate 

Prorocentrum minimum upon hemocytes of eastern 

oysters, Crassostrea virginica, from two different 

populations. Harmful Algae 4(2), 201‑209. 

https://doi.org/10.1016/j.hal.2003.12.005 

 

Joshy A, Sharma SRK, Mini KG, Gangadharan 

S, Pranav P. 2022. Histopathological evaluation of 

bivalves from the southwest coast of India as an 

indicator of environmental quality. Aquatic 

Toxicology 243, 106076. 

https://doi.org/10.1016/j.aquatox.2022.106076 

 

Martoja R, Martoja-Pierson M. 1967. Initiation 

aux techniques de l’histologie animale. 

https://www.sidalc.net/search/Record/oai:fvet.uba.a

r:biblioteca:1082/Description 

 

Queiroga FR, Marques-Santos LF, Hégaret H, 

Soudant P, Farias ND, Schlindwein AD, 

Mirella da Silva P. 2013. Immunological responses 

of the mangrove oysters Crassostrea gasar naturally 

infected by Perkinsus sp. In the Mamanguape 

Estuary, Paraíba state (Northeastern, Brazil). Fish 

and Shellfish Immunology 35(2), 319‑327.  

https://doi.org/10.1016/j.fsi.2013.04.034 

Queiroga FR, Vianna RT, Vieira CB, Farias 

ND, Silva PMD. 2015. Parasites infecting the 

cultured oyster Crassostrea gasar (Adanson, 1757) in 

Northeast Brazil. Parasitology 142(6), 756‑766.  

https://doi.org/10.1017/S0031182014001863 

 

Sato-Okoshi W, Okoshi K, Abe H, Dauvin J-C. 

2023. Polydorid species (Annelida: Spionidae) 

associated with commercially important oyster shells 

and their shell infestation along the coast of 

Normandy, in the English Channel, France. 

Aquaculture International 31(1), 195‑230. 

https://doi.org/10.1007/s10499-022-00971-y 

 

Yapi JN, Blé MC, Etchian AO, Kadjo V, Soro D, 

Yao K. 2016. Actors and effort of the artisanal 

harvesting of mangrove oyster Crassostrea gasar 

along the littoral lagoons Ebrié and Aby (Côte 

d’Ivoire). International Journal of Biosciences (IJB) 

9(6), 45‑54. 

http://dx.doi.org/10.12692/ijb/9.6.45-54 

 

Yapi JN, Ble MC, Etchian AO, Yao K. 2017. 

Population Dynamics of Mangrove Oyster, 

Crassostrea gasar of the Lagoons Ebrié and Aby 

(Côte d’Ivoire). International Journal of Sciences: 

Basic and Applied Research (IJSBAR) 36(8), 122-137. 

 

Zhang W, Mao J, Yuan, C, Yang J, Han B, 

Wang X, Ding J, Chang Y. 2020. Histological 

Changes in the Mantle Tissue of the Yesso Scallop 

Patinopecten yessoensis Shell Infested by Polydora. 

The Journal of Shellfish Research 39(1), 87‑97. 

https://doi.org/10.2983/035.039.0109 

 


