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Abstract 

 The motivation for this work is to identify and calculate the prevalence and intensity of parasites and 

pathogens in a farmed blue mussel (Mytilus edulis) population from Casco Bay, Maine to form a better 

understanding of how climate change is going to affect mussel aquaculture in the future.  Through the use of 

histopathology, parasites and pathogens were quantified to determine their potential effect on the health of farmed 

mussels while determining a baseline of what histopathological parameters are present at the farm. From February 

to August 2017, mussels sampled from Bangs Island Mussel Farm were surveyed for three focus parasites along 

with histopathological parameters that were responses to stress or pathogen infection. Mussel samples were taken 

from rafts at Bangs Island (offshore site) and Clapboard Island (onshore site).The most significant finding was a 

high prevalence of oocyte atresia found in 95.83% of mussels sampled in the study. A presence of gill ciliates, 

digestive gland atrophy, and multiple unidentified infections were also documented. Two female mussels sampled 

had evidence of trematode infections within their mantle tissue. These findings conclude there is a presence of 

histopathological parameters infecting the farmed blue mussels that can cause negative impacts on the health of 

the farms overall. Further analysis of these histopathological parameters as well as environmental data from the 

sites can give an insight into how these findings are affecting the mussels and how climate change will affect 

parasites and pathogens present in the Gulf of Maine.  
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Introduction 

The blue mussel (Mytilus edulis) is a high quality profitable product that is in high demand on the East 

Coast. In 2014, it is estimated that 4 million pounds of blue mussels, amounting to $10 million, were harvested 

with 85% being harvested from the Gulf of Maine (Sorte, 2016). However, due to the effects of climate change, 

increased water temperature and ocean acidification, mussel farmers are questioning how it will affect their rope 

grown stock populations. From 2004 to 2013 the Gulf of Maine has been warming at a faster rate than 99.9% of 

the world’s oceans (Pershing et al., 2015). This increase in temperature brings changes in ocean chemistry as well 

as new species that will affect the blue mussel population. These effects were documented during the summer of 

2016, with reports from Bangs Island Mussel Farm in Casco Bay, Maine experiencing a mass die off of 

approximately $60,000 worth of mussels for unknown reasons.   

The blue mussel aquaculture industry in Maine will not be able to thrive if these mass die offs continue to 

occur. Bangs Island Mussel Farm reported that its mussels demonstrated a mass out of season spawning followed 

by the mass mortality event. This odd reproductive behavior has been documented in mussel farms in previous 

years farther north in the Gulf of St. Lawrence and is a response to the mussels experiencing severe stress (Myrand 

et al., 2000).  Through a combination of environmental monitoring and documentation of reproductive tissues, 

storage tissues, fatty acids, and pathology of blue mussels, an important environmentally referenced condition 

and pathological baseline can be established.  

This study focused on the presence of different pathogens and parasites in samples from the mussel farm 

as a contribution to an overall health analysis of this farmed population with multiple parameters. Through the 

use of histopathology, samples were surveyed to identify and determine the contribution or parasitic and 

pathologic infection to the overall health of the mussels. Three focus parasites as well as multiple indicators of 

environmental stress and pathologic infection were surveyed.  

 

Methods 

Over a six month period from February to August of 2017, mussels were collected off of rafts located at 

Clapboard Island (inshore site) and Bangs Island (offshore site) from Bangs Island Mussel Farm located in Casco 

Bay (Figure 1). At the beginning of each month, 5 mussels were randomly collected from both sites and processed 

for histology through the University of New England Histology and Imaging CORE facility. The months of 



 
 

February and March had only 3 mussels sampled per site 

due to availability and all calculations were modified 

accordingly for those months. Each sampled mussel was 

measured, weighed, and dissected completely intact from 

its shell. The shell and meat weight were documented 

followed by the meat being placed in 10% formalin and 

filtered sea water solution for 24 hours. The tissue was then 

rinsed and stored in 70% ethanol until processed. The 

anterior portion of each mussel sample was used to produce 

5 slides sectioned every 1,000um at 5um in thickness. 

Samples were stained with Hematoxylin and Eosin and 

then examined through the use of a light microscope.   

Two of the five slides produced from the anterior 

portion of the mussel tissue sample were surveyed for focus 

parasites and indicators of pathologic infection. 

Quantification of parasites and pathogens was conducted 

by counting individual occurrences or rating the severity of the infection on a scale of 0-4 with 0 showing no sign 

of infection and 4 demonstrating over ¾ of the tissue 

infected.  

Quantified parasite and pathogen data was 

analyzed by calculating the prevalence and intensity of 

each histopathological parameter. These values were 

calculated using formulas (Figure 2) from a Mussel Watch 

Monitoring Program established by the National Oceanic 

and Atmospheric Administration (NOAA). Prevalence 

was calculated by the sum of host mussels with parasite or 

pathology divided by the number of analyzed hosts 

multiplied by 100 to calculate a percentage of prevalence 

within the mussel population. Intensity was calculated by taking the sum of occurrences of a parasite or pathology 

within a mussel sample and dividing it by the number of hosts with that parasite or pathogen present. The intensity 

of pathological factors that were quantified through a 0 to 4 severity rating were weighted on a 0 to 100 scale 

using the third formula in Figure 2. Prevalence and intensity values were calculated for each pathological factor 

over the course of the six month survey as a whole and by each individual month to produce a timeline of infection 

severity. Trematode infections were surveyed on a qualitative basis of present or not present and had only 

prevalence values calculated 

 

Results  
Parasites surveyed were Stenhausia mytovilum, Proctoeces maculatus as well as other trematode species, 

and Ancistrum mytili along with other unknown gill ciliates. Indicators of infection or stress on the mussels was 

also documented including oocyte atresia, hemocyte filled mantle follicles, granulocytomas, and atrophy of the 

digestive tissue. Eosinophilic stained bodies were also scaled within the gills and digestive tissue of samples. 

Throughout the six month sampling period, there were no identified occurrences of Stenhausia mytovilum, 

granulocytomas, or Ancistrum mytili. 

 

Prevalence of Pathogens and Parasites 

 The most prevalent pathological finding was oocyte atresia (Figure 3A), the degeneration of eggs within 

the reproductive mantle tissue which was quantified by rating the severity of degenerated eggs on a scale from 0 

to 4. This degeneration was present in 95.83% of all the female mussels surveyed with all females sampled from 

Bangs Island and all but one female from Clapboard Island exhibiting some presence of oocyte atresia. Hemocytic 

filled follicles (Figure 3B) within the mantle were present in 14.29% of mussels from Bangs Island and 26.92% 

Figure 1. A map of Casco Bay, Maine with indicated locations of the inshore 
and offshore rafts of Bangs Island Mussel Farm. 

Figure 2: Formulas for intensity and prevalence of infection used from the 

NOAA Mussel Watch Monitoring Program (Apeti, 2014).  



 
 

from Clapboard Island.  No gill ciliates were found at the Clapboard site throughout the survey, but a prevalence 

of 28.57% were identified at Bangs Island with none confirmed as species Ancistrum mytili (Figure 3C). Clusters 

of eosin stained bodies were documented attached to the gill lamellae quantified with the 0 to 4 scale of its 

prevalence within the infected tissue (Figure 3D). These clusters were found in 16.86% of mussels from Bangs 

Island and 80.77% of mussels from Clapboard Island. Eosin stained clusters were also located in the digestive 

caecum in much lower prevalence of only 3.57% at Bangs Island and 7.69% at Clapboard Island (Figure 3E). 

Digestive gland atrophy, the degeneration of the digestive lining within the intestines and digestive caecum, was 

also rated with the 0 to 4 scale and found to be present in 35.71% of mussels from Bangs and 46.15% of mussels 

from Clapboard (Figure 3F). Trematode infections were only identified in two female mussels from Clapboard 

resulting in a 7.70% prevalence for that site (Figure 3G & 3H). 

 

 

 

Prevalence 

Site Male Female H/N total 

mussels 

S. mytovilum Atresia HMF Trematode GRN A. 

mytili 

Unidentified 

Gill Ciliates 

Eosin 

Gill 

Bodies 

Eosin 

Digestiv

e Bodies 

Digestive 

Gland 

Atrophy 

Bangs 13 13 2 28 0% 100% 14.29% 0% 0% 0% 28.57% 16.86% 3.57% 35.71% 

Clap 12 12 2 26 0% 83.00% 26.92% 7.70% 0% 0% 0% 80.77% 7.69% 46.15% 

Both 25 25 4 54 0% 95.83% 20.37% 3.70% 0% 0% 14.81% 72.22% 5.56% 42.59% 
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Table 1: Calculated overall prevalence values for each histopathological parameters for each site and both sites together. H/N: Hermaphrodites/Gender Undetermined, MHF: Mantle 

Hemocyte filled Follicles, GRN: Granulocytomas  

Figure 3: Micrographs of documented pathogens and parasites from sampled mussels. A) 
Female oocyte atresia, B) Hemocyte filled follicle in the mantle tissue of a female mussel. C) 

Unknown gill ciliate anchored to gill lamellae. D) Eosinophilic bodies clustered on infected gill 

lamellae 



 
 

Figure 3 (cont.): E) Eosinophilic cluster within digestive tissue lining,  F) Digestive gland 

atrophy, black arrow identifies a degenerated digestive caecum compared to healthy digestive 
caecum (red arrow), G) Germinal balls containing trematode sporocysts within  mantle tissue, 

H) Trematode Cercaria in an infected oocyte.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           Calculated prevalence 

values of pathological 

factors by individual month 

at each site documents a 

timeline of infection 

commonness within the 

mussels over the course of 

the six month study. As seen 

in Figure 4, at the Bangs 

Island site oocyte atresia was 

at 100% prevalence for all 

months, except for August 

because there were no 

females present in the 

collected sample.  Hemocyte 

filled mantle follicles were 

most prevalent in the month 

of May and were not present 

for the rest of the summer. 

Unknown gill ciliates were at little to no prevalence for the beginning of the study, but increased in prevalence in 

May and as the summer continued. Eosin stained clusters on the gills were in very high prevalence at the beginning 

of the study, but decreased significantly with no accounts of these clusters in May to then increase again for the 

rest of the summer.  Eosin clusters within the digestive system were not present until the end of the summer when 

F E 

G H 

C D 

Figure 4: Calculated prevalence of each identified histopathological parameter per month from offshore sampling site 

at Bangs Island.  
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they were identified in the 

mussel samples from August. 

Atrophy of digestive tissue in 

the sampled mussels from 

Bangs demonstrated a steady 

increase in prevalence over the 

course of the summer.  

The Clapboard Island 

sampling site (Figure 5) also 

demonstrated very high 

prevalence values of oocyte 

atresia each month throughout 

the study. There is no atresia 

data for the month of May 

because no females were 

present in the collected sample. 

Hemocyte filled follicles within 

the mantle remained relatively constant throughout the study while Eosinophilic bodies in the gill decreased in 

prevalence at the beginning of the study and remained relatively constant afterwards. Eosinophilic bodies in the 

digestive tissue were not present until the month of August while atrophy of digestive glands increased 

significantly after the month of May. The Clapboard site was the only site to exhibit a trematode presence which 

was identified in August. Both infections exhibited minimal germinal balls containing trematode sporocysts 

within the mantle as well as trematode cercaria living within oocytes.  

 

Intensity of Parasites and Pathogens 

 The overall intensity of each pathological factor for each site as well as the whole study was calculated to 

determine the intensity of infections found within the sampled mussels (Table 2). Hemocyte filled follicles in the 

mantle and unidentified gill ciliates were the only present pathogens that were quantified by counting number of 

occurrences. Both pathological factors showed low intensities throughout the study at both sites with an overall 

intensity of 4.18 for hemocyte mantle follicles and 2.5 for unidentified gill ciliates. The remaining pathological 

factors identified in the study were quantified with the 0 to 4 severity rating and were weighted onto a 0 to 100 

scale with 0 showing no intensity and 100 being the most intense infection. Oocyte atresia demonstrated a high 

overall intensity of infection at 46.13 for the entire study. Bangs and Clapboard sites had very close intensities of 

48.13 and 48.75 respectively. Eosinophilic bodies were relatively close in intensity value with 28.25 for Bangs, 

23.75 for Clapboard, and an overall intensity of 26.00 for the study. The intensity of eosin stained clusters within  
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Figure 5: Calculated prevalence of each identified histopathological parameter per month from onshore sampling site 

at Clapboard Island.  

Table 2: Calculated overall intensity values for each histopathological parameter from both sites individually and from the entire survey. Parameters quantified using a 

0 to 4 severity scale were scaled using the third formula in figure 2 to be scaled for a 0 to 100 scale of intensity.  



 
 

digestive tissue was the same for both sites and calculated overall intensity at 12.50. The intensity of digestive 

gland atrophy was only 8.88 at the Bangs site, but 21.88 for Clapboard and calculated as 21.75 overall. 

 

Calculated intensity values of 

pathological factors by individual month 

at each site documents a timeline of 

infection severity within the mussels 

over the course of the six month study. 

For unscaled factors at Bangs Island 

(Figure 6), hemocyte filled mantle 

follicles had the highest intensity in the 

month of March at an intensity rating of 

8.00 with very low to no intensity for the 

rest of the study. Unknown gill ciliates 

had relatively low intensity that 

increased over the course of the study 

and peaked in July with an intensity 

rating of 4.00.  

For scaled factors surveyed at 

Bangs Island (Figure 7), oocyte atresia 

had increasing intensity that peaked in 

June at 75.00 intensity rating. 

Eosinophilic bodies identified infecting 

the gills remained relatively constant for 

most of the study with no sign of 

infection in May and a highest calculated 

intensity in April and July at 34.38. 

Eosinophilic bodies within the digestive 

tissue was not present in the study until 

August with an intensity of 12.50. 

Digestive gland atrophy was most intense 

in May with a rating of 25.00 and 

remained constant for the rest of the 

study.  

 The only unscaled pathological 

factor present at the Clapboard Island 

site were hemocyte filled mantle follicles 

which had a low intensity around 1.00 

until increasing in intensity at 13.50 in 

August. At the Clapboard site, oocyte 

atresia had the highest intensities in 

March at 56.25 and August at 62.50 

(Figure 8). Eosinophilic bodies within 

the gills were most intense in February at 

41.63 while clusters within the digestive 

tissue had an exact pattern to Bangs, no 

sign of infection until August with an 

intensity of 12.50. The intensity of 

digestive gland atrophy fluctuated 

between 25.00 in April and June and 
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Figure 7: Calculated intensity values of histopathological parameters quantified by severity scale plotted 

by month from Bangs Island site.   

Figure 6: Calculated intensity of histopathological parameters quantified by occurrence, plotted by month 

from Bangs Island site.   

Figure 8: Calculated intensity values of histopathological parameters quantified by severity scale plotted by 

month from Clapboard Island site.   

 



 
 

0.00 in February, March and May. Digestive gland atrophy was most intense in August with an intensity rating 

of 31.25. 

 

Other Sightings 

 Throughout the course of the survey, multiple pathogens and parasites were documented other than the 

set focus histopathological parameters, but could not be distinguished as specific infections (Figure 9). The 

majority of these sightings had only one occurrence and were therefore not included in the prevalence and 

intensity calculations. Due to their minimal prevalence, they are not considered major concerns to the overall 

health of the mussels at either site.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A B 

C D 
Figure 9: A) Unidentified colony of prokaryotic organisms infecting gill tissue. B) Unknown 
sporocyte like infection in male gonad. C) Unknown ciliate like organism residing in digestive 

caecum tissue. D) Hemocytic infiltration of digestive tissue.  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion: 

From the data collected, the most prevalent and intense pathologic factor identified in the mussel samples 

was oocyte atresia which was documented in all but one female mussel in the study. Oocyte atresia is documented 

to be present during winter months due to unfavorable spawning conditions and scarce food resulting in the mussel 

breaking down the oocytes to regain nutrients (Suarez, 2005). However, the oocyte atresia does not decrease in 

prevalence for either site and increases in intensity into the summer months at the Clapboard Island site. This 

means that mussel farms are lacking nutrients or have undesirable environmental conditions for spawning. This 

could cause potential negative impacts on the reproductive success of the mussels, if a portion of the mature 

oocytes are being broken down and not released into the water. A controlled study looking at the effect of crude 

oil exposure on reproductive processes in blue mussels found an increase in oocyte atresia in female mussels 

exposed to oil during gonadal development (Baussaunt, 2011). Until receiving environmental data recorded at the 

sites throughout the study, an environmental pollutant cannot be ruled out as a potential cause of the highly 

prevalent oocyte atresia found at Bangs and Clapboard Island.   

Ciliates identified within this study were at a low intensity throughout with no accounts of ciliates at the 

Clapboard site. These infections are not usually associated with a host response or substantial negative impact on 

gill tissue. In some cases, ciliate infections can create a xenoma within infected cells, but none were identified 

within this survey (Apeti, 2014). A survey of gill ciliates conducted by the Mussel Watch Monitoring Program 

found that ciliate infections can be site-specific with low intensities (Apeti, 2014). This could be reason for the 

presence of gill ciliates at the Bangs Island site and not Clapboard Island. Potentially, the offshore location could 

be more favorable for these ciliates to survive compared to the onshore Clapboard location.  

The unidentified eosinophilic body concentrations within the gills and digestive tissue have not been 

highly documented in other studies. The clusters identified in the gills are currently believed to be some sporocyte 

infecting the gill lamellae tissue, but it is unclear their impact on the functioning of the gill tissue. Further analysis 

needs to be conducted to accurately identify this infection and determine its impact on the mussels. From the data 

collected, these clusters are found to be more prevalent at Bangs Island than Clapboard, but have similar infection 

E F 

G H 
Figure 9 (cont.): E) Unknown objects embedded into the stomach lining. F) Ciliate like 

organisms infecting the intestine. G & H) Unidentified chlamydia-like organisms residing in 
digestive tissue.  



 
 

intensities. The concentrations of eosinophilic stained bodies identified within the digestive tissue of mussels was 

only found in August and exhibits a very low prevalence and intensity. Further analysis of this infection needs to 

be analyzed for accurate identification, but is also currently believed to be some sort of sporocyte. Due to its low 

presence in the mussels and assumed minimal negative impact on digestive function, this parasite is believed to 

have little effect on the overall health of the mussels.  

Digestive gland atrophy was highly prevalent in both sites, especially from the month of May to the end 

of the sampling period in August. This degeneration of digestive tissue is a common occurrence usually associated 

with environmental stressors such as poor nutrition or lack of food and exposure to environmental contaminants 

(Apeti, 2014). The intensity of this disease was higher at Clapboard Island than Bangs Island which potentially is 

a result of differences in food availability between sites. However, the intensity throughout the study was 

generally low with no severe cases of digestive gland atrophy identified. This histopathologic parameter is not 

assumed to cause serious negative impact on the health of the mussels in the study because it is documented in 

low severity.  

Trematode infections were identified in August in two female mussels from the Clapboard site. Although 

low in prevalence, this identification of trematode disease could be problematic towards the future of the mussel 

population. Certain trematode species can have significant negative impacts on mussel populations. Severe 

infections can result in castration, negatively impacted growth and locomotion, or death of the mussel (Darriba, 

2017). The species of trematode present in these mussels is not currently identified, but does demonstrate multiple 

larval stages of germinal balls and cercaria within the mantle tissue and oocytes. Further analysis can hopefully 

identify the trematode species to determine its potential impact on the future health of the mussels. DNA gene 

sequencing  of mussel tissue from the farm can be used to determine if this trematode is Proctoeces maculatus, a 

subtropical trematode that is expanding its habitat northward due to warming waters as a result of climate change. 

 

Conclusion:  
The results from this histopathological survey can conclude that there is a presence of parasites and 

pathogens in the mussels sampled. For the most part, these histopathological parameters are low enough in 

intensity or prevalence that they are not a serious threat to the overall health of the mussels. However, the high 

prevalence and intensity of oocyte atresia and presence of a trematode infection leads concern to the future health 

of these mussels. Further analysis and continued sampling of the sites needs to be conducted in order to gain a 

better understanding of the impact of these different diseases. Also, the addition of recorded environmental 

conditions at the mussel farms to the data set will allow for a better understanding of environmental differences 

between the two sites and how climate change is altering the Gulf of Maine.    
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