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Abstract

I describe the presence and distribution of parasites found in two common marine 

animals in the Mount Desert Island (MDI) area. Periwinkles are common snails found in the 

intertidal zone of shorelines, and are frequently infected with flatworms. Flatworm infection 

varied among the three species of periwinkle found in Maine and among different sites on 

MDI and nearby islands. Even within a site there was variation in infection, with more 

infected periwinkles occurring in the lower intertidal. Mummichogs, small fish that live 

along the coast, are host to a variety of parasites. Mummichog parasites varied in species of 

parasite and commonness of infection between two locations, one a site with high 

concentrations of metals from mining and the other a site with no metal contamination. Some 

species of parasites were more common in each site, with no consistent pattern of which site 

had more heavily parasitized fish. Both studies show that the distribution of parasites can 

vary over small geographic scales, which may lead to differences in the ecological and 

evolutionary importance of parasites for host populations in these common and ecologically 

important species. 
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Part I: 

Parasitism in Littorina spp. and Fundulus heteroclitus

My senior project is a study of parasitism in periwinkles (Littorina spp.), common snails 

of the intertidal, and mummichogs (Fundulus heteroclitus), small fish found along the coast. 

There are three main parts of my senior project: first, this introduction and explanation of the 

project you are currently reading; second, a manuscript describing the periwinkle study; and 

third, a guide to the parasites I found in the mummichogs that can be used to continue this 

research project or in other mummichog-parasite work. 

My focus at College of the Atlantic has been mainly in biology, particularly zoology. 

Although my interests include most major groups of animals, I chose to work on parasite 

research for my senior project because parasitology ties together my interests in ecology, 

evolution, and invertebrates. 

Parasitism has strong roles in both ecology and evolution. Parasites can change  how 

species interact by making their hosts more conspicuous to predators (Moore 2002), by 

changing how animals graze on grasses and algae (Hutchings et al. 1999; Wood et al. 2007), 

and by reducing ability to compete for resources (Torchin et al. 2001; Torchin et al. 2002). 

These effects of parasites, as well as other costs such as castration from parasitic infections, 

can influence the evolution of species that are hosts to parasites. Populations of the host 

species that are exposed to high rates of parasite infection may evolve increased immune 

response (Bryan-Walker et al. 2007) or changes in reproduction (Fredensborg and Poulin 

2006; Granovitch et al. 2009) that aren't found in similar populations without high rates of 
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parasite infection.

For my project I worked with two common organisms, perwinkles and mummichogs, that 

are often used to research evolutionary, ecological, and physiological questions (Johannesson 

1988; Reid 1990; Johannesson 2003; Burnett et al. 2007). These animals have fairly well-

studied parasites (James 1968; Stunkard 1983; Hoffman 1999; Harris and Vogelbein 2006; 

Byers et al. 2008) that may influence their biology and evolution. Both organisms are 

common throughout the MDI area, allowing comparisons of parasitism across sites, and offer 

ways to integrate parasites into evolutionary and ecological research. The three species of 

periwinkles that are found on MDI have different reproductive strategies (Reid 1990), which 

may affect the species' abilities to evolve in response to a high risk of infection at a site. 

Mummichogs living in an old mine site and in a site with no metal contamination present the 

opportunity to test if metal pollutants may make the fish more susceptible to parasites and 

lead to changes in immune system evolution, as is thought to happen with PCB pollution 

(Cohen 2002). 

I began working the periwinkle project this past summer (2010), and continued collecting 

samples in the fall of 2010 and spring of 2011. I took samples of mummichogs in the summer 

and kept them frozen until winter, when I did the dissections. In the spring I worked on data 

analysis, interpretation of the results, and the writing of my senior project. 
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someone who likes weird creatures. I am grateful to everyone who helped me collect 

periwinkle data, including Helen, Chris, Marissa Altmann, Alex Brett, Dale Quinby, and the 

2010 Marine Biology class, who were an amazing help with the mark-recapture experiment. 

Jeb Byers and April Blakeslee gave me advice and assistance with trematode identification, 

and Robin Overstreet helped me greatly with mummichog parasite identification. 

Literature Cited:

Burnett, K.G., L.J. Bain, W.S. Baldwin, G.V. Callard, S. Cohen, R.T. Di Giulio, D.H. 

Evans, M. Gomez-Chiarri, M.E. Hahan, C.A. Hoover, S.I. Karchner, F. Katoh, D.L. 

MacLatchy, W.S. Marshall, J.N. Meyer, D.E. Nacci, M.F. Oleksiak, B.B. Rees, T.D. Singer, 

J.J. Stegeman, D.W. Towle, P.A. Van Veld, W.K. Vogelbein, A. Whitehead, R.N. Winn, and 

D.L. Crawford. 2007. Fundulus as the premier teleost model in environmental biology: 

opportunities for new insights using genomics. Comparative Biochemistry and Physiology  - 

Part D: Genomics and Proteomics 2:257–286. 

Byers, J.E., A.M.H. Blakeslee, E. Linder,  A.B. Cooper, and T.J. McGuire. 2008. 

Controls of spatial variation in the prevalence of trematode parasites infecting a marine snail. 

Ecology 89:439–451.

Cohen, S. 2002. Strong positive selection and habitat-specific amino acid substitution 

patterns in Mhc from an estuarine fish under intense pollution stress. Molecular Biology and 

Evolution 19:1870–1880. 

Harris, C.E., and W.K. Vogelbein. 2006. Parasites of mummichogs, Fundulus 



Van Dyke     Page 7

heteroclitus, from the York River, Virginia, U.S.A, with a checklist of parasites of Atlantic 

coast Fundulus spp. Comparative Parasitology 73:72–110. 

Hoffman, G.L. 1999. Parasites of North American Freshwater Fishes, 2nd edition. 

Cornell University Press, New York.

Hutchings, M.R., I. Kyriazakis, I.J. Gordon, and F. Jackson. 1999. Trade-offs between 

nutrient intake and faecal avoidance in herbivore foraging decisions: the effect of animal 

parasitic status, level of feeding motivation and sward nitrogen content. Journal of Animal 

Ecology 68:310–323. 

James, B. 1968. The distribution and keys of species in the family Littorinidae and of 

their digenean parasites, in the region of Dale, Pembrokeshire. Field Studies 2:615–650. 

Johannesson, K. 1988. The paradox of Rockall: why is a brooding gastropod (Littorina 

saxatilis) more widespread than one having a planktonic larval dispersal stage (L. littorea)? 

Marine Biology 99:507–513. 

Johannesson, K. 2003. Evolution in Littorina: ecology matters. Journal of Sea Research 

49:107–117. 

Moore, J. 2002. Parasites and the Behavior of Animals. Oxford University Press, New 

York, NY. 315 pp.

Reid, D.G. 1990. A cladistic phylogeny of the genus Littorina (Gastropoda): implications 

for evolution of reproductive strategies and for classification. Hydrobiologia 193:1–19. 

Stunkard, H. 1983. The marine cercariae of the Woods Hole, Massachusetts region, a 

review and a revision. Biological Bulletin 164:143–162.

Torchin, M.E., K.D. Lafferty, and A.M. Kuris. 2001. Release from parasites as natural 



Van Dyke     Page 8

enemies: increased performance of a globally introduced marine crab. Biological Invasions 

3:333–345.

Torchin, M.E., K.D. Lafferty, and A.M. Kuris. 2002. Parasites and marine invasions. 

Parasitology 124:S137–S151. 

Wood, C.L., J.E. Byers, K.L. Cottingham, I. Altman, M.J. Donahue, and A.M.H 

Blakeslee. 2007. Parasites alter community structure. Proceedings of the National Academy 

of Sciences 104:9335–9339.



Van Dyke     Page 9

Part II: 

Spatial Variation in Trematode Parasitism of Littorina spp.

Robin Van Dyke1,2

1College of the Atlantic, Bar Harbor, ME 04609

2Mount Desert Biological Laboratory, Salisbury Cove, ME 04672

105 Eden St, Bar Harbor , ME 04609

rvandyke@coa.edu



Van Dyke     Page 10

Abstract

Parasitic flatworms commonly infect three species of Littorina, intertidal snails found in 

the Mount Desert Island area. Infection is non-fatal, but typically castrates the snail, as 

worms grow and reproduce relying on energy from host tissues.  Both the prevalence of 

flatworm parasitism and the species of parasites infecting the snails varied among Littorina 

species and among sites on a very fine geographical scale. Even within a site, parasite 

prevalence varied, with higher infection rates in the lower reaches of the intertidal. 

Introduction

Parasitism is an important factor in ecosystem structure (Poulin and Mouritsen 2006; 

Woods et al. 2007), yet patterns of parasite prevalence remain largely unexplored in most 

systems. Parasites can affect numerous aspects of their host's biology, such as fecundity 

(Sindermann and Farrin 1962) and behavior (Moore 2002). Parasites that castrate their hosts 

can not only dramatically reduce the fitness of their host, but can also depress the 

reproductive potential of heavily infected host populations (Lafferty 1993; Sindermann and 

Farrin 1962). Behavioral alterations of hosts can result in increased susceptibility to 

predation (Lafferty and Morris 1996) and lower grazing rate (Wood et al. 2007). When 

parasites modify host behavior, infected individuals have reduced fitness and predator 

populations can exploit a pool of easy prey, changing the predator-prey dynamic (Lafferty 

1992; Lafferty and Morris 1996). Parasitism can also affect trophic interactions through 

reduced grazing by parasite-impaired herbivores (Wood et al. 2007). This could favor species 

that are typically grazed by the host species and change community composition (Lubchenco 
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1978). 

Parasites may also limit the population size or competitive ability of hosts, which could 

contribute to the invasiveness of introduced species (Torchin et al. 2002). When species are 

introduced to a new area they often do not carry with them the full complement of parasites 

from their native range. Introduced populations of Carcinus maenas Linnaeus (European 

Green Crab) have been found to have fewer parasites and be larger than conspecifics in their 

native range, which could give them a competitive edge over native species of crabs that are 

parasitized (Torchin et al. 2001). 

In addition to changes in species composition and abundance, the fitness costs of 

parasites can lead to evolution in a host species. There are several avenues for host evolution 

in response to parasitism, including behavioral avoidance of parasites (Hutchings et al. 

1999), increased immune response (Bryan-Walker et al. 2007), and altered life history 

(Fredensborg and Poulin 2006; Granovitch et al. 2009). One method of reducing the cost of 

parasitism is to lower the risk of infection. Herbivores that become infected by ingesting 

parasites with their food can avoid grazing in areas of likely contamination, as with sheep 

that prefer not to graze near conspecifics' feces, which can carry parasite eggs and larvae 

(Hutchings et al. 1999). The costs of parasite infection may also be mitigated post-infection 

through immune response or changes in life-history. Amphipods from parasite-infected 

populations showed heightened immune response to experimental infection when compared 

with conspecifics from a nearby uninfected population, and were able to successfully kill 

more of the parasites infecting them (Bryan-Walker et al. 2007). Life-history traits in highly 

infected populations can reduce fitness costs, rather than parasite infections, of infected 
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hosts. Greater fecundity (Granovitch et al. 2009) and larger offspring, faster growth, and 

younger reproductive maturity (Fredensborg and Poulin 2006) have been found in 

populations of snails that are commonly infected by parasitic castrators. This could be an 

adaptation to a shorter expected reproductive life time, due to the high chance of future 

reproduction being lost to castration by the parasites. 

In this study, I examine trematode (flatworm) infection in three common species of 

intertidal snail, Littorina littorea Linnaeus (Common Periwinkle), L. obtusata Linnaeus 

(Smooth Periwinkle), and L. saxatilis Olivi (Rough Periwinkle) on Mount Desert Island, ME, 

U.S.A. (MDI) and vicinity. Snails are infected by ingesting trematode eggs while grazing on 

algae in the intertidal zone (Sindermann and Farrin 1962). The snail sheds cercaria larvae, 

infective stages that penetrate fish. The fish are eaten by seabirds, and the trematodes mature 

in the bird’s gut and release eggs with the host’s feces. Trematode infection is not lethal, but 

typically castrates the snail hosts (Kuris and Lafferty 1994). 

Spatial patterns of trematode prevalence have been described for L. littorea in southern 

Maine and New England (Byers et al. 2008). Byers et al. found variation in trematode 

prevalence among sampled sites, and higher prevalence at sites with greater sea bird 

abundance. They propose that greater abundance of the trematodes' final hosts leads to 

greater exposure of the snails to trematode eggs in bird feces, and consequently higher 

infection rates. Snails were sampled from sites in Downeast Maine, north of the sites used by 

Byers et al. to expand this type of study to a new geographic range. Additionally, spatial 

patterns were examined on a finer scale, that of tidal height within sites. This study also 

expands the work from a focus on L. littorea to include all three common congeners in the 



Van Dyke     Page 13

region,  L. littorea, L. obtusata, and L. saxatilis, to broaden the range of host species. These 

three Littorina species co-occur in the intertidal, are all parasitized by trematodes, and share 

similar ecological traits. However, they differ in life-history characteristics that may 

influence spatial patterns of parasitism. Littorina littorea has planktonic larvae that may be 

widely dispersed (Johannesson 1988; Reid 1990), while L. obtusata and L. saxatilis both 

have crawl-away young, which hatch from demersal egg masses in L. obtusata and are 

brooded in brood pouches in L. saxatilis (Blakeslee and Byers 2008; Reid 1990). Because L.  

obtusata and L. saxatilis offspring are much more likely to remain in the location of their 

parents, these species may be more likely to adapt to local conditions than L. littorea, whose 

offspring may recruit to very different environments than their parents. Sites with high 

prevalences of trematode parasites, which carry the high fitness cost of castration, may lead 

to evolution of mechanisms to avoid infection. If larval dispersal limits the ability of L. 

littorea to adapt to greater abundance of parasites, L. obtusata and L. saxatilis may have 

lower trematode prevalence. 

Field-Site Description

Littorina spp. were collected from 9 sites in the MDI area (Fig. 1). Sites were located at 

College of the Atlantic, Mount Desert Island Biological Laboratory, Bar Harbor Town Hill 

Landing, Bartlett's Landing, two small islands off Bartlett's Landing, Mount Desert Rock, 

and two locations on Great Duck Island. Within each site, collections were categorized as 

from the high or low intertidal. Subtidal collections were also taken from two of the sites. 

High tide collections were made at the upper reaches of each species’ vertical range, well 
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above the fucoid zone in the intertidal, and low tide collections were made within and below 

the fucoid zone. Subtidal collections were taken during low tides at  <-5 ft tidal height. Not 

all species of Littorina were present at all sites, and in some cases species were not present in 

broad enough intertidal ranges for both high and low collections. 

Methods

To assess snails for trematode infection, the snails' shells were cracked open and the soft 

body of each snail was examined under a dissecting microscope. Trematodes were identified 

with keys from James (1968), Stunkard (1983), and Blakeslee and Byers (2008), and 

confirmed from digital photographs by April Blakeslee (Smithsonian Institute). 

Other studies of trematode infection in Littorina refer to infected snails tending to have a 

yellow or tan foot, while the foot in uninfected snails is white (Willey and Gross 1957). For a 

subset of dissected snails foot color was qualitatively categorized as either light or dark. 

Trematode infection may vary across tidal heights due to differential movement of 

infected snails or variation in exposure to trematode eggs. Parasite infection can alter host 

behavior (Curtis 1987; Moore 2002), which could lead to infected snails preferentially 

moving to certain tidal heights. Alternatively, differences in infection may result from higher 

or lower exposure to trematode infective stages across the intertidal. If snails have limited 

movement, then regions that vary in the presence of trematode eggs may lead to fine-scale 

differences in number of infected snails. A mark-recapture experiment was done at College 

of the Atlantic to determine if there is differential movement of infected snails. During a low 

tide, 400 L. littorea from the high and 200 from the low intertidal were marked with different 
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colors of nail polish to distinguish snails from the high intertidal and those from the low 

intertidal. The marked L. littorea were then moved to the mid intertidal and released. At the 

next day’s low tide, marked snails were located, and the distance and direction traveled were 

noted. Recaptured snails were examined for parasites.

Comparisons of trematode prevalence (the percent of hosts infected) among tidal heights, 

collection sites, and snail species were made using G-tests. 

Results

A total of 3657 snails, composed of 2733 L. littorea, 544 L. obtusata, and 380 L. saxatilis, 

were collected from nine sites in the Mount Desert Island area. 

Average trematode prevalences among the three snail species ranged from 5.5 to 11.1%. 

The Littorina species varied in both overall trematode prevalence and in the prevalence of 

individual trematode species (Fig. 2). Although some trematode species may be able to use 

multiple Littorina species as suitable hosts, each Littorina species had a distinct most-

common trematode species, Cryptocotyle lingua Creplin (Black Spot) in L. littorea, 

Microphallus similis Jägerskiold in L. obtusata, and pygmaeus microphallids (the species 

Microphallus pygmaeus Levinsen, M. piriformes Galaktionov, M. pseudopygmaeus 

Galaktionov, and M. triangulatus Galaktionov) in L. saxatilis. The variation in overall 

trematode prevalence and most-common trematode species among the Littorina species 

suggests that these trematodes exhibit some host specificity, although there is overlap among 

host species. The extent of overlap among hosts depended on the species of trematode, with 

pygmaeus microphallids found only in L. saxatilis, and M. similis prevalence not 
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significantly differing between L. obtusata and L. saxatilis (G-test, N=924, G=0.36, P=0.55).

In all three species the overall prevalence of trematodes varied among sites (Fig. 3), and 

this pattern was statistically significant in L. littorea and L. saxatilis, but not L. obtusata. 

However, based on the two sites that were sampled multiple times, temporal variation within 

a site may be as great as spatial variation among sites (Fig. 4). Trematode infection across 

sites did not follow a consistent pattern among the three Littorina species. Littorina littorea 

and L. obtusata both had highest prevalence at Town Hill Landing, but L. saxatilis had the 

highest prevalence (>25%) on the offshore site at Mount Desert Rock. In contrast, no 

trematodes were observed in Littorina obtusata collected from this offshore island. The three 

offshore island sites—two on Great Duck Island and one on Mount Desert Rock— did not 

consistently have greater trematode prevalence in Littorina spp., despite a greater abundance 

of seabird final hosts than the nearshore islands and coastal sites. 

When trematode prevalences from the high and low intertidal were compared within a 

site for the two Littorina species with broad vertical ranges, snails from the low intertidal 

were consistently more likely to be infected (Fig. 4). In five out of ten comparisons between 

L. littorea collected from the high and low intertidal, snails from the low intertidal had a 

significantly higher prevalence of both C. lingua and overall trematodes infection. In one 

comparison the prevalence of C. lingua, but not overall trematode prevalence, was 

significantly higher in the low intertidal than in the high intertidal. In the other four 

comparisons prevalence was very low overall, yet there was still a trend of higher trematode 

prevalence in the low intertidal. 

Subtidal L. littorea had trematode prevalence that was intermediate to the high and low 
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intertidal or was equivalent to the low intertidal (Fig. 4A). This pattern varied between the 

two sites where subtidal samples were collected. Snails from one of the subtidal samples had 

C. lingua prevalence intermediate to of that the high and low intertidal (subtidal and high 

intertidal: G-test, N=214, G=2.32, P=0.13; subtidal and low intertidal: G-test, N=214, 

G=0.82, P=0.37). At the other site, subtidal C. lingua prevalence was greater than in the high 

intertidal, but did not differ between the low intertidal and subtidal (high intertidal and 

subtidal: G-test, N=198, G=3.99, P=0.046; low intertidal and subtidal: G-test, N=200, 

G<0.001, P>0.99). This pattern weakened when less common species of trematode were also 

included. At one site the overall trematode prevalence was intermediate in the subtidal 

compared to the high and low intertidal (subtidal and high intertidal: G-test, N=198, G=1.63, 

P=0.20; low intertidal and subtidal: G-test, N=200, G=3.99, P=0.046). At the other site, 

however, overall prevalence in the subtidal was lower than in the high intertidal and was not 

different from the low intertidal (subtidal and high intertidal: G-test, N=214, G=3.14, P=0.07; 

low intertidal and subtidal: G-test, N=214, G=1.87, P=0.17).  

In L. obtusata one of three comparisons had higher prevalence of the most common 

trematode in the low intertidal (G-test, N=20, G=5.218, P=0.02). The other comparisons 

exhibited no trend in the prevalence of the most-common trematode species between the high 

and low intertidal (Fig. 4B).  

A total of 509 (85%) of the original 600 snails were recaptured in the mark-recapture 

experiment. Recaptured snails traveled an average of 1.24 meters with a standard deviation 

of 0.83 m. This experiment detected no differential movement of infected snails in terms of 

distance or direction (distance: G-test, N=509, G<0.001, P>0.98; direction: G-test, N=509, 
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G=0.10, P=0.76). Snails were, however, more likely to move towards than away from the 

tidal height they were collected from (G-test, N=509, G=29.33, P<0.001). 

In this study, the foot color of snails exhibited continuous variation from white to very 

light yellow. When coloration was qualitatively categorized as dark or light, L. littorea with 

dark feet were more likely to be parasitized (G-test, N=1091, G=15.35, P<0.001). Dark-

footed L. littorea had overall trematode prevalence of 11.3%, while those with light feet had 

a prevalence of 6.5%. Littorina obtusata and L. saxatilis with dark feet were not more likely 

to be parasitized (L. obtusata: G-test, N=449, G=0.16, P=0.69; L. saxatilis: G-test, N=379, 

G=1.06, P=0.30). 

Discussion

Many factors may influence spatial patterns of trematode prevalence in Littorina spp. 

Abundance of final hosts (Byers et al. 2008), microhabitat variation in trematode egg 

abundance, altered behavior of infected snails, and differences in life history among the 

Littorina spp. may contribute to the variation seen in trematode infection. 

Trematode prevalence varied among sites for all three snail species, but did not follow a 

pattern reported for L. littorea. Byers et al. (2008) found a correlation between higher 

trematode prevalence and greater abundance of seabirds, the final hosts of these trematodes. 

Based on observations of relatively low seabird abundance at the mainland sites and high 

abundance (breeding colonies) at the two offshore islands (Great Duck Island and Mount 

Desert Rock), seabird abundance does not appear to explain differences in trematode 

prevalence among these sites. This may result from a lack of sufficient seabird abundance at 
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the seabird colony sites. Byers et al. report higher trematode prevalences than were found in 

the MDI region, most notably at sites with large seabird breeding colonies. The mean 

prevalence found by Byers et al. was 11.8%, with prevalences ranging from 0.7% to 47.4%, 

while at MDI the mean was 7.1% and prevalence ranged from 1.2% to 10.3%. When sites at 

the Isles of Shoals, home to large seabird breeding colonies, were excluded from the Byers et 

al. data, the highest prevalence was 18.8%, and the mean was only 5.4%. For the Isles of 

Shoals, the range was 7.4%-47.4% and the mean was 24.5%. The closer match between the 

MDI prevalences and the Byers et al. prevalences once the Isles of Shoals sites have been 

excluded suggests that the smaller seabird colonies at MDI sites may only have moderate 

seabird abundance relative to the Byers et al. sites. These colonies may not be large enough 

to show a clear a pattern of greater trematode infection as was found at the sites in more 

southern New England. 

There was consistently higher prevalence of trematodes in the low intertidal than the high 

intertidal within sites (Fig. 3). This pattern occurred in both Littorina species that have a 

large tidal range and across sites varying in trematode prevalence. The higher prevalence of 

C. lingua in L. littorea from the low intertidal is in contrast to the results of Sindermann and 

Farrin (1962), who found greater C. lingua prevalence in the high intertidal, and Byers et al. 

who did not find a consistent difference between tidal heights. This pattern might have arisen 

because snails might become differentially more infected in the low intertidal, or snails might 

move lower in the intertidal after infection. Mark-recapture results suggest that snails 

infected by trematodes are not more likely to move more towards the low intertidal than 

uninfected snails. This suggests that the higher trematode prevalence in the low intertidal is 
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not due to differential movement of infected snails to the low intertidal, and may result from 

greater infection. 

Subtidal L. littorea had prevalences of C. lingua that were intermediate to the high and 

low intertidal or were equal to the low intertidal. This difference in the two comparisons may 

arise from availability of subtidal habitat at the two sites. In both sites the samples were 

collected from the subtidal, however one site (College of the Atlantic) had suitable habitat 

and presence of L. littorea down to a greater depth, whereas the other site (Town Landing) 

became sandy and lacked L. littorea while still fairly shallow. The shallower subtidal sample 

at the Town Landing site may explain the similarity in trematode prevalence between the 

subtidal and low intertidal at this site, while the deeper habitat available at College of the 

Atlantic allowed greater distinction between the subtidal and low intertidal snails. 

Prevalence within a site may be explained by greater exposure to trematode eggs in gull 

feces among different tidal heights. The pattern of greater prevalence in the low intertidal, 

low prevalence in the high intertidal, and intermediate to high prevalence in the subtidal may 

be due to gull habitat use. Gulls may spend more time foraging in the low intertidal, which 

has exposed prey during low tides, than the high intertidal or subtidal, where prey is either 

less abundant or covered by water.

Trematode prevalence did not correlate with differences in life history among the 

Littorina spp., and therefore did not correlate with in the predicted ability of Littorina spp. to 

locally adapt to parasites. Littorina littorea, which has dispersive planktonic larvae 

(Johannesson 1988; Reid 1990), had intermediate trematode prevalence (7.1% infected) 

compared to L. obtusata (5.5% infected) and L. saxatilis (11.1% infected), both of which 
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have crawl-away young. Because L. obtusata and L. saxatilis have young more likely to stay 

in the locality of their parents (Blakeslee and Byers 2008; Reid 1990) they therefore may 

have a greater chance to adapt to local parasite conditions than L. littorea. Given the 

intermediate parasitism in L. littorea, this pattern does not seem likely to reflect a 

phylogenetic bias, as L. obtusata and L. saxatilis are more closely related to each other than 

either is to L. littorea (Reid 1990), nor the shorter history of L. littorea in North America than 

its congeners (Blakeslee and Byers 2008; Blakeslee et al. 2008).

The foot color of L. littorea tended to be dark for a greater proportion of infected snails 

than uninfected snails, but was not sufficient to determine infection status for a given 

individual as described by Willey and Gross (1957). This trend of snails with darker feet 

having a greater proportion of infected individuals was not found in L. obtusata or L.  

saxatilis, suggesting it may be a trait specific to L. littorea or its most common trematode, C. 

lingua.

These results suggest that trematode prevalence may vary as much within sites as among 

sites, that differences in offspring dispersal among the three Littorina spp. may not be 

important in determining ability to adapt to trematode prevalence, and that foot color may be 

of limited use in determining infection status for L. littorea. Furthermore, although sites with 

high seabird abundance did not have higher trematode prevalence as was found in more 

southern New England by Byers et al. (2008), this may be due to limited number of sites with 

high seabird abundance (two islands with three collection sites) or other factors. Seabird 

behavior, however, may contribute to spatial distribution of trematodes in Littorina spp. at a 

finer spatial scale, if snails in the low intertidal are more exposed to infected seabird feces. 
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Fig. 1. Map of Mount Desert Island, ME showing field sites. C: College of the Atlantic, M: 

Mount Desert Island Biological Laboratory, T: Town Hill Landing, B. Bartlett's Landing, N 

and S: two small islands off Bartlett's Landing, R: Mount Desert Rock, G and D: two 

locations on Great Duck Island.
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Fig. 2. Trematode prevalences (percent of individuals infected) among Littorina spp. L. lit: L.  

littorea, L. obt: L. obtusata, and L. sax: L. saxatilis. Numbers above bars indicate sample 

sizes for Littorina spp. 
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C. 

Fig. 3. Trematode prevalence among sites in Littorina spp. A. Prevalence in L. littorea (G-

test, N=2733, G=47.03, P<0.001). B. Prevalence in L. obtusata (G-test, N=544, G=5.82, 

P=0.12). C. Prevalence in L. saxatilis (G-test, N=380, G=56.88, P<0.001) C: College of the 

Atlantic, M: Mount Desert Island Biological Laboratory, T: Town Hill Landing, B. Bartlett's 

Landing, N and S: two small islands off Bartlett's Landing, R: Mount Desert Rock, G and D: 

two locations on Great Duck Island. Numbers above bars indicate sample size for each site.
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B.

Fig. 4. Trematode prevalence across tidal heights. A: Prevalence in L. littorea B: Prevalence 

in L. obtusata. Littorina littorea comparisons include two subtidal samples (C4 and T4). C: 

College of the Atlantic, T: Town Hill Landing, B: Bartlett's Landing, M: Mount Desert 

Biological Laboratory. Numbers after sites indicate collections taken form the same site at 

different times of the year. Numbers above bars show sample sizes for each comparison, and 

samples with significant differences between tidal heights are marked with an asterisk. 

C1 C2 M
0

2

4

6

8

10

12
M. similis prevalence in L. saxatilis

High
Low

Site

%
 in

fe
ct

ed

204*

162 96



Van Dyke     Page 32

Part II: 

A Guide to Parasites of Fundulus heteroclitus

Robin Van Dyke

This guide was based on parasites found in 52 mummichogs, Fundulus heteroclitus, that 
were collected from two locations in Downeast Maine in June of 2010. Keys and other 
resources for identifying parasites are listed in the references. 

Parasites are an often-overlooked component of ecosystems that can have large 
ecological effects (Lafferty and Morris 1996; Lafferty et al. 2006). Fundulus heteroclitus is 
found along the coast of North America, and is host to numerous species of parasites 
(Hoffman, 1999). Parasitism can vary between locations, and a PCB-contaminated site in 
New Bedford Harbor, MA is associated with heavy infections of parasites and unusual 
species of parasites, perhaps due to compromised immune function in the fish (Cohen 2002). 
Based on this variation between polluted and unpolluted sites, F. heteroclitus were examined 
for parasites in two Maine locations, one with metal contamination and one without. Metal 
contamination may suppress the immune system of the fish and lead to greater parasite 
infection, or it may negatively affect the parasites and lead to lower infection. Alternatively, 
there may be no greater difference between the metal-contaminated non-metal sites than 
among other locations in the region. 

Twenty-six fish were collected with minnow traps and seines from each of two sites: 
Goose Cove, Brooksville, ME and Northeast Creek, Mount Desert Island, ME. The Goose 
Cove site is contaminated with copper, lead, and zinc from an open-pit mine that was flooded 
in 1972 (Dwyer 1973). Northeast Creek is not a metal-contaminated site. Fish were frozen 
whole until dissected under a dissecting microscope. The exterior of the fish was examined, 
then the eyes were removed and dissected. The liver, heart, and brain were squashed between 
a petri dish and its cover to make encysted parasites more readily visible. The stomach and 
intestine were then removed and dissected, followed by the gills. Each gill arch was 
examined on both sides for parasites. Finally, the spine and tail were removed from body of 
the fish and the muscle was squashed in a petri dish in order to show any encysted parasites. 
An entire dissection took approximately one hour, with additional time needed for identifying 
new parasites and photographing parasites. Parasites were photographed and identified under 
a compound microscope, and stored in 95% ethanol. 

For several of the parasites, there were differences in parasite abundance between Goose 
Cove and Northeast Creek fish, but no general trend between the two sites (Fig. 1). Parasite 
abundance was used instead of prevalence because for these parasites, multiple individuals in 
a host indicate multiple infections, not asexual reproduction within the host. There was 
greater abundance of one parasite (metacercariae in the gills) in fish from Goose Cove 
compared to Northeast Creek (Kruskal-Wallis, N=52, Adjusted H=27.63, P<0.001). There 
was greater abundance of two parasites, Neoechinorhynchus sp. and Myxobolus sp., in 
Northeast Creek (Neoechinorhynchus sp.: Kruskal-Wallis, N=52, Adjusted H=9.92, P<0.01; 
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Myxobolus sp.: Kruskal-Wallis, N=52, Adjusted H=11.93, P<0.01). One parasite, Ascocotyle 
tenuicollis sensu lato, did not significantly differ between the sites, but was only found at 
Goose Cove. This parasite was unusually abundant at the PCB-contaminated site in New 
Bedford Harbor, MA. 

For this guide, parasites that were considered rare were found in less than 10% of the 
fish, occasional parasites were in 10-30%, and common parasites were found in over 75% of 
the fish. There were no parasites that were found in 30-75% of the fish in this study. Some 
parasites, however, fell into different categories between the two sites. In these cases, the 
higher category is given and qualified as patchy. For instance, 96% of the fish from Goose 
Cove were infected with gill metacercariae and only 15% of the fish from Northeast Creek 
were infected, so gill metacercariae are described as patchily common. 

Comparisons of parasite species and prevalence at additional sites are needed to conclude 
whether Goose Cove and Northeast Creek exhibit differences typical of sites in this region, or 
if Goose Cove has parasitism distinct from uncontaminated sites. 
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Ectoparasites

Argulus sp. (Branchiuran)

This is probably A. funduli, which has been reported in Fundulus spp. (Hoffman 1999).

Argulus sp. is found on the exterior of fish, typically on belly or sides of fish. It is readily 
visible under dissecting scope or naked eye, and has a rusty orange body with two dark spots, 
jointed legs (Fig. 2), and two prominent sucker discs on ventral surface (Fig. 3). It is easy to 
accidentally crush during removal. 

Argulus spp. typically remain on their freshwater or marine fish hosts as adults, but may drop 
from hosts if disturbed (Hoffman 1999). They attach eggs to objects, and larvae are free- 
swimming until they find a fish host in 2-3 days.

This species has occasional prevalence. It was found on 4 of 26 F. heteroclitus from 
Northeast Creek and 5 of 26 from Goose Cove. 
 
 

Fig. 2. Argulus sp. 
attached to one of 
the fish's scales. 

 

Fig. 3. Ventral suckers 
of Argulus sp.
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Ergasilus manicatus (Copepod)

This species was identified as E. manicatus using Roberts (1970). 

Ergasilus manicatus is found attached to the gills of fish. It is readily visible under dissecting 
scope and naked eye, but its appendages require compound scope to see clearly. It has a 
translucent body, often with two long, trailing packets of pale or dark eggs (Fig. 4). The 
antennae have large, claw-like hooks and the first segment has a round, inflated puff (Fig. 5). 
It is relatively easy to detach from the gills. 

Adults of Ergasilus spp. may be parasitic on fish, usually on the gill filaments, or free-living 
(Hoffman 1999). Larvae hatch from egg sacs on the female, and are free-swimming until 
they mature and mate. After mating, males die and females attach themselves to the gills of a 
fish.

Ergasilus manicatus has occasional prevalence. It was found in 5 of 26 F. heteroclitus from 
Northeast Creek and 3 of 26 from Goose Cove.
 

 

Fig. 4. Ergasilus 
manicatus with 
dark eggs. 

 

 

Fig. 5. Detail of E. 
manicatus antenna 
showing inflated 
segment. 
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Endoparasites

Neoechinorhynchus sp. (Acanthocephalan)

This species is probably N. doryphorus. It was identified to genus using Amin (1998) and 
Hoffman (1999), and to N. doryphorus with Amin (2002).

Neoechinorhynchus sp. is found most commonly encysted in the liver, sometimes in large 
numbers, but also occasionally in the mesenteries. Its body is clearly visible under dissecting 
scope, but the hooks on its proboscis and the internal organs require a compound microscope 
(Fig. 6). Its short, roundish proboscis may be extended or retracted into body (Fig. 7), and 
has ring of 6 large hooks near apex and two rows of much smaller hooks nearer the body 
(Fig. 8). It is occasionally difficult to remove from the tissue surrounding its cysts. 
Sometimes a retracted proboscis can be gently squeezed out of the body to examine the 
hooks. 

Neoechinorhynchus spp. are parasitic on freshwater and marine fishes, frogs, and turtles as 
adults, and parasitize crustaceans as larvae (Hoffman 1999). Some species also have a second 
intermediate host.

This species is common. It was found in 23 of 26 F. heteroclitus from Northeast Creek and 
20 of 26 from Goose Cove.
 

Fig. 6. Neoechinorhynchus sp. with proboscis extended. 
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Fig. 7. Two individuals of Neochinorhynchus sp. with proboscis retracted (top) and extended 
(bottom). 

 

Fig. 8. The proboscis of Neoechinorhynchus sp., showing large hooks near apex of proboscis 
and two rings of smaller hooks towards body. 
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Unidentified nematode

This nematode has no obvious distinguishing characteristics. 

This nematode is found in the liver, and is a large, non-descript worm with moderately 
pointed ends and very round cross section (Fig. 9). It is larger, stiffer, and has greater internal 
pressure than Neoechinorhynchus sp. 

Most adult nematodes found in fish parasitize the gut, whereas larval nematodes can be 
found in nearly all organs but are most common in the liver, mesenteries, and muscles 
(Hoffman 1999). Nematodes have invertebrate first intermediate hosts, and generally infect 
fish by this first host being eaten. When the fish is a second intermediate host, the final host 
of the nematode is often a piscivorous fish, bird, or mammal.

This nematode is rare. It was found in 2 of 26 F. heteroclitus from Northeast Creek and 0 of 
26 from Goose Cove. 

 
Fig. 9. Nematode, darkened from being preserved in alcohol.
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Ascocotyle tenuicollis sensu lato (Digenean trematode)

This species was identified by Robin Overstreet of the Department of Coastal Sciences, 
Marine Parasitology and Pathobiology, University of Southern Mississippi 
(http://www.usm.edu/gcrl/cv/overstreet.robin/cv.overstreet.robin.php).

Ascocotyle tenuicollis sensu lato is fund in the heart as encysted metacercariae. It is spherical, 
slightly yellowish, and easily detached from heart muscle (Figs. 10 and 11). 

Ascocotyle spp. appear to generally use fish as first intermediate hosts, and piscivorous birds 
and mammals as final hosts (see citations in Scholz et al. 1997). 

Ascocotyle tenuicollis sensu lato is rare. It is found in 0 of 26 F. heteroclitus from Northeast 
Creek and 3 of 26 from Goose Cove. 
 
 

Fig. 10. 
Ascocotyle 
tenuicollis 
sensu lato in 
situ in the 
heart.

 

Fig. 11. 
Ascocotyle 
tenuicollis sensu 
lato 
removed from the 
tissue. 
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Unidentified white flecks

These are small white, opaque flecks found imbedded in the muscle. They range twofold in 
size with irregular outlines, and are concentrated more heavily toward the anterior of the fish 
Figs. 12 and 13). These flecks could be calcifications, or other non-parasite material.

These fleck are rare. They were found in 0 of 26 F. heteroclitus from Northeast Creek and 1 
of 26 from Goose Cove.

Fig. 12. 
White flecks 
shown 
embedded in 
the muscle 
under a 
compound 
microscope. 

 
 

Fig. 13. Close 
up of white 
fleck showing 
irregular 
outline. 
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Gill metacercariae (Digenean trematode)

These metacercariae are found in the gills. They are oval, encysted metacercariae on the gill 
filaments, that are translucent light pink to tan (Figs. 14 and 15). They are larger and more 
clear than Myxobolus sp. cysts.

The typical life cycle for digenean trematodes is molluscs, generally snails, as first 
intermediate hosts, fish as second intermediate hosts, and piscivorous birds, fish, and 
occasionally mammals as final hosts (Hoffman 1999). 

These metacercariae are patchily common. They were found in 4 of 26 F. heteroclitus from 
Northeast Creek and 25 of 26 from Goose Cove. 

 
Fig. 14. Metacercariae encysted in the gills. 
 

 

Fig. 15. Metacercariae 
visible in the gill 
filaments. 
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Myxobolus sp. (Myxosporidean)

This parasite was keyed to genus with Hoffman (1999) and is probably M. funduli, which has 
been reported in the gills of Fundulus spp. and has congruent spore morphology (ibid.).

Myxobolus sp. is found in the gills. The cysts are visible under dissecting scope, but the 
spores require compound microscope. Myxobolus sp. forms small, opaque, white cysts filled 
with teardrop-shaped spores (Figs. 16 and 17). The spores are clear, with two slightly darker 
wedges in the pointed end of the spore. 

The life cycles of myxosporideans in general are unclear, but many use oligochete worms as 
intermediate hosts (Hoffman 1999). Other species appear to be able to be passed directly 
from fish to fish. 

This species is patchily common. It was found in 20 of 26 F. heteroclitus from Northeast 
Creek and 7 of 26 from Goose Cove. 
 

 

Fig. 16. Myxobolus 
sp. cyst on the gill 
filaments.

 

Fig. 17. 
Myxobolus sp. 
spores from a 
burst cyst. 
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Appendix A:
Senior Project Proposal

Description

For my senior project I intend to combine my interests in parasites and evolution in two

research projects on local organisms. One of these projects is a comparison of parasitism in

periwinkles among locations and periwinkle species. The second is comparing parasitism in

mummichogs from two locations, Northeast Creek and Goose Cove, a Superfund site. These

projects will build on my coursework in zoology and evolution and my internship on 

parasites of two fish species, as well as continue work on periwinkles I did this summer.

During winter term I will begin the mummichog project, using fish collected this

summer. The goal of this project is to compare the parasite loads of two populations of

mummichogs, from Goose Cove and Northeast Creek. Goose Cove is a Superfund site

created by an open-pit mine. The site is contaminated with high levels of copper and tin,

which could affect the immune function of fish residing in the cove. If this is the case, there

may be differences in parasite load or type of parasites between fish from Goose Cove at

Northeast Creek, a site without high levels of metals. I will dissect 25 mummichogs each 

from Goose Cove and Northeast Creek, and identify parasites found in or on the fish. I will 

then analyze the data and write a paper reporting the results.

During spring term I will continue the work on periwinkles and their trematode parasites

that I did at MDIBL this summer. There are three species of periwinkles found in Maine, the

common, rough, and smooth, and all three of these are hosts of trematodes, which castrate

the periwinkles by infecting their gonads. Because the cost to a periwinkle of being infected 
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is so high, one would expect strong selective pressure for ability to resist infection. This 

summer I compared the infection rates of the three periwinkle species, of which the common

periwinkle has planktonic dispersal and is therefore expected to be less able to evolve 

adaptations in response to local parasite abundance than the two species whose offspring

stay in the locality of their parents. I did not find this expected pattern, but did find 

differences in overall trematode prevalence among the periwinkle species and in which 

species of trematode was infecting the periwinkles.

I also compared trematode prevalence among sampling sites within each periwinkle

species. One of the goals of this was to look for a correlation between trematode prevalence

and the presence of seabirds. Seabirds are the major final hosts of these trematodes, and a

study conducted in New England, including more southern Maine, found that the prevalence

of trematodes in periwinkles was correlated with seabird abundance (Byers et al. 2008). With

the data I currently have, there is significant variation among sites for all three periwinkle

species, but no apparent correlation with seabirds abundance. However, I only have data 

from two islands with seabird colonies, so more data from islands with seabird colonies 

would better indicate whether or not there is a correlation between seabirds and parasitism in

periwinkles in this part of Maine.

The third part of my work this summer was comparing trematode prevalence in the high 

and low intertidal at three sites. This past spring, Helen Hess and Marissa Altmann found that 

trematode prevalence was significantly higher in common periwinkles from the low intertidal 

at a site. My comparisons of common and smooth periwinkles also exhibited this trend, 

suggesting that it is stable through time and may be a common pattern.
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For my senior project, I want to expand my dataset in two ways. The first is by collecting 

periwinkles of all three species from more islands with large numbers of seabirds. I hope to 

collect approximately 100 of each species from each new site, but these numbers may depend 

on the availability of the periwinkles. How many and which islands I am able to collect will 

depend on weather conditions and scheduling, but I am particularly interested in Mount 

Desert Rock, because it would also be a valuable site for high and low intertidal 

comparisons, the second way I want to improve my dataset. I will be collecting more 

comparisons between the high and low intertidal in at least two of the sites I used this 

summer, ideally of 100 periwinkles of each available species from both the high and low

intertidal. Depending on my workload from the island collections, I would like to collect 

from my high and low comparison sites once in the early term and once later in the term for a

better picture of parasitism over the course of the spring. I hope to include additional 

comparison sites, ideally from islands with high bird density to look for patterns across the

intertidal in areas with high bird density and presumably greater exposure to trematodes.

Mount Desert Rock fits this criterion, and has the added benefit of having rough periwinkles

present in the low intertidal. My current comparisons lack rough periwinkles because they 

are typically found in the high intertidal, so a collection from Mount Desert Rock could 

indicate if this periwinkle shares a pattern with the common and smooth periwinkles of 

greater infection in the low intertidal.

I plan to reanalyze my dataset with the addition of these new sites and comparisons,

and report the results and my conclusions in a paper.
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Literature cited:

Byers JE, Blakeslee AMH, Linder E, Cooper AB, and McGuire TJ. 2008. Controls of 

spatial variation in the prevalence of trematode parasites infecting a marine snail. Ecology. 

89:439-451.

Goals

From these two projects I hope to learn how to identify the local parasites of 

mummichogs and practice in an independent setting the dissection methods I learned during

my internship. I plan to dissect 50 fish, identify their parasites, and analyze the resulting data.

I want to continue my summer work on periwinkles so that I can compare parasitism between

areas with high and low seabird abundance, and more robustly compare parasitism in the

high and low intertidal across sites and times. I will collect periwinkles from more islands,

particularly ones with high seabird abundance, and from the high and low intertidal at several

sites to monitor differences in parasitism.

I want to think about what patterns, or lack of patterns, I find in terms of evolution, and

relate what I've learned in classes such as Advanced Evolutionary Seminar, Parasites: 

Ecology and Evolution, and Probability and Statistics to the data I collect. I hope to gain

experience interpreting data in light of my hypotheses, and explaining my research design,

data, and conclusions in my papers.

New Learning

In order to accurately compare parasitism in mummichogs between Northeast Creek
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and Goose Cove, I will need to learn how to identify the parasites I find. I have a recent

checklist of parasites that have been found in mummichogs along the Atlantic coast (Harris

and Vogelbein 2006), and keys to groups of parasites I might find (Amin 1985; Amin 1998;

Barse 1998).

Final Products

As final products I will write two papers, one on my mummichog project and one on my

periwinkle project. These will be in the format of journal submissions, and I hope to publish

the results of my periwinkle project.

Role of the Director

Helen Hess is an appropriate director because she began the study on periwinkle

parasitism and advised me on the work I did this summer. She knows invertebrates and

parasites, and can help me think of my data in terms of evolution and natural selection. Helen

has been my advisor and professor in multiple classes, and I think she will give me good

guidance on my project.

Criteria for Evaluation

My project will be evaluated on completing dissections and parasite censuses of the 50

mummichogs I have from Northeast Creek and Goose Cove and of the periwinkles I collect.

These periwinkles will include samples from islands, the town landing site established last

spring, COA, and additional sites as possible. I will also be evaluated on my papers reporting
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my methods, results, and conclusions.

Timetable

Winter term:

In the first week I will practice dissections and parasite identifications on extra mummichogs 

I collected this summer.

In the second week I plan to begin dissecting and censusing the parasites of the 50

mummichogs I collected for my samples. During my internship it took me between 1.5 and 2

hours to dissect and census a fish, so I am anticipating approximately 100 hours of collecting

data.

In the eighth week I plan to have the data collection complete and move to data analysis and

writing my paper full time.

In the ninth week I intend to submit a draft of my paper to Helen.

In the tenth week I hope to submit my final draft, but will revise my paper over spring break 

if necessary.

Spring term:

In the first week I plan to begin collecting periwinkles from MDI sites and arranging trips to

islands for collecting.

As soon as I have samples collected, I will begin dissecting and censusing. Dissecting

periwinkles will be interspersed with collecting from more sites or at additional times for 

sites where I am monitoring differences between parasitism in the high and low intertidal.
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During the seventh week of the term I plan to be done collecting data and work full time on

reanalyzing my dataset with the new data and writing my paper. At the end of the week I will

submit a draft to Helen.

In the eighth week I want to work on revision of my paper and give another draft to Helen.

In the ninth week I intend to submit my final paper for the periwinkle project and my paper

from the mummichog project to the Library Archivist.

List of Resources

For the periwinkle project:

Blakeslee, A.H., and J.E. Byers. 2008. Using parasites to inform ecological history: 

comparisons among three congeneric marine snails. Ecology 89:1068–1078.

Blakeslee, A.M.H., J.E. Byers, and M.P. Lesser. 2008. Solving cryptogenic histories 

using host and parasite molecular genetics: the resolution of Littorina littorea's North 

American origin. Molecular Ecology 17:3684–3696.

Byers, J.E., A.M.H. Blakeslee, E. Linder, A.B. Cooper, and T.J. McGuire. 2008. Controls 

of spatial variation in the prevalence of trematode parasites infecting a marine snail. Ecology 

89:439–451.

James, B. 1968. The distribution and keys of species in the family Littorinidae and of 

their digenean parasites, in the region of Dale, Pembrokeshire. Field Studies 2:615–650.



Van Dyke     Page 52

Stunkard, H. 1983. The marine cercariae of the Woods Hole, Massachusetts region, a 

review and a revision. Biological Bulletin 164:143–162.

For the mummichog project:

Akaishi, F., E. Russel, S. St-Jean, S. Courtenay, C.A. de Oliveira Ribeiro, and D. Cone. 

2004. Supplemental diagnosis of Kudoa funduli (Myxozoa) parasitizing Fundulus 

heteroclitus (Cyprinodontidae) from coastal northeastern North America. Journal of 

Parasitology 90:477–480.

Amin, O.M. 1985. Acanthocephala from lake fishes in Wisconsin: Neoechinorhynchus

robertbaueri n. sp. from Erimyson sucetta (Lacepede), with a key to species of the genus

Neoechinorhynchus Hamann, 1892, from North American freshwater fishes. Journal of 

Parasitology 71:312–318.

Amin, O.M. 1998. Marine flora and fauna of the Eastern United States: Acanthocephala.

NOAA Technical Report NMFS 135.

Barse, A.M. 1998. Gill parasites of mummichogs, Fundulus heteroclitus (Teleostei:

Cyprinodontidae): effects of season, locality, and host sex and size. Journal of Parasitology 

84:236–244.
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Harris, C.E. and W.K. Vogelbein. 2006. Parasites of mummichogs, Fundulus heteroclitus, 

from the York River, Virginia, U.S.A., with a checklist of parasites of Atlantic coast 

Fundulus spp. Comparative Parasitology 73:72–110.

Stunkard, H.W. and J.R. Uzmann. 1955. The killifish, Fundulus heteroclitus, second

intermediate host of the trematode, Ascocotyle (Phagicola) diminuta. Biological Bulletin 

109:475–483.


