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Abstract: ABSTRACT:  In 1984, work on the parasite population and community ecology in the
pulmonate snail, Helisoma anceps, was initiated in Charlie's Pond (North Carolina).
Similar research on Physa gyrina was started in 1986.  When study in the pond began
in 1984, 8 species of larval trematodes were being shed from H. anceps.  By far, the
dominant species was Halipegus occidualis, with prevalences generally ~60%, except
during mid-summer, when older snails were dying.  For the other 7 trematode species
being shed, prevalences were consistently less than 4%.  By 2006, 18 species had
been identified in H. anceps at one time or another.  In 1986, Halipegus eccentricus
was discovered in P. gyrina, with a prevalence of ~49%.  Through 2006, 7 trematodes
were found to be shedding cercariae from P. gyrina.  Halipegus eccentricus
disappeared from the pond in 1998.  From March through November of 2012 and
2013, 1,292 H. anceps and 716 P. gyrina were collected, using collection protocols that
were identical to those used from 1984 through 2006.  In 2012, 5 trematode species,
including H. occidualis, were present in H. anceps at one time or another.  During the
last part of the 2012 collecting season cercariae of just 2 species were being shed from
H. anceps (and 1 from P. gyrina).  In 2013, only cercariae of Haematoloechus
longiplexus and Uvulifer ambloplitis were observed from H. anceps.  The latter species
was lost by 2014, and an echinostome was present (2.1%); a single snail was infected
with H. longiplexus.  Four species were being shed from P. gyrina, i.e.,
Echinoparyphium sp. (7.9%), Glypthelmins sp. (1.5%), Plagiorchis sp. (4.9%), and
Posthodiplostomum sp. (7.4%).  Rarefaction curves were generated for H. anceps
shedding in 1984, 1988, 1989, 2002, 2006, and August of 2014.  The data clearly
indicate that species diversity was constantly declining over the 31-yr-period.  We did
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not include P. gyrina in the analysis since data for this snail species were not acquired
until 1991-1992.  At present, we have no definitive explanation for the decrease in
diversity, although circumstantial evidence suggests that it might be related to periodic
declines in water level that negatively affected the colonization and maintenance of
emergent vegetation within the pond.
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 RH: CRITICAL COMMENT . . . 

The Catastrophic Collapse of the Larval Trematode Component Community in 

Charlie’s Pond (North Carolina) 

Collin Russell, Tina Casson, Courtney Sump, Kyle Luth, Michael Zimmermann, 

Nicholas Negovetich*, and Gerald Esch, Department of Biology, Wake Forest 

University, Winston-Salem, North Carolina 27106; *Department of Biology, San Angelo 

State University, San Angelo, Texas 76090. Correspondence should be sent to: 

esch@wfu.edu 

ABSTRACT:  In 1984, work on the parasite population and community ecology in the 

pulmonate snail, Helisoma anceps, was initiated in Charlie’s Pond (North Carolina).  

Similar research on Physa gyrina was started in 1986.  When study in the pond began in 

1984, 8 species of larval trematodes were being shed from H. anceps.  By far, the 

dominant species was Halipegus occidualis, with prevalences generally ~60%, except 

during mid-summer, when older snails were dying.  For the other 7 trematode species 

being shed, prevalences were consistently less than 4%.  By 2006, 18 species had been 

identified in H. anceps at one time or another.  In 1986, Halipegus eccentricus was 

discovered in P. gyrina, with a prevalence of ~49%.  Through 2006, 7 trematodes were 

found to be shedding cercariae from P. gyrina.  Halipegus eccentricus disappeared from 

the pond in 1998.  From March through November of 2012 and 2013, 1,292 H. anceps 

and 716 P. gyrina were collected, using collection protocols that were identical to those 

used from 1984 through 2006.  In 2012, 5 trematode species, including H. occidualis, 

were present in H. anceps at one time or another.  During the last part of the 2012 

collecting season cercariae of just 2 species were being shed from H. anceps (and 1 from 
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P. gyrina).  In 2013, only cercariae of Haematoloechus longiplexus and Uvulifer 

ambloplitis were observed from H. anceps.  The latter species was lost by 2014, and an 

echinostome was present (2.1%); a single snail was infected with H. longiplexus.  Four 

species were being shed from P. gyrina, i.e., Echinoparyphium sp. (7.9%), Glypthelmins 

sp. (1.5%), Plagiorchis sp. (4.9%), and Posthodiplostomum sp. (7.4%).  Rarefaction 

curves were generated for H. anceps shedding in 1984, 1988, 1989, 2002, 2006, and 

August of 2014.  The data clearly indicate that species diversity was constantly declining 

over the 31-yr-period.  We did not include P. gyrina in the analysis since data for this 

snail species were not acquired until 1991-1992.  At present, we have no definitive 

explanation for the decrease in diversity, although circumstantial evidence suggests that it 

might be related to periodic declines in water level that negatively affected the 

colonization and maintenance of emergent vegetation within the pond. 

 Only a few long-term studies exist in the parasitological literature.  Kennedy et al. 

(2001) demonstrated over a 31-yr period that population changes of the plerocercoid 

stage of Ligula intestinalis are intimately tied to the community dynamics involving 

roach (Rutilus rutilus), rudd (Scardinius erythrophthalmus), and great crested grebes 

(Podiceps cristatus).  This work was performed in the Slapton Ley (Devon, England), an 

established lake and ecosystem that had experienced eutrophication prior to, and during, 

the onset of their study.  The influence of eutrophication on parasite communities was 

also examined in a 20-yr study in Gull Lake, Michigan (Marcogliese et al., 1990).  There, 

anthropogenic eutrophication altered host distribution within the lake, thereby disrupting 

the natural transmission dynamics of Crepidostomum cooperi (Allocreadiidae).  Janovy 

et al. (1997) studied the effect of natural disturbances on parasite communities over a 14-



3 

 

yr period.  Stream flow had the greatest influence on the parasite community (prevalence 

and abundance) of Fundulus zebrinus through its effect on parasite transmission.  While 

these 3 long-term studies documented changing parasite communities, all of the work 

was performed in well-established ecosystems.  Thus, while fluctuations in parasite 

communities most accurately represent the resilience of late-stage successional stages to 

natural and anthropogenic disturbances; the parasite community always appears to return 

to pre-disturbance levels. 

 To our knowledge, long-term studies (lasting 31 yr) involving component 

trematode communities in molluscan hosts do not exist.  In 1984, Amy Crews began 

collecting Helisoma anceps from a small, spring-fed, body of water (Charlie’s Pond), 

which drains into Belews Lake, a large cooling reservoir owned by Duke Energy in the 

southwest corner of Stokes County, North Carolina (Crews and Esch, 1986).  The pond 

was formed in the early 1970s following construction of an access road to a coal-fired 

power plant.  While a small, spring-fed creek likely existed prior to impoundment, the 

pond only became established after construction of the access road.  As such, the newly 

formed pond began its transformation toward an established lentic habitat.  Early hosts 

and parasites were those that were previously present in the lotic system or colonized 

after impoundment.  

The first collections at Charlie’s Pond were in 1983 and continued during 1984.  

Helisoma anceps snails were collected from the pond, brought to the laboratory, 

separated into small plastic jars containing aged tap water, and checked for the release of 

cercariae.  During the first 2 yr, 8 species of trematodes were identified.  Seven of the 

species present exhibited prevalences of <4%, reasonably representative percentages for 
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digenetic trematodes in molluscan hosts in freshwater systems.  However, a hemiurid, 

Halipegus occidualis, was atypical in several respects.  The prevalence of this parasite in 

H. anceps was consistently ~60% during the first few years, except for brief periods of 

time, always in late June and early July when the snail population was turning over.  All 

snails with patent infections of H. occidualis were either castrated, or on the way to 

becoming castrated (Crews and Esch, 1986).  However, it was subsequently found 

(Goater et al., 1989) that approximately 25% of overwintering H. anceps infected with H. 

occidualis lost their infections and that many of these snails resumed egg production in 

the following spring.   

 The prevalence of H. occidualis in Charlie’s Pond was relatively high over the 

years, although there has been a decline since the 1984 to 1986 time period. Prevalence 

was 50% in 1989-90 (Fernandez and Esch, 1991b), and slightly higher (57%) in 

1991(Williams and Esch, 1991). In more recent years, H. occidualis prevalences were 

18%, 17%, and 15% for 2002, 2005, and 2006, respectively (Negovetich and Esch, 

2007).  In the same paper, they noted a decline in overall trematode infection percentages 

in snails from 31.4% in 1984 to 8.7% in 2006.  Halipegus occidualis was present in 2012, 

but with a prevalence of just 4.8%.  The data clearly show that prevalence of the 

dominant trematode in H. anceps declined significantly since the first survey by Crews 

and Esch (1986).  Indeed, collections made in 2013 and 2014, indicated local extinction 

of H. occidualis from the pond. 

 From 1984 through 2006, 18,636 H. anceps snails were collected from Charlie’s 

Pond as part of either a master's or Ph.D. research project.  Throughout this time period, 

18 trematode species were identified; H. occidualis was present during each year 
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(through 2006) in which snails were collected, albeit at declining frequency.  

Megalodiscus temperatus was present in each year except the first.  Both of these species 

are autogenic, with each using green frogs (Rana clamitans) as the definitive host.  The 

next most frequently observed species was an echinostome (allogenic), present in each 

year except 2001.  Some allogenic species were sporadically recovered, e.g., Petasiger 

nitidus, Clinostomum sp., Uvulifer ambloplitis etc., while others (Echinostoma sp., 

Tylodelphys (Diplostomulum) scheuringi) were consistently present (Negovetich and 

Esch, 2007).  Overall, H. anceps was the focus of most of the research at Charlie’s Pond, 

but other snail species, and their associated parasites, also exist in the pond.  Specifically, 

Physa gyrina currently represents the second-most abundant snail species in the pond. 

 Physa gyrina colonized the pond sometime during the first 2 yr of research.  

Goater (1989) observed the occurrence of Halipegus eccentricus in green frogs in the 

pond by accident during 1986, and confirmed its identification with the discovery of H. 

eccentricus-infected P. gyrina.  During its first summer, H. eccentricus prevalence in 

snails was 49% (Goater, 1989).  Halipegus eccentricus prevalence peaked at ~50% for 

Snyder (1992) in 1991-1992 and ~30% for Sapp (1993) in 1992-1993. The prevalence of 

H. eccentricus in green frogs was ~55% in 1993 (Wetzel, 1995).  However, in 1994 and 

1995, just 2 green frogs from 180 captures were infected with H. eccentricus (D. A. 

Zelmer, pers. comm.), representing a very rapid decline in prevalence.  The parasite was 

not observed in a collection of ~2,400 P. gyrina from Charlie’s Pond during a 9-mo 

period in 1996 (Schotthoefer, 1998), nor was it observed during 2012-2014 in a 

collection of 983 P. gyrina. 

 The Snyder (1992) and Sapp (1993) reports are the most comprehensive for the 
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component trematode community in P. gyrina from Charlie’s Pond. Snyder obtained data 

between April 1991 and March 1992 from 1,181 snails and Sapp between April 1992 and 

March 1993 for 1,231 snails.  Based on the data generated in these 2 studies, the 

component communities in P. gyrina were both rather depauperate, consisting of just 6 

species for Snyder and 7 for Sapp.  In each study, the same 4 species were autogenic in P. 

gyrina (H. eccentricus, Haematoloechus complexus, Glypthelmins quieta, and M. 

temperatus); all 4 of these trematodes employ green frogs as the definitive host.  The 

additional fluke in Sapp’s work was an allogenic strigeid.   

 Beginning in 2011 and continuing through August of 2014, collections of both H. 

anceps and P. gyrina were made in Charlie’s Pond.  In 2013, only 2 species of trematode 

were observed in H. anceps, i.e., Haematoloechus longiplexus and Uvulifer ambloplitis.  

The intramolluscan infracommunities of P. gyrina included 1 species of echinostome 

(probably Echinoparyphium sp.); 2 specimens of P. gyrina were infected with an 

unknown strigeid.  The sample size for 2013 was small (275 H. anceps and 381 P. 

gyrina), so a repeat sample of snails was made in August 2014.  Only 2 trematodes, H. 

longiplexus and an echinostome, were recovered from 839 H. anceps.  Four trematode 

species were recovered from 267 P. gyrina, i.e., an echinostome (7.9%), Plagiorchis sp. 

(4.9%), G. quieta (1.5%), and P. minimum (7.4%).  The low species richness for both 

2013 and 2014 strongly suggest that the component community of H. anceps has changed 

since Crews first collected in the pond. 

 Of the 18 species that have been recorded from H. anceps since 1984, 7 species 

were present in at least half of the years in which studies were conducted.  Four of the 7 

were autogenic, i.e., H. occidualis, H. longiplexus, and M. temperatus, and P. parva.  The 
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first 3 of these species use green frogs as definitive hosts, while the latter is typically 

found in salamanders.  Among the 11 allogenic species, we would expect to see at least 

some temporal variability within the pond.  Three of them, including Tylodelphys 

(Diplostomulum) scheuringi, an unknown spirorchiid, and Echinostoma sp., were present 

in more than half of the sampling years.  We cannot be completely certain, but it is our 

belief that the majority of the allogenic species were brought to the pond by fish-eating 

birds.  Notably, trematode species richness in H. anceps appears to have declined in 

recent years (Fig. 1). The 2006 collecting season was the only year when the 95% CI 

included the richness value of 5, thus suggesting that trematode diversity has declined 

compared to when research first began at the Pond.  Furthermore, only 2 trematode 

species were recovered from H. anceps collected between April and November in 2013 

(n=275), and 2 species were identified from 839 snails collected in August 2014.  None 

of the 95% CI extended below 4 for sample size of 1,006 (Fig. 1) or 839 (sample size of 

2014), thus suggesting that the decline in species richness is not due to a smaller sample 

size.  Variation in species richness will exist between the years because of the 

presence/absence of allogenic species, but loss of an autogenic species, i.e., H. 

occidualis, will cause a decrease in the mean species richness.  In Charlie's Pond, the 

dominant autogenic species utilize frogs as definitive hosts, which is not surprising since 

these amphibians are permanent residents in the pond.   

Goater (1989) began research on the green frog-parasite relationship in the pond 

in 1986; over a 3-yr period he collected 199 frogs (an average of ~66/yr).  None of these 

frogs was killed (in fact, not a single frog was necropsied during the course of work in the 

pond over 31 yr); all were, however, toe-clipped for identification at the time of 
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recapture.  We have not been involved with frog sampling since the work of Wetzel 

(1995) and Zelmer (1998).  In 1992, 80 frogs were captured by Wetzel; the number 

captured declined to 45 in 1993 and 38 in 1994.  Zelmer collected 44, 57, and 45 from 

1994 through 1997.  Excluding the 80 frogs captured in 1992, the overall average per 

year was ~46.  

The pond has remained physically unchanged over the period from 1984 through 

2014.  How then do we account for the relatively steady decline in the trematode 

diversity in H. anceps (and, probably, in P. gyrina)?  The gradual reduction in parasite 

diversity suggests that a fundamental change of some sort has occurred within the pond. 

We are unaware of any toxic agents that might have been added accidentally.  

We have no reason to believe that the pond, as a habitat, has undergone a 

significant change, except for 1 possible factor.  Typha latifolia and Juncus effusus 

(emergent vegetation) stands have come and gone several times since we began sampling 

in 1984.  Several studies (Crews and Esch, 1986; Williams and Esch, 1991; Fernandez 

and Esch, 1991a; Sapp and Esch, 1994) observed heterogeneous spatial distributions of 

hemiurid parasites in both P. gyrina and H. anceps.  However, Zelmer et al. (1999) 

clearly established that the patchy spatial distribution of T. latifolia and J. effusus was 

strongly correlated with infection foci of H. occidualis in the pond.  The microhabitats 

identified in these stands of emergent vegetation were apparently conducive to 

transmission dynamics involving each step in this parasite’s life cycle.  This is not to say 

that the parasites were not transmitted in other locations throughout the pond, but these 4 

were the most active sites. 

Photographs (Fig. 2A, B) taken at the pond in 1988 illustrate the presence of 
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emergent vegetation.  The photos in Figure 2C-D were shot in the summer of 2014 to 

show the absence of emergent vegetation at the same 2 sites (15 and 24 in fig. 2B of 

Zelmer et al., 1999).  Regrettably, we did not keep records for the presence/absence of 

emergent vegetation over the years, so we cannot propose any more than a reasonable 

hypothesis for the local extinction of at least 1 of the 2 hemiurid species (H. occidualis) 

due to the loss of emergent vegetation. 

In the early years of our work in the pond, there were 4 sites with emergent 

vegetation (fig. 2B in Zelmer et al., 1999). Between 1988 and 2006, when Negovetich 

and Esch (2007) were conducting research, at least 75% of this vegetation had been lost.  

Extensive drought lasting through 2002 reduced water levels in the pond, which may 

have affected the maintenance of emergent vegetation.  Furthermore, the water level in 

the pond declined about 30 cm in April 2006 when debris blocking a pipe that drained 

excess water from the pond was cleared. These drying events, in conjunction with the 

accumulation of leaf litter, may be responsible for the gradual decrease in the amount of 

emergent vegetation and the subsequent effect on the transmission dynamics of the 

digenetic trematodes at Charlie’s Pond. 

Zelmer et al. (1999) clearly established the existence of 4 H. anceps transmission 

‘hotspots’ in the pond, all associated with emergent vegetation.  We believe that these 

sites supported increased densities of H. anceps because of the increased size of 

aufwuchs (periphyton) communities on the submerged parts of the vegetation; these 

aufwuchs communities likely encouraged an increase in ostracod population densities as 

well.  The emergent vegetation offered excellent sites for eclosure by dragonflies during 

their life cycles.  The green frogs, as ambush predators, were provided exceptional 
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opportunities for preying upon eclosing dragonfly naiads, as well as protection from 

foraging predators.  In other words, everything necessary for completing the life cycle of 

H. occidualis was not only present in these 4 sites, it was concentrated there as well. In 

2013 and 2014 (Fig. 2C-D), emergent vegetation was not present.   

While we suggest a possible link between the loss of the vegetation and the 

decline and disappearance of H. occidualis, there are other possible explanations as well.  

For example, frog population size could have dropped to such low numbers as to take the 

parasite infrapopulation sizes below a sustainable number.  We know that the frog 

population in Charlie’s Pond declined over a 10-yr period (Zelmer et al., 1999) and that 

amphibian populations have declined in many parts of the world.  However, recent 

cursory observations by us, and by others, indicate that green frogs are still in Charlie’s 

Pond.  While we have never checked the frog population for chytrid fungi, we have no 

evidence indicating that neither it nor Ribeiroia spp. infections have occurred in the pond, 

both of which are thought to contribute to localized problems for frog populations in 

many areas.  Moreover, all of the trematodes in H. anceps, save 3 species present during 

2013 and 2014, have disappeared.  Of these 3 species, only 1 is autogenic, H. 

longiplexus.  We know from 31 yr of experience in the pond that allogenic species are 

ephemeral for the most part, but not most of the autogenic trematodes.  The latter, once 

established, should remain as part of a consistent autogenic community, although H. 

eccentricus appeared, abundantly, in 1986 (Goater, 1989), and became locally extinct by 

1996 (Schotthoefer, 1998).  

One other idea should also be considered.  Snails in general exhibit a high degree 

of plasticity in various life history traits.  Infected snails are most likely to be larger than 
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uninfected snails in this system and many others.  For H. anceps in Charlie’s Pond, the 

correlation between prevalence and host size is most likely due to larger snails being 

older and exposed to infective stages over a longer period of time (Negovetich and Esch, 

2008a).  Since 1984, average snail size has gradually decreased.  One might argue that 

smaller snails are less likely to become infected because they are younger than larger 

snails, as supported by size differences between infected and uninfected snails in some 

freshwater and marine snail-trematode systems (reviewed in Sorensen and Minchella 

[2001]).  We contend here that snail size is not the primary factor causing a decrease in 

trematode diversity because the smaller snails in 2006, for example, are of a similar age 

as those collected in the same mo in previous years and have thus been exposed to 

trematode transmission stages for the same time period. 

Size of freshwater snails is determined, in part, by nutrient quality and abundance.  

A thorough study by Keas and Esch (1997) suggests that snails in Charlie’s Pond are 

nutrient deprived.  This conclusion was partially based on comparing growth rates of 

snails raised on low-nutrient diets to estimates derived from mark-recapture studies in the 

field.  Negovetich and Esch (2008a) also calculated growth rates from a mark-recapture 

study.  Compared to values reported by Fernandez and Esch (1991c), snails in 2005-2006 

grew more slowly than those from 1989 for all months except in August.  Negovetich and 

Esch (2008a) did not separate snails by maturity prior to calculating specific growth rates 

(snails as small as 6 mm reproduced in 2006).  Both studies demonstrate that growth rates 

are dependent on initial size.  However, snails in 2005-2006 were smaller than those in 

1989.  As such, it is not surprising that the 2005-2006 growth rate is greater than that in 

1989 because the population in 2005-2006 consisted of a larger frequency of smaller 
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individuals with faster growth rates.  We propose that the declining growth rates are due, 

in part, to a declining food source present in the aufwuchs communities, which require 

substrata to grow.  Because emergent vegetation was lost, the amount of aufwuchs 

available for snails declined and, therefore, growth rates of the snail hosts also declined. 

Differences in growth rates cause similarly aged snails to differ in their overall 

size.  Another line of evidence supports our claim that the current population of H. 

anceps is not younger than in years past, i.e., size histograms.  Cohort turnover of H. 

anceps consistently occurs during late June in the pond.  If snails are not living as long, 

then cohort turnover should occur earlier in the year.  A decrease in the age of the snails 

would gradually shift turnover to April and May, yet this has not occurred.  Moreover, 

death at an earlier age has the potential to introduce a second cohort turnover later in the 

year, such as in August or September.  The influence on the size histograms would be the 

appearance of bimodal distributions multiple times during the year.  Gradually, the 

monthly size histograms should lose all appearance of a cohort turnover because 

individuals would be continuously replaced throughout the year.  In contrast, P. gyrina 

exhibits such a size histogram.  During summer, P. gyrina lives for only 3-4 mo (Snyder, 

1992; Snyder and Esch, 1993).  Snails continuously reproduce and replace the deceased 

individuals.  As such, monthly size histograms do not reveal any indication of an annual 

cohort turnover.   

Discussion to this point has revolved around the role of smaller hosts and the loss 

of emergent vegetation in the disruption of parasite transmission, thereby causing a 

significant decline in prevalence of H. occidualis and the overall loss of trematode 

species richness. Since life expectancy of H. anceps has not changed, age of the snails is 
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unlikely to have altered transmission or significantly influenced the prevalence recorded 

from surveys in the pond.  However, emergent vegetation has declined, even disappeared 

at various times, and this has immediate impacts by reducing the probability of overlap of 

the frog and snail host.  Additionally, the loss of plant or leaf substrata affects the 

availability of aufwuchs, which has been shown to affect both growth rates of the snail 

and cercariae production (Keas and Esch, 1997), further affecting snail population size 

and disrupting the trematode life cycles.  We propose that emergent vegetation is central 

to the establishment and persistence of digenetic trematodes in this aquatic system. 

We cannot, of course, be certain that our evidence supports our hypothesis 

regarding the impact of change in emergent vegetation within the pond.  In part, this is 

because we do not have a control system with which to compare our data over time.  

Regrettably, there are also gaps in our data collections.  Moreover, we have no way of 

comparing our long-term observations with other long-term studies because none exist.  

We hope that in 5 or ten years, however, additional collections of snails from Charlie’s 

Pond would be made so that data can be compared.  We feel that we have created a solid 

‘footprint’ that should be followed in the future. 
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Figure 1.  Rarefied species richness.  Mean species richness and 95% confidence 

intervals were calculated using 2,000 replicates (random samples without replacement) 

for a sample size 275 (the sample size for 2013).  The dashed line marks the species 

richness for the 2013 sample.  Raw data were used for 1984, 2002, 2006, 2012, and 

2014.  Data for 1988 were obtained from Williams and Esch (1991).  Data for 1989 were 
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obtained from Fernandez and Esch (1991b). 

Figure 2. (A) East bank of Charlie’s Pond showing emergent vegetation in 1988. (This 

location matches site 24 in Zelmer et al., 1999.)  (B) West cove of Charlie’s Pond 

showing vegetation in 1988.  (This location matches site 15 in Zelmer et al., 1999.)  (C) 

East bank of Charlie’s Pond without vegetation in 2014.  (D)  West cove of Charlie’s 

Pond without vegetation in 2014. 
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