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ABSTRACT 

HISTOLOGICAL AND GEOSPATIAL ANALYSIS OF THE MYSTERY SNAIL 

(BELLAMYA SPP.) POPULATIONS IN THE POTOMAC AND OCCOQUAN RIVERS 

UTILIZING CITIZEN SCIENTIST PARTICIPATION 

Jeanne Michelle Ryan, Ph.D. 

George Mason University, 2015 

Dissertation Director: Dr. Dann Sklarew 

 

Bellamya chinensis and Bellamya japonica are two non-native gastropods 

commonly referred to as “mystery snails.”  Originally transported from Asia and sold as a 

food commodity or ornamental garden species more than 100 years ago, the snails are 

now found across North America, including areas within the Potomac River watershed 

near the George Washington Memorial Parkway, Mason Neck State Park, Belmont Bay, 

and Occoquan Bay.  These areas comprise the study area for this research.  Despite their 

widespread distribution, the morphology and possible impacts of B. chinensis and B. 

japonica on native freshwater ecosystems are poorly understood in North America, as is 

the taxonomic classification of the two species.  The purpose of this study was to perform 

a spatial analysis of Bellamya spp. within the waters of the study area for relationships 

with water quality metrics (pH, water temperature, oxidation reduction potential (ORP), 

and electrical conductivity (EC)), and a histological analysis of collected snails for 

morphological variation.  Findings from the spatial and water quality measurements 
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revealed a correlation between the snails’ external shell measurements and ORP, and the 

mystery snails have adapted to larger ranges of pH, electrical conductivity, and 

temperature than previously noted in the literature.  Additionally, the histological studies 

reveal conflicting results for species identification.  Results from these studies will aid 

natural resource managers in developing invasive species management activities for 

Bellamya spp. within the Potomac River watershed, and will contribute to the scholarly 

debate concerning the snails’ taxonomic assignments.   
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CHAPTER 1  INTRODUCTION 

1.1. Background 
Bellamya chinensis and Bellamya japonica from the family Vivaparidae are two 

live-bearing non-native snail species found in many North American freshwater systems 

(Jokinen 1982).  The Bellamya species, commonly referred to as either Chinese mystery 

snails or Japanese mystery snails, are native to Asia (Clench and Fuller 1965).  B. 

japonica snails originate from Japanese mesotrophic and eutrophic lakes and are often 

found in rice paddy fields in Japan and Korea, while B. chinensis are native to the eastern 

parts of China (Kurihara and Kadowaki 1988, Jokinen 1992, Chung and Jung 1999).  

Transported from Asia in the 1890s by sailors to U.S. west coast Asian food markets, the 

snails were found by researchers in the Pacific Northwest, Great Lakes, and northeast 

United States following the mystery snail  trade to supply consumables and freshwater 

aquaria and ornamental gardens and ornamental gardens (Clench and Fuller 1965).   

The first documented case of B. chinensis in the United States came from a 

researcher who observed the live snails in a Chinese market in San Francisco, California 

in 1892 (Clench and Fuller 1965).  By 1911, researchers reported the existence of B. 

chinensis in irrigation ditches in California, and also noted the first documented 

introduction of B. japonica in North America after being sighted at a Chinese food 

market in Victoria, British Columbia (Clench and Fuller 1965, Jokinen 1982).  Although 

the snail species have been in North America for more than 100 years, little is known 
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about their feeding preferences, reproduction, and their effects on native biota (Prezant et 

al. 2006, Pyron and Brown 2015). 

The earliest record of the snails in the Chesapeake Bay dates back to 1960 

(NEMESIS 2011).  Widening distribution of these snails may be attributed to increased 

use of Bellamya spp. in the decorative aquaria trade, with unwanted or excess animals 

released into local waterways, or used in outdoor ornamental water gardens (Bobeldyk 

2009, Karatayev et al. 2009, Bury et al. 2007). 

1.2. Taxonomy 
The taxonomic categorization of the snails commonly known as either “Chinese 

mystery snails” or “Japanese mystery snails” remains unresolved.  Multiple scientific 

names remain in use for what some researchers see as phenotype variations for the same 

species of snail, whereas other researchers see them as distinctly different species (Lu et 

al. 2014, Pyron and Brown 2015).  Smith (2000) traces the taxonomic confusion back to 

the snails’ introduction into North America, with some researchers placing the snails’ 

genus Cipangopaludina as a sub-genus in the family Viviparidae based on differences in 

the snails’ reproductive organs (Clench and Fuller 1965).  Jokinen (1982) differentiates 

the snail species based on shell growth, noting Bellamya spp. shell growth is allometric, 

meaning the proportion of the shell width to shell height changes as the snail develops, 

with B. chinensis having a slightly rounder shell than B. japonica.  More recent studies 

consider Cipangopaludina a sub-genus of Bellamyinae instead of the family Viviparidae, 

and propose two species named B. chinensis and B. japonica, although debate remains as 

to whether taxonomic differences are sufficient to justify two species (Smith 2000).  Lu 
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et al. (2014) notes variation within sampled B. chinensis populations in southern China 

which may warrant further investigation.  As a result of the taxonomic confusion, 

scientific literature refers to the species using a variety of scientific naming conventions, 

including Viviparus malleatus, Viviparus chinensis malleatus, Cipangopalundina 

chinensis, Cipangopalundina chinensis malleatus, and Cipangopalundina japonica 

(Smith 2000, NAS 2011).  Common name variation adds to the confusion:  Chinese 

mystery snail, oriental mystery snail, and trapdoor snail remain in use.  Databases 

cataloguing the snail’s scientific name are inconsistent (ITIS 2011, NAS 2011).  For the 

purposes of this project description, the taxonomic arrangement of B. chinensis and B. 

japonica argued by Smith (2000) will be used. 

1.3. Physical Characteristics 
First identified by Gray in 1834, B. chinensis (synonym: Viviparus chinensis 

malleatus Reeve, 1863) is a snail characterized by thin-walled, smooth globous-shaped 

shells documented in literature as reaching upwards to 60–65 mm in length with dry 

tissue mass of approximately 1 gram (Clench and Fuller 1965, Jokinen 1982, Solomon et 

al. 2010).  B. japonica (synonym: Viviparus (Cipangopaludina) japonicus), is very 

similar in shape and size to B. chinensis, although B. japonica lacks the fine growth lines 

on its shell typically exhibited by B. chinensis, and it tends to have more sharply pointed 

apex, also with a documented overall shell length of 60–65 mm (Jokinen 1992).  B. 

japonica was first identified by von Martens in 1861 (Clench and Fuller 1965).  Figure 1 

illustrates the side-by-side comparison between B. japonica (item b) and B. chinensis 

(item c), in comparison to three other snails from the Viviparidae family (Jokinen 1992). 
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Figure 1. Comparison of B. chinensis (left) and B. japonica (right) shells of the snail family Viviparidae  

(adapted from Jokinen 1992) 

 

Shell color of both species varies from light brown to dark olive brown, with 6–7 

whorls (B. chinensis) or 7–8 whorls (B. japonica) with each species exhibiting allometric 

shell growth (Clench and Fuller 1965, Jokinen 1982, Lu et al. 2014).  The two species are 

mostly similar in shape and size, although B. japonica shells tend to be more conical and 

spire-shaped than B. chinensis (Jokinen 1992, Smith 2000).  Juvenile B. chinensis shells 

have a small, spiral line of short hairs that later form rows of small permanent pits in 

adult shells (Jokinen 1992).  Both species have similar radula, gill filaments, and 

reproductive organs, although there are some slight differences between parts of the male 

reproductive organs of the two species (Smith 2000).  Males of both species also have a 

modified right tentacle used for internal fertilization (Prezant et al. 2006).  Each species 

has a thin operculum with visible concentric growth lines (Clench and Fuller 1965, 
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Jokinen 1992).  The snails use their operculum to tightly close off the shell aperture 

(Clench and Fuller 1965, Jokinen 1992, Pyron and Brown 2015).  

1.4. Reproductive Characteristics 
Viviparids are live-offspring bearing snails.  B. chinensis and B. japonica 

continuously release fully formed juvenile snails throughout their reproductive lifespans, 

and often carry upwards of 100–120 embryos at a time (Jokinen 1992, Bobeldyk 2009, 

Havel 2011).  Female B. chinensis snails will enter the reproductive phase towards the 

end of their first year of life (Jokinen 1992).  The female snail’s uterine sacs can 

accommodate all ontogenetic stages simultaneously, from recently fertilized eggs to 

fully-formed juvenile snails (Prezant et al. 2006).  Newborn snails average 5 mm in shell 

length and initially retain some embryonic hairs at birth thought to stabilize the embryos 

in utero (Jokinen 1982).  Bellamya spp. are known to increase the release of juvenile 

snails in the presence of predators to reduce predation stress (Prezant et al. 2006).  Adult 

lifespan varies between 3–5 years with female snails averaging 5 years, and males 

averaging 3 years (Jokinen 1982, Bobeldyk 2009, NEMESIS 2011).  Jokinen (1982, 

1992) also notes that female B. japonica can live upwards to 8 years.  The female snails 

will begin releasing embryos when water temperatures exceed 15°C, and will start the 

migration to deeper water ahead of male snails at the start of the winter (Jokinen 1982, 

1992).  The observed reproductive season falls in its native range in eastern Asia and 

invaded areas of North America within May and November (NAS 2011, NEMESIS 

2011).   
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1.5. Habitat 
Bellamya spp. prefer slow-moving freshwater systems, such as small streams, 

canals, or lakes with sandy or muddy substrates (Jokinen 1982).  B. chinensis snails are 

found in cool to warm temperate climates from 0°C to 30°C (Karatayev et al. 2009).  

Studies outside the U.S. Mid-Atlantic region indicate the snails were found within these 

water chemistry profiles: pH between 6.5–7.8, conductivity between 63–400 µmhos/cm, 

Ca2+ between 5–16 ppm, and Na+ between 2–49 ppm (Jokinen 1982, 1992).  However, 

the typical aquatic environmental parameters for B. japonica are not widely known due to 

a lack of published field research data.  Jokinen (1992) indicated the following water 

chemistry parameters for a lake in New York where B. japonica was found:  pH: 6.3, 

conductivity: 62 µmhos/cm, calcium ion concentration (Ca2+): 11 ppm, and sodium ion 

concentration (Na+): 16 ppm.   

Viviparid snails, grazers by nature, typically consume the epibenthic and 

epiphytic fauna found within the freshwater systems, and can also feed on debris caught 

in mucus from respiratory activities by consuming the mucus (Clench and Fuller 1965, 

Jokinen 1992, Bobeldyk 2009, Pyron and Brown 2015).  Grazing-type feeding is 

primarily performed by using its radula—comprised of a row of seven teeth with 4–5 

cusps—to scrape food materials from substrate (Jokinen 1982).  Researchers studying 

Chinese mystery snails in rivers near Montreal, Quebec, documented the snails’ diet as 

having a variety of inorganic materials, and benthic algae, primarily diatoms, blue-green 

algae, and flagellates, although additional research is needed in this area to verify feeding 

habits of the snails in other areas (Plinski et al. 1978, Jokinen 1982, Prezant et al. 2006).  
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Pyron and Brown (2015) noted that in some instances, viviparids will consume carrion or 

small invertebrates.  

B. chinensis and B. japonica both appear in a variety of databases and reports 

cataloging the presence of non-native aquatic species.  The U.S. Geological Survey’s 

Southeast Ecological Science Center categorizes both snail species as “exotic” in its 

Nonindigenous Aquatic Species (NAS) database (NAS 2015).  The Smithsonian 

Environmental Research Center (SERC) catalogs B. chinensis and B. japonica in its 

National Exotic Marine and Estuarine (NEMESIS) database as “introduced” (NEMESIS 

2015).  The U.S. Fish and Wildlife Service lists B.chinensis and B. japonica as a “priority 

concern” for the Alaska region, with the report noting its establishment in Washington 

and Oregon (USFWS 2010). 

The NEMESIS database information for the Chesapeake Bay watershed includes 

several observed sightings of Bellamya spp., from ponds within Lancaster and Lebanon 

Counties, Pennsylvania, in 1965, and tidal areas of the Susquehanna River at the 

Susquehanna State Park in 2000 and 2001, to several sites within the Potomac River area 

(NEMESIS 2015).  The Smithsonian’s National Museum of Natural History has archived 

Bellamya spp. snail shells collected from the Jones Point Lighthouse area of the tidal 

Potomac River within the Jones Point Park in Alexandria, Virginia, in 1960 (NEMESIS 

2015).  George Mason University graduate students, under the guidance of Dr. Carl 

Ernst, collected Bellamya spp. shells near Fort Belvoir, Virginia, in 1993, and again in 

2002 (NAS 2011).  Dr. Paul Fofonoff, a SERC scientist, noted the presence of Bellamya 

spp. shells along Dyke Marsh in the 1997–2000 period, and on submerged plates placed 
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at the shoreline near the now-closed GenOn Potomac River Generating Station (formerly 

known as the Mirant Power Plant) in North Alexandria, Virginia, in 1999 (pers. comm. 

2011).   

Research has also shown that Bellamya spp. can survive in dry environments for 

several weeks (Havel 2011).  Havel (2011) noted these snails can hitchhike on man-made 

objects (such as boat trailers) between recreational areas.   

Additionally, the snails serve as an intermediary host for trematodes, including 

trematodes known to infect humans, although no case of snail-to-human infection has 

ever been documented (Chung and Jung 1999, Cordeiro 2002, Bury et al. 2007, Pyron 

and Brown 2015).     

1.6. Research Goals 
To date, scholarly research concerning Bellamya spp. populations and water 

quality data sets are scarce.  The lack of scholarly research leaves a gap in the body of 

knowledge about non-native species, such as mystery snails, within the context of 

watershed management, and the ramifications of managing for improvements in water 

quality given the presence of the snails within the Potomac River watershed.  In addition 

to improving our knowledge about the mystery snails here, this research was designed to 

provide the foundation for future research into the snails’ ecological impact in the 

Potomac River region.  The final goal of this study was to further investigate the 

taxonomic question about which Bellamya species is (are) present in this watershed. 
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1.7. Problem Statement 
Most researchers studying Bellamya spp. in North America cite the lack of 

information for the two species of snails in general (Prezant et al. 2006).  Bellamya spp. 

identification and taxonomic classification remains incomplete within the malacologist 

community (Smith 2000).  Studies conducted in Taiwan, Korea, and China indicate B. 

chinensis may exhibit variations in shell morphology and variation in some internal 

organs, possibly due to localized environmental factors or previously incorrect taxonomic 

assignment (Chiu 2002, Lu et al. 2014, Pyron and Brown 2015).   

Additionally, there have been little to no published field research results 

pertaining to Bellamya spp. in the Potomac River watershed.  Local researchers rely on 

unpublished or anecdotal information.  No local histological Bellamya spp. studies are 

known to exist.  Anecdotal discussions with many individuals who live within a short 

distance of the study area indicate there has been recent growth in the Bellamya spp. 

populations since the mid-2000s.  Individuals report Bellamya spp. shells in the 

thousands along the shorelines of Occoquan Regional Park, Occoquan National Wildlife 

Refuge, and Mason Neck State Park; various recreational communities (such as 

recreational boaters) have growing concerns that Bellamya spp. may be negatively 

impacting the local freshwater ecosystems (pers. comm., 2012, 2013, and 2014).   

Lack of research to characterize the Bellamya spp. populations in the project 

study region leaves scientists and natural resource planners with scant information to plan 

any effective programs for Bellamya spp. management.  Management of a non-native 

species, such as Bellamya spp., is challenging at best. Spatial and histological analysis 
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may provide natural resource managers better information regarding the snail species’ 

locations within the region.  

1.8. Project Hypotheses 
 

The project hypotheses are presented by research type within Chapters 2, 3, and 4. 

 

Chapter 2 addresses the following null and alternate hypotheses for the 

histological research: 

H10:  Two species of Bellamya are present in the population of these snails in 

the tidal Potomac River. 

H11:  Only one species of Bellamya is present within the tidal Potomac River. 

 

To test the histology hypothesis H1, live samples of Bellamya spp. were collected 

within the project study area, and recorded the date, time, and location of the snails, and 

measured shell length, width, and operculum width.  The snail tissue research continued 

by bringing the collected samples to the university histology lab for processing and 

analysis. 

Geospatial research on the distribution of the snails with respect to several water 

quality parameters in the Potomac River was undertaken to test the following three 

hypotheses as explained in Chapter 3: 

H10: Bellamya spp. snails are present within the same water quality ranges for 

pH, electrical conductivity (EC), oxidation reduction potential (ORP), and 
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temperature in the Potomac River as previously documented in scholarly 

literature. 

H11:  Bellamya spp. snails are present outside of the water quality ranges for pH, 

EC, ORP, and temperature in the Potomac River as previously 

documented in scholarly literature. 

H20:  Bellamya spp. snail sizes are not positively correlated with pH, EC, ORP, 

and temperature in the Potomac River  

H21:  Bellamya spp. snail sizes are positively correlated with pH, EC, ORP, and 

temperature measurements in the Potomac River. 

H30:  Collected Bellamya spp. shell size distributions in the project study area 

are random.  

H31:  Collected Bellamya spp. shell size distributions in the project study area 

are not random. 

Characteristics of the snail measurements are in themselves independent of snails 

nearby. 

To test the geospatial hypotheses H1, H2, and H3, the same live collected 

Bellamya spp. snail body and snail shell measurements for the histology research 

described above were used.  Additionally, the specified in situ water quality parameters 

were recorded.  Information pertaining to the geospatial research methodology can be 

found in Chapter 3 of this document.  Comparative water quality measurements from the 

literature for Bellamya spp. are listed in Table 1. 

 



 

 

Table 1 B. chinensis and B. japonica water quality measurements and values 

Species Measurement Range Location Source 

B. chinensis Temperature 0–30°C Connecticut and Texas, 

USA 

Jokinen (1992), 

Karatayev et al. 

(2009) 

 pH 6.5–7.8 Connecticut and Texas, 

USA 

Jokinen (1992), 

Karatayev et al. 

(2009) 

 pH 6.4–9.4 New York, USA McCann (2014) 

 Conductivity 63–400 µmhos/cm Connecticut and Texas, 

USA 

Jokinen (1992), 

Karatayev et al. 

(2009) 

 Conductivity 131.8–269.3 µmhos/cm New York, USA McCann (2014) 

 Shell length 6.0–6.5 cm Arizona, California, 

Colorado, Connecticut, 

Florida, Hawaii, Indiana, 

Michigan, North 

Carolina, Pennsylvania, 

Texas, Utah, Vermont, 

Washington, Wisconsin, 

USA 

Clench and 

Fuller (1965), 

Jokinen (1982), 

Solomon et al. 

(2010) 

 Shell length Up to 7.0 cm Guangdong, Guangxi, 

Jilin, Sichuan, and 

Yunnan Provinces, 

People’s Republic of 

China 

Lu et al. (2014) 

 Shell width 2.85–4.79 cm Guangdong, Guangxi, 

Jilin, Sichuan, and 

Yunnan Provinces, 

People’s Republic of 

China 

Lu et al. (2014) 

1
3
 



 

 

Species Measurement Range Location Source 

 Operculum width 2.78–4.68 cm Guangdong, Guangxi, 

Jilin, Sichuan, and 

Yunnan Provinces, 

People’s Republic of 

China 

Lu et al. (2014) 

B. japonica pH 6.3 Connecticut, USA Jokinen (1982) 

 Conductivity 62 µmhos/cm Connecticut, USA Jokinen (1982) 

 Shell length 6.0–6.5 cm Connecticut, Oklahoma, 

Massachusetts, and 

Michigan, USA 

Clench and 

Fuller (1965) 

Jokinen (1982) 

 Temperature Up to 30°C Ohio, USA NAS (2015) 

 

1
4
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The following null and alternate hypotheses for my combined histology and 

geospatial research are found in Chapter 4: 

 

H4: 

H40: Diseased Bellamya spp. do not relate to water quality 

H41: Diseased Bellamya spp. do relate to water quality. 

 

Overall significance of the results and recommended next steps are contained 

within Chapter 5. This project used citizen scientists to collect some of the project’s shell 

measurements.  Additional information pertaining to this aspect is in Appendix A and the 

project’s citizen science quality assurance project plan (QAPP) is included as Appendix 

B. 
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CHAPTER 2 COMPARISON OF THE GROSS AND MICROSCOPIC 

ANATOMY OF THE POTOMAC RIVER INVASIVE BELLAMYA SPP. 

SNAILS 

2.1. Abstract 
Bellamya spp. (Gastropoda; Caenogastropoda: Viviparidae, synonyms: 

Cipangopalundina spp., Viviparus spp.) are non-native freshwater gastropods of the 

Viviparidae family found within the Potomac River watershed with undetermined 

taxonomic assignment and scarce published research data.  The purpose of this study was 

to provide morphological descriptions of the Bellamya spp. populations found within the 

Potomac River ecosystem, and to assess anatomical features found within the sampled 

snails to ascertain if the snails were more appropriately assigned to Bellamya chinensis or 

Bellamya japonica.  Project findings indicate snail morphological structures reflect 

Viviparidae morphology, noting some differences in observed average shell length and 

widths, and the number of whorls.  The results did not conclusively show sufficient 

morphological differentiation to be able to assign the snails sampled within the Potomac 

River to either Bellamya chinensis or Bellamya japonica based on observed tissue 

structures. 

 

Keywords: Bellamya chinensis, Bellamya japonica, Cipangopalundina chinensis, 

Cipangopalundina japonica, Viviparus chinensis, histology 
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2.2. Introduction 
Bellamya spp. (=Bellamya chinensis and Bellamya japonica, common names 

Chinese mystery snails and Japanese mystery snails) from the family Viviparidae are 

live-bearing non-native snail species found in many North American freshwater 

ecosystems (Jokinen 1982).  Bellamya spp. snails originate from eastern Asia 

mesotrophic and eutrophic lakes (Kurihara and Kadowaki 1988, Jokinen 1992, Chung 

and Jung 1999).  These snails arrived from Asia in North America in the 1890s 

transported by sailors to the west coast markets as a source of food for Asian residents. 

As a result of either accidental or intentional release, researchers soon found the snails in 

the Pacific Northwest, Great Lakes, and northeast United States (Clench and Fuller 1965, 

Karatayev et al. 2009, Bobeldyk 2009, Bury et al. 2007).  For the Mid-Atlantic region, 

the earliest record of the snails in the Chesapeake Bay dates back to 1960, catalogued in 

the Smithsonian’s Natural History Museum (NEMESIS 2011).  Bellamya spp. 

morphology is poorly understood within the context of the project study area (Figure 3) 

despite decades of snail sightings in the Potomac River watershed.  Local ecological 

studies of Bellamya spp. are scant, with researchers relying on unpublished or anecdotal 

information.   

First identified by Gray in 1834, Bellamya chinensis (=Cipangopalundina 

chinensis malleatus Reeve, 1863) is a snail characterized by thin-walled, smooth 

globous-shaped shells documented in literature as reaching upwards of 70 mm in length 

(Lu et al. 2014).  B. japonica (=Cipangopaludina japonica von Martens, 1861), is very 

similar in shape and size to B. chinensis, although B. japonica may lack the fine growth 

lines on its shell typically exhibited by B. chinensis (Clench and Fuller 1965, Jokinen 



20 

 

1992).  The two species are mostly similar in shape and size, although B. japonica shells 

tend to be more conical and spire-shaped than B. chinensis (Jokinen 1992, Smith 2000).  

Shell color of both species varies from light brown to dark olive brown, with 6–7 whorls 

(B. chinensis) or 7–8 whorls (B. japonica) and each species exhibits allometric shell 

growth (Clench and Fuller 1965, Jokinen 1982, Lu et al. 2014).  Each species has a thin 

operculum with visible concentric growth lines (Clench and Fuller 1965, Jokinen 1992).  

The snails use their operculum to tightly close off the shell aperture (Clench and Fuller 

1965, Jokinen 1992, Pyron and Brown 2015). Both species have similar radula, gill 

filaments, and reproductive organs, although there are some slight differences between 

parts of the male reproductive organs in the two species (Smith 2000).  Males of both 

species also have a modified right tentacle used for internal fertilization (Prezant et al. 

2006).  Figure 2 illustrates the dorsal view internal anatomy of a male Bellamya japonica 

(Fox 2007).  

Bellamya spp. prefer slow-moving freshwater ecosystems, such as small streams, 

canals, or lakes with sandy or muddy substrates (Jokinen 1982).  B. chinensis snails are 

found in cool to warm temperate climates from 0°C to 30°C (Karatayev et al. 2009).  

Viviparid snails typically consume epibenthic and epiphytic fauna found within the 

freshwater ecosystems, and can also feed off of debris from respiratory activities caught 

in mucus sacs (Clench and Fuller 1965, Jokinen 1992, Bobeldyk 2009, Pyron and Brown 

2015).  Grazing-type feeding is primarily performed by using their radula—comprised of 

a row of seven teeth with 4–5 cusps at either end of its mouth—to scrape food materials 

from substrate (Jokinen 1982).  Pyron and Brown (2015) noted some viviparids will  
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Figure 2 Dorsal view of internal anatomy of a male Bellamya japonica  

(Fox 2007) 

 

consume carrion or small invertebrates.  The snails serve as an intermediary host for 

trematodes, including trematodes known to infect humans, although no case of snail-to-

human infection has ever been documented consume carrion or small invertebrates.  The 

snails serve as an intermediary host for trematodes, including trematodes known to infect 

(Chung and Jung 1999, Cordeiro 2002, Bury et al. 2007, Pyron and Brown 2015).   

The taxonomic categorization of these snails, commonly referred to as either 

“Chinese mystery snails” or “Japanese mystery snails,” remains unresolved.  Multiple 

scientific names are in use for what some researchers see as phenotype variations for the 

same species of snail, whereas other researchers see as distinctly different species (Lu et 
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al. 2014, Pyron and Brown 2015).  Smith (2000) traces the taxonomic confusion back to 

the snails’ introduction into North America, with some researchers placing the snails’ 

genus Cipangopaludina as a sub-genus in the family Viviparidae based on differences in 

the snails’ reproductive organs (Clench and Fuller 1965).  Smith (2000) indicates these 

mystery snails should be named B. chinensis and B. japonica and placed in the family 

Bellamyinae.  Lu et al. (2014) notes variation within sampled B. chinensis populations in 

southern China which may warrant further investigation for its taxonomic placement.  

Scientific literature refers to B. chinensis and B. japonica using a variety of naming 

conventions, including Viviparus malleatus, Viviparus chinensis malleatus, 

Cipangopalundina chinensis, Cipangopalundina chinensis malleatus, and 

Cipangopalundina japonica (Smith 2000, NAS 2011).  For the purposes of this project, 

the taxonomic arrangement of B. chinensis and B. japonica argued by Smith (2000) will 

be used.   

Literature describing Bellamya spp. morphology is summarized in Table 2 (shell 

measurements).  Earlier studies highlighted unique Bellamya spp. soft tissue 

characteristics (Table 3).   



 

 

Table 2 B. chinensis and B. japonica shell measurements 

Species Measurement Range Location Source 

B. chinensis Shell length Up to 7.0 cm Guangdong, Guangxi, Jilin, 

Sichuan, and Yunnan 

Provinces, People’s 

Republic of China 

Lu et al. (2014) 

B. chinensis Shell width 2.85–4.79 cm Guangdong, Guangxi, Jilin, 

Sichuan, and Yunnan 

Provinces, People’s 

Republic of China 

Lu et al. (2014) 

B. chinensis Operculum width 2.78–4.68 cm Guangdong, Guangxi, Jilin, 

Sichuan, and Yunnan 

Provinces, People’s 

Republic of China 

Lu et al. (2014) 

B. japonica Shell length 6.0–6.5 cm Connecticut, Oklahoma, 

Massachusetts, and 

Michigan, USA 

Clench and Fuller 

(1965) 

Jokinen (1982) 

2
1
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Table 3 B. chinensis and B. japonica soft tissue characteristics 

Soft tissue area Species (or 

subclass where 

species was not 

identified) 

Location Source 

Ctenidium (gill): 

monopectinate 

Bellamya 

japonica 

Not listed Fox (2007),  

Voltzow (1994) 

Kidney: triangular Cipangopalundina 

chinensis 

Guangdong, 

Guangxi, Jilin, 

Sichuan, and 

Yunnan Provinces, 

China 

Lu et al. (2014) 

Uterine sacs: containing 

more than 80 embryos  

Cipangopalundina 

chinensis 

Guangdong, 

Guangxi, Jilin, 

Sichuan, and 

Yunnan Provinces, 

China 

Lu et al. (2014) 

Radula: central tooth 

surrounded by 4 smaller 

denticles, lateral tooth 

with 3 smaller denticles, 

inner tooth with 3 

smaller denticles, and 

marginal teeth with 10 

denticles 

Cipangopalundina 

chinensis 

Guangdong, 

Guangxi, Jilin, 

Sichuan, and 

Yunnan Provinces, 

China 

Lu et al. (2014) 

Radula: 7 teeth per row, 

with lateral teeth 

containing 4–9 cusps  

Cipangopalundina 

chinensis 

Connecticut, USA Jokinen (1982) 

Osphradium: ridge-like 

structures 

Prosobranchia 

(subclass of 

Gastropoda) 

Not listed Voltzow (1994) 

Heart: presence of an 

aortic bulb  

Prosobranchia 

(subclass of 

Gastropoda) 

Not listed Voltzow (1994) 

Vas deferens: branched 

with 2 main branches 

along the surface of the 

testis 

Cipangopalundina 

chinensis 

Guangdong, 

Guangxi, Jilin, 

Sichuan, and 

Yunnan Provinces, 

China 

Lu et al. (2014) 

Vas deferens: 

unbranched 

Bellamya 

chinensis 

Connecticut, and 

Massachussets, 

USA 

Smith (2000) 

Vas deferens: branched 

3–4 times 

Bellamya 

japonica 

Connecticut, and 

Massachussets, 

Smith (2000) 
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Soft tissue area Species (or 

subclass where 

species was not 

identified) 

Location Source 

USA 

Spermatoza: nuclear 

material that is helically 

coiled within the mantle 

profile 

Cipangopalundina 

malleata 

Japan Yasuzumi et al. 

(1960) 

Parasites: hosts for 

Echinostoma cinetorchis 

Cipangopalundina 

chinensis malleata 

South Korea Chung and Jung 

(1999) 

Parasites: host for 

metacercaria  

Cyathocotyle bushiensis, 

and spidogastrean 

flatworms (Aspidogaster 

Conchicola) 

Cipangopaludina 

chinensis 

Wisconsin, USA Harried et al. 

(2015) 
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Histological review of the Bellamya spp. tissue was used to distinguish snail 

anatomical features not viewable at the gross anatomy level.  This use of histological 

method was similar to studies conducted on Eastern oyster anatomy (Crassotrea 

virginica) and nudibranch anatomy (Armina spp.) (Eble and Scro 1996, Kolb 1998) 

My histological research addressed the following null and alternate hypotheses: 

 

H10:  Two species of Bellamya are present in the population of these snails in 

the tidal Potomac River. 

H11:  Only one species of Bellamya is present within the tidal Potomac River. 

 

2.3. Methodology 
The project study area included publicly accessible kayak launch points along the 

George Washington Memorial Parkway shoreline areas of Dyke Marsh and Belle Haven, 

Belmont Bay, Gunston Cove including Occoquan Regional Park, Mason Neck State Park, 

and Pohick Bay Regional Park, all within the western shoreline maximum photic zone 

region of the Potomac River on or near the Virginia-Maryland border (Figure 3).  From a 

kayak, live samples of Bellamya spp. were collected from the study area using collection 

techniques based on prior informal field collection experiences from 2013–2014, and 

Sturm et al. (2006), in accordance with the Commonwealth of Virginia Department of 

Game and Inland Fisheries, Commonwealth of Virginia Department of Conservation and 

Recreation, and the U.S. Department of Interior National Park Service research permits. 
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Figure 3 Live snail collection areas 
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In the field, the date, time, and location were recorded with the sample following the 

snail’s removal from the water.  Additionally, the snails’ shell length, width, and 

operculum width were measured at the time of collection.  The collected snails were then 

placed in plastic containers, the snail shells’ apices were trimmed with pliers, and holes 

were drilled in the shell along the shell sutures. These live-collected snails were each 

placed in a 1-L labeled transport container filled with 10% neutral-buffered formalin and 

sealed.  The containers were then transported to the GMU Histology Laboratory in David 

King Hall at George Mason University’s Fairfax, Virginia campus.   

 Additionally, 54 trained citizen scientists participated in this project.  The citizen 

scientists measured shell length, width, and operculum width of the empty shells found 

along the shoreline area within the study area.  The citizen scientists assisting with this 

project measured the snails in accordance with the Quality Assurance Plan provided in 

Appendix B, and citizen science water quality programs described by Ryan (2011). 

Empty snail shells measured were not collected. 

The histological analysis of field-collected fixed live snail samples continued using 

histological protocols described by Peters et al. (2005), and Carson and Hladik (2009) to 

include decalcifying the snails (using Immunocal™ as the decalcifier), photographing the 

snail tissue using an Apple iPhone 6 iSight™ camera and the Apple iPhone 6 camera 

software, and trimming the bodies into 2–3 mm thick sections. These  sections were 

embedded in paraffin by processing the samples in the lab’s tissue processor (RMC 

Ventana Renaissance series tissue processor model 1530), and preparing the paraffin 

blocks using the lab’s Micron AP280-1, AP280-2, and MES1054 paraffin console. All 
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paraffin-embedded samples were sectioned using a microtome to 0.5 µm thickness, 

mounting the sections on glass microscope slides, and staining the tissues using a 

hematoxylin and eosin (H&E) protocol for nuclear (hematoxylin) and cytoplasmic and 

connective tissue (eosin) analysis (Peters et al. 2005, Carson and Hladik et al. 2009).  The 

light microscopy analysis of the stained slides was conducted using an Olympus 

compound microscope model BX43.  The digital microscopy images were captured in 

.TIF file format using the Olympus DP72 camera attached to the Olympus light 

microscope, and the Olympus cellSens Standard™ software imaging application, version 

1.13.  To calculate the average and standard deviations for shell measurements, the SPSS 

statistical software package (version 23.0) was used. 

 

2.4. Results 
Live snails were collected from the study area between May–July, 2015.  Live 

collected snail data are shown in Table 4, listed by the collection location, collection site 

trips, numbers of live snails collected, and gender, as well as shell measurements (range, 

average, and standard deviation (Sd)). 

Results for the empty snail shell measurements are found in Table 5.  Average length, 

width, and operculum measurements for the 388 shells found within the study area were 

4.0 cm (Range 0.5–7.6, Sd 1.72), 2.8 cm (Range 0.3–5.2, Sd 1.13), and 2.1 cm (Range 

0.2–4.0, Sd 0.90) cm, respectively. 
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Table 4 Collected live snail data by location 

Location 

Collection 

trips Gender 

Range (if > 

1), Average 

shell length 

in cm (Sd) 

Range (if > 

1), Average 

shell width 

in cm (Sd) 

Range (if > 1), 

Average 

operculum 

width in cm 

(Sd) 

Belle Haven 5 1 Male 6.2 (0) 4.0 (0) 3.4 (0) 

Dyke Marsh 6 4 Male; 7 

Female 

3.5–6.5, 5.2 

(0.9) 

2.5–3.8, 3.4 

(0.5) 

2.0–3.5,2.7 

(0.4) 

Huntley 

Meadows 

Park  

1 8 Male; 1 

Female 

2.5–4.5, 3.6 

(0.6) 

1.9–2.8, 2.5 

(0.3) 

1.7–2.3, 2.0 

(0.2) 

 

Mason Neck 

State Park  

8 4 Male; 5 

Female 

3.0–6.1, 5.1 

(0.9) 

2.1–4.3, 3.5 

(0.6) 

1.6–3.3, 2.7 

(0.5) 

Occoquan 

Regional 

Park 

8 3 Male; 8 

Female 

4.2–5.3, 4.9 

(0.3) 

2.7–3.6, 3.3 

(0.3) 

2.2–2.7, 2.6 

(0.4) 

Pohick Bay 

Regional 

Park 

6 1 Female 6.1 (0) 3.9 (0) 3.0 (0) 

Total 34 20 Male;  

22 Female 

2.5–6.5, 4.9 

(1.0) 

1.9–4.3, 3.2 

(0.6) 

1.6–3.7, 2.6 

(0.5) 
 

 

Table 5 Collected empty shell measurements 

Location 

Collection 

trips 

Number of 

shells 

measured 

Range (if > 

1), Average 

shell length 

in cm (Sd) 

Range (if > 

1), Average 

shell width 

in cm (Sd) 

Range (if > 1), 

Average 

operculum 

width in cm 

(Sd) 

Belle 

Haven/Dyke 

Marsh 

2 9 2.5–6.4, 5.1 

(1.05) 

1.6–4.4, 3.4  

(0.47) 

1.4–3.4, 2.6 

(0.40) 

Hallowing 

Point Beach 

1 16 0.5–5.7, 3.1  

(1.63) 

0.3–4.5, 2.2 

(1.27) 

0.2–2.8, 1.5 

(0.88) 

Mason Neck 

State Park 

10 323 0.6–7.6, 4.0 

(1.71) 

0.5–3.6, 2.3 

(1.13) 

0.4–2.7, 1.7 

(0.88) 

Occoquan 

Regional 

Park 

6 24 3.5–5.6, 4.5 

(0.82) 

2.2–3.6, 3.0 

(0.56) 

1.8–3.2, 2.2 

(0.53) 

Pohick Bay 

Regional 

Park 

6 16 4.4–7.3, 6.1 

(1.1) 

3.4–4.8, 4.1 

(0.51) 

2.6–3.8, 3.0 

(0.47) 

Total 25 388 – – – 
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2.4.1. External Characteristics 
The snail shells were globous in shape with thin walls and occasional growth 

lines, with shells covered in part with surface algal growth consistent with the freshwater 

aquatic ecosystem of the Potomac River.  Shell color varied from medium olive green to 

dark brown, with occasional changes in shell color between growth lines or whorls.  

Observed snail shells had between 6–7 whorls.  Live snails possessed medium brown- 

colored opercula with concentric growth lines; empty shells were without opercula.  

Snails observed in feeding mode possessed a large, darkish brown foot speckled with 

occasional lighter-colored spots, and two tentacles extending from just under the shell 

edge, either as a pair of tentacles pointing in a straightened position away from the shell 

(for females), or with the right tentacle bent to a near 90 degree angle away from the shell 

(for males).   

2.4.2. Gross Internal Anatomy 
Following tissue fixation, shell decalcification, and removal of a dark-colored 

periostracum (proteinaceous layer from the shell) covering the snail body, snail tissue 

exhibited strong torsion characteristics overall with affixed opercula to foot muscle. This 

was followed by the snout and tentacles, mantle edge and a single opaque ctenidium (gill 

structure) over a light cream-colored collumellar muscle starting in the first body whorl.  

In the second and subsequent body whorls, the darker-colored rectum tube overlaid the 

stomach, heart, and triangular-shaped kidney, followed by several tightly spiraled darker 

green-colored digestive ceca extending to the terminal end of the snail body (Table 6).   

For female snails, the mid-region body whorl consisted of a large, prominent 
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Table 6 Collected snail tissue comparison with literature 

Soft tissue area Species Location Source This study 

Ctenidium (gill): 

monopectinate 

Bellamya japonica Not listed Fox 

(2007),  

Voltzow 

(1994) 

Ctenidium 

(gill): 

monopectinate 

Kidney: triangular Cipangopalundina 

chinensis 

Guangdong, 

Guangxi, Jilin, 

Sichuan, and 

Yunnan 

Provinces, 

China 

Lu et al. 

(2014) 

Kidney: 

triangular 

Uterine sacs: 

containing more 

than 80 embryos  

Cipangopalundina 

chinensis 

Guangdong, 

Guangxi, Jilin, 

Sichuan, and 

Yunnan 

Provinces, 

China 

Lu et al. 

(2014) 

Uterine sacs: 

containing up 

to 38 embryos 

Radula: central 

tooth surrounded 

by 4 smaller 

denticles, lateral 

tooth with 3 

smaller denticles, 

inner tooth with 3 

smaller denticles, 

and marginal teeth 

with 10 denticles 

Cipangopalundina 

chinensis 

Guangdong, 

Guangxi, Jilin, 

Sichuan, and 

Yunnan 

Provinces, 

China 

Lu et al. 

(2014) 

Radula 

present 

Radula: 7 teeth per 

row, with lateral 

teeth containing 4–

9 cusps  

Cipangopalundina 

chinensis 

Connecticut, 

USA 

Jokinen 

(1982) 

Radula 

present 

Osphradium: 

ridge-like 

structures 

Prosobranchia 

(subclass of 

Gastropoda) 

Not listed Voltzow 

(1994) 

Osphradium: 

some 

evidence of 

ridge 

structures 

Heart: presence of 

an aortic bulb  

Prosobranchia 

(subclass of 

Gastropoda) 

Not listed Voltzow 

(1994) 

Heart: 

presence of an 

aortic bulb 

Vas deferens: 

branched with 2 or 

more branched, 

very narrow 

Cipangopalundina 

chinensis 

Guangdong, 

Guangxi, Jilin, 

Sichuan, and 

Yunnan 

Lu et al. 

(2014) 

Vas deferens: 

branched, 

slightly 

narrowed 
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Soft tissue area Species Location Source This study 

Provinces, 

China 

Vas deferens: 

unbranched, large 

widening along 

collumellar muscle 

Bellamya 

chinensis 

Connecticut, 

and 

Massachussets, 

USA 

Smith 

(2000) 

Vas deferens: 

branched, 

slightly 

narrowed 

Vas deferens: 

branched 3–4 times 

emerging from the 

testes, without 

widening along 

collumellar muscle 

Bellamya japonica Connecticut, 

and 

Massachussets, 

USA 

Smith 

(2000) 

Vas deferens: 

branched 

Spermatoza: 

nuclear material 

that is helically 

coiled within the 

mantle profile 

Cipangopalundina 

malleata 

Japan Yasuzumi 

et al. 

(1960) 

Spermatoza: 

nuclear 

material that 

is helically 

coiled within 

the mantle 

profile 

Parasites: hosts for 

Echinostoma 

cinetorchis 

Cipangopalundina 

chinensis malleata 

South Korea Chung 

and Jung 

(1999) 

Nematodes 

present in 

some tissue 

samples 

 

opaque uterine sac structure containing varying numbers of juvenile snails in 

development, and for male snails, the mid-region area consisted of a large, prominent 

cream-colored testis with slightly narrowed vas deferens and at least two branches of the 

vas deferens connected to the testes (Figure 4 and Figure 5). 

2.4.3. Histology 

Foot tissue samples were composed of eosinophilic muscle fibers containing nuclei 

positioned next to the sarcolemma.  Thinner muscle bundles radiated towards the edge of 

the foot region.  Tall ciliated epithelia bordered the foot muscle area with occasional 

darkly pigmented foci near the foot epidermis containing melanin (Figure 6).   
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Figure 4 Vas deferens underneath collumellar muscle, approximately 3x zoom 
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Figure 5 Vas deferens branching, magnification 10x 
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Figure 6 Foot tissue 
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Occasional vascular areas were observed within the foot muscle tissue.  Several foot 

tissue samples contained probable hematoxylin-stained calcareous spherules with no 

observed adjacent tissue inflammation (Figure 7).  Two foot tissue samples obtained from 

the Dyke Marsh and Occoquan River areas had basophilic vermiform metazoan 

trematodes with maximum diameter of 50 µm.  These metazoans were in the larval stage 

with possible c-shaped anatomical structures (Figure 8).  Occasional river sediment 

debris consisting of sand particulate was found within the foot muscle tissue samples as 

well.  Tentacle tissue samples contained dominant foci of possibly either melanin or 

chromatophores with folded ciliated edges comprised of tall epithelial cells with 

hemolymph spaces within the tentacle connective tissue (Figure 9).  Located at the base 

of the tentacles, the eyes displayed a capsule containing a prominent ring of pigment 

granules and photo receptor cells known as rhabdomeres, which face a vitreous area 

containing the ellipsoidal-shaped lens (Figure 10). 

Within the snout area between the tentacles’ bases was the snail’s mouth 

structures, or buccal region.  Observed buccal tissue indicated the presence of fleshy lips 

anterior to the rows of curved radula.  The radula, held in place by a thick layer of hyaline 

proteinaceous material, was oriented towards the esophageal region in the oral groove, 

stained prominently with eosin.  Surrounding the oral groove was odontophoral cartilage 

lined with a columnar epithelium that surrounded the cartilage matrix comprised of both 

smaller (immature) and mature chondrocytes, with the more immature cells towards the 

lips, and mature cells within lacunae in the central area of the matrix (Figure 11).  The 
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Figure 7 Foot tissue with calcerous spherule 
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Figure 8 Foot tissue with larval stage veriform metazoan 
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Figure 9 Tentacle 
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Figure 10 Eye structure 
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Figure 11 Mouth structures 
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epithelium appeared to secrete the thick layer of hyaline proteinaceous material covering 

the lips and cartilage, extending into the radula cavity. Some oral cavity tissue samples 

included food debris in the lumen.   

Behind the snout area was the mantle area, which included a deeply folded mantle 

skirt and cavity.  Observed mantle tissue included folded surface epithelial tissue with 

muscle fibers, melanin pigment foci, and hemolymph vessels in the underlying 

connective tissue.  Some sectioned tissue samples from the mantle area near the mouth 

contained osphradium tissue, the snail’s chemosensory organ, which stained heavily with 

eosin.  The osphradium tissue contained layers of neurons in multiple orientations with 

occasional lipofuscin (Figure 12).  The hypobranchial area within the mantle cavity had 

multiple gill filaments attached along a single gill central axis near the dorsal region of 

the mantle.  The gill filaments consisted of a thin central connective tissue area with 

hemolymph spaces surrounded by ciliated ctenidial epithelium.  Debris was observed in 

several tissue samples containing gill structures (Figure 13).  

The snail’s heart was located towards the posterior of the mantle cavity within the 

pericardial cavity.  Tissue samples contained contracted atrial and ventricle tissue, along 

with an aortic bulb, within the pericardial cavity.  Multiple hemolymph spaces were 

noted throughout the heart tissue samples, lined with squamous epithelium and 

surrounded by thin bundles of cardiac muscle (Figure 14).  The snail’s kidney structure 

consisted of epithelial cells with pale pink cytoplasm and perhaps microvilli on their 

apical surfaces with spherical basal nuclei surrounding excretory tubule lumens (Figure 

15).   
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Figure 12 Osphradium 
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Figure 13 Gill structure 
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Figure 14 Contracted heart tissue with folded mesothelium of the pericardium 
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Figure 15 Kidney tissue 
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Within the male snails, testicular tissue consisted of branching tubules lined in 

part by prominent hematoxylin-stained spermatogonia in varying stages of 

spermatogenensis.  Within the testicular tubules, clustered spermatozoa were observed 

with tightly spiraled tapered heads stained with hematoxylin and flagellae stained with 

eosin.  These spermatozoa appeared to be grouped in bundles closer to the lumen edges 

of the testicular tubules with the developing spermatozoa in the center of the lumen 

(Figure 16).  Within the female snails, thinly walled uterine sac tissue, along with heavily 

folded capsule glands with prominent lumina lined with ciliated epithelia, were observed.  

The capsule glands were surrounded by muscle fibers (Figure 17).  In one tissue sample, 

a large section of a sperm packet was observed as a mass within the seminal vesicle 

within the lumen of the capsule gland (Figure 18).   

Digestive gland tubules contained lumen areas lined with absorptive and secretory cells 

and surrounded by vascular areas (Figure 19).  Occasional undigested food debris was 

found in the digestive tract consisting of undigested epiphytic material (Figure 20). 

Crystalline styles consisting of lightly stained eosinophilic material were observed within 

the style sacs of the stomachs surrounded by tall columnar cells of the secretory epithelia 

(Figure 21). 

 

2.5. Discussion 
No published comparative histological studies for Bellamya spp. are known to 

exist.  Histological work presented here is generally consistent with Voltzow’s (1994) 

descriptions for prosobranch gastropods; this project’s snail tissues had similar foot, 

mantle, gill, circulatory, and digestive structures.  Of the 42 snail tissue samples, two  
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Figure 16 Spermatoza 
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Figure 17 Capsule gland 
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Figure 18 Spermatoza within capsule gland 
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Figure 19 Digestive tract 
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Figure 20 Debris 
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Figure 21 Crystalline style within the digestive tract 
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tissue samples contained probable nematodes, consistent with earlier literature 

concerning snails as possible parasite hosts, although precise identification of the 

nematodes is unknown (Jokinen 1982, Chung and Jung 1999, Harried et al. 2015). 

For this project, external shell structures were consistent with Jokinen (1982), Lu 

et al. (2014), and Smith (2000), although live snails’ shells found within the study area 

(length 4.9 cm, width 3.2 cm, operculum width 2.6 cm) were on average smaller than 

shells described by Lu et al. (2014) for Bellamya chinensis, and closer to the average 

shell length of 6.0–6.5 cm documented by Jokinen (1982), and Clench and Fuller (1965) 

for Bellamya japonica.  Empty shells were on average even smaller: length 4.0 cm, width 

2.8 cm, and operculum width 2.1 cm.  Smaller snails and shells on average could be 

indicative of less favorable environmental conditions that might affect their growth 

within the study area in comparison to earlier studies conducted outside the U.S. Mid-

Atlantic region.  Additionally, the snails within the study area had 6–7 whorls, which is 

consistent with Clench and Fuller (1965), Jokinen (1982), and Lu et al. (2014) for a 

possible Bellamya chinensis identification.   

Furthermore, internal soft tissue structures were consistent with earlier studies 

examining the foot, mantle, respiratory, circulatory, and digestive systems.  However, 

observed vas deferens from a male gross tissue sample indicated the presence of at least 

two vas deferens branches either at or along the testes surface, with slightly narrowed 

connection from the vas deferens to the prostate gland posterior to the collumellar 

muscle.  Multiple surface branching of the vas deferens (Figure 4 and Figure 5) is mostly 

consistent with Smith’s (2000) discussion of Bellamya japonica, although Smith 
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indicates variations on vas deferens structures may be attributed to reviewing smaller, 

less developed male snails, or hybridization.  The observed vas deferens also appears to 

align with Lu et al.’s (2014) vas deferens description as a very narrow structure with two 

or more branches to the testes for Bellamya chinensis, although the observed vas deferens 

may not necessarily be as narrow as Lu et al.’s description.  Furthermore, differences 

found in the spermatozoa structure with tight basophilic corkscrew sperm heads were not 

consistent with Cipangopalundina japonica spermatozoa diagrams provided by Voltzow 

(1994), but resembled instead the descriptions of Cipangopalundina malleata provided 

by Yasuzumi et al. (1960).  Within the female snail samples, of the collected tissue 

samples, the highest count for embryos found within uterine sacs was 38, far less than the 

80 embryo count noted by Lu et al. (2014) for Cipangopalundia chinensis. 

Both Smith (2000) and Lu et al. (2014) described the limitations in classifying 

these snails using distinguishing anatomical or morphological features alone, indicating 

environmental conditions could influence morphological characteristics.  Lu et al. (2014) 

further indicated the limitations on relying on morphological analysis for the genus 

Cipangopalundina identification, citing the need for additional anatomical studies, and 

genetic studies to provide further diagnostic characteristics for these snails.  Pfrender et 

al. (2010) noted similar limitations when using morphological features to identify 

freshwater invertebrates in general, and recommended that freshwater ecologists include 

DNA-based studies such as polymerase chain reaction (PCR), barcoding, microarrays, 

and macroarrays, to augment their morphological studies.  Wägele et al. (2013) also 

noted similar difficulties in differentiating nudibranchs in the genus Dendrodoris 
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(Gastropoda: Dendrodorididae, Ehrenberg, 1831) for phylogenetic analysis when few 

histological details are known to further describe the nudibranchs at the species level.   

As in the studies noted above, this study supports the conclusion that additional 

research is needed for Bellamya spp. snail identification, including the Potomac River 

mystery snail population, because of limitations in differentiating snails based on 

morphological and histological review. Molecular phylogenetic analysis of the snail’s 

DNA, and possible morphological variations due to plasticity from environmental 

conditions, may provide additional information to further distinguish the diagnostic 

characteristics for Bellamya spp. and provide additional information to classify 

taxonomically the Potomac River mystery snail population.  Deiner et al. (2013) 

demonstrated that combining both morphological and mitochondrial cytochrome oxidase 

subunit I (COI) sequencing of benthic macroinvertebrate freshwater lake populations 

increased identification of lake taxa by 24%.  Studies performed by Hirano et al. (2015) 

in Japan, South Korea, and Thailand with Cipangopalundina japonica and Sengupta et al. 

(2009) with Viviparidae in the Rift Valley region of eastern Africa provided COI and 16S 

rRNA results, which could be used as a basis to compare the Potomac River Bellamya 

spp. populations.  Additional steps to perform the COI analysis using the Potomac River 

mystery snail population could reveal additional diagnostic characteristics.   

2.6. Conclusion 
Collected snails within the project study area that were examined using 

histological techniques were found to be consistent with Bellamya spp. descriptions 

within the literature, with some noted exceptions to shell measurements, and in particular, 
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the branched vas deferens structure of male tissue samples.  Additional research is needed 

to further identify the mystery snail species in the Potomac River watershed.  
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CHAPTER 3  RELATIONSHIP OF BELLAMYA SPP. SHELL MEASUREMENTS 

AND IN SITU COLLECTED WATER QUALITY METRICS IN THE 

POTOMAC RIVER 

3.1. Abstract  
Bellamya spp. (Gastropoda; Caenogastropoda: Viviparidae) are non-native 

freshwater gastropods of the Viviparidae family found within the Potomac River 

watershed with little known about the snails and water quality measurements.  The 

purpose of this study was twofold: first was to determine if water quality data (pH, 

electrical conductivity (EC), oxidation reduction potential (ORP), water temperature), 

and the location of live Bellamya spp. snails within the Potomac River watershed varied 

from studies conducted using similar water quality metrics from scholarly literature.  

Second, potential relationships were researched between water quality data and Bellamya 

spp. shell length, shell width, and operculum width.  Project findings indicate the 

Potomac River Bellamya spp. snails Survive with greater adaptability to the freshwater 

aquatic environment than previously documented in scholarly literature.  Additionally, 

the results revealed a positive correlation between ORP and live snail shell 

measurements, but no relationships between pH, EC, and temperature with snail shell 

length, width, or operculum width.  

 

Keywords: Bellamya chinensis, Bellamya japonica, Cipangopalundina chinensis, 

Palundina japonica, Viviparus chinensis, Global Moran’s I 
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3.2. Introduction 
Bellamya spp. (comprised of Bellamya chinensis and Bellamya japonica) from the 

gastropod family Viviparidae are non-native snail species found in many North American 

freshwater ecosystems (Jokinen 1982).  Bellamya spp. snails are native to eastern Asia 

mesotrophic and eutrophic lakes (Chung and Jung 1999, Jokinen 1992, Kurihara and 

Kadowaki 1988).  The first documented case of Bellamya spp. in the United States came 

from a researcher who observed the live snails in a Chinese market in San Francisco, 

California in 1892 (Clench and Fuller 1965).  The Smithsonian’s National Museum of 

Natural History archives contain Bellamya spp. snails shells collected from the Potomac 

River watershed, specifically the Jones Point Lighthouse area within Jones Point Park in 

Alexandria, Virginia in 1960 (NEMESIS 2011, with archives verified by the author).   

Although Bellamya spp. snails have been in North America for more than 100 

years, little is known about the snails’ effects on native freshwater ecosystems (Prezant et 

al. 2006, Pyron and Brown 2015).  Within the Potomac River freshwater environment, 

the question concerning the impact of Bellamya spp.on native freshwater aquatic 

ecosystems remains largely unanswered.  Local ecological studies of Bellamya spp. are 

non-existent, with researchers relying on unpublished or anecdotal information.  

Scientific studies conducted in North American freshwater ecosystems using the same 

snail species are sparse, with a handful of studies documenting the relationships between 

water quality data and Bellamya spp. populations (Clench and Fuller 1965, Jokinen 1992, 

Dillon 2000, Karatayev et al. 2009, NAS 2015).  Snail distribution and population levels 

are a function of available oxygen in an aquatic ecosystem (Dillon 2000).  Table 7  
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Table 7 B. chinensis and B. japonica water quality measurements and values 

Species Measurement Range Location Source 

B. 

chinensis 

Temperature 0–30°C Connecticut and Texas, 

USA 

Jokinen 

(1992), 

Karatayev et 

al. (2009) 

 pH 6.5–7.8 Connecticut and Texas, 

USA 

Jokinen 

(1992), 

Karatayev et 

al. (2009) 

 pH 6.4–9.4 New York, USA McCann 

(2014) 

 Conductivity 63–400 

µmhos/cm 

Connecticut and Texas, 

USA 

Jokinen 

(1992), 

Karatayev et 

al. (2009) 

 Conductivity 131.8–269.3 

µmhos/cm 

New York, USA McCann 

(2014) 

 Shell length 6.0–6.5 cm Arizona, California, 

Colorado, Connecticut, 

Florida, Hawaii, Indiana, 

Michigan, North Carolina, 

Pennsylvania, Texas, Utah, 

Vermont, Washington, 

Wisconsin, USA 

Clench and 

Fuller 

(1965), 

Jokinen 

(1982), 

Solomon et 

al. (2010) 

 Shell length Up to 7.0 cm Guangdong, Guangxi, 

Jilin, Sichuan, and Yunnan 

Provinces, People’s 

Republic of China 

Lu et al. 

(2014) 

 Shell width 2.85–4.79 cm Guangdong, Guangxi, 

Jilin, Sichuan, and Yunnan 

Provinces, People’s 

Republic of China 

Lu et al. 

(2014) 

 Operculum 

width 

2.78–4.68 cm Guangdong, Guangxi, 

Jilin, Sichuan, and Yunnan 

Provinces, People’s 

Republic of China 

Lu et al. 

(2014) 

B. 

japonica 

pH 6.3 Connecticut, USA Jokinen 

(1982) 

 Conductivity 62 µmhos/cm Connecticut, USA Jokinen 

(1982) 

 Shell length 6.0–6.5 cm Connecticut, Oklahoma, 

Massachusetts, and 

Clench and 

Fuller (1965) 
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Species Measurement Range Location Source 

Michigan, USA Jokinen 

(1982) 

 Temperature Up to 30°C Ohio, USA NAS (2015) 
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summarizes studies that captured water quality data (pH, electrical conductivity (EC), 

and oxidation reduction potential (ORP)) relationships and Bellamya spp. populations 

(Jokinen 1992, Karatayev et al. 2009, McCann 2014, NAS 2015).  Jokinen (1982) noted 

Cipangopalundina spp.’s water chemistry tolerance information was very limited, and 

further research was needed.  Additional studies involving gastropods showed a weak 

positive correlation between the presence of gastropods in freshwater lakes in Quebec, 

Ontario, and New York, and pH values (Lonergan et al. 1996).  Garg et al. (2009) 

indicated a positive correlation for gastropods, EC, pH, and water temperature in a 

reservoir in Madhya Pradesh District, India.  Garg et al. (2009) also noted that the 

reservoir’s gastropod population, predominantly snails from the family Viviparidae, was 

also independent of dissolved oxygen (DO) levels. 

To date, the relationship between water quality measurements and Bellamya spp. 

is unknown for the mid-Potomac River region.  For this study, three hypotheses were 

examined:  

H10: Bellamya spp. snails are present within the same water quality ranges for 

pH, electrical conductivity (EC), oxidation reduction potential (ORP), and 

temperature in the Potomac River as previously documented in scholarly 

literature. 

H11:  Bellamya spp. snails are present outside of the water quality ranges for pH, 

EC, ORP, and temperature in the Potomac River as previously 

documented in scholarly literature. 
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H20:  Bellamya spp. snail sizes are not positively correlated with pH, EC, ORP, 

and temperature in the Potomac River  

H21:  Bellamya spp. snail sizes are positively correlated with pH, EC, ORP, and 

temperature measurements in the Potomac River. 

H30:  Collected Bellamya spp. shell size distributions in the project study area 

are random.  

H31:  Collected Bellamya spp. shell size distributions in the project study area 

are not random. 

3.3. Methods 
The project study area was established using publicly accessible kayak launch 

points along the tidal Potomac River—including the George Washington Memorial 

Parkway shoreline area of Dyke Marsh and Belle Haven Marina, Belmont Bay, Gunston 

Cove including Occoquan Regional Park, Mason Neck State Park, and Pohick Bay 

Regional Park—to reach the snail habitat.  Figure 22 illustrates the project study area 

extent within the littoral zone of the Potomac River on or near the Virginia-Maryland 

border.   

A total of 42 live Bellamya spp. snails were collected with corresponding in situ 

water quality data during the May–August, 2015 timeframe.  Table 8 provides 

descriptions of the measured water quality indicators.  

Water quality data was collected from hand-held Sensorex AquaMeter™ EC, 

ORP, and pH probes attached to an Apple iPhone 6 loaded with the Sensorex SAM-1  



65 

 

 

Figure 22 Collected snail locations 

 

 

 
 

 

Table 8 Water quality monitoring variables 

Variable Description 

pH Acidity/alkalinity, with pH=7.0 as neutral 

Water temperature  Water temperature, measured in degrees Celsius (°C) 

Location Location of snail, latitude and longitude coordinates (degrees, 

decimal degrees) 

Electrical 

conductivity (EC) 

The ability of the water to pass an electrical current based on 

the amount of inorganic dissolved solids present in the water, 

as microsiemens (µS) 

Oxygen reduction 

potential (ORP) 

Activity of elements within an aquatic environment (e.g., O, 

N, Mn, Fe, S, and C), measured in millivolts (mV)  
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application for iOS.  The AquaMeter™ outputted the date, time, location, EC, ORP, pH, 

and water temperature data from the SAM-1 application, and saved the data to Microsoft 

Excel™ spreadsheets.  At the time of water quality data collection, live snail shell width, 

length, and operculum measurements were also recorded using plastic calipers equipped 

with a metric scale.  Snail shell measurements were saved in Microsoft Excel™ 

spreadsheets.   

Both live snails and snail shells were collected within arm’s reach in a forward 

direction along a straight line path either on the water from a kayak, or along the 

shoreline by foot.  With moving forward in a straight line, a randomly-generated number 

to select for number of kayak paddle strokes between collection points, or number of 

steps between collection points was used which followed the collection quality 

requirements found within the Quality Assurance Project Plan (QAPP) (Appendix B). 

To perform the linear regression analysis in support of H10 and H20, SPSS 

statistical software package (version 23.0) was used.  Snail length, width, and operculum 

width were the dependent variables, and EC, ORP, pH, and temperature were the 

independent variables. 

To perform the snail spatial location analysis in support of H30, Esri ArcMap 

(version 10.3) was used, specifically the spatial statistic toolset in ArcMap’s “Spatial 

Autocorrelation” tool based on the Global Moran’s I statistical index using the distance 

method set to Euclidian, and inverse distance as the spatial relationship.  ArcMap’s 

Spatial Autocorrelation tool calculated spatial auto correlation based on in situ shell 

measurements (length, width, and operculum width) and location with EC, ORP, and pH 
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collected for snail populations patterns (clustered, dispersed, or random).  ArcMap’s 

Spatial Autocorrelation tool uses the following equation for its calculations:  

Equation 1 Global Moran’s I 

 

 

N equals the number of snail locations indexed by i and j; X is the snail location 

variable;  is the mean of , and wij is the snail spatial weight matrix (Fortin 2005). For 

the Global Moran’s I model, a null hypothesis (for H30) indicates data independence and 

distribution (Li et al. 2007).  Consequently, for this project, a null hypothesis indicates 

there is no relationship between the snail shell measurements and water quality aspects of 

the snails in any of the population patterns observed across a geographically contiguous 

area. 

3.4. Results 
 

Project results are presented in Table 9 by variable, range, mean, median, and standard 

deviation (Sd). The results of the additional water quality measurements not associated 

with live snail collection are summarized in Table 10. Results were mixed for snail length 

with EC, ORP, pH, and temperature.  Statistical analyses presented in Table 11 indicate 

significant p-values for ORP for snail shell lengths, widths, and operculum widths.  

Figures 23 through 25 provide the linear regression results in chart form for ORP and 

snail shell measurements illustrating a moderate positive correlation for snail shell sizes 

and ORP.   
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Table 9 Results obtained from water quality measurements made with live snail collection 

Measurement Range Mean Median Sd 

Snail length (cm) 2.50–6.30 4.7952 5.00 0.91 

Snail width (cm) 1.90–4.30 3.2238 3.40 0.59 

Snail operculum 

width (cm) 
1.60–3.70 2.5405 2.50 

0.47 

pH 6.83–9.53 7.73 7.66 0.76 

EC (µS) 0.0–734.48 217.75 264.93 168.15 

ORP (mV) -121.12–217.92 64.00 70.00 77.360 

Water temperature 

(°C) 
20.9–34.8 26.3429 27.0 

3.35 

 

Table 10 Results of water quality monitoring 

Measurement 

(with number of 

measurements N 

indicated in 

parentheses) Range Mean Median Sd 

pH (N=37) 7.29–10.82 8.60 8.33 37.55 

EC (uS) (N=34) 0.0–734.60 221.51 251.70 192.20 

ORP (mV) (N=43) 8.63–156.60 77.68 77.23 0.95 

Water temperature 

(°C) (N=69) 
18.2–37.2 29.25 27.20 

0.23 

 

Table 11 Length and p-values 

Independent variable p-value 

EC 0.436 

ORP 0.038 

pH 0.143 

Temperature 0.330 
 

Table 12 Width and p-values 

Independent variable p-value 

EC 0.968 

ORP 0.011 

pH 0.119 

Temperature 0.133 
 

Table 13 Operculum width and p-values 

Independent variable p-value 

EC 0.708 

ORP 0.050 

pH 0.249 

Temperature 0.278 
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Figure 23 Regression line and snail shell length, in centimeters 
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Figure 24 Regression line and snail shell width, in centimeters 
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Figure 25 Regression line and snail operculum width, in centimeters 
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For the spatial autocorrelation analysis, given the inputs into ArcMap (live snail shell 

length, width, and operculum width; live snail location, pH, EC, temperature, and ORP 

values), the expected Moran’s I index for no spatial correlation with the snail 

measurements was -0.028571.  Table 14 provides the remaining outputs produced by 

ArcMap by shell measurement type from the spatial model. 

 

Table 14 Results of spatial autocorrelation 

Live snail 

shell 

measurement 

Moran’s 

Index Variance Sd Probability (p) 

Length -0.229907 0.091747 -0.664697 0.506244 

Width -0.256485 0.093181 -0.419038 0.675188 

Operculum 

Width 
-0.293359 0.092198 -0.872043 0.383185 

 

3.5. Discussion 
Viviparid snails exhibit strong tendencies to adapt to a wide range of ecological 

conditions, and its distribution within North America can be ascribed to the snail’s ability 

to tolerate less-than-ideal freshwater conditions (Clench and Fuller 1965, Dillon 2000).  

With respect to pH, EC, temperature, and Bellamya spp. in the Potomac River, the results 

revealed Bellamya spp. survive in greater ranges of pH (6.83–9.53, mean 7.76), and EC 

(0.0–734.48 µs) than Jokinen (1992) and Karatayev et al. (2009) reported, although 

similar to McCann’s (2014) results from New York.  The project’s findings also indicated 

Bellamya spp. adapt to a wider range of water temperatures, from 20.9°C to 34.8°C 

(mean= 29.25°C) than noted in literature (Jokinen 1992, Karatayev et al. 2009, NAS 

2015).  However, there were no correlations of snail shell measurements and pH, EC, and 
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temperature in this study.  Garg et al. (2009), and Gupta and Devi (2014) noted positive 

relationships of invertebrate populations and pH, while Dillon (2000) noted snail 

measurements are positively correlated with availability of food sources.  For the 

Potomac River Bellamya spp. populations, the results confirmed the snails’ adaptability 

to variable water quality conditions.  Thus, H10 is rejected. 

For the project’s results pertaining to snail length, width, and operculum width, 

this study revealed that Bellamya spp. shell sizes were positively correlated with ORP, 

indicating the snails grew larger with more favorable (higher) dissolved oxygen 

conditions.  These ORP results for the Potomac River’s Bellamya spp. populations 

contrast with Garg et al. (2009) whose study reported that gastropod populations were 

independent of dissolved oxygen levels, and similar to Blome et al. (2014) for positive 

correlation of species sizes in molluscan populations found in Lake Malawi and dissolved 

oxygen levels.  Thus, H20 is not rejected for the independent variables pH, EC, and 

temperature, but H20 is rejected for ORP.  

Furthermore, measured snails’ shell lengths (2.50–6.50 cm) were smaller than 

ranges previously documented in literature (6.0–6.5 cm; up to 7.0 cm), with a mean 

length of 4.87 cm (Clench and Fuller 1965, Jokinen 1982, Jokinen 1992, Lu et al. 2014, 

Solomon et al. 2010).  Similar results for shell width (1.90–4.30 cm) and operculum 

width (1.60–3.70) indicated the shells in the project study area were smaller than shells 

documented in previous published studies (Jokinen 1992, Lu et al. 2014).  Dillon (2000) 

showed pulmonate snail shell measurements and food availability are positively 

correlated, which may indicate the Bellamya spp. found in the Potomac River may have 
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lower available levels of food sources than other studies noted for snail sizes despite the 

noted positive correlation of snail size and ORP levels. 

With respect to the spatial autocorrelation results, for all variables (snail shell 

length, width, and operculum width), the Global Moran’s I results indicated a slightly 

negative autocorrelation, although the values were not statistically significant, with p-

value greater than the Moran’s I indices for each of the snail measurements.  Dillon 

(2000) found snail population locations dependent on many ecological factors that make 

predicting snail populations difficult due to the high variability of local ecological 

conditions.  Thus, H30 is not rejected; collected shell sizes using this study’s protocol 

were randomly distributed across the study area. 

3.6. Conclusions 
This project demonstrated Bellamya spp. may be more adaptable to non-native 

freshwater ecosystems than previously documented for water quality metrics.  However, 

of the water quality metric variables, only ORP is significantly related to the snails’ 

length, width, and operculum measurements, while snails were found to be smaller than 

average in comparison to other published studies.  No relationship was found between the 

snails’ shell measurements and sampling location sites. 
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CHAPTER 4 COMPARISON OF BELLAMYA SPP. PATHOLOGY AND IN SITU 

COLLECTED WATER QUALITY METRICS WITHIN THE POTOMAC 

RIVER 

4.1. Abstract 
Bellamya spp. (Gastropoda; Caenogastropoda: Viviparidae) are non-native 

freshwater gastropods of the Viviparidae family found within the Potomac River 

watershed.  There is no known information pertaining to snail pathology and water 

quality metrics from the Potomac River area.  The purpose of this study was to examine 

collected snail tissue exhibiting necrosis, calculate the prevalence of necrosis at collection 

sites, and determine if relationships between necrotic snail tissue collection location sites 

and water quality metrics (electrical conductivity (EC), oxidation reduction potential 

(ORP), pH, and temperature) existed.  Results indicated a higher prevalence of snails 

exhibiting necrosis at two of the project collection sites.  Regression analysis did not 

reveal any statistical significance between collected water quality metrics and snail tissue 

necrosis.  Additional research is needed to determine the cause for the snail tissue 

necrosis in some of the project study locations. 

 

Keywords: Bellamya chinensis, Bellamya japonica, Cipangopalundina chinensis, 

Palundina japonica, Viviparus chinensis, histology 
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4.2. Introduction 
Bellamya chinensis and Bellamya japonica (synonyms Cipangopalundina 

chinensis malleatus and Cipangopaludina japonica) from the family Viviparidae are live-

bearing non-native snail species found in many North American freshwater ecosystems 

(Jokinen 1982).  Bellamya spp. snails originate from eastern Asia mesotrophic and 

eutrophic lakes (Kurihara and Kadowaki 1988, Jokinen 1992, Chung and Jung 1999).  

These snails arrived from Asia in North America in the 1890s transported by sailors to 

the west coast markets as a source of food for Asian residents. As a result of either 

accidental or intentional release, researchers soon found the snails in the Pacific 

Northwest, Great Lakes, and northeast United States (Clench and Fuller 1965, Bobeldyk 

2009, Karatayev et al. 2009, Bury et al. 2007).  For the Mid-Atlantic region, the earliest 

record of the snails in the Chesapeake Bay dates back to 1960, as catalogued in the 

National Museum of Natural History (NEMESIS 2011).  Bellamya spp. pathology is 

poorly understood within the context of the project study area despite decades of snail 

sightings in the Potomac River watershed.  Moreover, published local ecological studies 

of Bellamya spp. are non-existent, with researchers relying on unpublished or anecdotal 

information.   

First identified by Gray in 1834, Bellamya chinensis (=Cipangopalundina 

chinensis malleatus Reeve, 1863) is a snail characterized by thin-walled, smooth 

globous-shaped shells up to 7.0 cm in length (Lu et al. 2014).  B. japonica 

(=Cipangopaludina japonica von Martens, 1861), is very similar in shape and size to B. 

chinensis, although B. japonica may lack the fine growth lines on its shell typically 

exhibited by B. chinensis (Clench and Fuller 1965, Jokinen 1992).  The two species are 
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mostly similar in shape and size, although B. japonica shells tend to be more conical and 

spire-shaped than B. chinensis (Jokinen 1992, Smith 2000).  Bellamya spp. prefer slow-

moving freshwater systems, such as small streams, canals, or lakes with sandy or muddy 

substrates (Jokinen 1982).  B. chinensis snails are found in cool to warm temperate 

climates from 0°C to 30°C (Karatayev et al. 2009, NAS 2015).   

Viviparid snails typically consume epibenthic and epiphytic fauna found within 

the freshwater systems, and can also feed off of debris caught in mucus sacs as water 

passes over the gills (Clench and Fuller 1965, Jokinen 1992, Bobeldyk 2009, Pyron and 

Brown 2015).  Grazing-type feeding is primarily performed by using the radula (Jokinen 

1982).  The radula is composed of a row of seven teeth with 4–5 cusps at either end of its 

mouth to scrape food materials from substrate (Jokinen 1982).  Pyron and Brown (2015) 

noted some viviparids will consume carrion or small invertebrates.  The snails serve as an 

intermediary host for trematodes, including trematodes known to infect humans, although 

no case of snail-to-human infection has ever been documented (Chung and Jung 1999, 

Cordeiro 2002, Bury et al. 2007, Pyron and Brown 2015).   

Invertebrate health can be adversely affected due to parasites, as well as by 

exposure to chemical agents (organic and inorganic), infectious pathogens such as 

bacteria or viruses, or genetic abnormalities, or all of the above (Sparks 1993), which 

may result in cell death or necrosis.  In a study conducted in the Mae Kong River region 

of Thailand, golden apple snails (Pomacea canaliculata, Lamarck 1822) exposed in a 

controlled environment to heavy metals found in the river were observed to have 

degraded anatomical structures (Kruatrachue et al. 2011).  The sampled golden apple 
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snails were observed with increased numbers of granules in the digestive cells along with 

an increased dilation of epithelial cells in the digestive tract region (Kruatrachue 2011).  

Kruatrache (2011) also described a decrease in cilia, coupled with wider hemolymph 

spaces and degraded columnar epithelial cells in the gills in the snails reviewed for the 

study.  In another lab study, pond snails (Lymnaea stagnalis) exposed to concentrations 

of microcystin-LR, a toxin produced by cyanobacteria, exhibited a 50% decline in 

fecundity (Gérard et al. 2005).  Lance et al. (2010) also exposed Lymnaea stagnalis to 

concentrations of microsystin-LR and observed necrosis in the digestive tract described 

as separation of the basal lamina from digestive lobule cells, as well as cytoplasmic 

release of cell contents into the lobular lumen.  Oliva et al. (1999) described the effects of 

larval digenean fluke infestations in Loco snails (Concholepas concholepas, Bruguiere 

1789 (Gastropoda: Muricidae)) snail in northern Chile.  Oliva et al. (1999) found the 

larval flukes invaded the connective tissue of the snail’s hepatopancreas, which 

compressed the nearby glandular and gonadal tissues, leading to castration and mortality 

in the snails.  

While microscopically examining Bellamya spp. tissue collected from the 

Potomac River for a separate morphological study (see Chapter 2), several snail tissue 

samples were observed with necrotic tissue.  As a result of observing the necrotic tissue, 

this study was established to document the necrotic tissue observations, and determine if 

there was a relationship between the snail necrotic tissue and the selected water quality 

metrics collected at the time of the snail tissue collection.  There are no known published 
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sources of research pertaining to Bellamya spp. tissue necrosis and water quality metrics 

within the Potomac River region.  Thus, the following hypothesis was investigated:  

H10: Diseased Bellamya spp. do not relate to water quality 

H11:  Diseased Bellamya spp. do relate to water quality. 

4.3. Methodology 
As shown in Figure 26, the research area was comprised of publically accessible 

kayak launch points in the George Washington Memorial Parkway shoreline area of 

Dyke Marsh and Belle Haven Marina, Belmont Bay, Gunston Cove including Occoquan 

Regional Park, Mason Neck State Park, and Pohick Bay Regional Park.  The kayak 

launch sites were chosen for three reasons.  First, these kayak launch points areas 

afforded access to the Potomac River lotic zone on or near the Virginia-Maryland border.  

Second, the launch points permitted access to publically-managed shoreline areas, a 

requirement of the scientific permits issued for this project by the Commonwealth of 

Virginia and the U.S. Department of Interior National Park Service.  Third, the usage of 

kayaks and kayak launch points were selected over power boat usage and power boat 

marina access to avoid the higher costs associated with power boat operations, thus 

permitting the project to stay within the project grant budget.  Although each of the 

launch points and surrounding shoreline areas were within close proximity to one 

another, each launch area did afford some environmental variation: Dyke Marsh and 

Belle Haven Marina areas are shallow littoral zones along a predominantly sandy 

shoreline area just off the Potomac River main stem; Belmont Bay, Gunston Cove, and 

Pohick Bay areas are wide, shallow bay areas with sandy shoreline adjacent to the  



82 

 

 
Figure 26 Collected snail locations 
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Potomac River main stem; and Occoquan Regional Park shoreline is dominated by a 

steep rocky shoreline area with scant sandy shoreline area. 

A total of 42 live Bellamya spp. snails were collected with corresponding in situ 

water quality data during the May–August, 2015, timeframe.  For the water quality data, 

measurements were collected using hand-held Sensorex AquaMeter™ electrical 

conductivity (EC), oxygen reduction potential (ORP), and pH probes attached to an 

Apple iPhone 6 loaded with the Sensorex SAM-1 application for iOS.  See Table 15 for 

water quality monitoring descriptions. 

The AquaMeter™ outputted the date, time, location, EC, ORP, pH, and water 

temperature data from the SAM-1 application, and saved the data to Microsoft Excel™ 

spreadsheets.  The AquaMeter™ data outputs were stored in Microsoft Excel™ 

spreadsheets.   

Live samples of Bellamya spp. were collected using field techniques based on 

prior field collection experiences from 2013–2014, and Sturm et al. (2006).  All snails 

were picked up from the bottom of the river, and at the time of collection, were observed 

with their operculum folded back with foot extended for locomotion. Each snail was 

sealed in a 1-L labeled transport container filled with 10% neutral-buffered formalin, and 

then transported to the GMU Histology Laboratory in David King Hall at George Mason 

University’s Fairfax, Virginia campus.  Histological protocols described by Peters et al. 

(2005) and Carson and Hladik (2009) were used to decalcify the snails (with 

Immunocal™ as the decalcifier), photograph the snail tissue using an Apple iPhone 6 

iSight™ camera and the Apple iPhone 6 camera software, trim the bodies into 2–3 mm 
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Table 15 Water quality monitoring variables 

Variable Description 

pH Acidity/alkalinity, with pH=7.0 as neutral 

Water 

temperature  

Water temperature, measured in degrees Celsius (°C) 

Location Location of snail, latitude and longitude coordinates (degrees, 

decimal degrees) 

Electrical 

conductivity (EC) 

The ability of the water to pass an electrical current based on 

the amount of inorganic dissolved solids present in the water, 

as microsiemens (µS) 

Oxygen reduction 

potential (ORP) 

Activity of elements within an aquatic environment (e.g., O, 

N, Mn, Fe, S, and C), measured in millivolts (mV)  

 

thick sections, and embed these cross sectioned samples in paraffin after processing in the 

lab’s tissue processor (RMC Ventana Renaissance series tissue processor model 1530), 

using the lab’s Micron AP280-1, AP280-2, and MES1054 paraffin console. The paraffin-

embedded samples were sectioned  using a microtome to 0.5 µm thickness, mounting the 

sections on glass microscope slides and staining the tissues using a hematoxylin and 

eosin (H&E) protocol (Peters et al. 2005, Carson and Hladik 2009).  The light 

microscopy analysis was performed using an Olympus upright microscope model BX43.  

The digital microscopy images were captured in .TIF file format using the Olympus 

DP72 camera attached to the Olympus light microscope, and the Olympus cellSens 

Standard™ software imaging application, version 1.13.  Slide reading involved reviewing 

the major tissue areas of the snails for evidence of necrosis and bacteria.  

To perform the binary logistic regression analysis to test the hypothesis, the SPSS 

statistical software package (version 23.0) was used by setting a dummy variable with 

0=no necrosis and bacteria, 1=necrosis and bacteria, and EC, ORP, pH, and temperature 

as the covariates. 
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4.4. Results 
Table 16 provides snail collection information by location and evidence of 

necrosis in snail tissue samples.  Of the 42 snails collected, evidence of tissue necrosis 

was observed in 6 snails. 

 

Table 16 Snail number, location, evidence of necrosis, and prevalence of necrosis 

Location Number of 

snails 

collected 

Number of 

snails with 

necrosis 

% 

Prevalence 

necrosis at 

location 

Belle Haven 

Marina 

1 0 0 

Dyke Marsh 11 2 18 

Huntley 

Meadows 

9 1 11 

Mason Neck 

State Park 

8 0 0 

Occoquan 

Regional Park 

12 3 25 

Pohick Bay 

Regional Park 

1 0 0 

 

Based on snail histopathological observations conducted by Dr. Esther Peters, 

Table 17 provides a summary of the pathologic changes and diagnosis by snail and 

collection location (E. C. Peters, pers. comm. 11/15/2015). 

Figure 27 illustrates a healthy foot edge tissue same with no evidence of necrosis 

for comparison with Figures 28 and 29 which contain examples of necrotic snail tissue 

with multifocal basophilic bacterial invasions.  

Table 18 provides water quality metrics information by location (Belle Haven 

Marina (BH), Dyke Marsh (DM), Huntley Meadows (HM), Mason Neck State Park 
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Table 17 Snail histopathological observations by location and snail histology identification number 

Location 

Snail 

histology 

identification 

number Diagnosis Summary snail histopathology 
Dyke Marsh 15-024 Severe diffuse 

necrosis, dead 

Foot: sloughed necrotic epidermis, bacteria 

infiltration, abundant concretions; neurons and 

neuropil vacuolated, loss of neurons, pyknosis 

(necrosis); necrosis of mucous glands, swelling 

of connective tissue (CT); intertwined muscles 

in fair condition. Mantle and shell gland: 

marked swelling, necrosis, bacteria.  Gills: 

severe necrosis.  Gonad (male): interior in good 

condition but peripherally necrotic, bacteria 

infiltration, sloughed epidermis, shrinkage of 

spermatocytes/sperm mass from CT, duct 

epithelium necrotic and sloughing.  Digestive 

gland: severe necrosis. 

Dyke Marsh 15-025 Severe diffuse 

necrosis, dead 

Foot, gills: severe necrosis, bacteria infiltration, 

abundant large concretions, severe necrosis of 

CT, mucus glands, sloughed necrotic 

epidermis.  

Mouth, ganglia: severe necrosis, bacteria; loss 

of neurons or pycnotic, vacuolated neuropil.  

Digestive gland, mantle, style sac, digestive 

tract: severe necrosis. 

Huntley 

Meadows 

15-040 Severe diffuse 

necrosis, dead 

Necrotic tissue throughout. 

Occoquan 

Regional 

Park 

15-018 Severe necrosis, 

gonad; marked to 

severe necrosis 

epidermis, foot, 

shell gland, 

ganglia; dead 

Foot: epidermis mostly sloughed off, bacteria 

in necrotic epidermis remaining on margin, 

bacteria infiltrating underlying CT, thick rod-

shaped elongated cells; loss of collagen and 

muscle cells, nerve fibers pale staining, loss of 

neurons or swollen and vacuolated with 

rounding of processes in neuropil; melanocytes 

scattered in band of CT adjacent to the necrotic 

epidermis; foci of basophilic suspect bacteria 

scattered in section in CT around atrophied 

muscle cells. Mouth: pedal ganglion 

vacuolated, neurons necrotic; mucus glands 

necrotic; radula pale, sloughed epithelium, cells 

necrotic, karyolysis of nuclei, cells swelling 

and lysing. Mantle, shell gland: severe necrosis 

and lysing of tissues, bacteria infiltration from 

surface. Collumellar muscle: CT filled with 

acidophilic granular hemocytes but epithelium 

completely sloughed off and tissue degraded, 

columellar muscle and interior epithelium still 

intact but loss of CT and epithelium toward 

shell with bacteria infiltration.  
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Location 

Snail 

histology 

identification 

number Diagnosis Summary snail histopathology 
Gonad (male): surrounding CT completely 

necrotic, lysed, with bacteria; spermatogenic 

follicles intact but spermatocytes and sperm 

mass shrunken away from CT, cells near tissue 

margins swollen and lysing, but in good 

condition interiorly.  

Occoquan 

Regional 

Park 

15-019 Diffuse marked to 

severe necrosis, 

dead 

Foot: marked to severe necrosis, complete loss 

of epidermis, swelling of CT, atrophy muscles, 

bacteria on surface and infiltration Mantle, 

foot, mouth: marked to severe necrosis and 

bacteria infiltration, destruction of osphradial 

cartilage by bacteria. Gills: complete lysis of 

cells, bacteria. Shell gland, mantle: severe 

necrosis and lysing of tissue. Gonad (male): 

marked to severe necrosis. Digestive tract and 

gland: severe necrosis. 

Occoquan 

Regional 

Park 

15-020 Severe diffuse 

necrosis, bacteria; 

dead 

Foot: necrosis and sloughing of epidermis with 

bacteria; muscles infiltrated with bacteria, 

abundant concretions, severe muscle necrosis.  

Mouth: severe necrosis. Mantle: large ovoid 

hyaline mass in middle of necrotic epithelium, 

severe necrosis with abundant suspect bacteria 

throughout. Digestive gland and tract, digestive 

tract, style sac: severe necrosis, bacteria. 
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Figure 27 Example of healthy foot tissue 
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Figure 28 Foot tissue, tissue, necrotic, with evidence of bacterial invasion of connective tissue between muscle 

cells and complete loss of epidermis 
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Figure 29 Digestive gland tubules, necrotic, with evidence of bacterial invasion of epithelium 
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Table 18 Water quality measurement type by location 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Measurement Location Mean Minimum Maximum Standard 

Deviation 

(Sd) 
EC (µS) Dyke Marsh 190.12 0.00 

 

336.33 

 

135.62 

 

 Huntley 

Meadows 

266.46 

 

0.00 

 

734.48 

 

221.27 

 

 Mason Neck 

State Park 

242.32 

 

54.83 

 

563.69 

 

180.23 

 

 Occoquan 

Regional Park 

194.09 

 

0.00 

 

380.20 

 

158.11 

 

ORP (mV) Dyke Marsh 77.01 

 

-51.20 

 

132.61 

 

47.99 

 

 Huntley 

Meadows 

93.02 

 

-121.12 

 

217.92 

 

95.20 

 

 Mason Neck 

State Park 

45.52 

 

-51.20 

 

160.81 

 

90.11 

 

 Occoquan 

Regional Park 

53.28 

 

-51.20 

 

181.07 

 

77.49 

 

pH Dyke Marsh 7.85 

 

6.83 

 

8.86 

 

0.63 

 

 Huntley 

Meadows 

7.67 

 

7.00 

 

8.93 

 

0.67 

 

 Mason Neck 

State Park 

7.53 

 

6.83 

 

9.53 

 

0.999 

 

 Occoquan 

Regional Park 

7.78 

 

6.83 

 

8.91 

 

0.80 

 

Temperature (°C) Dyke Marsh 25.70 

 

20.9 

 

31.1 

 

3.01 

 

 Huntley 

Meadows 

29.08 

 

23.8 

 

34.8 

 

4.04 

 

 Mason Neck 

State Park 

25.30 

 

22.4 

 

34.3 

 

3.78 

 

 Occoquan 

Regional Park 

25.87 

 

23.3 

 

30.7 

 

2.10 
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(MNSP), Occoquan Regional Park (OCC), and Pohick Bay Regional Park (PB)).  Figure 

30 contains the collected EC data.  Figure 31 contains the collected ORP data.  Figure 32 

contains the recorded pH data.  Figure 33 contains the recorded water temperature data.   

Results from the binary regression analysis for all locations (Table 19) and by 

specific location (Table 20) indicated no statistical significance between the presence of 

necrosis and water quality metrics.  For the Pohick Bay Regional Park location, only one 

snail was collected for each of these locations, therefore no regression was calculated for 

this location.  For the Mason Neck State Park location and the Belle Haven Marina 

location, no collected snails had evidence of necrosis or bacteria in the tissue samples. 

4.5. Discussion 
The results indicated the highest prevalence of sampled snails with necrosis were 

found at sites reached from the Occoquan Regional Park Authority kayak launch point 

(25% prevalence), with Dyke Marsh (18% prevalence), and Huntley Meadows (11% 

prevalence) having fewer diseased snails in their populations than the Occoquan site.  

The Occoquan Regional Park’s water access is located along a frequently recreated 

waterway, and downstream from the Occoquan Reservoir that is part of a water 

reclamation facility.  The water reclamation facility periodically releases nitrified water 

to regulate phosphorus, iron, and ammonia release from sediment in the reservoir (Cubas 

et al. 2014).  The Dyke Marsh location is adjacent to the George Washington Memorial 

Parkway, a major north-south thoroughfare for traffic within Northern Virginia 

(Hopfensperger et al. 2007).  Snails found at the Occoquan Regional Park Authority and  
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Figure 30 EC by location 
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Figure 31 ORP by location 
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Figure 32 pH by location 
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Figure 33 Temperature by location 
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Table 19 Water quality metrics and p-values for all locations 

All locations p-value 

EC 0.388 

ORP 0.349 

pH 0.372 

Temperature 0.349 

 

Table 20 Water quality metrics and p-values by location 

Dyke Marsh water quality 

metrics 

p-value 

EC 0.999 

ORP 1.000 

pH 0.998 

Temperature 1.000 

Huntley Meadows water 

quality metrics 

p-value 

EC 0.946 

ORP 0.553 

pH 0.704 

Temperature 0.479 

Occoquan Regional Park 

water quality metrics 

p-value 

EC 0.950 

ORP 0.890 

pH 0.908 

Temperature 0.830 
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Dyke Marsh site may be exposed to increased organic or inorganic chemical agents, thus 

affecting their overall health as argued by Sparks (1993) and Kruatrachue et al. (2011).   

Huntley Meadows, adjacent to the Potomac River main stem, is a major wetlands 

area in a suburban environment that collects sediment runoff from adjacent suburban 

development that could also affect overall snail health as well (Fairfax County Park 

Authority 2015).   

Collection sites varied in proximity to impervious surfaces as noted above, where 

run-off from land to the shoreline area might occur and water quality measurements were 

taken.  Water quality measurements such as EC, pH, and ORP can provide insight into 

levels of run-off pollution in the aquatic environment (Jones and Graziano 2003).  

Moreover, shoreline proximity to impervious surface (such as roadways) may affect 

water quality through non-point source run-off from the land (Hwang and Foster 2006).  

For this project’s water quality results, the sites were fairly consistent for EC and ORP 

data, with the Huntley Meadows location having the largest mean and standard deviation 

(Sd) values of all the kayak launch sites (EC: 266.46 µS, Sd 221.27, ORP: 93.02 mV, Sd 

95.20).  Huntley Meadows’ higher EC and ORP mean and Sd values may also be 

attributed to its high suburban sediment runoff from impervious surface areas (Fairfax 

County Park Authority 2015).  The pH data across all sites was fairly consistent, thus the 

pH data provided no additional indication for overall snail tissue health by location.  

Huntley Meadows mean temperature (29.08°C) is close to the snail’s temperature 

tolerance maximum of 30°C as described by Jokinen (1992), Karatayev et al. (2009), and 

NAS (2015), though the snails collected from Occoquan Regional Park had the highest 



99 

 

percentage of necrotic snail tissue despite the lower mean temperature of 25.87°C.  

Binary regression analyses did not indicate statistical significance for any location where 

snail necrotic tissue was found, thus variations in the water quality metrics collected by 

location were not indicators of snail health overall.  Snail histopathology findings 

indicated snails were deceased at the time of collection (E.C. Peters pers. comm. 

11/14/2015).  The findings do not differentiate whether the cause of death was a result of 

disease, or completion of the snails’ lifespan.  Female snails’ average lifespan has been 

documented as 5 years, and male snails’ average lifespan slightly shorter at 3 years 

(Jokinen 1982, Bobeldyk 2009, NEMESIS 2011).  Thus, H10 is not rejected.  Additional 

research to measure bottom composition, as well as collection of biomass data to detect 

patterns of snail necrosis will be useful. 

4.6. Conclusion 
This project demonstrated that Bellamya spp. tissue necrosis may be more 

prevalent in some of the site locations.  Taking into account the water quality metrics at 

the time of snail collection provided no statistical significance to the presence of tissue 

necrosis. 
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CHAPTER 5  CONCLUSIONS 

5.1. Summary of key findings and comparison to literature 
Collected snails within the study area were generally consistent with Bellamya 

spp. descriptions found within literature (Chapter 1), although identification of the snails 

as either Bellamya chinensis or Bellamya japonica remains elusive.  From Chapter 2, 

results indicated the snail external shell structures were also consistent with snail shell 

structures noted by Jokinen (1982) as Cipangopalundina chinesis, Lu et al. (2014) as 

Cipangopalundina chinensis malleatus, and Smith (2000) as Bellamya spp.  This 

project’s snail shell sizes were on average smaller than shells described by Lu et al. 

(2014) for Bellamya chinensis, and closer to the average shell length documented by 

Jokinen (1982) for Cipangopalundina chinesis, and Clench and Fuller (1965) for 

Bellamya japonica.  Furthermore, snail tissues were consistent with literature for 

prosobranch gastropods for foot, mantle, gill, circulatory, and digestive structures 

(Jokinen 1982, Voltzow 1994, Chung and Jung 1999, Harried et al. 2015).  However, the 

vas deferens structures observed indicated the presence of least two vas deferens 

branches either at or along the testes surface, with slightly narrowed connection from the 

vas deferens to the prostate gland posterior to the collumellar muscle, which is 

inconsistent for either Bellamya chinensis or Bellamya japonica (Yasuzumi et al. 1960, 

Smith 2000, Lu et al. 2014).  These variations found within this study could be a result of 

the snails’ response to environmental conditions in the Potomac River ecosystem at the 
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sampling sites, similar to Clench and Fuller (1965) and Dillon’s (2000) discussion of 

Gastropoda’s high propensity for adaptability. 

The results from Chapter 2 support Smith (2000) and Lu et al. (2014) when 

describing the limitations in classifying these snails using distinguishing anatomical or 

morphological features alone.  This project supports Pfrender et al. (2010) to supplement 

gastropod morphological analysis with additional histological and phylogenetic-based 

studies such as the models developed by Sengupta et al. (2009) and Hirano et al. (2015).  

The limitations of morphological analysis for species identification extends into other 

invertebrates as well, with similar difficulties noted by Wägele et al. (2013) for 

limitations of identifying nudibranchs with morphological studies. 

In Chapter 3, the results reveal Bellamya spp. survive in greater ranges of pH, and 

electrical conductivity (EC) than reported by Jokinen (1992) and Karatayev et al. (2009), 

although similar range to McCann’s (2014) results.  Furthermore, findings also indicate 

Bellamya spp. adapt to a wider range of water temperatures than noted in literature 

(Jokinen 1992, Karatayev et al. 2009, NAS 2015).  However, there were no correlations 

of snail shell measurements and pH, EC, and temperature in this study.  For the Potomac 

River Bellamya spp. populations, the results indicate the snails’ adaptability to variable 

water quality conditions, further supporting the findings both for Chapter 2, but also 

Chapter 1, as noted above.   

Additionally, snail length, width, and operculum width indicated that Bellamya  

spp. snail length, width, and operculum width were positively correlated with oxygen 

reduction potential (ORP), indicating the snails increased shell size in the presence of 
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favorable dissolved oxygen conditions.  The ORP results for this study’s Bellamya spp. 

populations vary from Garg et al. (2009) who observed statistical independence of snail 

size and dissolved oxygen levels.  These results indicated the measured snails’ shell 

lengths were smaller than ranges previously documented in literature (Clench and Fuller 

1965, Jokinen 1982, Jokinen 1992, Lu et al. 2014, Solomon et al. 2010).  There were no 

relationship of snail measurements and locations.  These variations in shell sizes may be 

attributed to available food sources for the Bellamya spp. populations, as Dillon (2000) 

noted for relationships of snail shell measurements and food availability, or based on the 

available local dissolved oxygen levels in the Potomac River. 

The highest prevalence of sampled snails with necrosis were found from sites 

reached from the Occoquan Regional Park Authority kayak launch point, with Dyke 

Marsh, and Huntley Meadows having fewer diseased snails in their populations than the 

Occoquan site (Chapter 4).  The Occoquan’s proximity to a water reclamation facility 

that conducts periodic releases of nitrified water may be impacting snail health, as noted 

by Sparks (1993) and Kruatrachue et al. (2011).  Regression analyses did not indicate 

statistical significance for any location where snail necrotic tissue was found, thus 

variations found within the water quality metrics collected by location were not indicators 

of snail health overall, and could not be ascribed to poor snail health at the time of 

collection (E.C. Peters pers. comm. 11/14/2015).   

Furthermore, all collection sites were consistent with literature for EC and ORP 

data, with the Huntley Meadows location having the largest mean and standard 

deviations.  These variations may be attributed to the park’s downstream location from 
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suburban sediment runoff from nearby suburban impervious surface areas (Fairfax 

County Park Authority 2015).  However, pH data across all sites was fairly consistent, 

thus the pH data provided no additional indication for overall snail tissue health by 

location.  For temperature data, Huntley Meadows’ mean temperature was consistent 

with the snails’ temperature tolerances described by Jokinen (1992), Karatayev et al. 

(2009), and NAS (2015). However, Occoquan Regional Park had the highest prevalence 

of snails with necrotic tissue but the lowest mean temperature during the study.   

5.2. Significance of findings and outstanding questions raised as a 
result of this research 

This study demonstrated Bellamya spp. may be more adaptable to non-native 

freshwater ecosystems than previously documented.  Findings from this study as 

described earlier indicate the snails have adapted to water conditions in the Potomac 

River that differ from their native Asian snail habitats, and other North American 

habitats.  This is significant for state natural resource management agencies and working 

groups, such as Virginia’s Invasive Species Council.  This council maintains the invasive 

species lists within the Commonwealth aimed to reduce the spread of invasive species 

through preventing introductions, coordinating rapid response to first sightings, managing 

existing populations, and engaging in invasive species research.  To date, Bellamya spp. 

is not listed as an invasive species within the Commonwealth (VISWG 2012).  This study 

should encourage the Council to consider including Bellamya spp. in the next iteration of 

the Virginia Invasive Species Management Plan (VISWG 2012).   

Moreover, as Havel (2012) and Ricciardi (2015) demonstrated, the potential for 

these snails to establish populations within freshwater ecosystems remains a concern if 
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appropriate invasive species vector controls are not established and maintained.  

Appropriate invasive species vector control plans include effective clean boat programs 

to reduce snail transmission between waterways, a prohibition of the sale of mystery 

snails to reduce instances of accidental releases from freshwater aquaria, and effective 

public environmental education to raise overall awareness of the species, including 

encouraging the public to collect and dispose of found snails.  

Of particular interest is this study’s findings indicating a positive correlation of 

snail shell sizes and ORP.  As natural resource managers continue to develop and 

implement the U.S. Environmental Protection Agency’s Total Maximum Daily Load 

(TMDL) requirements to improve the Potomac River’s dissolved oxygen levels, these 

actions for TMDL compliance could lead to unintended consequences of providing 

additional suitable habitat for non-native Bellamya spp. within the watershed, 

compounding management activities (EPA 2015).   

Documenting where Bellamya spp. were found within the Potomac River is also a 

relevant outcome of this research, as published data for local populations is severely 

limited.  Live snail location and shell size data from this study have been incorporated 

into the U.S. Department of Interior Nonindigenous Aquatic Species (NAS) database to 

help resource managers establish the extent of the Bellamya spp. habitat locations within 

the Potomac River (Ryan 2015).  Providing figures of Potomac River Bellamya spp. 

tissue in this study in Chapter 2 is also significant as there are no other published studies 

with this type of histological image data specific to the mystery snails found within the 

Potomac River.  
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This study also revealed that relying on morphological markers for species 

identification is severely limited.  The Potomac River Bellamya spp. snails, when 

reviewed for distinguishing morphological features from literature, did not indicate a 

Bellamya chinensis or Bellamya japonica identification.  The question of identification 

remains unanswered in this study, and future research, as noted earlier, should employ 

DNA-based analyses to help identify the Potomac River mystery snails at the species 

level.  

Finally, this project employed a low-cost survey approach using kayak access and 

a citizen science-driven data collection protocol for some of the data collection processes.  

Taking into account the continued budgetary constraints for environmental conservation 

and aquatic invasive species management within the Commonwealth of Virginia, 

designing a low-cost, highly repeatable field work model involving citizen scientists 

would enable scientists to continue the long-term data collection processes needed to 

develop a more complete picture of the mystery snail population in the Potomac River.  It 

is the hope of this researcher that future Potomac mystery snail research will continue to 

employ aspects of citizen science to engage, inspire, and educate the public about these 

and other non-native species as a means to help contain, control, or eliminate invasive 

species found within the Potomac River watershed. 
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APPENDIX A CONSIDERATIONS RELATED TO CITIZEN SCIENCE 

Citizen science, or public participation in scientific projects, dates back to the late 

1800s with the creation of citizen participation-type groups such as the National Weather 

Service Cooperative Observer Program established in 1890, and the start of the National 

Audubon Society’s annual Christmas Bird Count in 1900.  Public participation expanded 

over the decades into a wide variety of science-based research projects, such as water 

quality monitoring programs, and breeding bird population studies, although little to no 

citizen science project work exists within scholarly literature for monitoring gastropods.  

(Nerbonne and Nelson 2004, Bonney et al. 2009a). 

In the mid-1990s, researchers coined the term “citizen science” to reflect the 

growing interest of the general public to participate in scientist-driven projects (Irwin 

1995, Bonney 1996).  Citizen science refers to the participatory work of volunteers 

engaged as field assistants in scientific studies.  The volunteers, or citizen scientists, serve 

as non-paid assistants on scientific projects usually as a result of their interest in the 

environment, and are not required to possess prior scientific training (Cohn 2008). 

Citizen science organizations advance scientific knowledge by providing large 

quantities of research data at relatively low cost (Evans et al. 2005, Andrianandrasana et 

al. 2005, Cooper et al. 2008, Bonney et al. 2009b).  Data sets produced by citizen science 

organizations often supplement professional scientific research with limited funding and 
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resources.  These citizen scientist-collected data sets enable professional scientists to 

reduce research costs while increasing the data collection efforts over a larger 

geographical scale (Cohn 2008, Delaney et al. 2008).  Citizen science data reliability can 

be achieved through volunteer training and the use of specific protocols to test the data, 

and can be relied on as equal to data collected by professionals (Galloway et al. 2006).  In 

addition to aiding the professional research community, citizen science organizations also 

increase citizen stewardship by providing participants an opportunity to become a part of 

the scientific process rather than just on the receiving end of scientific research 

(Braschler 2009).  In particular, volunteers who participate in citizen science projects 

involving water quality monitoring have an overall positive impact on the total number of 

watershed activities, making citizen science an effective method to promote 

environmental protection of waterways, as well as shaping public debate and policies 

(Cline and Collins 2003). 

Weaknesses found within citizen science type projects and data reside with poor 

quality systems, namely quality assurance, control, and assessment.  Citizen science 

projects must adhere to the same scientific standards applied to professional projects, 

specifically data quality, to increase confidence in its use and comparability with other 

data sets (Herron et al. 2004). Citizen science project standards, often captured with 

project quality assurance documentation, need to address training and protocol-acceptable 

thresholds, and must reflect professionally accepted benchmarks for acceptance in the 

scientific community (Herron et al. 2004). 
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APPENDIX B QUALITY ASSURANCE PROJECT PLAN 

Quality Assurance Project Plan (QAPP) for Citizen Science Participation 

 

 

 
 

Abstract 
B. chinensis and B. japonica are two non-native “mystery snail” species of the 

Viviparidae family found within North America.  Originally transported from Asia and 

sold as a food commodity or ornamental garden species over 100 years ago, the snails are 

now found across North America, including locally within the Potomac River area.  

Despite their widespread distribution, the morphology and possible impacts of B. 

chinensis and B. japonica on native freshwater ecosystems, and more importantly, how 

climate change may impact the distribution and abundance of these snails, are poorly 

understood. 

Problem Identification 
Background on Mystery Snails 

B. chinensis and B. japonica from the family Vivaparidae are two live-bearing 

non-native snail species found in many North American freshwater systems (Jokinen 

1982).  Transported from Asia in the 1890s by sailors to U.S. west coast Asian food 

markets, researchers soon detected both species in the Pacific northwest area, Great 

Lakes region, and northeast U.S. as a result of consumables trade and supply trade for 
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freshwater aquaria and ornamental gardens (Clench and Fuller 1965).  Though the snail 

species have been in North America for over 100 years, little is known about their 

feeding preferences, reproduction, and their effects on native biota (Prezant et al. 2006).  

There is also taxonomic confusion concerning the snails; the adoption of a single 

scientific name for the species remains unresolved (Smith 2000).  Limited research into 

the snail species distribution and impacts on freshwater systems reveals the snails’ ability 

to consume large quantities of algae and excrete lower levels of phosphorus (P) compared 

to native snail species, and to bioaccumulate pollutants found in freshwater systems 

(Bobeldyk 2009, Johnson 2009, Kurihara and Kadowaki 1988, Lee 2002).  Research has 

also shown that Bellamya spp. can survive in dry environments for several weeks, 

making the snails able hitchhikers on man-made objects (such as boat trailers) allowing 

transport between recreational areas (Havel 2011).  The snails serve as an intermediary 

host for trematodes, including trematodes known to infect humans, although no case of 

snail-to-human infection has ever been documented (Bury et al. 2007, Chung and Jung 

1999, Cordeiro 2002).  Bellamya spp. are known to increase the release of juvenile snails 

in the presence of predators to reduce predation stress (Prezant et al. 2006).  This study is 

designed to document the distribution and abundance of Bellamya spp. within the 

Virginia side of the Potomac River, and assess the impact of Bellamya spp. on native 

biota for future resource management plans. 
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Review of the Snails’ Impact on Freshwater Ecosystems 
As with many non-native aquatic species studies, the question concerning B. 

chinensis and B. japonica’s impact on native freshwater aquatic ecosystems remains 

largely unanswered.  Non-native species and their impacts on native freshwater aquatic 

systems are often complex and poorly understood, and can affect ecosystems by changing 

the system’s nutrients, food sources, and habitat (Crooks 2002).  With regard to Bellamya 

spp., studies conducted on North American freshwater systems have been too few, too 

long-term, and too geographically dispersed to reach any definitive conclusions.  

Moreover, the studies that have been conducted offer contradictory results:  Some 

researchers conclude there is little, if any impact of the snails on freshwater aquatic 

systems while others claim to have shown that the presence of Bellamya spp. has had a 

detrimental effect on native freshwater species (Bobeldyk 2009, Havel 2011, Johnson 

2009, Solomon et al. 2010).  Most researchers studying Bellamya spp. in North America 

cite the lack of information for the two species of snails in general (Prezant et al. 2006). 

Prior ecological research indicates climate change may alter the behavior of non-

native species in freshwater aquatic environments by providing favorable conditions for 

their survival and growth at the expense of native species (Dijkstra et al. 2011).  As a 

result of alterations influenced by climate change in freshwater parameters such as 

temperature, dissolved oxygen, pH levels, and chlorophyll a, non-native freshwater 

aquatic species distribution and abundance may alter ecological community composition 

(Dijkstra et al. 2011).   
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Project Impact 
Little to no information is known regarding Bellamya spp.’s presence with 

changes in freshwater parameters (such as temperature) and climate change.  Questions 

such as will rising freshwater temperatures alter the abundance and distribution of 

Bellamya spp. within the Potomac River, will these snails outcompete the rare Striatura 

milium and Fontigens bottimeri for habitat, and will increases in water temperature 

increase or decrease Bellamya spp.’s ability to host trematodes known to cause human 

infection all remain unanswered.  Bellamya spp. distribution and effects on native aquatic 

species are not understood within the Potomac River ecosystem; its abundance and 

distribution in relation to climate change is unknown.  Research examining the presence 

of Bellamya spp. along the Virginia side of the Potomac River will aid numerous local, 

state, and federal natural resource agencies to manage impacts of this non-native species 

on native biota, and provide baseline data for comparing the snails’ abundance and 

distribution in relation to freshwater parameters.  This will enable resource managers to 

better identify non-native species management priorities within the Potomac River area. 

Project Objectives 
The research objectives for this study are as follows: 

Map the density and distribution of Bellamya spp. along the Potomac River 

shoreline as defined by the project scope 

Collect samples for further laboratory analysis 

Project Scope/Anticipated Research Products 

The project will consist of surveying the study area for the presence of Bellamya 

spp. over 1–2 summer research periods from July-September, 2014, and if needed, July-
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September, 2015.  The study area is defined as the Potomac River shoreline area near 

Fort Hunt Park, Dyke Marsh, as well as an adjacent area south of the park in Belmont 

Bay, Gunston Cove, Pohick Bay, and Occoquan Bay.  The project will consist of surveys 

conducted on foot along shoreline areas of the park with prior park permission from park 

authorities, where shoreline access is permitted, and surveys conducted from the Potomac 

River area using kayaks or canoes.  Surveys will note the presence or absence of 

Bellamya spp., quantities of Bellamya spp. observed, shell measurements of specimens 

examined in situ, location information, and general conditions at each site (air, water 

temperature, water conditions). 

Project Personnel 
The project will be led by Ms. Michelle Ryan, a doctoral student at George Mason 

University’s Environmental Science and Policy Department (GMU ESP) in direct support 

of her doctoral research goals.  She will be advised by Dr. Dann Sklarew from the GMU 

ESP Department.   

The project will also utilize citizen science resources through the Occoquan Water 

League (OWL) and other citizen-based volunteer community organizations to conduct 

field surveys for Bellamya spp. within the study area.  The project will utilize a quality 

assurance project plan (QAPP, this document) to provide consistent documentation of 

field data throughout the project lifecycle for all survey participants. 

The project will also utilize historical water quality records and compare against 

data collected during study seasons 1 (and 2, if needed), as well as comparable scientific 

research studies on Bellamya spp. 
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Methodology with Timeline 
Surveys will be conducted within the study periods, with prior arrangements for 

all required park permits completed before September 30, 2015.  Surveys will be 

conducted on a regular and ongoing basis within the study periods, as weather permits for 

safe shoreline and water access, for an estimated total of 25 site visits.  

During the study periods, the following activities will be conducted: 

Study season (mid-May – September, 2015): Conduct snail surveys 

During the study season: utilize citizen science practices to raise awareness of 

non-native species and possible impacts to native aquatic habitat by working with local 

environmental organizations (such as the Occoquan Water League), and park authorities 

(such as the Occoquan Regional Park, the Occoquan National Wildlife Refuge, and 

Mason Neck State Park) 

Data Quality Objectives for Measurement Data 

Data collected from this project will be used for doctoral research studies 

pertaining to Chesapeake Bay restoration efforts utilizing citizen science monitoring.  

Citizen scientists participating in this project will receive initial training on all project 

protocols and data collection methods to ensure data quality.  The project DQOs are as 

follows: 

There are several Data Quality Objectives (DQO) for this project.  The DQOs 

include  

Precision and Measurement range 

Representativeness 

Comparability 
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Completeness 

Measurement range 

Item Measurement Unit and 

Range 

Shell size centimeters, >0 mm 

Shell quantity units 

Snail 

condition 

Alive/Dead 

 

Representativeness 

For this project, representativeness depends heavily on random sampling.  To that 

end, monitoring sites will be selected based upon ease of access from kayak launch points 

or safe access to public shoreline in order to complete snail surveys, coupled with the use 

of calipers to measure snail shell length and width, and protractors to measure shell apex 

angle, .   

Comparability 

For this project, citizen scientists and project personnel will use project-provided 

field identification charts for in situ identification of Bellamya spp. to ensure data 

collected by project participants is comparable from one research period to another. 

Training 

Project participants will go through a short training session with project personnel 

on how to identify, measure, and record data on project sheets. 
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Safety 

Project participants will sign a release waiver, and practice safe kayaking 

protocols if utilizing a kayak, and safe shoreline protocols if conducting surveys from 

shore.  All surveys will be conducted during daylight hours.   

During this project, all kayaking participants will wear a Personal Floatation 

Device (PFD) equipped with a whistle, and have the following fully-functional safety 

equipment on-board their kayaks at all times:  paddle float and bilge pump.  Kayaks shall 

observe all boating rules and regulations, and marina rules and regulations during the 

project, and have necessary boat launch passes or paid the current boat launch or park 

entrance fees.  The project does not provide reimbursement for fees paid by volunteers 

participating in this project. 

Surveys from kayaks will be conducted in teams of two or more, with one 

individual serving as the snail measurer, and the other individual(s) recording the data 

from the snail measurer in project-provided field notebooks.    

Additionally, all shoreline survey participants will conduct shoreline surveys as 

permitted by public land laws and regulations, and shall wear appropriate field attire to 

protect feet and hands.  Sturdy shoes, such as boots, are preferred, as are gloves.   

Surveys from the shoreline will be conducted in teams of two or more, with one 

individual serving as the snail measurer, and the other individual(s) recording the data 

from the snail measurer. 
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Documentation and Records 
 

All field notebook data (snail quantity, location, shell length, GPS) will be 

transferred by the Primary Investigator to MS Excel™ spreadsheets for storage.  Data 

backups will be done at regular intervals using Dropbox™. 

Data Validation and Usability 
 

Field data will be reviewed by the Primary Investigator at the conclusion of the 

field day work for clarity of data recorded.  Data that is deemed incomplete or inaccurate 

will be discarded by the Primary Investigator.  
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