SPECIES FACT SHEET

Scientific Name:  Lymnaea (Fossaria) perplexa (F.C. Baker and J. Henderson, 1929) 
Common Name(s): A freshwater snail
Phylum: Mollusca
Class: Gastropoda

Order: Basommatophora
Family: Lymnaeidae
Synonyms: Fossaria perplexa (Baker and Henderson 1929; Turgeon et al. 1998, ITIS 2017); Lymnaea bulimoides morph perplexa (Clarke 1973); Bakerilymnaea bulimoides morph perplexa (Clarke 1981); Fossaria (Bakerilymnaea) bulimoides from perplexa (Burch 1989); and Galba perplexa (Cordeiro and Perez 2012; Johnson et al. 2013; NatureServe 2017).
Conservation Status:
Global Status: G1G2Q (last reviewed 25 November 2011)
National Status (United States): N1N2 (12 June 2003)
State Statuses: S1? (WA)
Federal Status (United States): N/A
(NatureServe 2017)

IUCN Red List: DD (Data Deficient) (Cordeiro and Perez 2012) 
Taxonomic Note: 
Lymnaeidae systematics are in need of revision. There has been confusion and discrepancy regarding the nomenclature of genera within this family for many decades. Genus assignments have been based primarily on phenotypic similarities, rather than evolutionary and phylogenetic criteria (Jackiewicz 1998; Correa et al. 2010). Some authors have grouped nearly all Lymnaeidae species into the genus Lymnaea (e.g., Hubendick 1951), while others differentiate species into multiple genera (e.g., Bouchet and Rocroi 2005; Burch, in Brown and Lydeard 2010). Numerous reclassifications of Lymnaea (Fossaria) perplexa in particular have led to taxonomic confusion (Clarke 1973, 1981; Frest and Johannes 1995; Standley et al. 2013). 
Fossaria is listed as an invalid junior objective synonym of Galba in other naming authorities and literature (Clarke 1973; Correa et al. 2010; Brown and Lydeard 2010; Bouchet and Rosenberg 2013; Pyron and Brown 2015). According the Correa et al. (2010) and the International Commission on Zoological Nomenclature (ICZN), Lymnaea should be the unified genus for species in this group.   
Technical Description: 
Lymnaea (Fossaria) perplexa is a small freshwater pulmonate snail in the Lymnaeidae family. Species in this family can be difficult to decipher from one another due to similar characteristics between species and phenotypic variation within species. Because lymnaeid shells are simple and variable, species identification relies on anatomical structure of reproductive organs (Jackiewicz 1998; Correa et al. 2010). A recent study using morphological and molecular methodologies to study lymnaeid species found that members of this group can be morphologically indistinguishable from co-occurring species and are only identifiable using molecular tools (Standley et al. 2013). 
With shell lengths usually less than 10 mm, Lymnaea (i.e., Galba, Fossaria) represent the smallest of the lymnaeids (Brown and Lydeard 2010). Species in this family typically have whorls that are elevated into a spire (Brown and Lydeard 2010). Lymnaeids have broad triangular tentacles with eyes at the base (Burch 1989; Brown and Lydeard 2010). Shells of freshwater species in the family Lymnaeidae are described as generally thin and elongate with four or more whorls; the spire is elevated and can be quite long and sharp in some species and the aperture is typically oval (Henderson 1929).
Adult: Lymnaea (Fossaria) perplexa (under the name Lymnaea bulimoides morph perplexa) is small and highly variable, with an inflated body whorl, and an acute but not pinched spire (Clarke 1973). Lymnaea (Fossaria) perplexa has a dark brown shell (Burch 1982, 1989) and measures between 4.5 – 5 mm long and 2.5 – 2.7mm in diameter (Baker and Henderson 1929). It can be distinguished from related species by its deep sutures, fine, regular lines of growth without spiral lines, and a flattened, widened inner lip (Baker and Henderson 1929). The original description of this species is found in Baker and Henderson (1929) as follows:  

Shell small, rather solid; periostracum dark brownish horn; surface shining, lines of growth very fine; no spiral lines present; whorls about five, well rounded, slightly shouldered just below the sutures in many specimens; spire somewhat longer than the aperture, acute; sutures well impressed; aperture roundly elliptical, brownish inside; outer lip thin at edge with a varix just within the edge on the inside; inner lip wide, folded back over the umbilical region, leaving a  large, open umbilical chink; there is a thin wash of parietal callus connecting the extremes of the lips. 
Life History: 
Adults: Lymnaea (Fossaria) perplexa is an amphibious pulmonate (McNeil and Walter 1957) that uses a modified lung (i.e., vascularized pocket in the mantle) to breathe (Brown and Lydeard 2010). In general, temperate pulmonates appear to be cold tolerant and can withstand temperatures near 0°C (32°F) for several months (Brown and Lydeard 2010; Pyron and Brown 2015). Overwintered L. perplexa were found to survive an exceptionally cold winter in Washington with a mean average temperature of -1.1°C (30°F) (McNeil and Walter 1957). Pulmonates are typically adaptable and tolerant of temperature swings; they can regulate changes in metabolic rates, tolerate greater variation in dissolved oxygen, and regulate oxygen consumption through surface breathing or anaerobic metabolism (Brown and Lydeard 2010). Lymnaea (Fossaria) perplexa can apparently survive adverse conditions without penetrating the soil; live snails were found in a canal that had been dry for 6 months in the Columbia Basin of Washington and withstood temperatures below freezing with minimal protection (McNeil and Walter 1957).
Lymnaeids have a relatively long reproductive season ranging from spring through late summer, with up to 3 generations in a single year (Jackiewicz 1998). Species in this group may live up to 5 years (Jackiewicz 1998). They are monoecious; sperm and eggs are produced in the ovotestis and the hermaphroditic duct allows for cross-fertilization (Brown and Lydeard 2010). After fertilization, eggs are laid on plants or rocks in gelatinous egg cases (Brown and Lydeard 2010). Pulmonates, when compared to gill-breathing prosobranchs, typically reproduce younger and produce more eggs, grow faster but smaller, and have a shorter lifespan (Brown and Lydeard 2010). 
Lymnaeidae are usually considered algivores, as they feed by scraping on long strands of filamentous algae (Brown and Lydeard 2010; Pyron and Brown 2015). This group can also feed on debris, slime, pollen, diatoms, bacteria, animal matter, amphibian spawn, and other snail egg capsules (Jackiewicz 1998). This group is somewhat tolerant to food shortages (Jackiewicz 1998). 
Immature: Freshwater snail embryos develop within the egg over the course of 2-4 weeks, although temperature fluctuations can affect the time of development (Jackiewicz 1998). Immature snails emerge from their individual egg and continue to grow their shells for about 3 months (Jackiewicz 1998).
Range, Distribution, and Abundance:
Type Locality: West end Park Lake, Grand Coulee, Washington (Baker and Henderson 1929)
Range: Lymnaea (Fossaria) perplexa appears to have a limited range in Washington (McNeil and Walter 1957) and California (Gregg 1929). However, records for Bakerilymnaea bulimoides morph perplexa in Canada (from southern Manitoba to southeastern British Columbia and southern Vancouver Island) may also represent this species (Clarke 1981). In addition, Burch (1982, 1989) suggests that L. perplexa (under the name Fossaria [Bakerilymnaea] bulimoides form perplexa) can be found sporadically in Washington, California, Montana, Utah, Nevada, and Arizona.
Distribution: This species appears to have a patchy distribution in the Columbia Basin and Grand Coulee area, Grant County, Washington (Frest and Johannes 2001), and in Los Angeles County, California (Gregg 1929). Until more work is done on the taxonomy of this species, records of F. bulimoides and its various morphs will not be included here. It is possible that this species has a broader distribution, particularly given its tolerance of low oxygen and varying temperature and habitat conditions. 
BLM/Forest Service Land: 
Documented: Lymnaea (Fossaria) perplexa is not documented on BLM or FS lands in Oregon or Washington.

Suspected: This species is suspected on the Spokane BLM District due to close proximity to known records, approximately 0.5-5 km (0.3-3 miles) from BLM land. Suitable habitat may also exist in the Okanogan-Wenatchee National Forest, about 65 km (~40 miles) west and 95 km (~60 miles) north of known records.  

BLM land within Spokane District where this species is suspected includes: 

1) Douglas Creek Recreation Area in Moses Coulee, Douglas County, Washington, about 10 km (~7 miles) west of known records. 
2) Wilson Creek Recreation Area in Grant and Lincoln Counties, Washington, about 30 km (~ 20 miles) east of known records. 

3) Marlin Recreation Area about 40 km (~25 miles) in Grant and Lincoln Counties, Washington, east of known records.
4) Saddle Mountains Recreation Area in Grant County, Washington, about 30 km (~ 20 miles) southwest of known records.    
Abundance: Large numbers of lymnaeids can occur in permanent water bodies (Jackiewicz 1998). However, there is very little data available for this species and population trends are unknown (Cordeiro and Perez 2012). Lymnaea (Fossaria) perplexa populations appear to be patchy (Burch 1989) and the species is likely rare due to the limited number of records available (NatureServe 2017). This species has been found to be locally abundant at or near the high-water mark (McNeil and Walter 1957); however, species records from California suggest that this species was well established at low numbers and never found in abundance (Gregg 1929). 
Habitat Associations:
Lymnaea are small freshwater pulmonates that can be found in both permanent and temporary habitats (Brown and Lydeard 2010). Species in this group exhibit high variation and plasticity allowing them to adapt to various habitats including marshes, irrigation canals, swamps, ponds, streams and artificial reservoirs of water (Standley et al. 2013). Lymnaea (Fossaria) perplexa prefers permanent rivers, streams, and creeks but can be found utilizing canals and drainage or irrigation channels (Cordeiro and Perez 2012). This species is likely found in dense vegetation, muddy substrates in perennial-water habitats (lakes, ponds, and slow-moving streams) and vernal habitats (roadside ditches, temporary pools) (Clarke 1981). Lymnaea (Fossaria) perplexa appears to be adaptable and has been collected from various habitats including a small stream (Henderson 1929), irrigation canal (McNeil and Walter 1957), the base of a leaking hydrant, in a small lake, a small brook, and potentially on moist flowerpots in a greenhouse (however the identity of these immature specimens needs to be confirmed) (Gregg 1929). Lymnaeid species can also survive a somewhat wide pH range; L. perplexa may be found in waters with a pH between 5.6 and 8.5 (Jackiewicz 1998).
This species likely spends time in dense inshore vegetation where food, shelter, and egg-laying substrates are readily available (Jackiewicz 1998). Lymnaea (Fossaria) perplexa probably overwinters partly or entirely buried in mud, under stones, in crevices of canal bottoms, under vegetation, or in weir boxes (McNeil and Walter 1957). Because L. perplexa is amphibious, it prefers to be at, near, or slightly above the high water mark (McNeil and Walter 1957). It is able to survive unprotected above the water line, and has been found attached to the moist substrate by its aperture, closed by a well-developed epiphragm, while other lymnaeids rarely left the water (McNeil and Walter 1957). When water is low, this species is not likely to be found on dry, barren soils, but on a moist layer of algae and moss (McNeil and Walter 1957). Lymnaea (Fossaria) perplexa has been collected at 1950 m (6400 ft.) (Gregg 1929). 
Threats:
Of the 61 species in the Lymnaeidae family, 60% of these species have a high risk of extinction (i.e., vulnerable, threatened, or endangered) (Johnson et al. 2013). The American Fisheries Society (AFS) status for L. perplexa (under Galba perplexa) is Endangered (Johnson et al. 2013). While specific threats to this species are unknown, they likely include invasive species, pollution, climate change, and habitat loss and fragmentation, among others. Freshwater mollusks in general are threatened by thermal (e.g., industrial cooling), inorganic (i.e., radioactive materials or heavy metals), and organic pollution (i.e., sewage and insecticides) (Clark 1981; Frest and Johannes 2001). Low dissolved oxygen does not restrict this species because it depends on atmospheric oxygen; however, it is likely that it requires clean waters. High levels of hydrogen sulphide, amino acids, ammonia and nitrites limit their occurrence, and carbon dioxide can cause shell erosion (Jackiewicz 1998). Because mollusk repopulation is suggestively passive (having extremely slow rates of migration and repopulation), habitat fragmentation is a threat; however certain pulmonate snails have egg cases that can potentially be carried by more mobile wildlife to suitable habitat (Frest and Johannes 2001). Some lymnaeids are an intermediate host of parasites (e.g., trematodes) which can cause high mortality rates in some populations (Jackiewicz 1998). Invasive freshwater gastropods directly compete with native species for space and resources and indirectly through changes in ecosystem function or parasite populations. For example, the invasive Pomacea antipodarum (New Zealand mud snail) can consume over 90% of available food and can reach extremely high densities (e.g., 800,000/m2) (Brown and Lydeard 2010; Pyron and Brown 2015); it is found in Washington within this species’ range. 
Conservation Considerations:
Research: Research is needed to determine species-specific information, including basic biology and life history traits. Monitoring of population status (density and abundance), distribution, habitat quality and trends is also needed. Genetic studies and molecular-based tools are important for this taxonomically challenging group due to its plasticity in shell and internal morphological characteristics (Standley et al. 2013). Barcoding of the COI region could lead to greater taxonomic resolution (Standley et al. 2013). Identification based on morphology alone can lead to misidentification, and without consistent taxonomic framework, current and future research on population dynamics, spatial distribution, habitat suitability, etc. cannot be accurately evaluated (Standley et al. 2013). Given the differences in aquatic habitat from which the species has been reported, additional research into habitat requirements and tolerance to environmental change and invasive species is recommended.
Inventory: Surveys for this species could occur at known sites and at additional suitable habitat in the area of known populations, including waterways and irrigation canals on Spokane BLM District lands in Grant, Douglas, and Lincoln Counties, Washington. Surveys could occur west of known records on the BLM owned Douglas Creek Recreation Area in Moses Coulee, specifically in Douglas Creek North, Douglas Creek South, and Duffy Creek. Additional surveys, east of known records, could occur on Wilson Creek and Marlin Recreation areas, or southwest of known records on the Saddle Mountains Recreation Area.    
Management: Management activities specific to protecting L. perplexa populations could include preventing dewatering, monitoring introduction of exotic mollusks, and identifying and protecting occupied waterways and adjacent intact habitat. While specific threats to this species are unknown, any modification of wetlands and aquatic ecosystems that lead to loss or degradation of potential habitat should be avoided.
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Ed Johannes, Consultant, Deixis Consultants, Seattle-Tacoma, Washington.  

Barry Roth, Independent researcher and consultant, San Francisco, California. 
ATTACHMENT 3: Map of known Lymnaea (Fossaria) perplexa distribution 
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Known records of Lymnaea (Fossaria) perplexa in Washington, relative to Forest Service and BLM land. 

ATTACHMENT 4: Photographs of this species 
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Image of Lymnaea (Fossaria) perplexa (as Bakerilymnaea bulimoides morph perplexa) adult shell, 4.7 mm. Image from Clarke, A.H. 1981. The freshwater molluscs of Canada. National Museum of Natural Science National Museums of Canada, used under the Creative Commons Attribution-Non Commercial – Share Alike 4.0 license https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode
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Photograph of a group of ten Fossaria (Bakerilymnaea) bulimoides, collected on May 22, 1960 in Idaho from a small marsh. Used under Fair Use Law, information provided by the National Museum of Natural History, Smithsonian Institution, 10th and Constitution Ave. N. W. DC 20560-0193. (http://www.nmnh.si.edu/) USNM Number: 1437338.
ATTACHMENT 5:  Aquatic Gastropod Survey Protocol, including specifics for this species
Taxonomic group: 

Aquatic Gastropoda

How to survey: 
Please refer to the following documents for detailed mollusk survey methodology: 

1. General collection and monitoring methods for aquatic mollusks (pages 64-71):

Frest, T.J. and E.J. Johannes. 1995. Interior Columbia Basin mollusk species of special concern. Final report: Interior Columbia Basin Ecosystem Management Project, Walla Walla, WA. Contract #43-0E00-4-9112. 274 pp. plus appendices.  

2. Standard survey methodology that can be used by field personnel to determine presence/absence of aquatic mollusk species in a given waterbody, and to document species locations and habitats in a consistent format:

Duncan, N. 2008. Survey Protocol for Aquatic Mollusk Species: Preliminary Inventory and Presence/Absence Sampling. Version 3.1. Portland, OR. Interagency Special Status/Sensitive Species Program. U.S. Department of Interior, Bureau of Land Management, Oregon/Washington and U.S. Department of Agriculture, Forest Service, Region 6. 52 pp. [Available at: http://www.fs.fed.us/r6/sfpnw/issssp/species-index/fauna-invertebrates.shtml].

3. Inventory and Monitoring protocol page, with NRIS/GeoBob field forms. Available at: http://www.fs.fed.us/r6/sfpnw/issssp/species-index/fauna-invertebrates.shtml. 
4. ID services page, with current versions of field tags. Available at: http://www.fs.fed.us/r6/sfpnw/issssp/inventories/identification.shtml. 
Species-specific survey details:

Lymnaea (Fossaria) perplexa
How to survey: Aquatic snails may occur in a variety of habitat types, including springs, rivers and streams, and lakes and ponds. Seek out key habitat features known to be utilized by the target species (e.g., Lymnaea (Fossaria) perplexa). Record geographic coordinates and key habitat features for each site surveyed. Standardized abundance estimates for this species at new and known sites would assist future conservation efforts, since population size is important in evaluating the stability of a species at a given locality.   

A variety of methods may be used to sample for aquatic snails, including hand and dip-net collection, kick-net collection, and the use of surber samplers, grab samples, dredges, and wire-basket benthos samplers. Duncan et al. (2008) outline methods appropriate for typical aquatic habitats. Sample procedures should limit impacts to sensitive habitats, particularly springs and streambeds. Surveyors should avoid use of chemicals such as bug repellant or sunblock, which may wash off into the water. Surveyors should also take steps to disinfect gear prior to sampling and reduce risk of transferring invasive species among sampling sites (Duncan et al. 2008). More information on invasive species and prevention strategies can be found at: http://www.fs.usda.gov/detail/r6/forest-grasslandhealth/invasivespecies/?cid=stelprdb5302184. 

When mollusks are observed, collect voucher specimens (live snails or shells) from each survey area. Although Duncan (2008) cautions against over collection of rare species, at least 20 snails should be collected for projects concerning DNA or morphological research if populations are greater than 100 individuals at a given site (Hershler 2016, pers. comm.). Place live specimens in small vials filled with water from the site. Shells can be carefully wrapped in materials from the field site (moss, leaf litter) or some other material such as paper towels to ensure they are not broken in transit. Place live snails in a cooler during the day. Wrap ice in the cooler with a towel and avoid putting snails directly on the ice. In the evenings, relax snails in a mixture of their native water and powdered menthol (equivalent of two crystals). When the body is fully extended and optic tentacles do not retract when touched (typically, 24 hours or longer), place into fresh vials with 80% ethanol. Rapid heat shock may also be used to relax snails. Place specimens in large bowl and allow them to start moving around. Once they are out and crawling, quickly dose them with a large volume of almost-boiling water. Let them sit for about 15 seconds, then drain completely and transfer to alcohol. For surveys requiring only DNA preservation, place specimens directly in 95% ethanol.

Where: Lymnaea (Fossaria) perplexa is amphibious and is likely to occur at, near or slightly above the high water mark and can also be found on canal banks and bottoms at low water levels. Individuals are likely to be found partly or wholly buried in the mud, under stones, under vegetation, and in irrigation canals; greater numbers of this species occur at or near the high-water mark in waterways. Surveys for L. perplexa could focus on irrigation canals with dense vegetation, perennial-water habitats with muddy substrates (e.g., lakes, ponds, and slow-moving streams) and vernal habitats (roadside ditches, temporary pools) in the Columbia Basin, Grant County, Washington, and potentially into Oregon. Knowledge of suitable habitat should be considered incomplete for this species; L. perplexa is likely an adaptable species and surveys may be successful in various other habitats including marshes, irrigation canals, swamps, ponds, streams and artificial reservoirs of water. 
When: There is very limited information on when to sample for this species. Surveys could be conducted in the late summer and fall in central Washington, as previous surveyors observed large populations at this time. As a general rule, sampling should be avoided in the spring (Duncan 2008). Surveys in flowing waters should be conducted after water levels and flows have decreased and survey conditions are safe. These and other recommendations are outlined further in Duncan (2008).  
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Duncan, N. 2008. Survey Protocol for Aquatic Mollusk Species: Preliminary Inventory and Presence/Absence Sampling. Version 3.1. Portland, OR. Interagency Special Status/Sensitive Species Program. U.S. Department of Interior, Bureau of Land Management, Oregon/Washington and U.S. Department of Agriculture, Forest Service, Region 6. 52 pp. [Available at: http://www.fs.fed.us/r6/sfpnw/issssp/species-index/fauna-invertebrates.shtml]. 
Frest, T.J. and E.J. Johannes. 1995. Interior Columbia Basin mollusk species of special concern. Final report: Interior Columbia Basin Ecosystem Management Project, Walla Walla, WA. Contract #43-0E00-4-9112. 274 pp. plus appendices.  

Hershler, R. 2016. Personal communication with Kelli Van Norman. Research Zoologist and Curator of Mollusca, Smithsonian National Museum of Natural History, Washington, DC 20560-0163. 
U.S. Forest Service, Pacific Northwest Region. Invasive Aquatic Species. [Available at: http://www.fs.usda.gov/detail/r6/forest-grasslandhealth/invasivespecies/?cid=stelprdb5302184] 

1
2

