SPECIES FACT SHEET
Scientific Name: Valvata tricarinata (Say, 1817)
Common Name: Three ridge valvata

Phylum: Mollusca
Class: Gastropoda
Order: Allogastropoda
Family: Valvatidae
(Bouchet and Rocroi 2005)
Conservation Status: 

Global Status: G5 (Last reviewed 06 Mar 2015)
National Status (United States): N5 (Last reviewed 14 Sep 1999)
State Status: S1 – Critically imperiled (Washington)
(NatureServe 2015)
IUCN Red List Category: DD – Data Deficient (IUCN 2016)

Taxonomic Notes: 
Valvata tricarinata was originally described by Say (1817) as Cyclostoma tricarinata and as V. (Tropidina) tricarinata (Adams and Adams 1854).  V. tricarinata is the currently accepted name for this species and has remained taxonomically stable since the early 20th century (Walker 1902; Haszprunar 2014). Shells of this species may vary greatly in the condition of carinae (keels), with fossil specimens appearing to have more variability than recent shells (Baker 1921). In fact, shells for many taxa in the Valvata genus may be highly variable or polymorphic (Burch 1989; 

Burch and Jung 1992; Haszprunar 2014); although W. Heard in Burch (1982), pointed out that the differences “are not strictly ecological” and variations can be seen in populations from the same locality or habitat. This is the case for V. tricarinata, with several morphological variations described based on prominent shell distinctions (see Baker 1921, Neubauer et al. 2014). Some of these morphotypes have now been elevated to the species- or subspecific-level, while others remain as variations of V. tricarinata (Haszprunar 2014; see Neubauer et al. 2014).
Technical Description: 
Adult: Valvata tricarinata is a member of the Valvatidae family, a freshwater group commonly known as the valve snails. The Valvata genus is comprised of very small (often <5 mm in diameter) freshwater snails that have shells with short depressed spires (Great Lakes Environmental Research Laboratory 2008). V. tricarinata has a small spiraled shell that is sharply carinated (keeled) and up to about 5 mm high and 6 mm wide (Clarke 1981). The small shells of this species are flatly coiled to low conical or turbinate, and dextral (shell opening on the right). The shell is brown to green, glossy, and translucent, and has whorls that are rounded and smooth (Burch and Jung 1992). It typically has three well-developed, whitish carinae (keels) on each whorl following the first two (La Rocque 1956; Clarke 1981). It has a round aperture, which is fitted with a round, thin, and horny operculum marked with many turns (multispiral) (Burch and Jung 1992). 
The animal possesses a short, wide foot which is bluntly rounded on the posterior margin and the anterior end is drawn out into two lobes (Furrow 1931). The dorsal mantle of the body is covered with black pigment, while the last third of the body whorl lacks pigment (except for two large black blotches) (Burch and Jung 1992). The head is black and projects forward into a snout. It has long, slender, black tentacles with conspicuous black eyes at their base (Haldeman 1845; Burch and Jung 1992). The foot margins are white and the sides are dark gray to black (Burch and Jung 1992). This species has an external gill that is feather-like on the left side of the body and a stalk-like rudimentary gill (pallial tentacle) emerging from the mantle on the right (Furrow 1931; Clarke 1981; Burch and Jung 1992). The left plumose gill is extended over the back and shell during locomotion (Furrow 1931). 
In the Valvata genus, each individual has a complete male and female reproductive system (Burch and Jung 1992). An external penis is located under the right tentacle on the head—this differentiates them from other prosobranchs in North America—which, when the penis is present, is located elsewhere (Burch and Jung 1992). Detailed descriptions and illustrations of these features are provided in Furrow (1931, 1935), Burch (1982), and Burch and Jung (1992). 

Similar species: Valvata tricarinata can be distinguished from other members of the genus by its round aperture, and turbinate, strongly carinated whorls on the shell (Burch 1982). However, the shells of many North American Valvata, including V. tricarinata, are polymorphic; many are subject to great variation and may differ in the number and location of carinae on the shell. A single population may have several variants (W. Heard, in Burch 1982), and as a result, multiple forms (= morphs, or mutations [sensu Baker 1921]) exist for this species, though recent analysis elevates some of these morphotypes to the specific or subspecific level (Haszprunar 2014; see Neubauer et al. 2014). Frest and Johannes (1995) note that specimens from the Washington and Montana populations need to be compared in detail with more easterly occurrences, because speciation has been known to occur in several other genera with disjunct eastern and western representation.
Young: When hatched, young V. tricarinata snails retain a greenish tint that is seen in the embryo, though only in the digestive gland (Heard 1963). After emerging, some young snails of this species exhibit different amounts of carination in the shell, while others hatch without keels, eventually developing them after a few days (Heard 1963).
Egg mass: The eggs of this species are small structures measuring 0.25 mm by 0.37 mm (Furrow 1935). Four to 18 eggs (average 10) are deposited at a time in gelatinous capsules which are greenish in color (Furrow 1935). 
Life History:
Adults: The Valvatidae are a family of small snails occurring in large lakes and rivers (Burch 1989). This species is a detritivore and a grazer of aufwuchs on the surface of plants and rocks (Frest and Johannes 2000). Some of the studied western Valvata snails remain dormant and buried in the sediment in the winter months, and following dormancy in spring, they continue to grow until sexual maturity (~4-5 mm). Although most cold water snails have single-year life spans, members of the Valvata genus may sometimes live for two years (Frest and Johannes 1995). Unlike most prosobranch (possessing a gill) gastropods, species in the Valvata genus are oviparous hermaphrodites (Burch 1982). As a hermaphrodite, this species alternates between male and female phases, though self-fertilization has not been observed (Furrow 1935). The breeding season for this species may begin in the late spring and continue until late summer (Furrow 1935, Heard 1963). Depending on habitat, western Valvata may reproduce from March through October and new cohorts emerge about two weeks following oviposition (reviewed in Lysne and Koetsier 2006). 

Not much is known about the life history of this species in the west, though additional records from the Columbia River provide more insight into its phenology and preferred habitat. In Washington, specimens have been collected in March and April from Lake Roosevelt (Columbia River); though only shells and no live specimens were found during these collections. More recent collections of this species in the Columbia River occurred in September and October from slow, littoral depositional habitats with aquatic macrophytes (Duke Engineering & Services, Inc. 2000; BioAnalysts, Inc. 2006). 
Eggs: Egg capsules can contain between 4-18 ovoid eggs, which are about 0.25 mm wide and 0.37 mm long (Furrow 1931). The egg cases of this species may be found attached to various aquatic plants (e.g., Potamogeton sp. and Sagittaria sp., Vallisneria americana, Myriophyllum heterophyllum, and Chara vulgaris). Other suitable sites for egg-laying include floating material (e.g., leaves of deciduous trees, algae, sticks), as well as empty shells of other gastropods, and rocks (Furrow 1931, 1935; Heard 1963). Eggs may develop within 12-15 days in the summer (Furrow 1935). The embryonic snails of this species increase activity to a point where they either wear or eat their way through the egg case (Heard 1963). Complete development from fertilization of the egg to adult maturity (reaching about 4 mm shell size) may be completed within four months, although this may differ under less favorable conditions (Furrow 1935). 
Range, Distribution, and Abundance:     
Range: Valvata tricarinata is widely distributed across North America and Canada with most sites in the north and eastern ranges of the continent (Taylor and Bright 1987; Frest and Johannes 1995; NatureServe 2015). The original range of this species is listed as “Quebec and New Brunswick west to Alberta and south to Wyoming, Arkansas, and Virginia” (Burch 1989). It is now known from the Atlantic coast, from Virginia to New Brunswick, Canada, west to British Columbia and Washington, and south to Nebraska. The type locality for this species was not specified in the original description by Say (1817), but is believed to be from the Delaware River in the eastern U.S. (Leonard 1950; ANSP 2017). While no holotype was designated from the type locality, the Academy of Natural Sciences [ANSP #58151] holds paralectotypes of this species. Frest and Johannes (1995) suggest this species may be rare in the western U.S., where most of the habitat is occupied by V. humeralis; though recent surveys suggest V. humeralis forms only exist in Mexico, and western U.S. specimens are believed to be V. californica (Hovingh 2004). More recently, V. tricarinata has been found in several lakes in the Clark Fork and Flathead drainages in Montana (Frest and Johannes 1995). 
Distribution: Though previously considered an Atlantic and Mississippi drainage species, this species is now documented from several states and Canadian provinces in the west. Western occurrences of this species may be disjunct, as this species does not now occur in the Missouri headwaters (Taylor and Bright 1987, Frest and Johannes 1995). Likewise, searches in Idaho did not reveal this species (Frest and Johannes 1995). In Washington, this species is known from reservoirs within the Columbia River Drainage. It has been found in Lake Roosevelt, a reservoir along the Columbia River in northeastern Washington (on the Stevens County side of the river [Burke 2010, pers. comm.]). The original collection made by T. Burke from Lake Roosevelt in 1980 (and another from 1991) is located near the mouth of the Colville River and the second site is located a few miles upstream of the original record in the Columbia River mainstem (Burke 2016, pers. comm.; FS NRIS database 2016; GeoBOB database 2016; WNHP 2016). It has also been documented from three additional sites in the “Columbia River Drainage,” in Ferry County, Washington, although the specific localities are unknown (Taylor and Bright 1987; Frest and Johannes 1995). 
Additional specimens from the Columbia River Drainage in Washington have been collected during macroinvertebrate and mollusk surveys near hydroelectric project sites. In 1999, Valvata tricarinata was collected from the Rocky Reach Project area in Chelan County (Duke Engineering & Services, Inc. 2000). A 2005 macroinvertebrate and mollusk assessment along the Columbia River near the Wells Hydroelectric Project found V. tricarinata at a few sampling sites in Douglas and Okanogan Counties (BioAnalysts, Inc. 2006). More recently, in 2014 a new record for this species was documented from the Columbia River near its headwaters in Trail, British Columbia (B.C. Conservation Data Centre 2017). These new records suggest available suitable habitat in additional areas throughout the Columbia River Drainage. According to Burke (2010, pers. comm.), it is unclear why, or how, the species has shown up in the Columbia River Drainage; it may be a native to the river, or a chance occurrence that has become temporarily established.
BLM/Forest Service Land: 
Documented: This species is not documented on BLM/FS land. 
Suspected: Given the proximity to known records, it is suspected in appropriate habitat on BLM lands in the Spokane District. It is also known from public lands in other states, including the Flathead Indian Reservation in Montana (Frest and Johannes 1995) and Cuyahoga Valley National Park in Ohio (Smith et al. 2002). 
  
Abundance: Although seldom recorded in the Pacific Northwest, this species can be quite abundant where it occurs, and populations are presumably large throughout the rest of its range (Dillon 2004, NatureServe 2015, Stephen 2015). More recent reports of this species during mollusk surveys related to environmental studies near hydroelectric projects, found a mean of 6.4 snails from one site of five sampled (15 total replicate samples were collected on artificial substrates) (Duke Engineering & Services, Inc. 2000). Another macroinvertebrate inventory near Wells Dam on the Columbia River found 22 individual V. tricarinata snails among five stations from deployed colonization baskets (100% subsampled), 73 snails from suction dredge samples (found at two stations, subsampled to 50 and 77%) taken at three stations, and 159 snails from suction dredges at two additional monitoring stations (BioAnalysts, Inc. 2006). From this inventory, Valvata tricarinata was the 2nd most dominant taxon at one station collected by suction dredge.
Habitat Associations:
The Valvatidae family is a primitive, Holarctic group, with both marine and freshwater representation. North American valvatids are primarily found in lentic waters and often at greater depths and colder temperatures than other gastropods (reviewed in Dillon 2004). The family is monotypic (Valvata is the only genus) and includes10 native North American species that are generally found in lakes within northern states (Brown and Lydeard 2010). This species occurs in a variety of permanent or perennial lake-like habitats, including portions of larger rivers, swamps, ponds, lakes, and reservoirs (Frest and Johannes 1995; Stewart 2006). It is generally found in clear, cool-cold water among vegetation, on soft substrates, or under stones near the margins of rivers. As a grazer, this species is frequently associated with submerged vegetation and generally occurs in areas with Chara, Myriophyllum, Ceratophyllum, and other macrophytes (Frest and Johannes 1995). In kettle lakes, this species is very abundant on marl substrates, often up to considerable depths (Frest and Johannes 1995). 
This species has been found in lakes and reservoirs, in water 0.75-2.4 m (2.5-8 ft.) deep, and sometimes up to 4 m (13 ft.) deep (reviewed in Dillon 2004). In eastern Washington, this species has been collected from littoral habitats along the shores of large reservoirs within the Columbia River (BioAnalysts, Inc. 2006; Burke 2010, pers. comm.). Shells were collected from sand near the water’s edge at Lake Roosevelt near the Colville River (Burke 2010, pers. comm.); although no live specimens were collected. Additional sites in Washington where this species was collected (within the Columbia River) include low velocity, sheltered, shallow (1.5-2.4 m) depositional nearshore habitats, some with armored, stable banks. The habitat at these collection locations was composed of soft, fine substrate with silts and sand overlaying hard substrates (gravel/cobble) near abundant macrophyte beds (BioAnalysts, Inc. 2006). 
Threats:   
Specific threats to this species are not well understood in the Pacific Northwest. Major threats to sites in Washington (Lake Roosevelt) likely include the draw-down of the Columbia River each spring, toxic effluents, and habitat modifications such as vegetation changes (Burke 2010, pers. comm.). The Upper Columbia River, including Lake Roosevelt, has been impacted by a host of hazardous contaminants from smelting, fertilizer production, pulp mills, and mining and milling in the U.S. and Canada (WA Ecology 2012). Sites from the Columbia River in Washington where this species has been documented are managed as reservoirs, which may at times exceed thermal tolerances for aquatic life (EES Consulting, Inc. 2006). While reservoirs in the west provide slow water habitat which appears to support this lacustrine species, river impoundments have been known to be detrimental for benthic aquatic life, and for mollusks in particular (McAllister et al. 2000; reviewed in Watters 2000). Impounded habitats alter flows and modify abiotic conditions creating warmer water and reduced oxygen levels, which can be detrimental to cool water species like Valvata tricarinata. Other deleterious impacts for gastropods may result from silt accumulation, loss of shallow water habitat, stagnation, and accumulation of pollutants. Furthermore, construction of dams themselves has been known to drive some gastropod species to extinction (Lydeard and Mayden 1995) and even impact lentic species adapted to slower flowing habitats (McAllister et al. 2000; Strong et al. 2008).
Modification, poisoning, and eutrophication of kettle lakes pose threats to this species (Frest and Johannes 1995). In particular, nutrient enhancement due to farm animal wastes, sewage, or irrigation runoff may lead to eutrophication of lakes and reservoirs, and extirpation of this species. Most kettle lakes in the western U.S. range of this species have been affected by the above mentioned threats, or have been made part of irrigation systems (Frest and Johannes 1995). Climate change is likely to exacerbate the effects of stressors on this species, especially in hydrologically altered and managed ecosystems.
Conservation Considerations:                                                                              
Research: There is a need to better understand the biology, distribution, status, and threats for this species in the west. The taxonomy of Valvata tricarinata and other valvatids is largely based on morphological characteristics, which may exhibit some phenotypic plasticity. Current molecular and anatomical comparisons are needed to determine systematics within the Valvatidae (Haszprunar 2014), and for this species. Additionally, specimens from older populations need to be rechecked and compared to determine if speciation has occurred, since there is a possibility that western populations of this species are morphologically distinct (Frest and Johannes 1995).
Inventory: This species has a wide geographic range but is rare in the Pacific Northwest. More work is necessary to determine the species' current distribution and status in Washington, and surveys at both new and known sites are needed (Frest and Johannes 1995; Burke 2010, pers. comm.; NatureServe 2015). Results from survey efforts will be valuable in evaluating the current status, range, population characteristics, and conservation needs of this species in the Pacific Northwest (Burke 2010, pers. comm.).      
Management: Until more is known about this species and its current distribution, existing sites should be monitored and protected from threats to water quality (Burke 2010, pers. comm.). New and known sites and their associated watersheds could be managed to reduce the impacts of recreational activity, urban development, water diversions, construction activities, and other practices that may adversely affect water quality.     
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Records of Valvata tricarinata from the Columbia River in Washington, relative to Forest Service, BLM, and National Park Service lands (Lake Roosevelt National Recreation Area).
ATTACHMENT 4: Photographs of Valvata tricarinata
[image: image2.jpg]


[image: image3.jpg]


[image: image4.jpg]


[image: image5.jpg]



Figure 1: Shells of Valvata tricarinata (Say 1817). Collected by Le Sueur from the Delaware River. Used under Fair Use Law, information provided by the Malacology collection at the Academy of Natural Sciences of Philadelphia, 1900 Benjamin Franklin Pkwy, Philadelphia, PA 19103. (http://clade.ansp.org/malacology/collections/index.html). ANSP Number: 58151.
ATTACHMENT 5: Survey Protocol
Survey Protocol

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

 HYPERLINK "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. 

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. 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. Hand collection, dip-netting, and brush and tray collection are common survey techniques for this species (Deixis MolluscDB 2009). 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. Place live specimens in small vials filled with water from the site. 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.). 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.
Species-specific Survey Details: 

Valvata tricarinata
This species has a wide range in North America but appears to be rare in the Pacific Northwest (Frest and Johannes 1995). In Washington, Valvata tricarinata is known only from a few sites in the Columbia River Drainage in Chelan, Douglas, Ferry, Okanogan, and Stevens counties. More work is necessary to determine the species' current status in Washington, and surveys at both new and known sites are needed (Frest and Johannes 1995, Burke 2010, pers. comm.). Standardized abundance estimates for this species at new and known sites are also needed to assist future conservation efforts. 
Washington surveys should focus on evaluating and monitoring known populations at the Columbia River sites, and on uncovering additional sites in the area (Burke 2010, pers. comm.). Additional existing sites may be found on BLM land in the Spokane District, given the close proximity (~500 m [1640 ft.]) of known sites in Chelan and Douglas Counties. Because this species is now known from sites both downstream and upstream (Canada) of the Lake Roosevelt collection site, these new records may suggest available suitable habitat in additional areas throughout the Columbia River Drainage.  
This species is known from a variety of permanent or perennial lake-like habitats, including portions of larger rivers (Frest and Johannes 1995). It is generally found in clear, cool-cold water among vegetation or on soft substrates. V. tricarinata can be found near the margins of rivers and associated with submerged vegetation commonly found in ponds and slow flowing streams including: green algae (Chara), watermilfoil (Myriophyllum), coon’s-tail (Ceratophyllum), and other macrophytes (Frest and Johannes 1995). This species has been found in maximum abundance near the edges of lakes, in water 0.75-1.25 m (2.5-4 ft.) deep, and sometimes up to 4 m (13 ft.) deep (reviewed in Dillon 2004). In Washington, it has been collected from littoral areas of reservoirs in the Columbia River at depths between 1.5-2.4 m (5-8 ft.).
Surveys for this species can probably take place any time of year, although all known Washington records are from March and April (during the spring draw-down of Lake Roosevelt [Burke, 2010, pers. comm.]), and September through October. Dip-netting and dredging are appropriate survey methods for Valvata species (Deixis MolluscDB 2009). The Lake Roosevelt specimens were found dead (as shells), in wave-washed sand at the waters edge (Burke 2010, pers. comm.). Additional collections were made on artificial substrates, deployed collection baskets, and suction dredges. 
Since there is a possibility that western populations of this species are morphologically distinct, specimens from older populations in the west need to be rechecked and compared to determine if speciation has occurred (Frest and Johannes 1995). Identification of this species is based on external shell morphology and other characters outlined in the fact sheet; however expert identification of this species is recommended.   
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