SPECIES FACT SHEET

Scientific Name: Fluminicola virens (I. Lea, 1838)	 
Common Name: Olympia pebblesnail
Phylum: Mollusca
Class: Gastropoda
Order: Littorinimorpha
Superfamily: Truncatelloidea
Family: Lithoglyphidae  
[bookmark: _Hlk57820166](Bouchet et al. 2017; Hershler and Liu 2017)
	
Conservation Status: 
Global Status: G2 – Imperiled (17 December 2019) 
National Status (United States): N2
State Status: S2 (Oregon); S2? (Washington)
(NatureServe 2020)
Federal Status (United States): None (USFWS 2020) 
IUCN Red List: Not Evaluated (IUCN 2020)

[bookmark: _Hlk53570473]Synonyms: Paludina virens I. Lea, 1838; P. nuclea I. Lea, 1838, Leptoxis virens Haldeman, 1847; Bithinia nuclea Carpenter, 1857; Vivipara nuclea Binney, 1859; V. virens Binney, 1859; Anculosa nuclea Tryon, 1864:, A. virens Tryon, 1864: F. nuclea Stimpson, 1865; Fluminicola nuttalliana Thompson, 1984; Lithoglyphus virens Taylor, 1966; L. nucleus Taylor, 1975 (Hershler and Frest 1996; Hershler and Liu 2017)

Taxonomic Notes:	 
1. This species was first described as Paludina virens Lea, 1838; Fluminicola virens is the currently accepted name (Hershler and Liu 2012). Including F. virens, there are currently close to 30 Fluminicola taxa recognized in the western United States (Hershler and Liu 2017; Liu and Hershler 2019); however, this poorly known group has undergone multiple revisions over the last two decades, and new species continue to be described and others reassigned based on a series of molecular and morphological studies (Hershler and Frest 1996; Hershler 1999; Hershler et al. 2007; Hershler and Liu 2012; Liu et al. 2013; Hershler et al. 2017; Liu and Hershler 2019). F. virens is a highly divergent species, distinct both morphologically and genetically from all others in the genus (Hershler and Frest 1996; Hershler et al. 2007; Hershler and Liu 2012; 2017), with the exception of F. gustafsoni, a more recently described species occurring in the lower Snake River watershed of Idaho and adjacent Asotin Co., Washington, well to the east of the known sites for F. virens (Hershler and Liu 2012). Phylogenetic analysis using mitochondrial DNA recently revealed that F. virens and F. gustafsoni, together, are in a clade distinct from a large clade composed of all other Fluminicola species (Hershler and Liu 2012). Phylogenetic analysis also confirmed previous suspicions that Fluminicola is not a monophyletic genus, as revealed by the finding that the members of the large Fluminicola clade are more closely related to several other lithoglyphid genera than they are to F. virens and F. gustafsoni. As such, revision of the genus is clearly needed, and forthcoming. However, nomenclatural changes cannot be made until the phylogenetic relationships between the type species, F. nuttallianus, and others in the genus are resolved. See Hershler and Liu (2012; 2017) for further details. 
2. Based on morphological and mitochondrial DNA evidence, specimens of F. virens collected in southwest Oregon should now be ascribed elsewhere; early southern F. virens records are likely F. umpquaensis, a new species described by Hershler et al. (2017). Additionally, geographic distributions of F. virens in Hershler and Liu’s (2012) phylogeny study, and a more recent geographic description for the species in Hershler and Liu’s (2017) annotated checklist of truncatelloidean gastropods of the West, do not show any records for F. virens in the Olympic Peninsula (or beyond the Columbia and Willamette Rivers and their tributaries). Hershler (2015, pers. comm.) believes the Olympic Peninsula Fluminicola may be a separate (undescribed) species. While specimens collected from the Olympic National Forest fit the morphological descriptions for other F. virens throughout their range, revision of this genus is ongoing, and may ultimately change the taxonomy of this species in Washington (Fallon and Blevins 2016). While more taxonomic work is needed, Olympic Peninsula populations are treated here as F. virens until proven otherwise.
3. [bookmark: _Hlk57123808]Many taxonomic analyses (e.g., Kabat and Hershler 1993) treat the lithoglyphid group as a subfamily (“Lithoglyphinae”) within the family Hydrobiidae. However, a more recent classification system derived largely from molecular phylogenetic research considers this group as a family (Lithoglyphidae) nested within the Truncatelloidea rather than the Hydrobiidae family (Wilke et al. 2001; Bouchet and Rocroi 2005; Bouchet et al. 2017; Hershler and Liu 2017). 



Technical Description: 
Adult: Freshwater mollusks can be difficult to identify due to their small size, the presence of undescribed species at collection sites, and the variability between live and dead preserved specimens. It is strongly recommended that species identification be based on fresh shell and body features, ideally with the advice of an expert. 

Members of the genus Fluminicola, commonly known as pebblesnails, are part of a diverse group of small, gill-breathing western North American freshwater gastropods (Hershler and Liu 2017). At present, a full diagnosis of the genus has not been presented, but see Hershler and Frest (1996) for a detailed description of the genus as it is currently constituted. In short, the Fluminicola genus is composed of globose to trochoid (rarely ovate- or narrow-conic) shells that vary widely in size (height 2.5-12.0 mm; whorls 3.5-5.0) (Hershler and Frest 1996; Hershler et al. 2007). This genus is composed of snails with a solid shell characterized by a thin periostracum (outer shell layers) and horny operculum (plates that close over the shell opening). In the U.S., most species are small (less than 1 cm in height) and have a conical spire (Hershler and Frest 1996). This genus can be further distinguished by the following characteristics: low conical shells evenly colored in yellow or green, dark pigmented cephalic tentacles (elongate flexible organs on top of head), and distal snouts (Hershler and Frest 1996).

A full description of this species is as follows from Hershler and Frest (1996):

DIAGNOSIS.—Large with ovate- to narrow-conic shell; penis large, broadly triangular. This species is phylogentically distinct from the clade comprising all other species allocated to Fluminicola, and it is set apart by various unique features (within the genus), including unpigmented ganglia, short pedal  commissure, vas deferens coiled on neck, broadly triangular penis, penis deeply folded along almost entire length, terminal papilla on penis, simple, posterior oblique coiled oviduct, absence of secondary storage of sperm in coiled oviduct, subglobular bursa copulatrix, extremely long bursal duct, and large seminal receptacle.
[bookmark: _Hlk53574067][bookmark: _Hlk53574081]DESCRIPTION.—Shell ovate- to narrow-conic, usually with eroded spire; height 5.8-12.0 mm; whorls 4.5-5.0. Protoconch of 1.5 whorls, diameter about 0.85 mm; microsculpture of numerous strong spiral striae. Teleoconch whorls flat to slightly convex; shoulders very narrow or absent. Microsculpture of fine collabral growth lines. Periostracum light tan, yellow, or green. Shell opaque, grey white. Aperture of medium size, ovate, strongly angled above. Outer lip weakly sinuate, usually thick. Parietal lip complete, usually thick, broadly adnate, sometimes slightly expanded over body whorl. Columellar lip of medium thickness, columellar swelling narrow to medium wide. Shell usually anomphalous; umbilical region sometimes narrowly excavated, with adaxial ridge. 
Operculum of medium thickness; outer margin with very weak rim. Attachment-scar margin slightly thickened, stronger along inner edge. Callus weak but with pronounced narrow thickening extending to outer side of nucleus. 
Radula with about 78 rows of teeth; ribbon length 1.84 mm, ribbon width 0.2 mm; central tooth width 59 µm. Central tooth with pronounced dorsal indentation; lateral cusps 4-5; median cusp narrowly U-shaped, slightly broader and longer than laterals; basal cusps 2-3, elongate; basal tongue medium wide, basal sockets strongly excavated; lateral angles slightly thickened. Lateral tooth with slightly concave dorsal edge; dorsal edge about 50% of tooth width; lateral shaft considerably longer than height of tooth face; tooth face about as tall as wide; central cusp narrowly U-shaped, lateral cusps 3 (inner side) or 4 (outer side). Inner marginal teeth with 13-14 cusps; outer marginal teeth with 15-16 cusps. 
Snout grey black; distal lips pale. Tentacles with black, central, longitudinal band extending from eyes nearly to distal tip, otherwise pale except for internal grey pigment at base. Head grey. Foot pale to light grey. Pallial roof grey black. Visceral coil nearly colorless to medium grey. 
Ctenidium overlapping pericardium; filaments about 39, tall, pleated. Osphradium almost 50% of ctenidium length. Hypobranchial gland swollen on proximal genital duct. Fecal pellets longitudinal. Renal organ swollen; renal opening white. Salivary glands overlapping cerebral ganglia. Stomach slightly longer than style sac. Pedal commissure less than 25% of ganglia width. Ganglia unpigmented. 
Testis 1.5 whorls, overlapping posterior stomach chamber, filling 50%-67% of visceral coil behind stomach chamber. Prostate gland with 33% of length in pallial roof, fat. Vas deferens nearly straight in pallial roof, coiled in a series of tight loops in neck. Penis large, broad, flattened, slightly curved (but uncoiled), with strong folds along entire length except distal tip; base slightly narrowed; medial section weakly tapering; distal section strongly tapering, with rounded tip bearing eversible papilla. Penial duct central, narrow, tightly coiled in basal and medial sections. Penis without epithelial pigment; two broad, dark bands of black subepithelial pigment flanking penial duct. 
Ovary 0.5 whorl, abutting posterior edge of stomach, filling about 50% of visceral coil behind stomach. Coiled oviduct narrow, posterior oblique, unpigmented; proximal portion rarely with small kink. Coiled oviduct and bursal duct join just behind pallial wall. Bursa copulatrix about 33% of albumen gland length, subglobular, about as long as wide, almost entirely overlapped by gland. Bursal duct as long as or slightly longer than bursa, originating from middle of long axis of organ. Seminal receptacle 40%-50% of bursa copulatrix length, positioned anterior to bursa copulatrix near middle of albumen gland, entirely overlapped by gland. Pallial gonoduct without rectal furrow. About 25% of albumen gland lying in front of posterior pallial wall. Capsule gland shorter, narrower than albumen gland. Ventral channel without anterior vestibule. Genital opening a subterminal pore.
F. virens, is well differentiated from its congeners by the following characters: short pedal commissure; anteriorly coiled vas deferens;
broadly triangular, deeply creased penis having a terminal papilla; elongate duct of the bursa copulatrix; and several other morphological details (Hershler and Frest 1996). 
[bookmark: _Hlk43900594]
Egg: Eggs for this species have not been described; however, Fluminicola egg capsules are large and hemispherical in shape (Hershler and Frest 1996).

See Attachment 4 for photographs of this species.

Life History: 
Little information exists on the life history aspects specific to this species; however, the genus is composed of gill-breathing, primarily benthic aquatic snails (Hershler et al. 2007). Members of the genus are typically found in cool, clear highly oxygenated aquatic habitats (Hershler and Frest 1996). Most Fluminicola taxa are lithophiles that feed by scraping bacteria, diatoms and other perilithic organisms from rock surfaces, and may occasionally feed on aquatic plant surfaces (Hershler et al. 2007; Duncan 2008). Fluminicola species are often dominant in their community and serve as primary grazers; making up more than half of the invertebrate biomass at a site, which is important for food web dynamics (e.g., food source) and nutrient cycling (e.g., grazing) (Hershler and Frest 1996; Johnson et al. 2013).

This species is present all year, but is not expected to be active in winter; in Oregon and Washington it has been collected from January through December (Burch 1989; Hershler and Frest 1996; Deixis MolluskDB 2009; ANSP 2020; BISON 2020; GBIF 2020; MCZBase 2020; NMNH 2020; UMMZ 2020). The individual life span of this species is likely short, lasting approximately one year (Frest and Johannes 1995a; 1995b). Similar to most of its aquatic relatives, the Fluminicola genus exhibits separate sexes (dioecious) with both male and female individuals. Individuals in the Fluminicola genus are commonly semelparous (i.e., reproduce once in a lifetime) (Frest and Johannes 1993) and adult Pacific Northwest cold-water aquatic snails copulate between February and May (Frest and Johannes 1995b). Female Fluminicola are oviparous and eggs are laid roughly one month after mating, usually between spring and autumn (Frest and Johannes 1995a; 1995b). Eggs are laid in gelatinous capsules attached to plants, stones, or other objects and, depending on the species, typically hatch one month after being laid (Hershler and Frest 1996; Duncan 2008). 

[bookmark: _Hlk57124384]The dispersal capacity of F. virens is not known, however freshwater gastropods tend to have limited dispersal abilities (Johnson et al. 2013). Dispersal for F. virens is likely passive and limited to waterways that meet suitable habitat requirements. Fluminicola snails are unable to actively disperse widely and often remain localized in their distribution because they are sensitive to disturbances that affect water temperature, dissolved oxygen content, sedimentation, and other water flow dynamics (Frest and Johannes 1995b; Furnish and Monthey 1998). Obstructions that have the potential to affect dispersal of F. virens likely include dams, diversions, culverts, livestock trampling, and other human alterations. 

Range, Distribution, and Abundance: 
Type Locality: Wahlamat [Willamette] (River), near its junction with the Columbia River [Oregon].

Range: The full range of Fluminicola virens is not fully known, but it appears to be a Pacific Northwest endemic with disjunct populations resulting from extensive habitat alteration (Frest and Johannes 1995b; Hershler and Frest 1996; NatureServe 2020). F. virens is known largely from the Columbia River basin and coastal drainages of Oregon and Washington. In Oregon, it is found in the northwestern part of the state (Willamette River, Columbia River, and large tributary streams) (Hershler and Frest 1996). In Washington, it is documented largely from the western part of the state from the Columbia River and tributaries and the Olympic Peninsula. It is also listed as occurring in Kootenay and Wigwam Rivers in British Columbia (Clarke 1981), but these records have since been discounted (Hershler and Frest 1996). Additionally, material from the coastal drainages of Oregon and Washington, as well as specimens from east of the Cascades in both states, may still require examination to determine the full range of this species (Hershler and Liu 2012; 2017; Hershler 2015, pers. comm.). 

[bookmark: _Hlk39158813]Distribution: In Oregon, F. virens has been collected from the lower Columbia River basin and Coastal drainages. It occurs in the lower Columbia River and tributaries below Portland and near the Columbia River Gorge National Scenic Area (CRGNSA), the upper Deschutes River, the Willamette River from Corvallis to its mouth, and large tributary streams of the Willamette River including the Tualatin and Clackamas Rivers (Hershler and Frest 1996; Deixis MolluskDB 2009; ANSP 2020; BISON 2020; GBIF 2020; MCZBase 2020; NMNH 2020). In Oregon, occurrences previously assigned to F. virens in the Umpqua River basin, are now ascribed elsewhere; therefore, this species is now restricted to the northwestern region of the state (Hershler and Liu 2012; Hershler et al. 2017). As such, records from southwest Oregon (including Deschutes, Douglas, Klamath, and Lane Counties) are not considered F. virens in this fact sheet and should be reexamined. 

In Washington, this species is documented in the western part of the state, the Olympic Mountains, and San Juan Island from the Willapa River, Deschutes River, Moffett Creek, Greenleaf Creek, and additional creeks and tributaries in the Columbia River basin (Burch 1989; Deixis MolluskDB 2009; Fallon and Blevins 2016; ANSP 2020; BISON 2020; GBIF 2020; MCZBase 2020; NMNH 2020; UMMZ 2020).

In Oregon, known records are from Benton, Clackamas, Clatsop, Columbia, Jefferson, Lincoln, Linn, Marion, Multnomah, Polk, Sherman, Tillamook, Wasco, and Yamhill Counties, and in Washington, records are from Clark, Cowlitz, Grays Harbor, Klickitat, Lewis, Pacific, Pierce, San Juan, Skamania, and Thurston Counties in Washington (Hershler and Frest 1996; Deixis MolluskDB 2009; ANSP 2020; BISON 2020; GBIF 2020; MCZBase 2020; NMNH 2020). 

Forest Service/BLM lands: 
Documented: In Washington, F. virens is documented on the Olympic National Forest (Grays Harbor County). 

Suspected: Due to close proximity of records, it is suspected from the CRGNSA in Oregon (Multnomah County) and Washington (Skamania County). It is suspected on the Siuslaw (Tillamook, Lincoln, and Benton Counties) and Willamette (Linn County) National Forests; the Nestucca River, where this species is documented, runs through a portion of Siuslaw National Forest land in Tillamook County.

[bookmark: _Hlk58571585]Note: A map of the geographic distribution of F. virens in Hershler and Liu’s (2012) phylogeny study, and a more recent geographic description for the species in Hershler and Liu’s (2017) annotated checklist of truncatelloidean gastropods of the West, do not show any records for F. virens in the Olympic Peninsula (or beyond the Columbia and Willamette Rivers and their tributaries). Hershler (2015, pers. comm.) believes the Olympic Peninsula Fluminicola may be a separate (undescribed) species. Additionally, material within the CRGNSA and other areas east of the Cascades may still require examination to confirm that the range of F. virens extends into these regions of Oregon and Washington. Furthermore, several vague records occur on or in proximity to National Forest and BLM lands; however, the accuracy of these records cannot be determined. These include records from Clackamas County near the Mount Hood National Forest/Northwest Oregon BLM District and Linn County near the Willamette National Forest/Northwest Oregon BLM District. Other records in the CRGNSA in Oregon (Wasco County) and Washington (Klickitat County) need to be examined to confirm they are F. virens. In Oregon, another record with uncertain accuracy (“Camp Sherman”) is located on the Deschutes (Jefferson County) National Forest. This species may be considered suspected on the Ochoco National Forest and/or BLM land in the Prineville District, based on vague records “at Maupin” and “Sherar Bridge (N and E of Maupin)”, and one described as “3.5 mi S of Warm Springs and 1.4 mi S of bridge”—both from the Deschutes River, a river which runs through a significant amount of both Prineville BLM and Ochoco National Forest land (ANSP 2020; BISON 2020; GBIF 2020). 

Abundance: Abundance estimates for Fluminicola virens have not been conducted and the entire population size is unknown for this species. Additionally, F. virens has experienced population declines due to development and loss of historical sites, and the range of this species is not fully known. Minute freshwater Truncatelloidea snails are typically locally abundant in the watersheds where they occur (Hershler and Liu 2017). This may be true for F. virens at some sites; collection records for this species include count data ranging from 1-500 individuals, with several occurrence records in the Willamette and Columbia River reporting 50-500 snails (Hershler and Frest 1996; Deixis MolluscDB 2009; ANSP 2020; NMNH 2020). However, the majority of records report fewer than 35 individuals (Fallon and Blevins 2016; ANSP 2020; BISON 2020; MCZBase 2020; NMNH 2020). 

Habitat Associations: 
[bookmark: _Hlk57124722]Aquatic snails of the genus Fluminicola are among the more ubiquitous macroinvertebrates in large, lotic water bodies of northwestern North America (Hershler and Frest 1996). Members of this genus are usually found in clear, cold waters with high dissolved oxygen content (Hershler and Frest 1996). Frest and Johannes (1995b) discuss the ecology of the larger Fluminicola species as a group, stating that most of these taxa are classified as cold-water stenotherms (functioning only within a narrow temperature range) and as spring-influenced amniphiles (existing primarily in larger streams). Generally, these species prefer streams with near-saturation amounts of dissolved oxygen, no or minor nutrient enhancement (oligotrophic waters), continual current, and coarse but stable substrate (Frest and Johannes 1995b). Preferred habitats generally have few rooted aquatic macrophytes and relatively minor amounts of coverage by epiphytic algae and tolerant macrophytes, which may occur in finer-substrate areas nearby (Frest and Johannes 1995b). Members of the Fluminicola genus are generally lithophiles—found on hard rocky surfaces where they graze on periphyton (Frest and Johannes 1995b, Hershler and Frest 1996). Often, species in this genus appear to be community dominants, comprising most of the invertebrate biomass (Hershler and Frest 1996).

[bookmark: _Hlk57125996]Large Fluminicola species, such as F. virens, are typically found in streams and rivers, whereas smaller species are commonly found in either spring or stream environments (Hershler and Frest 1996). F. virens has been collected from medium to large sized rivers at depths ranging from 2-48” (Deixis MolluscDB 2009). It can be found on gravel bars and boulder, sand, and silt substrates. F. virens prefers cold, clear, streams with dissolved oxygen content near-saturation amounts, no or minor nutrient enhancement (i.e., oligotrophic waters), and coarse but stable substrate (Frest and Johannes 1995b; Hershler and Frest 1996). 

In Washington, F. virens, and other Fluminicola spp., were more recently found in the West Fork Humptulips River in the Olympic National Forest (Fallon and Blevins 2016). This medium sized stream (6th order) is wide (20-25 ft.) with a low gradient and the river bottom is primarily composed of cobble, gravel, and sand with some silty areas and exposed bedrock (Fallon and Blevins 2016). During this same study, this species was also documented from Lake Quinault, a large lake with thick sediment on the lake bottom, high turbidity, and low oxygen saturation levels (Fallon and Blevins 2016). While Lake Quinault does not match the preferred habitat descriptions for F. virens, its documentation at this site—although from only a few single individuals—suggests that F. virens may be able to tolerate more disturbed conditions than previously thought (Fallon and Blevins 2016). 

Common mollusks found in association with the larger Fluminicola species include the cold-water dependent Vorticifex effusus, as well as Physella (Physa) gyrina, Margaritifera falcata, and Gonidea angulata (Frest and Johannes 1995b).

Threats:   
[bookmark: _Hlk57788104]Freshwater gastropods like Fluminicola have high extinction rates, likely due to their endemism, limited dispersal abilities, and high susceptibility to habitat loss and degradation (Johnson et al. 2013). F. virens has a declining population trend throughout its range, with short-term predictions ranging from a decline of 30-70%, and long-term trends between 50-70% decline (NatureServe 2020). The American Fisheries Society (AFS) recently rated F. virens as Threatened, because it is a species that is “imminently likely to become endangered throughout all or a significant portion of its range” (Johnson et al. 2013). 

Impaired water quality, habitat degradation and loss, and increasing fragmentation and isolation of the few remaining populations are the main threats to the continued survival of F. virens. Additionally, impoundments, water withdrawal, pollution (e.g., untreated sewage and agricultural runoff), road construction, invasive species, climate change, and recreation all likely have a negative impact on the habitats needed by Fluminicola species. Fluminicola spp. are sensitive to pollution, siltation, warming, and hypoxia (Frest and Johannes 1995b). Because F. virens requires cold, oligotrophic habitats, it is thought to be fairly intolerant of nutrient-enhanced habitats and soft substrates, which are exacerbated by river impoundments that impact this species’ habitat (Hershler and Frest 1996). Although the free-flowing, oligotrophic waters where these animals once thrived, were historically ubiquitous throughout the range of the genus, they are apparently no longer found from large impacted areas, likely due to human-related activities (Hershler and Frest 1996; Frest et al. 2008). Human modification of the lower Columbia River, in particular, has been extensive, including numerous impoundments, to the point that only relatively small reaches of the Columbia River system remain free flowing (Frest and Johannes 1993; 1995b; Hershler and Frest 1996). Siltation in this area has also been increased by agricultural practices and by clear-cutting on adjacent National Forests (Frest and Johannes 1993; 1995b; Hershler and Frest 1996). Because of these impacts, several species of native mollusks in the lower mainstem Columbia River are thought to be either extinct, near extinction, or extirpated in part of their range, including Fluminicola nuttallianus as well as Vorticifex neritoides and Physella columbiana (Frest and Johannes 1995b; Frest et al. 2008). 

Invasive species, such as Potamopyrgus antipodarum (the New Zealand mud snail), threaten native gastropod populations in the western United States by displacing natives, occurring in extremely high densities (e.g., tens of thousands per square meter), outcompeting for resources, and altering nutrient flows (Pyron and Brown 2015; USFWS 2015). The invasive P. antipodarum was initially introduced in the U.S. in Idaho; the first detection in Oregon was near the mouth of the Columbia River in 1997 and in 1999 it was first detected in Washington in the lower Columbia River (USFWS 2015). P. antipodarum is tolerant of a wide range of ecological factors and is found in all types of aquatic habitat, allowing this species to easily spread by assistance of bird, fish, and human transport (USFWS 2015). 

Recreational activities (e.g., white water rafting, swimming, etc.) and recreation areas (e.g., campgrounds, boating and road access, etc.) can degrade habitat used by F. virens. For example, recently discovered populations of F. virens and other Fluminicola spp. were located at sites that are popular with river rafters, swimmers, and water recreationalists; one of these was located at a boat launch with vehicle access (Fallon and Blevins 2016).

[bookmark: _Hlk57890337][bookmark: _Hlk57788423][bookmark: _Hlk57890053]Modifications to habitat quality and quantity in the West will likely be accelerated by climate change and have a negative impact on F. virens and its associated habitat. Increased air temperature, variability in precipitation, and intensified drought conditions are predicted in the region. These changes could degrade habitat by altering discharge, flow, and evaporation, leading to declines in groundwater reserves and springflows, and increases in flash flooding (Ficklin et al. 2013; reviewed in IPCC 2014; reviewed in Jiménez Cisneros et al. 2014). 



Conservation Considerations:
[bookmark: _Hlk44048080]Research: Previous genetic analysis has confirmed the hypothesis that the Fluminicola genus is paraphyletic (species in this genus have evolved from separate origins) and in need of taxonomic revision (Hershler and Liu 2012). Efforts to better understand this group in the Rogue-Umpqua, upper Sacramento River, and Snake River watersheds have been extensive, utilizing both morphologic characteristics and genetic analyses; these analyses and others should continue to provide additional insight (Hershler et al. 2007; Hershler and Liu 2012; Liu et al. 2013; Hershler et al. 2017; Liu and Hershler 2019). Continuing to resolve taxonomic uncertainty associated with Fluminicola as a group is imperative to identifying distinct species and populations to accurately assess which populations are, and which are not, in need of conservation efforts.

Further research on species-specific criteria, including basic biology and life history traits of F. virens, species distribution, and population trends, can help inform conservation efforts. This includes specifics on its life cycle, fecundity, abundance, recruitment, dispersal ability, physiological tolerances, and habitat usage. Although its habitat preferences and physiological tolerances are relatively well described, habitat features once typical of some known sites (i.e., cold, oligotrophic and fast-flowing water with hard substrate), including within the Columbia River, are no longer widespread (Frest et al. 2008). Since many mollusks are affected by disturbance and pollution, additional research to assess the response of F. virens to environmental changes will help determine tolerance ranges. Research at known sites could also include understanding the extent of other threats to this species and its habitat (e.g., invasive snails and plants). Because Fluminicola are sensitive to disturbance events and have a high rate of population turnover annually (around 90%; Frest and Johannes 1993), investigations in impacted reaches may help determine the stability and status of this species’ population as habitat features change, and if population changes are related to life history traits. 

[bookmark: _Hlk42519443]Inventory: Some of the most recent collections of this species have occurred in its historic range within the Columbia and Willamette Rivers (2002), another historic site on the Olympic Peninsula (Lake Quinault, 2015) (Fallon and Blevins 2016; GBIF 2020; NMNH 2020), and a new site on the Olympic National Forest (2015) (Humptulips River; Fallon and Blevins 2016). Initial surveys are recommended at known historic sites in the Willamette and Columbia Rivers where the status of this species needs re-evaluation. Surveys for this species could occur at additional suitable habitat in the Lower Columbia River system and other documented sites which occur in the coastal drainages of Oregon and Washington. Continuing to monitor associated river habitats will provide information on disturbance events and introduced species, and provide a general understanding of endemic species dependent upon these large river systems.  

Additional monitoring could include habitat quality assessments such as water temperature, DO content, sedimentation levels, nitrogen and phosphorus levels, and stream flow (Furnish and Monthey 1998) in order to better identify habitat associations of this species. Whether this species is tolerant of lentic conditions may be of interest, since historically it was largely collected from lotic habitats. One of the most recent collections from Lake Quinault, does not match the preferred habitat descriptions for F. virens, but its documentation at this site—although from only a few single individuals—suggests that F. virens may be able to tolerate more disturbed conditions than previously thought (Fallon and Blevins 2016). Standardized abundance estimates for this species at known and new sites would assist future conservation efforts, since population size is important in evaluating the stability of a species at a given locality.

Surveys in the future could provide a better understanding of the current status, range, and population characteristics of this and other sensitive mollusk species that are known within the range of this species. 
Additional surveys may investigate whether appropriate habitat exists in the proximity of vague records that occur close to public lands (see Note within the Range, Distribution, and Abundance section).

[bookmark: _Hlk57804930]Management: Management could include maintaining and conserving currently available intact habitat and populations of F. virens. Because Fluminicola species are highly susceptible to habitat loss and degradation (Johnson et al. 2013), management to limit impacts to streams and rivers is crucial to protecting these populations. In particular, land managers could limit waste water discharge and agricultural runoff as well as new construction of dams or other structures (Duncan 2008). These activities negatively impact water quality by adding nutrients and other pollutants, slowing water flow, and reducing oxygenation (Duncan 2008). To help preserve current populations of Fluminicola species land managers could maintain water quantity and quality, native plant communities, and original streambed substrates (Furnish and Monthey 1998).
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Records of Fluminicola virens in Washington and Oregon, relative to USFS and BLM lands.  
ATTACHMENT 4: Illustration and Scanning Electron Micrograph of Species
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Shell of F. virens, lectotype, USNM 121431 (7.5 mm). Figure extracted from Hershler and Frest (1996), used with permission.  

[image: ]

Shell protoconch of Fluminicola virens, USNM 883183 (bar = 0.27 mm). Figure extracted from Hershler and Frest (1996), used with permission.  
 
ATTACHMENT 5: Aquatic Gastropod Survey Protocol, including specifics for this species 

Survey Protocol

Taxonomic group: 
Aquatic Gastropoda

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

1. General collection and monitoring methods for aquatic mollusks:

See documents under the heading “Invertebrates – Mollusks” on the Interagency Sensitive and Special Status Species web page: https://www.fs.fed.us/r6/sfpnw/issssp/inventories/identification.shtml

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: https://www.fs.fed.us/r6/sfpnw/issssp/species-index/fauna-invertebrates.shtml 
· 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 
· 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: 
Fluminicola virens

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., large rivers and their tributaries, lacustrine habitats). 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, dredges, and wire-basket benthos samplers (Duncan 2008). Hershler (2015, pers. comm.) notes that Fluminicola is usually found on rocks (not mud) in flowing waters such as streams and rivers, making hand collection easy; for this reason, simple hand collection methods have been used successfully to sample for this species in both lentic and lotic habitats (Fallon and Blevins 2016). In large riverine habitats where Fluminicola spp. occur, wire basket samplers are commonly used (Neitzel and Frest 1989; 1992; Deixis MolluskDB 2009; Frest et al. 2008). Neitzel and Frest (1989) used wire-basket benthos samplers to target Fluminicola species in the Columbia River; their collection methods are described as follows: 

Wire-basket benthos samplers were placed in streams and allowed to incubate for about 3 months. Before retrieving the baskets, they were placed in cloth bags. The bagged baskets were then returned to the surface and tagged to identify sample location and date. Benthic organisms were removed from the rocks and baskets and washed into 600 µm mesh sieving buckets. The washed samples were preserved in 70% isopropyl alcohol. Additional surveys were accomplished by removing rocks from the stream and hand collecting snails from the rocks; these snails were also placed in jars and preserved in alcohol. 

Identification of this species is based on external shell morphology and other characters outlined and illustrated in Hershler and Frest (1996) and in this fact sheet. This is a large and difficult genus, and expert identification of this species is especially important. Frest (1999) does not recommend identification from shells, alone, in areas where multiple species in the genus are known or likely to occur.

Where: F. virens has been collected from medium to large sized rivers at depths ranging from 2-48” (Deixis MolluscDB 2009). It can be found on gravel bars and boulder, cobble, sand, and silt substrates. F. virens prefers cold, clear, streams with dissolved oxygen content near-saturation amounts, no or minor nutrient enhancement (i.e., oligotrophic waters), and coarse but stable substrate (Frest and Johannes 1995). Fluminicola spp. are found in habitats that have a small amount of aquatic submergent vegetation, such as Ceratophylum, Potamogeton crispus, P. filiformis, Myriophyllum, or Elodea, and some bryophytes and epiphytic algae (Frest and Johannes 1995; Deixis MolluscDB 2009). 

Some of the most recent collections of this species have occurred in its historic range within the Columbia and Willamette Rivers (2002) (GBIF 2020; NMNH 2020) and additional sites on the Olympic National Forest (2015) (Humptulips River and Lake Quinault; Fallon and Blevins 2016). Initial surveys are recommended at known historic sites in the Willamette and Columbia Rivers where the status of this species needs re-evaluation, and at additional suitable habitat in the coastal drainages of Oregon and Washington. 

Surveys could also investigate whether suitable habitat exists on public lands in the vicinity of vague occurrence records, and whether this species is extant in these regions of Oregon and Washington. These include records near the Mount Hood National Forest/Northwest Oregon BLM District (Clackamas and Wasco Counties), the Willamette National Forest/Northwest Oregon BLM District (Linn County), the CRGNSA in Oregon (Wasco County) and Washington (Klickitat County), the Deschutes National Forest (Jefferson County), the Ochoco National Forest (Jefferson County) and BLM land in the Prineville District (Jefferson and Wasco Counties) (ANSP 2020; BISON 2020; GBIF 2020).
	
[bookmark: _Hlk57894324]When: Surveys for this species are possible year-round (collections have occurred January through December), although most known records are from July-September (Deixis MolluskDB 2009; Fallon and Blevins 2016; ANSP 2020; BISON 2020; GBIF 2020; MCZBase 2020; NMNH 2020). While they may be present year-round, Fluminicola spp. are semelparous and therefore surveys should be avoided during population turnover; this is generally unknown for semelparous species but likely occurs in the spring (Duncan 2008). Additionally, surveys in flowing waters should be conducted after water levels and flows have decreased and survey conditions are safe. Surveys in lakes or other lentic habitats should not occur during the coldest months to improve detection of bottom-dwelling species. These and other recommendations are outlined further in Duncan (2008). 
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FIGURE 13.—Shells of type and other historically important material of Fluminicola species. A, F. nuttallianus,
lectotype, USNM 121467 (shell height, 8.8 mm); B, F. seminalis, possible syntype, BMNH 1994109 (7.7 mm);
. Lithoglyphus cumingii (= F. seminalis), lectotype, BMNH 1933047 (5.8 mm); D, F. turbiniformis, lectotype,

ANSP 27779 (3.3 mm); E. F. virens, lectotype, USNM 121431 (7.5 mm); F. Paludina nuclea (= F. virens),
possible syntype, ANSP 27765 (8.3 mm).
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FIGURE 6.—Shell protoconchs of Fluminicola species. A, F. coloradensis, USNM 526576 (bar = 0.27 mm); B, F.
dalli, USNM 526835 (bar = 231 pum); C, F. fuscus, USNM 883495 (bar = 0.33 mm); D, F. minutissimus, ANSP
398350 (bar =120 um); E. F. modoci, USNM 883468 (bar =200 um); F. F. nuttallianus, USNM 47874
(bar =0.33 mm); G, F. seminalis, USNM 883465 (bar =231 pm); H, F. turbiniformis, USNM 883470
(bar =250 pm); I, F. virens, USNM 883183 (bar = 0.27 mm).
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