SPECIES FACT SHEET

Scientific Name: Fluminicola fuscus (Haldeman, 1841)	 
Common Name: Ashy pebblesnail; Columbia pebblesnail; Columbia River spire snail
Phylum: Mollusca
Class: Gastropoda
Order: Littorinimorpha
Superfamily: Truncatelloidea
Family: Lithoglyphidae  
(Bouchet et al. 2017; Hershler and Liu 2017)
	
Conservation Status: 
Global Status: G2 – Imperiled (20 February 2015) 
National Status (United States): N2
State Status: S1 (Oregon); S2 (Washington)
(NatureServe 2020)
Federal Status (United States): Not Listed, former Federal Listing Candidate as Lithoglyphus columbianus Pilsbry, 1899 and Fluminicola columbianus/columbiana Pilsbry, 1899 (USFWS 1984; 1994; 2020) 
IUCN Red List: Near Threatened (Ormes 2017)

Synonyms: Hershler and Frest (1996), Hershler and Liu (2017), and MolluscaBase (2020) provide a long list of synonyms for Fluminicola fuscus, including, Anculosa fusca (Haldeman, 1841); Amnicola hindsi (Baird, 1863); F. columbiana (Pilsbry, 1899); F. fusca (Binney, 1865 [in part]); F. hindsi (J.G. Cooper, 1867 [in part]); F. nuttaliana columbiana (Keep, 1887); Lithoglyphus columbianus (Taylor, 1966)

Taxonomic Note:	 
1. [bookmark: _Hlk53570557][bookmark: _Hlk53570790][bookmark: _Hlk53570414]This species was first described as Anculosa fusca (Haldeman 1841); Fluminicola fuscus is the currently accepted name (Hershler and Liu 2017). Including F. fuscus, 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. fuscus has itself undergone several taxonomic changes since mid-1990’s; Hershler and Frest (1996) determined that F. hindsi and F. columbiana (sometimes referred to as columbianus) are junior synonyms of F. fuscus. Additionally, Liu et al. (2013) conducted genetic analyses of F. coloradoense (also referred to as F. coloradensis in some publications [e.g., Hershler and Frest 1996; Liu et al. 2013]), which synonymized the unassigned Snake River basin populations (F. hindsi) with F. coloradoense, and resulted in the re-assignment of the lower Salmon River (Idaho) populations of F. fuscus to F. coloradoense. Phylogenetic analysis using mitochondrial DNA recently revealed that F. fuscus belongs to a larger clade composed of all but two recognized Fluminicola spp., F. virens and F. gustafsoni, which, together, are in a clade distinct from 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. 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 superfamily rather than the Hydrobiidae family (Wilke et al. 2001; Bouchet and Rocroi 2005; Bouchet et al. 2017; Hershler and Liu 2017). 

Technical Description: 
[bookmark: _Hlk43900594]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 America freshwater gastropods (Hershler and Liu 2017). At present, a full diagnosis of the genus has not been presented (since the type species may be extinct and is only known from shells), 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).

[bookmark: _Hlk53573890]Hershler and Frest (1996) described this species as follows:

DIAGNOSIS.—Large with subglobular to trochoid shell having strong subsutural angulation or keel on body whorl; penis of medium size, sickle-shaped. In addition to body whorl shape, the frequently incomplete parietal lip, pigmented salivary glands, and position of seminal receptacle entirely lateral to albumen gland are unique to F. fuscus within the genus.
DESCRIPTION.—Shell subglobular to trochoid, apex often eroded; height 7.0-11.2 mm; whorls 4.0-4.5. Protoconch of 1.5 whorls; diameter about 1.0 mm; microsculpture of numerous strong spiral striae. Teleoconch whorls slightly convex, shouldered. Body whorl with subsutural angulation to well-developed, thick ledge; periphery well below middle of whorl, usually angulate, sometimes strongly so. Microsculpture of strong collabral growth lines (conforming to the shape of the outer lip). Periostracum tan, brown, or red. Shell opaque, usually pink. Aperture large, ovate, narrowly angled to pyriform above. Outer lip sometimes weakly sinuate (adapically advanced), usually thin. Parietal lip thin, often glaze-like, sometimes incomplete across body whorl, rarely thick and slightly detached. Columellar lip thick, columellar swelling broad, often covering umbilical region, sometimes slightly flared basally. Shell usually anomphalous, rarely with small umbilicus. 
Operculum of medium thickness; outer margin with obvious rim. Outer edge of attachment-scar margin slightly thickened, inner edge slightly to moderately thickened. Callus well developed, crescent-like. 
Radula with about 85 rows of teeth; ribbon length 3.2 mm, ribbon width 0.3 mm; central tooth width 81 µm. Central tooth with slight dorsal indentation; lateral cusps 2-4; median cusp broadly U-shaped, slightly broader and longer than laterals; basal cusps 1-2, narrow, originating near dorsal edge of lateral angles; basal tongue narrow, basal sockets weakly to moderately excavated; lateral angles broad, thickened. Lateral tooth with convex dorsal edge; dorsal edge about 50% of tooth width; lateral shaft slightly shorter than height of tooth face; tooth face taller than wide; central cusp U-shaped, lateral cusps 3 (sometimes 2 on inner side). Inner marginal teeth with 10-13 cusps; outer marginal teeth with 10-11 cusps. 
Snout, including distal lips, dark purple brown; tentacles similarly pigmented except for pale circle around eyes. Head moderately pigmented; foot moderately to darkly pigmented. Pallial roof and visceral coil almost uniformly black; pallial edge black. 
Ctenidium overlapping pericardium; filaments about 36, tall, strongly pleated. Osphradium about 45% of ctenidium length. Hypobranchial gland swollen on proximal genital ducts. Fecal pellets oblique. Renal organ rarely swollen; renal opening white. Salivary glands pigmented, overlapping cerebral ganglia. Stomach about as long as style sac. Ganglia pigmented. 
Testis 2.0 whorls, overlapping posterior stomach chamber, filling 50%-67% of visceral coil behind stomach. Prostate gland with 33% of length in pallial roof. Vas deferens nearly straight in pallial roof and in neck. Penis of medium size, sickle-shaped, coiled, with strong folds along proximal 50%-67% of length; base slightly narrowed; medial section gently tapering; distal section narrowing slightly to medium-long, pointed tip. Penial duct near center, medium wide, strongly undulating in basal and medial sections. Penis usually with very dark epithelial pigment on proximal 50% of dorsal surface; black subepithelial pigment scattered along length of penial duct. 
Ovary 0.75 whorl, abutting posterior edge of stomach, filling about 50% of visceral coil behind stomach. Coiled oviduct narrow; proximal portion with 1-2 small, horizontal to oblique twists or coils; distal portion of primary coil sometimes containing sperm. Coiled oviduct and bursal duct join just behind pallial wall. Bursa copulatrix 53%-63% of albumen gland length, pyriform, longer than wide, positioned largely posterior to gland. Bursal duct short (15%-25% of bursa length), originating slightly lateral to tip of organ. Seminal receptacle about 25% of length of bursa copulatrix, positioned just anterior to bursa copulatrix near posterior edge of albumen gland. Pallial gonoduct with deep rectal furrow. About 33% of albumen gland lying in front of posterior pallial wall. Capsule gland about as long and as wide as albumen gland. Ventral channel with anterior vestibule. Genital opening a very short, subterminal slit. 

F. fuscus is distinguished from other species in the genus by the body whorl shape (large with subglobular to trochoid shell having strong subsutural angulation or keel on body whorl), and penis (sickle-shaped, of medium size) (Hershler and Frest 1996). In addition, the frequently incomplete parietal lip, pigmented salivary glands, and position of seminal receptacle entirely lateral to albumen gland are unique to F. fuscus within the genus (Hershler and Frest 1996). This species is further distinguished by the relatively large size, channeled suture, and reddish-black color, not only of the periostracum but also of portions of the shell, excluding the aperture (Frest 1999).

[bookmark: _Hlk53575673]Egg: Eggs for this species have not been described; however, Fluminicola egg capsules are large and hemispherical in shape (Hershler and Frest 1996).

See Appendix (Attachment 4) for photographs of the shell of this species. The male and female genitalia, opercula, and radula of this species are illustrated in Hershler and Frest (1996). 

Life History: 
[bookmark: _Hlk57124268]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 March through December (Neitzel and Frest 1989; 1992; Hershler and Frest 1996; Deixis MolluskDB 2009; Hershler 2013; Liu et al. 2013; ANSP 2020; MCZBase 2020; NMNH 2020; ORBIC 2020; USFS NRM 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: _Hlk57834562]The dispersal capacity of F. fuscus is not known, however freshwater gastropods tend to have limited dispersal abilities (Johnson et al. 2013). Dispersal for this species 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. fuscus likely include dams, diversions, culverts, livestock trampling, and other human alterations.   

Range, Distribution, and Abundance: 
Type Locality: Oregon. Type has not been located (Hershler and Frest 1996).

Range: Fluminicola fuscus was historically widespread, with populations scattered throughout Washington, Oregon, Idaho, British Columbia, and possibly Montana (Neitzel and Frest 1989; 1992; Frest and Johannes 1995b; Hershler and Frest 1996; Deixis MolluskDB 2009; Lysne and Pierce 2009; Hershler 2012, pers. comm.; Liu et al. 2013; ANSP 2020; MCZBase 2020; NatureServe 2020; NMNH 2020; ORBIC 2020; USFS NRM 2020). 

Distribution: In Oregon and Washington, this species has been documented in the lower Snake River, lower to upper Columbia River, and large tributaries of these rivers including the Methow, Willamette, Wenatchee, Deschutes, Okanogan, Grande Ronde, and Spokane Rivers (Neitzel and Frest 1989; 1992; Hershler and Frest 1996; Liu et al. 2013; MCZBase 2020; NMNH 2020; ORBIC 2020; USFS NRM 2020). In Oregon, it is documented from Clark, Clatsop, Hood River, Jefferson, Malheur, Multnomah, Wallowa, and Wasco Counties (Neitzel and Frest 1989; 1992; Hershler and Frest 1996; Frest 2003; Deixis MolluskDB 2009; Hershler 2013; Liu et al. 2013; MCZBase 2020; NMNH 2020; ORBIC 2020; USFS NRM 2020). In Washington this species is documented from Asotin, Benton, Chelan, Cowlitz, Franklin, Grant, Okanogan, Pend Oreille, Skamania, Spokane, and Walla Walla Counties (Neitzel and Frest 1989; 1992; Hershler and Frest 1996; Deixis MolluskDB 2009; Hershler 2013; ANSP 2020; NMNH 2020; USFS NRM 2020). 

Neitzel and Frest (1992) conducted targeted surveys for F. fuscus at over 500 sites in more than 30 streams in the Columbia River Basin (Oregon, Washington, and Idaho); this species was absent from nearly all sites (including some historic sites), and detected at just five streams. According to Frest and Johannes (1995), this species has been extirpated from much of its historic range, including most of the middle and upper Columbia River, Washington and Oregon and the Spokane River, Washington; however, some more recent occurrences have been confirmed in the lower, middle, and upper Columbia River from 2000-2013 (Deixis MolluskDB 2009; NMNH 2020). 

In Oregon, relatively recent detections (2000-2009) are from the Imnaha, Owyhee, and Grande Ronde Rivers, and a few sites on the Columbia River (Frest 2003; Deixis MolluskDB 2009; Hershler 2012, pers. comm.; Liu et al. 2013; NMNH 2020). In Washington, it has been detected relatively recently (2002-2013) in the Grande Ronde and Methow Rivers, Hanford Reach of the Columbia River, and a limited portion of the Snake River (Deixis MolluskDB 2009; NMNH 2020). A few Idaho and Oregon populations originally assigned to F. fuscus (Upper Snake River basin and lower Salmon River populations) have been re-assigned to F. coloradoense (Liu et al. 2013); indicating this species has a smaller range than previously thought.

Forest Service/BLM lands: 
Documented: In Oregon, this species is documented on the Wallow-Whitman National Forest and on BLM land in the Prineville District. In both Oregon and Washington, this species is documented in the Columbia River within the Columbia River Gorge National Scenic Area and Vale BLM lands.

Suspected: In Washington, it is suspected on BLM land in the Spokane District and on Okanogan-Wenatchee National Forest, based on close proximity of suitable habitat on these lands to known records. The Wenatchee River, where this species is documented, runs through a significant portion of Okanogan-Wenatchee National Forest land.

[bookmark: _Hlk57879571]Abundance: Abundance estimates for Fluminicola fuscus have not been conducted and the entire population size is unknown for this species (NatureServe 2020). Neitzel and Frest (1992) report that there are just two remaining “sizable populations” of this species (in the Okanogan and Methow Rivers, Washington) and “smaller populations” in the Hanford Reach of the Columbia River, Washington. More recently, this species has been found to be locally abundant at some of these sites (Hanford Reach of the Columbia River and the Methow River) as well as the Grande Ronde, with around 300 to 4,000 individuals reported (NMNH 2020). Lysne and Clark (2009) found F. fuscus to be numerically dominant, and comprised a large portion of the molluscan community along with the bivalve Gonidea angluata in the Bruneau River, Owyhee County, Idaho; however, they provide no abundance estimates. 

Note: Lysne and Pierce (2009) report F. fuscus as “abundant” in Crystal Creek-Spring Creek, Blaine County, Idaho and Stockton (2011) report this snail as common and in high population densities from springs in Hagerman Valley, Gooding County, Idaho; however, these populations were later reassigned to F. coloradoense (Liu et al. 2013; Hershler and Liu 2017). 

Habitat Associations: 
[bookmark: _Hlk57125302][bookmark: _Hlk57125391]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 the Fluminicola genus prefer clear, very cold, well-oxygenated flowing waters (Frest and Johannes 1995b; Hershler and Frest 1996; Hershler et al. 2007). 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]The habitat for F. fuscus is described as small to large rivers, in swift current on stable gravel to boulder substrate. Large species, such as F. fuscus, are typically found in streams and rivers, whereas smaller species are commonly found in either spring or stream environments (Hershler and Frest 1996). Neitzel and Frest (1992) note that while this species is typically characterized as occurring in large rivers and rapids, it can also thrive in small streams such as the Methow River. Neitzel and Frest (1989) describe this species as occurring under rocks and vegetation in the slow to rapid currents of streams. It is common at the edges of rapids or immediately downstream from whitewater areas, and becomes much less common or absent in major rapids (Neitzel and Frest 1992). In the absence of rapids or whitewater areas, this species is restricted to habitat with sufficient flow, oxygenation, and stable substrate (Neitzel and Frest 1992). While F. fuscus may occur in seasonally or newly wetted habitats, they have more commonly been found in permanently inundated areas of the middle Snake River in Idaho; indicating a preference for stable year-round habitat (Gates and Kerans 2014).

F. fuscus is known to co-occur with numerous other aquatic mollusks including Fisherola nuttalli, Vorticifex effusus, Pisidium casertanum, Gyraulus parvus, Corbicula fluminea, Menetus callioglyptus, Potamopyrgus antipodarium, Juga plicifera, Anodonta oregonensis, Gonidea angulata, and Physella gyrina. (Frest and Johannes 1995b; Deixis MolluskDB 2009; Lysne and Clark 2009).

Threats:   
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). The American Fisheries Society (AFS) recently rated F. fuscus 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). Additionally, it is considered Near Threatened by the IUCN and currently has a decreasing population trend (Ormes 2017); short-term trends are estimated between a decline of 10-30%, with long-term trends up to a 50% decline (NatureServe 2020). Its populations are severely fragmented and represented by few extant occurrences (subpopulations); there are an estimated 6-20 populations in several rivers in Idaho, Oregon, and Washington (Liu et al. 2013; Gates and Kerans 2014; NatureServe 2020; Ormes 2017).

[bookmark: _Hlk57788167]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. fuscus. This species has narrow habitat tolerances and requires cold, unpolluted, fast-flowing, well oxygenated water in moderately large perennial streams with stable gravel to boulder substrate. 

In most streams, the original condition prior to human modification was likely as a single continuous population occupying suitable habitat bands parallel to shore on both sides of stream habitats (Neitzel and Frest 1992). However, many historic populations of this species have been extirpated, and most extant populations have been fragmented by human modification of streams. Such modifications include impoundments, water diversions, increased siltation from grazing and agriculture (e.g., orchards), and increased industrial pollution (e.g., mining and pulp mill effluents) (Neitzel and Frest 1992; Frest and Johannes 1995b). 

Many of these factors continue to threaten remaining habitat for this species. A survey of the interior Columbia River basin conducted by the US Forest Service (1996) found that most streams in the region are fully or over-appropriated for water diversion, with irrigation as the primary usage. Changes in riparian vegetation were noted basin-wide, including a significant decline in riparian-associated species such as cottonwood and willow due to forest conversion, streamside disturbance, roads, and dams (USFS 1996). Decreased riparian vegetation can destabilize stream banks and increase sedimentation and siltation, filling in the cobble substrate inhabited by F. fuscus. 

Additional potential threats such as disease and predation have not been assessed. However, small isolated populations such as the remnant F. fuscus are extremely vulnerable to stochastic events, and are generally at greater risk of extirpation from normal population fluctuations due to predation, disease, and changing food supply, as well as from natural disasters such as floods or droughts. They may also experience a loss of genetic variability and reduced fitness due to the unavoidable inbreeding that occurs in such small populations.

Competition from invasive snails may also threaten this species (Gates and Kerans 2014). The exotic New Zealand mudsnail (Potamopyrgus antipodarum) has been documented in the range of F. fuscus and is abundant in the Snake River basin and Columbia River basin (Hardy et al. 2004; Frest et al. 2008; Gates and Kerans 2014), where this species occurs. In areas with degraded water quality, this introduced snail can reach high densities, and it likely competes for food and other habitat resources with endemic snails (Riley et al. 2008). 

[bookmark: _Hlk57788423]Modifications to habitat quality and quantity in the West will likely be accelerated by climate change and have a negative impact on F. fuscus 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 speculations 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.

[bookmark: _Hlk57191428][bookmark: _Hlk57191539]Research is needed to determine species-specific criteria, including basic biology and life history traits of F. fuscus, species distribution, and population trends, to 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 the Columbia River, are no longer widespread (Frest et al. 2008). Frest et al. (2008) failed to find this species in a 2006-2007 baseline risk assessment study of several environmental remediation sites along the Hanford Reach. However, more recent surveys documented it here in 2013 (NMNH 2020), which may indicate their populations are patchily distributed and/or they have been extirpated from habitat areas that were once suitable. However, Fluminicola are also sensitive to disturbance events and have a high rate of population turnover annually (around 90%; Frest and Johannes 1993); therefore, investigations in impacted reaches like the Hanford Reach 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. Research at known sites could also include understanding the extent of specific threats to this species and its habitat (e.g., invasive snails and plants, impoundments, and pollution).

[bookmark: _Hlk57804720][bookmark: _Hlk42519443]Inventory: Surveys for this species could occur at known sites and at additional habitat in the vicinity of known populations. Neitzel and Frest (1989; 1992) suggest that despite their extensive surveys for this species in the region, there is a relatively good chance that additional undetected populations of F. fuscus exist, e.g., at undersurveyed sites with the habitat required by this species. In particular, it is noted that appropriate habitat and possible new populations may be found in the Hells Canyon of the Snake River, Washington, Idaho, and Oregon; Grande Ronde River, Washington and Oregon; and the middle Snake River, Idaho (Neitzel and Frest 1992). In 2016, this species was documented near river mile 190 along the Snake River in Hells Canyon, Idaho (just opposite the Oregon border), and near a historic Oregon record from 1993 on the Wallowa-Whitman National Forest (NMNH 2020); therefore, it may be likely F. fuscus populations are extant in this area.

[bookmark: _Hlk57131990]In Washington, targeted surveys are recommended on BLM land in the Spokane and Vale Districts, and on Okanogan-Wenatchee National Forest. Surveys examining the current status and abundance of this species at the 51-mile long Hanford Reach may also be valuable; the population at this site was originally considered “small” (Neitzel and Frest 1992), however, more recent surveys in 2013 by R. Hershler indicate they may be locally abundant (NMNH 2020). Standardized abundance estimates for this species at the Hanford Reach as well as other 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. 

Management: New and known sites and their associated watersheds could be managed to protect the remaining habitat and populations of this species. In Washington, habitat alteration or stream modification at Hanford Reach (the only remaining undammed, non-tidal 51-mile stretch of the Columbia River) could be severely detrimental to the survival of this species. Extant sites could be managed to reduce the impacts of any practices that may adversely affect water quality; 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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ATTACHMENT 2: List of pertinent, knowledgeable contacts 
Ed Johannes, Consultant, Deixis Consultants, Seattle-Tacoma, Washington. 

[bookmark: _Hlk52890113]Robert Hershler. Research Zoologist, Emeritus, Smithsonian National Museum of Natural History, Washington DC.

Steven Lysne, Assistant Professor, College of Western Idaho, Nampa, Idaho.































ATTACHMENT 3: Map of known records in Oregon and Washington
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Records of Fluminicola fuscus in Oregon and Washington, relative to USFS and BLM lands.  
[bookmark: _Hlk57900828]ATTACHMENT 4: Photographs and Scanning Electron Micrograph of this Species 
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Shells of Fluminicola fuscus. A, ANSP 62341 (shell height, 8.5 mm); B, USNM 883516 (7.3 mm); C, USNM 473390 (9.2 mm); D. USNM 854693 (9.3 mm); E, USNM 883515 (7.8 mm); F. USNM 380804 (7.7 mm); G. USNM 883499 (8.7 mm); H. USNM 130527 (11.2 mm); I. USNM 883182 (10.0 mm); J. USNM 883640 (10.0 mm); K. USNM 511051 (8.8 mm); L. BMNH 1863.2.4.16 (8.3 mm). Figure extracted from Hershler and Frest (1996), used with permission.

 [image: ]
Shell protoconch of Fluminicola fuscus, USNM 883495 (bar = 0.33 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 fuscus

[bookmark: _Hlk57813971]How to survey: 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; however, wire basket samplers are commonly used in riverine habitats where this species occurs (Neitzel and Frest 1989; 1992; Deixis MolluskDB 2009; Frest et al. 2008). Neitzel and Frest (1989) used wire-basket benthos samplers to target this 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. 
 
[bookmark: _Hlk57814091]Identification of this species is based on external shell morphology and other characters outlined and illustrated in Hershler and Frest (1996) and in the 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: The habitat for Fluminicola fuscus is described as small to large rivers, in swift current on stable gravel to boulder substrate in cold, unpolluted, highly oxygenated water, generally in areas with few aquatic macrophytes or epiphytic algae (Frest and Johannes 1995b). Neitzel and Frest (1989) describe this species as occurring under rocks and vegetation in the slow to rapid currents of streams.

Once widespread in the western United States, this species may be extirpated from much of its historic range (Frest and Johannes 1995). In Oregon, relatively recent detections (2000-2009) are from the Imnaha, Owyhee, and Grande Ronde Rivers, and a few sites on the Columbia River (Frest 2003; Deixis MolluskDB 2009; Hershler 2012, pers. comm.; Liu et al. 2013; NMNH 2020). In Washington, it has been detected relatively recently (2002-2013) in the Grande Ronde and Methow Rivers, Hanford Reach of the Columbia River, and a limited portion of the Snake River (Deixis MolluskDB 2009; NMNH 2020). 

Surveys for this species could occur at known sites and at additional habitat in the vicinity of known populations. Neitzel and Frest (1989; 1992) suggest that despite their extensive surveys for this species in the region, there is a relatively good chance that additional undetected populations of F. fuscus exist, e.g., at undersurveyed sites with the habitat required by this species. In particular, it is noted that appropriate habitat and possible new populations may be found in the Hells Canyon of the Snake River, Washington, Idaho, and Oregon; Grande Ronde River, Washington and Oregon; and the middle Snake River, Idaho (Neitzel and Frest 1992; Gates and Kerans 2014). In 2016, this species was documented near river mile 190 along the Snake River in Hells Canyon, Idaho (just opposite the Oregon border), and near a historic Oregon record from 1993 on the Wallowa-Whitman National Forest (NMNH 2020); therefore, it is possible F. fuscus populations are extant in this area.

In Washington, surveys targeting this species are recommended on BLM land in the Spokane District and on Okanogan-Wenatchee National Forest, in the vicinity of known sites. Surveys examining the current status and abundance of this species at the 51-mile long Hanford Reach, may also be warranted. The population at this site was originally considered “small” (Neitzel and Frest 1992), however, more recent surveys in 2013 by R. Hershler indicate they may be locally abundant (NMNH 2020). Standardized abundance estimates for this species at this site as well as other 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.  
	
[bookmark: _Hlk57814553]When: Surveys for this species are possible year-round (collections have occurred March through December), although most known records are from June, August, and September (Neitzel and Frest 1989; 1992; Hershler and Frest 1996; Deixis MolluskDB 2009; Hershler 2013; Liu et al. 2013; ANSP 2020; MCZBase 2020; NMNH 2020; ORBIC 2020; USFS NRM 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). Neitzel and Frest (1989) recommend late summer to early fall surveys for this species at Columbia River sites. 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).  

References: (Survey Protocol Only):
[bookmark: _Hlk57893860][ANSP] 2020. The Academy of Natural Sciences: Malacology Collection. Online database. Available at:  http://clade.ansp.org/malacology/collections/index.html. [Accessed October 2020].
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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. 1999. A review of the land and freshwater mollusks of Idaho. Final report to the Idaho Conservation Data Center, Idaho Department of Fish and Game, 600 South Walnut, P.O. Box 25, Boise, Idaho. 281 pp plus appendices.
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