SPECIES FACT SHEET

Scientific Name: Gonidea angulata (Lea, 1838)

Common Name(s): Western ridged mussel 
Phylum: Mollusca
Class: Bivalvia
Order: Unionoida
Family: Unionidae
(NatureServe 2020)
Synonyms: Lea (1838) originally placed the species in the genus Anodonta, though it now belongs to the monotypic genus Gonidea. 
Conservation Status:
Global Status: G3 (last reviewed 6 November 2007)
National Status (United States): N3 (2004)
State Statuses: Oregon: S2S3, Washington: S2S3 
(NatureServe 2020)

Federal Status (United States): None (USFWS 2020)
IUCN Red List: Vulnerable (IUCN 2020)

Technical Description: 
Freshwater mussels are aquatic mollusks with a bivalve shell. 
Adult: This species is obovate to trapezoidal in shape and generally does not exceed five inches in length. It is slightly laterally compressed. The shell has an angular ridge that runs from the beak to the basal part of the posterior margin. The ventral margin is generally straight. The shell is generally heavier than that of other native freshwater mussels that overlap in range with G. angulata (Margaritifera falcata and Anodonta spp.). The periostracum is yellowish-brown to brown or black. The shell does not have rays or sculpturing. Lateral teeth are absent. The right valve has one pseudocardinal tooth and the left valve has either one small tooth or no teeth. The pseudocardinal teeth are small, compressed, and can be difficult to distinguish. The nacre is generally white, but can be salmon-colored in fresh specimens and pale blue toward the posterior margin and beak cavity (from Nedeau et al. 2009, based on Burch 1972 and Clarke 1981). Papillae adorn the incurrent aperture, are “bifid, branched and non-uniform,” and are often a pinkish or purplish color (Blevins et al. 2019).
Immature: Glochidia: The immature stage of a freshwater mussel (Bivalvia: Unionidae) is referred to as a glochidium (singular). The G. angulata glochidium is hookless, about 170 μm in length, and attaches to the gills of fish prior to metamorphosis. Glochidia are released by the female in a mass called a conglutinate. The conglutinate is white and leaf-like (Barnhart et al. 2008; O’Brien et al. 2013).
Life History: 
Freshwater mussels, including G. angulata, are a type of bivalve mollusk found in the benthos of freshwater habitats. They are filter feeders that consume phytoplankton and zooplankton suspended in the water. 
Adult: During its lifetime, the species generally burrows deeply into the bottom substrate, with only the aperture visible at the surface. One study in the Okanagan Basin, B.C., found that 23.7% of all G. angulata and 77.6% of juveniles were not visible but buried in the substrate during sampling (Mageroy 2015). Where found, they will be present year-round as they are primarily sessile, with limited crawling ability. Mussels obtain food as adults by filter-feeding, and though the diet of this species is not well-studied, mussels generally feed on items like bacteria, phytoplankton and zooplankton, fungal spores, and algae (Haag 2012). 
Vannote and Minshall (1982), studying a population in the Salmon River, ID, reported age ranges that varied among habitat types, including individuals 10 to 22 years old (in large, block-boulder-controlled reaches), 12 to 18 years old (in cobble/boulder-shielded runs), and 12 to 24 years old (in sand and gravel bars). The species is reported to live 20 to 60 years, though published observations appear to underestimate maximum age (Black 2012; COSEWIC 2003; Vannote and Minshall 1982).
Like other freshwater mussel species (Bivalvia: Unionidae), G. angulata relies on host fishes to reproduce and disperse. Because freshwater mussels are relatively immobile, their association with fish enables them to colonize new areas or repopulate areas from which they have been extirpated. During breeding, male mussels release sperm into the water where it is then inhaled by female mussels through the incurrent aperture. Fertilization of eggs occurs within specialized gill chambers called marsupia, where embryos then develop into glochidia.
This species is thought to reach sexual maturity at approximately seven years of age, although this estimate is based on growth rate observations, which can vary significantly among populations (Mageroy 2015). Females have been observed releasing conglutinates when water temperatures range between 10 and 23 degrees Celsius, and from late May to late July (Haley et al. 2007; Fisheries and Oceans Canada 2011; Stanton et al. 2012; O’Brien et al. 2013; Mageroy 2015; Maine et al. 2019). In one studied population, just 5 to 10% of adult mussels released conglutinates at the same time (COSEWIC 2010). 
Immature: Confirmed host fish for the glochidial stage include hardhead (Mylopharodon conocephalus), Pit sculpin (Cottus pitensis), tule perch (Hysterocarpus traski) (Haley et al. 2007), and margined and shorthead sculpin (O’Brien et al. 2013). Glochidial encystment lasts approximately 10 to 13 days (O’Brien et al. 2013; Mageroy 2015), after which, juvenile mussels excyst from host fish host and settle into the bottom substrate.
Range, Distribution, and Abundance:
Type Locality: The type locality for G. angulata is “Lewis R., Ore” (Lea 1838). However, Taylor (1981) listed this location as “i.e., Snake River, Idaho (no specific locality)” with no explanation. There is a Lewis River in southwest Washington state, originally part of the Oregon Territory (established in 1848), and the Oregon Country, a disputed region of the Pacific Northwest that existed from 1818-1846.
Range: The historic range of G. angulata includes rivers and streams in Washington, Oregon, Nevada, Idaho, and California, as well as the Canadian province of British Columbia. The species once occurred as far south as San Diego County, California and north to the Okanogan basin in the U.S. and into Canada. The range includes coastal basins in California, Oregon, and Washington, and east to the Salmon and upper Snake basins in Idaho, with records ranging from near sea level to at least 5,800 ft above sea level. However, an analysis of the species’ recent distribution indicated a reduction in range of 43% from the historic distribution (Blevins et al. 2017a), including a contraction in the southern extent of the species’ range more than 475 miles northward.
Distribution: In Washington state, shells or live animals have been reported recently (since 1990) from the Similkameen River; the Newaukum and Chehalis rivers (Chehalis basin); the Okanogan River and Osoyoos Lake (Okanogan basin); the lower Snake River; the Little Spokane and Spokane rivers (Spokane basin), Sand and Toppenish creeks (lower Yakima basin); the Colville River; and the Columbia River near Bridgeport (Xerces/CTUIR 2020). 
In Oregon, recent observations (again, shells or live animals) include river basins spanning Oregon’s three major freshwater ecoregions. River basins include the Willamette (Calapooia, Long Tom, Willamette, Coast Fork Willamette, and Tualatin rivers, as well as two different Muddy Creeks); the Deschutes (Deschutes, South Fork Crooked, and Crooked rivers); the Umpqua (Elk Creek, and South Umpqua and Umpqua rivers); the Grande Ronde (Willow Creek and Grande Ronde River); the John Day (North Fork John Day, Middle Fork John Day, and John Day rivers); the Owyhee (Crooked Creek, and the North Fork Owyhee and Owyhee rivers); the Klamath (Sprague, Klamath, Williamson, and Lost rivers); the Donner und Blitzen (Benson Pond, Bridge and McCoy creeks, and Donner und Blitzen River); Twentymile Creek (Warner Lakes basin); Thomas Creek (Goose basin); the Columbia River; the Snake River; the Umatilla River; the Rogue River; and the Silvies River. 
BLM/Forest Service Land: 
Documented: In Washington, this species is documented on BLM land in the Spokane District. In Oregon, this species is documented on BLM land in the Vale, Prineville, and Roseburg districts. It is also documented on the Fremont-Winema NF, Wallowa-Whitman NF, Malheur NF, Umatilla NF, Umpqua NF, Rogue River-Siskiyou NF, and Crooked River National Grassland.
Suspected: In Washington, this species is suspected on the Okanogan-Wenatchee NF and the Columbia River Gorge National Scenic Area based on the proximity of species’ records and the presence of potential habitat. It is also suspected on BLM land in the Vale-WA District based on upstream presence in the Grande Ronde River and on the Value District in Oregon. In Oregon, this species is suspected on BLM land in the Medford, Lakeview, Coos Bay, Burns, and Northwest Oregon Districts, as well as the Columbia River Gorge National Scenic Area and the Siuslaw NF based on the proximity of species’ records and the presence of potential habitat.

Abundance: 
The species may occur in “beds” at low density (0.04 mussels/m²) (Lower Granite Reservoir, WA; Frest unpublished data, cited in COSEWIC 2010) or higher density (~575 mussels/m²; Middle Fork John Day River, OR; Brim Box et al. 2006). In the Okanagan Basin in British Columbia, Mageroy (2015) reported a range in density from 0.23 to 3.46 mussels/m², while Stanton et al. (2012) reported 24 to 26 mussels/m² in their two densest samples. 
Krueger et al. (2007) surveyed the Similkameen River in Washington, and found that the species rarely numbered more than tens of individuals in a bed, although some beds did include thousands of individuals. Frest and Johannes (1992) also reported finding the species occurring only in small numbers at sites in the Snake River in Washington. Brim Box et al. (2006) counted as many as 5,263 individuals in the Middle Fork John Day River in Oregon, although the species was absent or occurred in low numbers in other drainages. In a separate study, the species was found to be the least abundant among the mussel genera present in Middle Fork John Day River, comprising <1% of the total number of mussels across just 30% of surveyed reaches (Hegeman 2012). O’Brien et al. (2004) conducted surveys in the Owyhee River in Oregon. Although it was the most abundant mussel species observed, it was found in beds of >100 mussels at just 4 of 15 sites. Dense beds have also been observed in the Crooked River and Donner und Blitzen River in Oregon, but density or abundance estimates are not available. Low abundance (<50 animals) or presence documented only by observations of dead shells has generally been reported range-wide (Xerces/CTUIR 2020). NatureServe (2020) reports a global abundance between 100,000 and >1,000,000 individuals, but historic abundance of the species is unknown. 
Blevins et al. (2017a) estimated a 43% decline in occurrence from historic distribution. Recently, large declines in abundance as the result of sudden, enigmatic die-offs, have also been reported from the Chehalis River in Washington, and the Crooked River, Middle Fork John Day River, and sites in the Grande Ronde basin in Oregon (Xerces/CTUIR 2020). At one monitored site in the Middle Fork John Day River, where a die-off was first documented in 2008, abundance had declined to 0 by 2010 (Maine et al. 2019). At the Crooked River die-off site, first reported in 2014 by a member of the Pacific Northwest Native Freshwater Mussel Workgroup, observers estimated thousands of dead shells. 
Habitat Associations:
Freshwater mussels are restricted to inhabiting fish-bearing, permanently inundated habitat. Habitat for this species is variable, ranging from perennial rivers, to lakes and reservoirs at elevations from sea level up to at least 1,750 m (5,800 ft.). COSEWIC (2010) reports the species as occurring in well-oxygenated substrate, as well as areas where flow is constant and water depth is typically <3 m deep. It may occur at both downstream and headwater sites in rivers (Brim Box et al. 2006; Krueger et al. 2007; Hegeman 2012; Davis et al. 2013). Within the stream, the species can be found in glides, riffles, pools, or runs, and in areas with emergent vegetation (Vannote and Minshall 1982; Hegeman 2012). Bottom substrate has generally less silt, but muddy sand, cobble, and compacted sandy areas have all been reported (Hemphill 1891; Hegeman 2012; COSEWIC 2010). The species is often associated with boulders or bedrock (O’Brien et al. 2004; Haley et al. 2007).
Threats:
Mussels spend most of their lives burrowed in the substrate of rivers, streams, and waterbodies, typically in more stable areas, and are sensitive to habitat alteration (Nedeau et al. 2009; Haag 2012). Threats to G. angulata and other species of freshwater mussels include loss of host fish, introduction of non-native fish or other species, dams, channel modification from channelization and suction dredge mining, thermal pollution, chemical pollution, sedimentation and siltation from silvicultural and agricultural practices, water withdrawal and diversion, livestock grazing in riparian areas, and the effects of climate change (Bogan 1993; Williams et al. 1993; Hovingh 2004; Lydeard et al. 2004; Krueger et al. 2007; Haag and Williams 2014). Since this species prefers stable habitats, it may be particularly threatened by dewatering and other activities that cause shifting substrates, water level fluctuations, and seasonal hypoxia or anoxia (COSEWIC 2003). In-stream restoration and construction activities that do not purposefully protect freshwater mussels, also pose a threat to this species (Blevins et al. 2017b). 
Habitat Degradation:
Human actions related to water management, including withdrawal, diversion, storage, and thermal alteration, can degrade aquatic habitat and impact mussels and other macroinvertebrates (Pringle et al. 2000; Haag 2012; Allen et al. 2013). For example, a review of the effects of artificially reduced stream flow on invertebrates and instream habitat found that these activities lead to increased sedimentation, decreased velocity, and wetted width and depth, and can alter water temperature and chemistry (Dewson et al. 2007). Structural changes to beds and banks resulting from riparian livestock grazing, suction dredge mining, channelization, or instream gravel mining, can also increase erosion and sedimentation and destabilize streambanks and bottom substrate, impacting mussels, which are generally vulnerable to crushing, smothering by sediment pulses, and burial (Hartfield 1993; Neves et al. 1997; Krueger et al. 2007).
Risk of stream habitat degradation was recently assessed for the U.S. (Crawford et al. 2016). This study suggests that aquatic habitat in western regions within the range of G. angulata is at a high risk of degradation. The Okanagan Basin in British Columbia has also been impacted by changes to hydrology, declines in water quality, increased development and alteration of lake shoreline, and channelization and stabilization of rivers (COSEWIC 2010). 
Restoration activities:
Activities such as culvert removal, dam removal, and stream reconfiguration to restore aquatic habitat for salmonids have become very common, especially in the Pacific Northwest (Beechie et al. 2013). These restoration projects, which improve degraded habitat and have long-term benefits for aquatic species, can involve temporary stream dewatering, movement of personnel and equipment in streams, and flushing of sediments, all of which can negatively impact mussels, which are relatively sedentary and sensitive to dewatering and other sudden changes to habitat. When mussels are not protected from project impacts or salvaged and relocated before projects begin, populations are typically extirpated or many individuals are sacrificed (Blevins et al. 2017b).
Impoundments:
Dams, which can reduce aquatic connectivity and alter substrate composition, water chemistry and hydrology, often have negative effects on freshwater mussels, and multiple freshwater mussel species in eastern North America have gone extinct as a direct result of dams (Williams et al. 1992; Bogan 1993; Watters 1996; Vaughn and Taylor 1999). Dam operations can also impact mussels. For example, pulsed flows could impact reproductive success of western freshwater mussels by reducing contact between glochidia and host fish and preventing settlement of juveniles after excystment (Haley et al. 2007). High water temperatures (27.3°C or 81.1°F) and low water levels (<1 meter) associated with dam operations may also cause the loss of egg masses and shorten the breeding period. Thermal stress has caused other mussel species to expel unfertilized eggs (Aldridge and McIvor 2003). 
Introduction of non-native species:
Non-native fish species have been introduced into many waterbodies in western North America with associated negative impacts on native fish species (Moyle et al. 1986; Brouder and Scheurer 2007). Mussels require host fish to complete their life cycle and to populate or colonize available habitat, and impacts to host fish species may have secondary effects on mussels (Haag 2012). These activities pose a threat to native mussels that likely coevolved with native host fish and may not be able to readily adapt to some non-native fish (Tremblay et al. 2016). Additionally, the introduction of non-native fish may have also resulted in the introduction of non-native unionids (e.g., Utterbackia imbecillis in Cutler Reservoir, Utah; Tait, pers. comm.), which could outcompete native freshwater mussels. 
Other species of freshwater bivalves have been introduced to North America, including the Asian clam (Corbicula spp.), zebra mussels (Dreissena polymorpha), and quagga mussels (D. bugensis). None of these species require a host fish for reproduction, providing a reproductive advantage compared to native unionids (Strayer 1999; Strayer et al. 2011). The Asian clam was introduced to the western U.S. and now occurs in multiple waterbodies across most western U.S. states and British Columbia (Crespo et al. 2015). Sada and Vinyard (2002) suggest that another freshwater mussel (Anodonta spp.) may have been extirpated in the Owens River basin in response to introduction of the Asian clam.
At present, the distribution of dreissenid mussels is currently limited in the western U.S. to a number of reservoirs, canals, isolated lakes or ponds, and parts of the Colorado River system (USGS 2016). These species compete with native freshwater mussels by attaching directly to the shells of native mussels and impeding their ability to feed, as well as filtering large quantities of suspended particles, which may impact food resources (Strayer 1999; Strayer et al. 2011). COSEWIC (2010) cites future introduction of dreissenids in the Okanagan Basin as a key threat to G. angulata.

Water Quality: 
Because mussels are sedentary, filter feed, and can be long-lived, they frequently bioaccumulate heavy metals, pesticides, and other contaminants including pharmaceutical and personal care products (Bogan 1993; Grabarkiewicz and Davis 2008; de Solla et al. 2016). Mill and factory discharges are believed to have resulted in the extirpation of mussel populations in the eastern U.S. in the first half of the 20th century (Bogan 1993). Contaminants in point-source and non-point source pollution contribute to poor water quality, and these contaminants may be toxic to mussels or indirectly affect populations via host fish or food sources (Havlik and Marking 1987; Bogan 1993; Frank and Gerstmann 2007). Havlik and Marking (1987) and Wang et al. (2011, 2016) have identified chemicals toxic or lethal to freshwater mussels at various concentrations including: cadmium, copper sulfate, ammonia, potassium, chromium, arsenic trioxide, copper, and zinc. Some of these contaminants, and others, have been identified in western mussel tissues (Claeys et al. 1975; Norgaard et al. 2013). Mussels are also far more sensitive to ammonia (a common pollutant from wastewater treatment facilities, fertilizer production, and waste from livestock) than fish (EPA 2013).  
Generally, western aquatic ecosystems have been impacted by human use, and climate change may exacerbate these impacts (Isaak et al. 2012; Inoue et al. 2014; Black et al. 2015; Vaughn et al. 2015). For example, stream flows have decreased at a rate of approximately 2% per decade for the past century in the Rocky Mountain region of the western U.S. as a result of climate change (Rood et al. 2005).
Pathogens:
Enigmatic die-offs are also an emerging concern for the freshwater mussels, posing a substantial threat to the continued persistence of species like G. angulata. The cause or causes of the recent mussel die-offs affecting G. angulata and other co-occurring freshwater mussels are only beginning to be understood. A preliminary study was conducted in which G. angulata were collected from the Crooked River, OR and Margaritifera falcata were collected from the Chehalis River, WA and analyzed for bacteria and virus associations. This study identified a novel virus with epidemiological effects suggesting a connection with the die-offs (T. Goldberg, unpublished data). In the case of the Chehalis River, western ridged mussel specimens were not collected because there were few animals and there was concern that collection of specimens would further impact the apparently small population. Further work is necessary to understand the characteristics of a potential disease and the role of other potentially-contributing factors. Should a virus be responsible for the observed die-offs, this pathogen could be spread to other waterbodies, and threaten western ridged mussel populations anywhere that it spreads.
Conservation Considerations:
Research: Further information regarding habitat requirements and the full range of host fish is necessary to improve restoration and/or reintroduction efforts. Additional study of propagation methods would also benefit research and conservation efforts. Research at sites where mussel bed die-offs are observed could be conducted to further investigate the causes of these die-offs.
Inventory: Incorporating mussel observations and reporting into all existing stream survey efforts would greatly improve information on current distribution, as would revisiting historic sites to assess current population status. Conducting inventories would assist with generating estimates of population sizes and rates of mortality. Assessing and monitoring population abundances over time and examining the age class structure of existing G. angulata populations to determine whether or not populations are reproducing and increasing or decreasing in size. 
Management: Protecting existing mussel beds from threats by incorporating freshwater mussel best management practices (Blevins et al. 2017b) and evaluating local land and water use and management activities would improve management of mussel populations. Adopting boating and wading gear disinfection protocols could help reduce the spread of aquatic invasive species and disease, and especially pathogens that are implicated in ongoing mussel die-offs affecting G. angulata and other species in Washington and Oregon. 
Other Pertinent Information:
Best management practices (BMPs) have been developed to provide guidance on protecting freshwater mussel populations from management activities (Blevins et al. 2017b). These BMPs are intended to streamline project planning, assessment, and implementation while also protecting mussel populations. Included in the BMPs is guidance on surveying for mussels (from which the survey protocol in Attachment 5 was adapted), description of methods for conducting a salvage and relocation effort in advance of implementing projects, and a list of further resources to consult for more information.
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ATTACHMENT 3: Map of known Gonidea angulata records in Oregon and Washington 
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Western Ridged Mussel

Known records of Gonidea angulata in Oregon and Washington, relative to Forest Service and BLM land. 


ATTACHMENT 4: Photographs of this species 
[image: C:\Users\emilie.blevins\Desktop\P5050029.JPG]
Western ridged mussel with prominent ridge running from beak to shell margin. Ridge may not be as distinct in more weathered shells. Photo credit: Xerces Society.
[image: P9082796]
Western ridged mussel with distinctive papillae visible along incurrent aperture. The species is often burrowed or camouflaged, with just the apertures and papillae visible at the substrate surface. Photo credit: Xerces Society.

ATTACHMENT 5: Freshwater Mussel Survey Protocol, including specifics for this species
Taxonomic group: 
Aquatic Bivalve
How:
Please refer to the following documents for information on how to document species locations and habitats in a consistent format:
1. Blevins, E., L. McMullen, S. Jepsen, M. Blackburn, A. Code, and S. Hoffman Black. 2017b. Conserving the Gems of our Waters: Best Management Practices for Protecting Native Western Freshwater Mussels during Aquatic and Riparian Restoration, Construction, and Land Management Projects and Activities. Portland, OR: The Xerces Society for Invertebrate Conservation. [Available at: www.xerces.org].
2. Nedeau, E. J., A. K. Smith, J. Stone, and S. Jepsen. 2009. Freshwater Mussels of the Pacific Northwest Second Edition. The Xerces Society for Invertebrate Conservation. 51 pp. [Available at: http://www.xerces.org/wp-content/uploads/2009/06/pnw_mussel_guide_2nd_edition.pdf].
3. 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].
4. 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].
5. 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:
Gonidea angulata
How to survey: Before and after conducting surveys, ensure that equipment has been disinfected and is free of debris or mud. Use a mild disinfectant (e.g., Virkon® Aquatic) as recommended by WDFW (2012). Alternatively, soak equipment in a 10% bleach solution for 10 minutes. If required, obtain a permit to handle mussels from the state fish and wildlife department (Blevins et al. 2017b). 
If you need to collect a voucher specimen to document the presence of mussels, collect empty shells or take photos of either the animal (in situ, if possible, to document the papillae when open and filtering) or of shells (internal and external if empty). Note shell length (parallel to the hinge at the longest distance) and other observations. Do not collect whole, live animals for vouchers.
When surveying, limit disturbance to water or sediment in areas not yet searched, which may cause mussels to close their shells, making them more difficult to observe. Working from downstream to upstream can reduce disturbance. Recommendations for minimum effort for freshwater mussel surveys are summarized in the tables below. Table 1 provides recommendations for time-based surveys, which also include a minimum distance to cover, and are recommended for preliminary surveys to determine if mussels are present in a reach or waterbody. Mean stream width (MSW) should be based on 10 measurements of stream width (bank to bank) within the survey or project area. 
Table 2 provides recommendations for distance-based surveys, which were developed for restoration, construction, or other projects that alter aquatic habitat. These distance-based recommendations can be used to determine whether freshwater mussels occur within a project area or may be impacted by project activities. If it is not possible to survey such a large area or the project is expected to have a much smaller footprint, at minimum, aim to cover 10–50 m upstream, downstream, and lateral to the project’s footprint.


[bookmark: _Ref490221591][bookmark: _Ref487810266][bookmark: _Toc492046969]Table 1. Time-based survey recommendations adapted from Piette (2005), CVCWA (2015), and Clayton et al. (2016). Reproduced from Blevins et al. (2017b).
	Mean Stream Width (MSW)
	Total Person-hours
	Minimum Distance to Cover
	Survey Locations

	<15m
	4
	200m
	Within the anticipated project area

	>15m
	8
	300m
	Within the anticipated project area

	Projects involving water outfalls
	See above
	See above
	2 locations upstream and 2 downstream of outfall, including mixing zone



Table 2. Project area survey recommendations adapted from USFWS/GDOT (2008), USFWSVFO/VDGIF (2015), and Clayton et al. (2016). Reproduced from Blevins et al. (2017b).
	Activity or Project Footprint
	Upstream Survey Area
	Downstream Survey Area
	Lateral Survey

	Extensive and/or large physical impact
	100-200m
	300-800m
	Bank to bank

	Smaller and/or limited physical impact
	10-50m
	10-50m
	10-50m

	Projects involving water outfalls
	10m
	Mixing zone + 100m
	10m



In shallow water habitat not deep enough for snorkeling, conduct wading visual surveys. Polarized sunglasses, view scopes, or buckets can improve substrate visibility. In water deep enough for snorkel surveys, move slowly upstream, scanning the substrate. Scan approximately 20 seconds/m2 of habitat (Clayton et al. 2016), slowing down if this is too fast. Diving can also be conducted in deeper water habitat.
Combine visual surveys with tactile searches and substrate excavation (by hand), especially in fine sediments, as mussels may be almost entirely buried under the substrate and atop one another. Visual estimates of mussel density or abundance often significantly underestimate actual mussel density or abundance. To excavate the substrate, dig with your fingers until you reach a hardpan layer, placing material into a sieve with mesh of ~6 mm. Adults are large and easily felt, but this method will also assist with capturing juveniles. 
Any mussels removed from the substrate should be placed gently on their side, flat on top of the substrate, allowing them to reanchor themselves. If mussels tumble or are shifted by higher flows after you set them down, move them to an area within the site that is more protected from high flows (e.g., behind boulders or logs). 
If multiple surveyors are present or the area is too large to adequately survey, conduct a systematic survey along transects.
1. Set up transects at equal distances across the survey area, perpendicular to flow so that a greater variety of habitats is sampled. Record the numbers and species of mussels in each transect.
2. Briefly check other areas outside transect lines that look like good habitat.
3. If mussels were observed during the survey, place a quadrat over areas with mussels and excavate within the quadrat to estimate mussel bed density and species composition. 
Environmental DNA (eDNA) collection is a form of non-invasive sampling, which relies on collecting a water or sediment sample that may contain small amounts of DNA from species present in an area. eDNA primers have been developed for this species, and this method can be especially helpful for identifying cryptic populations of freshwater mussels and for determining species identity. However, this method is insufficient for identifying the specific locations inhabited by freshwater mussels within a waterbody and should be followed up with visual surveys.
Where: Conduct surveys in fish-bearing aquatic habitat, including creeks, rivers, canals, and ditches and search the benthos and banks in a variety of microsites, including riffles, glides, pools, backwater areas, among rocks, and under sedge mats or other stabilizing features like boulders or logs. Surveyors should especially target the benthos and banks of rivers, streams, and lakes with mud or sand substrates throughout Oregon and Washington. 
This species is well-suited for combination or inclusion with surveys for rare aquatic mollusk species. Visual surveys and eDNA sampling are both easily combined with surveys and analyses for other aquatic species of interest. 
When: Conduct surveys in warm months during the lowest flow, when detectability is highest and conditions are safest. Avoid surveying after flows have increased, soon after or during precipitation, or other times when visibility is reduced.
References (survey protocol only):
Blevins, E., L. McMullen, S. Jepsen, M. Blackburn, A. Code, and S. H. Black. 2017b. Conserving the Gems of Our Waters: Best Management Practices for Protecting Native Western Freshwater Mussels during Aquatic and Riparian Restoration, Construction, and Land Management Projects and Activities. Portland, OR: The Xerces Society for Invertebrate Conservation. [Available at: www.xerces.org].
[CVCWA] Central Valley Clean Water Association. 2015. Final Field Study Guidance and Methodology Report. Prepared for Central Valley Clean Water Association Phase 1 Freshwater Mussel Collaborative Study for Wastewater Treatment Plants. Prepared by: Robertson-Bryan, Inc. in association with Larry Walker Associates and Pacific Ecorisk.
Clayton, J. L., B. Douglas, and P. Morrison. 2016. West Virginia Mussel Survey Protocols. West Virginia Department of Natural Resources and the U.S. Fish and Wildlife Service. 
Piette, R. 2005. State of Wisconsin Department of Natural Resources Guidelines for Sampling Freshwater Mussels in Wadable Streams. [Available at: http://molluskconservation.org/Library/Protocol%20PDFs/WI%20Wadable%20Mussel%20Protocol_8-18-15.pdf]. 
[USFWS/GDOT] U.S. Fish and Wildlife Service and Georgia Department of Transportation. 2008. Freshwater Mussel Survey Protocol for the Southeastern Atlantic Slope and Northeastern Gulf Drainages in Florida and Georgia. [Available at: https://www.fws.gov/panamacity/resources/Mussel%20Survey%20Protocol%20April%202008.pdf].
[USFWSVFO/VDGIF] U.S. Fish and Wildlife Service Virginia Field Office and Virginia Department of Game and Inland Fisheries. 2015. Freshwater Mussel Guidelines for Virginia. [Available at: https://www.dgif.virginia.gov/wp-content/uploads/mussel-guidelines.pdf]. 
[WDFW] Washington Department of Fish and Wildlife. 2012. Invasive Species Management Protocols, Version 2. WDFW Invasive Species Management Committee. [Available at: http://wdfw.wa.gov/publications/01490/wdfw01490.pdf].
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