[bookmark: _GoBack]SPECIES FACT SHEET

Scientific Name:  Pyrgulopsis fresti (Hershler and Liu 2009)
Common Name(s): Owyhee Hot Springsnail
Phylum: Mollusca
Class: Gastropoda
Order: Littorinimorpha
Family: Hydrobiidae 
Conservation Status:
Global Status: G1 (09 March 2009)
National Status (United States): N1 (09 March 2009)
State Statuses: S1 (OR)
Federal Status (United States): Not listed 
(NatureServe 2017)

IUCN Red List: Not yet assessed (IUCN 2017)
Technical Description: 
Adult: Pyrgulopsis is a genus of tiny, gilled, operculate, aquatic snails in the family Hydrobiidae. This species-rich genus is characterized as follows (Call and Pilsbry 1886): the shell is minute (<6 mm in length), conically turreted, somewhat elongated, imperforate, and unicarinate, with an acute apex. The aperture is ovate and the peritreme is continuous. The operculum is ovate, thin, corneous, and spiral, with the polar point well forward and approximating the columella (Call and Pilsbry 1886). The similarities in external shell morphology between taxa in this family makes identification to species based on shell characters problematic (Frest and Johannes [n.d.]). Because of this, the distinctions between species within the genus Pyrgulopsis have typically been made based on the number and arrangement of glands on the penis and other reproductive structures. DNA analysis is another tool that people have begun to use to separate species in this genus. The COI sequence and protein sequence is available for P. fresti (Hershler and Liu 2017; UniProt 2018). 
In addition to having unique mitochondrial DNA sequences, P. fresti is readily distinguished from P. owyheensis and other congeners living in the Owyhee River basin and adjacent drainages by its broad, low-spired, squat shell and the large, disc-shaped, glandular ornament on its penis (Hershler and Liu 2009). It also differs from these species in that it lacks a seminal receptacle, a character which it uniquely shares with P. arizonae (Taylor 1987). Pyrgulopsis fresti is similar to P. bruneauensis (the only other congener endemic to thermal springs in the Snake River basin) but is differentiated by its smaller, more strongly globose shell, larger penial lobe, and shorter penial filament (Frest and Johannes 1995; Hershler and Liu 2009). A full technical description of this species is available from Hershler and Liu (2009), and a key to the genus is available in Hershler and Liu (2017). 
Immature: Hydrobiidae eggs are typically laid in single capsules that are hemispherical and nongelatinous (Kabat and Hersler 1993). Juvenile snails appear similar to adults but are smaller.
Life History: 
Adults: Members of the Hydrobiidae family are extremely diverse. In general, Hydrobiid snails are dioecious (i.e., male and female individuals) and females lay single eggs on hard substrates, such as under or on lateral sides of rocks; these eggs hatch roughly one month after oviposition (Frest and Johannes 1992; Johnson et al. 2013; Hershler et al. 2014). Larger females tend to live longer. Adults are often found in protected areas underneath and around rocks (Frest and Johannes 1992). 
This freshwater snail likely has a life span of less than two years (Johnson et al. 2013). Little is known regarding the feeding habits, growth, reproduction, and life span of P. fresti; however, this species likely grazes on periphyton and algae and is found on emergent macrophytes and hard substrates (Hershler et al. 2014). Hydrobiidae snails in general are scraper–grazers that feed on algae, diatoms, and detritus. 
Pyrgulopsis fresti, similar to P. bruneauensis, may reach sexual maturity at two months and reproduction likely occurs throughout the year (USFWS 2002). However, abundance and reproduction likely fluctuate with the season, depending on food availability, spring discharge, and water temperature (USFWS 2002). 
Immature: Juvenile snails emerge from eggs about one month after oviposition; however, knowledge specific to this species’ life history is not extensive.
Range, Distribution, and Abundance:
Type Locality: Tudor Warm Springs, east side of Owyhee River, second spring from north, Malheur County, Oregon (Hershler and Liu 2009).
Range: Pyrgulopsis fresti is an Oregon endemic, known from the Northern Basin and Range Ecoregion (ORBIC 2016). Populations are known only from a short reach (~6 km) of the middle Owyhee River, at the mouth of Warm Springs Canyon above the town of Three Forks, in Malheur County, Oregon (Hershler and Liu 2009). Most records are from Tudor Warm Springs, a large thermal spring complex where the species was discovered. It has also been found in springs and spring tributaries along the upflow from this complex (Hershler and Liu 2009). Note that the Tudor Warm Springs complex is unnamed on current United States Geological Survey topographic maps, but is referred to as Tudor Warm Springs by Hershler and Liu (2009), and others. Searches of warm springs by T. Frest, E. Johannes, R. Hershler, and associates throughout much of interior Oregon and southern Idaho from approximately 1989 to 1994 did not result in additional sites (Frest and Johannes 1995).  
Distribution: Previously thought to be endemic to Tudor Warm Springs (Frest and Johannes 1995), this species is distributed along a short stretch of the Owyhee River above Three Forks in Malheur County, Oregon (Hershler and Liu 2009).
BLM/Forest Service Land: 
Documented: This species is documented on Vale District BLM land in Oregon.
Suspected: This species is not suspected on additional BLM/Forest Service land. 
Abundance: Abundance estimates for P. fresti are unknown. Populations appear to be relatively stable (<10%) in the short term, however in the long term population declines are projected to rise up to 30% (NatureServe 2017). 
Habitat Associations:
Members of the Pyrgulopsis genus are typically found in springs, creeks, and small to medium rivers (Johnson et al. 2013). As a group, Pyrgulopsis requires clean, moderately swift, well-oxygenated waters, typically with gravel-boulder substrates. The genus occurs in both fresh and brackish water (Call and Pilsbry 1886), typically occupying cold water habitats such as large springs and spring-influenced portions of streams, lakes and rivers; however P. fresti and P. bruneauensis are unique and endemic to thermal springs in the Snake River basin (Hershler and Liu 2009). Pyrgulopsis fresti is associated with a very narrow community as it is a hot springs endemic and inhabits thermal springs with temperatures of 24 to 33°C (Hershler and Liu 2009; NatureServe 2017). 
The only area with known habitat for this species is in a major river canyon with exposed basalt and other volcanic lithologies, in open and dry sage scrub (Frest and Johannes 1995). It is mostly found in loose cobble and basalt rock faces in very shallow water (0 to 3.54 cm depth) of small spring runs and seeps (Frest and Johannes 1995; Deixis MolluscDB 2009; Hershler and Liu 2009). Substrate varies from basalt bedrock to sand, gravel, and cobbles (Frest and Johannes 1995). The Deixis database describes the collection sites for this species as shallow warm springs flowing over alluvium and basalt pebble substrate or basalt bedrock with no macrophytes, at elevations of 1213 m (3980 ft.) (Deixis MolluscDB 2009). The Sada springs database describes the Three Forks site as follows: large flow volume, elevation 3820 ft., depth 40 cm, width 100 cm, temperature 33.8° C, dissolved oxygen 5.7 mg/l, pH 8.3, no vegetation on bank or in water, no silt, substrate 20% sand, 30% gravel, 50% cobble (Sada 2004). Very few other mollusks occur in this habitat, and this species is often the dominant taxon where it occurs (Frest and Johannes 1995). Associated mollusks include Pyrgulopsis owyheensis (Hershler and Liu 2009) and a thermophile physid, Physella (Costatella) sp. (Frest and Johannes 1995). 
When macrophytes are present, local Rorippa and Mimulus are the most common (Frest and Johannes 1995). A rare naucorid bug, Ambrysus sp., occurs in some runs (Frest and Johannes 1995).
Threats:  
Population growth and climate change will likely intensify threats to freshwater ecosystems and speed up freshwater dependent species extinctions (Hershler et al. 2014). The American Fisheries Society (AFS) status for P. fresti is Endangered (Johnson et al. 2013). This species is at risk to extinction due to its very limited range, specialized habitat, and various current and potential threats (Frest and Johannes 1995; Hershler and Liu 2009). More information on specific threats is needed, but likely includes invasive species, pollution, climate change, and habitat loss and fragmentation.
Aquifer and surface habitat demands, exacerbated by population growth and climate change, are the greatest threat to this groundwater dependent species (Hershler et al. 2014). Modifications to springs that negatively impact Pyrgulopsis species include livestock grazing (which tramples vegetation and pollutes the spring with excrement), recreational activities (such as bathing), diversion of water source, and introduction of non-native or invasive species (Hershler 1998; Sada and Vinyard 2002). 
Because this species has limited dispersal abilities, physical barriers (e.g., high waterfalls, dams, upland areas) critically limit movement in an upstream direction. Additional habitat restrictions limiting dispersal, beyond physical barriers, include no dissolved calcium content, acidity greater than pH 5, lack of dissolved oxygen, and extremely high salinity (NatureServe 2017). Separation barriers between water bodies, with distances of 30 meters or greater between maximum high water marks constituting a separation barrier of 2 km between suitable or unsuitable habitat is limiting to P. fresti population dynamics (NatureServe 2017).
Pyrgulopsis fresti populations may also be negatively impacted by similar factors threating P. bruneauensis geothermal spring habitat. These include the disappearance of springs and decline in habitat quality from agricultural groundwater withdrawal; this reduces the number and size of springs and the area of occupancy, ultimately reducing the number of mature individuals found within the population (USFWS 2002; Cordeiro 2012).
Climate change will likely exacerbate the decline in habitat quality through declining springflows, flash flooding, and recent drought conditions. Groundwater levels and associated springflows continue to decline, even after some groundwater conservation measures were implemented after P. bruneauensis was listed in 1993; if current rates of geothermal aquifer water withdrawal are not stabilized or reversed, there will continue to be declines in P. bruneauensis populations (USFWS 2002) and potentially those of P. fresti as well. Since thermophilic Pyrgulopsis species are generally very rare and highly endemic, they are particularly sensitive to the above threats.
The area where this species occurs is grazed rather heavily and past modification of the springs for a bathing pool appears to have impacted the snail population, as they are absent from modified areas while still occurring immediately below and above (Frest and Johannes 1995). The current road access on the east side of the Owyhee River crosses some spring runs but is not heavily used (Frest and Johannes 1995). 


Conservation Considerations:
Research: Recent genetic work has furthered our understanding of this species complex (Hershler and Liu 2017; UniProt 2018), however additional studies focused on basic biology of P. fresti, including life span, fecundity, dietary needs, the effects of declining springflows, flash flooding, and recent drought conditions and other limiting environmental factors would help inform conservation efforts. A better understanding of this species’ life history would help shape management in response to population dynamics. Further research of life history traits for this species and other thermal spring endemics, would help to determine an accurate estimate of population decline while site protection and management will facilitate the survival by ensuring a sustainable subaquifer level (Cordeiro 2012). Continued research that could benefit conservation efforts for P. fresti includes the development of a water withdrawal model (e.g., to determine how much water can be withdrawn while maintaining the needed discharge) (USFWS 2002).
Inventory: Surveys in southeastern Oregon are needed; targeting seeps and springs along the Owyhee River will identify the geographic range of P fresti. Additionally, annual surveys and continued monitoring in geothermal springs within the range of the species could be conducted. 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.  
Management: The restoration and protection of geothermal springs along the Owyhee River will be important to the success of P. fresti populations. In general, habitat protection and management are necessary to ensure the stabilization of springs and aquifers, thus the survival of species that depend on these habitats (Cordeiro 2012). Protect all new and known sites and their associated watersheds from heavy grazing, water diversions, vehicle use, recreational use, and other practices that would adversely affect any aspect of this species’ life cycle. Riparian habitat protection, including maintenance of water quality, substrate conditions, and canopy cover, would likely benefit and help maintain this species. 
Management actions that will likely benefit P. fresti can be drawn from recommendations for the closely related P. bruneauensis, which include protecting regional geothermal aquifers to ensure appropriate water levels, monitoring changes in geothermal aquifers, the development and implementation of a habitat restoration program, and implementation of a control program for predatory non-native fish (USFWS 2002). Additional recommendations for federal agencies to protect geothermal aquifers supplying Pyrgulopsis habitat include regulating water development, holding water permits to conserve sufficient groundwater to fulfill existing water rights, holding new applications for water permits, implementing minimum stream flows, or pursuing the permanent acquisition of non-use groundwater rights (USFWS 2002). To manage increased recreational use on federal lands, fencing could be installed along the river and along the riparian corridors to protect sensitive populations (USFWS 2002). 
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ATTACHMENT 3: Map of known Pyrgulopsis fresti records in Oregon 
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Known records of Pyrgulopsis fresti in Oregon relative to Forest Service and BLM lands.
ATTACHMENT 4: Photographs of this species 
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Shells of P. fresti. Scale bar = 1.0 mm. A. Holotype, USNM 1102148. B. Paratype, USNM 1116914. C. USNM 1092860. Figure extracted from Hershler and Liu (2009); used with permission. 
ATTACHMENT 5: Survey Protocol 
Survey Protocol:

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:
Pyrgulopsis fresti
Where: Pyrgulopsis fresti has been observed in eastern Oregon in the middle Owyhee River. Therefore, surveys should occur at known sites and at additional sites with suitable habitat adjacent to areas of detection, including rivers in the middle Owyhee watershed and Snake River Basin. The habitat for P. fresti consists of a thermal spring complex, with temperatures of 24 to 33°C and spring tributaries with coarse substrates with moderate levels of detritus in cold, clear water. Identifying thermal springs with exposed basalt and other volcanic lithologies, in open and dry sage scrub rivers, tributary deltas, and eddies in natural areas that are intact, unpolluted, clear, cold, and have a coarse substrate will provide the most likely species-specific habitat. 
When: Surveys for mollusks in streams and rivers should be avoided in the spring because water levels and turbidity are high, reducing visibility (Duncan 2008). Surveys in flowing waters should be conducted after water levels and flows have decreased and survey conditions are safe. These and other recommendations are outlined further in Duncan (2008). Surveys for P. fresti may be most successful from May through October, as this is when this species has been collected.
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 Pyrgulopsis fresti. Record geographic coordinates and key habitat features for each site surveyed. Standardized abundance estimates for this species at new and known sites would assist future conservation efforts, since population size is important in evaluating the stability of a species at a given locality.   
A variety of methods may be used to sample for aquatic snails, including hand and dip-net collection, kick-net collection, and the use of surber samplers, grab samples, dredges, and wire-basket benthos samplers. Duncan (2008) outline methods appropriate for typical aquatic habitats. Sample procedures should limit impacts to sensitive habitats, particularly springs and streambeds. Surveyors should avoid use of chemicals such as bug repellant or sunblock, which may wash off into the water. Surveyors should also take steps to disinfect gear prior to sampling and reduce risk of transferring invasive species among sampling sites (Duncan 2008). More information on invasive species and prevention strategies can be found at: http://www.fs.usda.gov/detail/r6/forest-grasslandhealth/invasivespecies/?cid=stelprdb5302184. 
References (survey protocol only):
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]. 
US Forest Service, Pacific Northwest Region. Invasive Aquatic Species. [Available at: http://www.fs.usda.gov/detail/r6/forest-grasslandhealth/invasivespecies/?cid=stelprdb5302184] 
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