SPECIES FACT SHEET

Scientific Name: Pyrgulopsis intermedia (Tryon, 1865)
Common Name(s): Crooked Creek springsnail  
Phylum: Mollusca
Class: Gastropoda
Order: Littorinimorpha
Family: Hydrobiidae 
(Johnson et al. 2013; Hershler and Liu 2017)

Conservation Status:
Global Status: G1G2 (last reviewed 10 March 2009)
National Status (United States): N1N2 (10 March 2009)
State Statuses: S1S2 (OR)
(NatureServe 2019)

Federal Status (United States): None  
IUCN Red List: Not assessed

Synonyms: Pomatiopsis intermedia (Tryon 1865); Fontelicella intermedia (Taylor 1975); Fontelicella malhorica (Taylor 1977).

Taxonomic Notes:
This species was originally described as Pomatiopsis intermedia by Tryon (1865). Hershler and Liu (2009) provide molecular phylogenetic evidence that the “Malheur springsnail” (Pyrgulopsis n. sp. 5: Frest and Johannes 1995) and Fontelicella malhorica (Taylor 1977) are the same as P. intermedia. 

Technical Description: 
Adult: Pyrgulopsis is a genus of tiny, gill-breathing, operculate, aquatic snails with dextral shells in the family Hydrobiidae. This North American freshwater genus is characterized as follows (Call and Pilsbry 1886; Hershler 1994): the minute shell (1-8 mm tall) is elongate-conic or turriform, imperforate, and unicarinate, with an acute apex and 4-5 whorls. The aperture is near circular to ovate and the peritreme is continuous. The operculum is thin to moderately thick, amber-red, corneous, with few to many spirals, and near central to highly eccentric nucleus (Call and Pilsbry 1886; Hershler 1998). 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 used to separate species in this genus. The COI sequence and protein sequence are available for P. intermedia (Ratnasingham and Herbert 2019; UniProt 2019).
The shell of P. intermedia is large for the genus, approximately 4.0-5.5 mm high, and usually ovate-conic with 4.5-5.0 whorls, and is narrowly umbilicate (Hershler 1994; 1998). Overall, the shell is nearly smooth except for a few spiral lines. The operculum is ovate and amber colored with a dark nuclear region; the nucleus is somewhat eccentric and the dorsal side is frilled (Hershler 1994). The area around the attachment scar margin is broadly thickened. The snout and foot are moderately gray, with darkening along the anterior and posterior edges of the foot. Tentacles are pale with a small black internal pigment patch distal to the eyespots. The neck is paler than the foot and snout. Penis is medium sized, with medium length filament and lobe (Hershler 1998). For additional morphological details see Hershler (1994; 1998). 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 Hershler 1993). Juvenile snails appear similar to adults but are smaller.

See Attachment 4 for images of this species.

Life History: 
Adults: The Pyrgulopsis genus, commonly known as springsnails, is an extremely diverse group of gill-breathing (prosobranch) aquatic snails in the widespread Hydrobiidae family. Taxa in the genus typically have narrow geographic ranges and are obligately aquatic, inhabiting springs and a variety of other perennial freshwater habitats (Hershler 1994; Hershler and Sada 2002; Hershler and Liu 2009). Pyrgulopsis species are commonly found attached to hard substrates and emergent macrophytes where they feed on periphyton, consisting of algae, bacteria, fungi, and diatoms (Hershler 1998). 

Specific information on the life history of this species is not available, but in general Pyrgulopsis snails are short lived, surviving only one year (Frest and Johannes 1995). Snails in this genus may require several months to become sexually mature, and most are semelparous, reproducing only once before death (Frest and Johannes 1995). However, studies on western prosobranch taxa suggest that some may live longer than a year and overwinter (Dillon 2004). An extended lifespan may allow for additional reproductive events, suggesting an iteroparous reproductive strategy in overwintering individuals (Lysne et al. 2007). Although many freshwater snails are hermaphroditic, most hydrobiid snails are dioecious and have separate male and female individuals. February to May appears to be the breeding season for many cold water snail species in the Pacific Northwest, and egg laying and hatching occurs between March and July. Hydrobiid snails of the Great Basin are typically oviparous and females likely deposit single eggs covered with a tough membrane or capsule on hard substrates (Hershler 1998). Dispersal ability is unknown in this species, but it is likely constrained by physiological requirements, which limit them to aquatic habitats, and their intolerance for desiccation. Mechanisms for dispersal are suspected based on DNA evidence suggesting genetic similarity among isolated populations of Pyrgulopsis taxa (Hershler and Liu 2004a). Upstream migration may be a mechanism for active dispersal (Hershler and Liu 2004b); while passive dispersal may be mediated by attachment to waterfowl (Liu et al. 2003). Recent introductions of Pyrgulopsis taxa in the Columbia River basin are presumably human mediated (Johannes 2019).  

Immature: Tiny 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: This species was first described from Crooked Creek, Owyhee River drainage, southeastern Oregon (Tryon 1865).

Range: This species is an Oregon endemic, known from the Northern Basin and Range Ecoregion. 

Distribution: In Oregon, this species is known from Malheur County. Although the orginal range of this snail was once thought to be much larger (Pit River in northeasten California and lower Klamath Lake basin in southern Oregon [Taylor 1985]), it is now believed to be restricted to southeastern Oregon where it is known from the Owyhee River drainage in the Snake River basin and the Barren Valley in the Great Basin (Hershler et al. 2003). Based on additional records, Hershler and Liu (2009) show an extension of the snail’s geographic range (65 km) to the north of the type locality into the lower Owyhee River basin.

BLM/Forest Service Land: 
Documented: Documented occurrences are known from BLM land in Oregon within the Vale District. 

Suspected: In Oregon, this species is suspected to occur in the Burns District in Harney County due to the close proximity of spring complexes on BLM lands near known sites. 

Abundance: Abundance estimates and population numbers for this species are not known. However, snails in the Pyrgulopsis genus likely make up a significant component of the benthic epifauna in the West, with densities of over 1,000 snails/m2 (Mladenka and Minshall 2001). 

Habitat Associations:
[bookmark: _Hlk27129639]Hydrobiid snails in the Pyrgulopsis genus are one of the richest components of aquatic biodiversity in the West, where they are typically found in groundwater-influenced freshwater habitats (Hershler and Sada 2002). In this region, many springsnails are endemic to a single spring, spring complexes, or local drainages, and are often associated with spring sources or headsprings, which provide stable temperatures, water chemistry, and flows (Hershler 1998; Hershler and Sada 2002; Brown and Lydeard 2010). This species of snail occurs in large, clear cold springs at lower elevations in the Great Basin and Snake River Basin. It may also occur in spring-influenced creeks with moderately swift water, gravel-boulder substrates, and beds of aquatic vegetation (e.g., nonnative watercress [Rorippa spp.]) may be present near its habitat (Frest and Johannes 1995). Pyrgulopsis spp. are commonly found among these and other aquatic plants, which can form dense mats around small spring outflows (Hershler 1998). P. intermedia has been documented feeding on algal and microbial films on rock surfaces (Frest and Johannes 1995). As grazers which are often locally abundant, this species and others in the genus likely play an important role in ecosystem function as primary consumers (Hershler et al. 2014). 

Threats:
As a result of limited dispersal abilities, endemism, and high susceptibility to habitat loss and degradation, freshwater gastropods have among the highest extinction rates of any taxa group relative to their background extinction rate (Johnson et al. 2013). Taxa in the Pyrgulopsis genus are groundwater-dependent making them sensitive to modification of the spring environment they inhabit (Frest and Johannes 1995; Hershler et al. 2014). Owing to their narrow habitat needs and geographic ranges, springsnails are also at risk of extirpation. Indeed, P. intermedia has a narrow distribution and is associated with clean, cold water springs and seeps in an extremely arid region, making it vulnerable to activities such as groundwater extraction and grazing that may disrupt its habitat. Snails in this genus depend on stable water chemistry and flows characteristic of spring sources, therefore changes to groundwater levels and source flows can impact populations. Activities that lower the water table and dry out habitat, such as water diversion for domestic, industrial or stock use, also adversely affect this snail. In fact, groundwater extraction, diversion, and depletion have been linked to the loss of Pyrgulopsis species, including the extinction of P. brandi in Mexico (Hershler 1994) and the extirpation of several others in the West from aquifer drawdown (Myler et al. 2007; USFWS 2013). These snails are also sensitive to pollution, siltation, and hypoxia. Sites where Pyrgulopsis taxa are known to occur have been most heavily damaged or even destroyed by the associated impacts from livestock grazing (Frest and Johannes 1995). Overall, the degradation of water quality and quantity, substrate conditions, and riparian habitat will likely have adverse effects on this species and its life cycle.

Great Basin aquatic taxa like P. intermedia are further impacted by introductions of nonnative fishes and mollusks (Sada and Vinyard 2002). Competition from invasive snails threaten this species; namely the exotic New Zealand mudsnail (Potamopyrgus antipodarum) which has been documented in Crooked Creek, and is abundant in the Snake River Basin (Frest and Johannes 2003; Hardy et al. 2004; Lysne et al. 2007). 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). These snails and their habitats are also impacted by introductions of nonnative fishes, many of which were introduced for sport and as biological control agents, and are now widespread (Sada and Vinyard 2002). Other nonnative introductions include mollusks (i.e., Melanoides tuberculata) and crustaceans (Procambarus sp.), the former of which may be responsible for springsnail declines and other mollusks in the Great Basin (Hershler and Sada 1987).

Conservation Considerations:
Research: Because much of what is known of Pyrgulopsis taxa is primarily from two species (P. robusta, the widely distributed habitat generalist, and the range restricted P. bruneauensis, a thermal springs endemic), there is a need to better understand the detailed biology, distribution, and status of this species to inform conservation efforts. This includes specifics on its life cycle, fecundity, abundance, recruitment, dispersal ability, physiological tolerances, habitat usage, as well as their role in the food web and nutrient cycling. Research at known sites should include understanding the extent of specific threats to this species and its habitat (e.g., invasive snails and plants, grazing, and groundwater extraction).

Inventory: Quantitative sampling of snails is important to determine the population status of this species and density estimates in its habitat. More recent range extension in the lower Owyhee River may warrant additional surveys for this species at new sites. Additional surveys can occur in similar spring-influenced habitats in the Northern Basin and Range Ecoregion. Surveys for this species can also aid in the detection and extent of invasive Potamopyrgus antipodarum populations. 

[bookmark: _GoBack]Management: Manage new and known sites and their associated watersheds to reduce any associated impacts of grazing, water diversions, recreation, and other practices that may adversely affect water quality. Where grazing threatens spring systems, grazing practices could be limited and livestock could be excluded from sensitive areas.  Because snails in the Hydrobiidae family are closely associated with their aquatic habitat and are often endemic to single spring, habitat protection, including maintenance of water quality, substrate conditions, and riparian areas would likely benefit and help maintain this species (Hershler 1998). Where impoundments occur in P. intermedia habitat, conservation measures can include removal of structures that impede or limit flows and restoration of altered habitat. Since the invasive Potamopyrgus antipodarum occurs in Crooked Creek, which is the type locality for P. intermedia, intervention to extirpate it from this site is not recommended (Frest and Johannes 2003), likely due to potential harm that could occur to P. intermedia.
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ATTACHMENT 3: Map of known Pyrgulopsis intermedia records in Oregon.
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Known records of Pyrgulopsis intermedia in Oregon, relative to Forest Service and BLM land. 




ATTACHMENT 4: Images of Pyrgulopsis intermedia. 
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Figure 1: Images of Pyrgulopsis intermedia (a-b, shell; c-d, opercula; scale bar = 0.67mm). Images extracted from Hershler (1994). Used with permission.
 

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:
Pyrgulopsis intermedia

How to survey: Aquatic snails may occur in a variety of habitat types, including springs, rivers and streams, and lakes and ponds. Seek out key habitat features known to be utilized by the target species (e.g., seeps, small-medium cold springs, spring influenced creeks, and larger springs). 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) outlines 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. Because Pyrgulopsis intermedia populations occur in watersheds where the New Zealand mudsnail has been found, new occurrences of this invasive species can be documented at: https://www.invasivesnet.org/.  

Where: Surveys for P. intermedia could occur in seeps, small-medium springs, spring influenced creeks, or larger springs. While out in the landscape, permanent springs in the arid West can be identified from a distance by locating green vegetation bordering the spring run and source, from geographic features such as hillsides, valleys, or gulches (Johannes 2016). Additionally, USGS 7.5’ topographic maps of potential survey areas can be used to narrow searches and identify larger mapped springs (Johannes 2016). Surveys could target spring sites with floating or emergent aquatic plants; this species has been found associated with nonnative watercress [Rorippa spp.]) (Frest and Johannes 1995). Surveyors could search on rocks, including bedrock, and within and among emergent vegetation. The more recent occurrence from a new river system in Oregon, and the extension of this species’ range into the lower Owyhee River basin suggests that the species may have a wider distribution in Oregon than is currently documented. Ongoing monitoring of known sites is recommended to determine population trends and potential threats. Re-evaluation of this species’ status at these sites is critical to identifying both its current distribution and its conservation needs. Future surveys could occur in spring-influenced habitat in the Northern Basin and Range Ecoregion in Oregon.

When: In Oregon, P. intermedia has been collected March through September. Sampling in springs can be conducted any time of year, but for semelparous (i.e., lay eggs once at maturity and die) species like Pyrgulopsis spp., surveys should be avoided during periods of population turnover (Duncan 2008). When most of the population is dying off or the majority of the individuals present are immature, it may be difficult to collect enough specimens or mature individuals for identification. This time period is not well known for all species, but as a general rule, it is recommended to avoid sampling in the spring (Duncan 2008). The breeding and egg laying season are also poorly defined for most Pyrgulopsis species, but may occur February to July. Surveys outside of this period are recommended to avoid impacts to breeding populations. 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):
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].
Johannes, E.J. 2016. Springs and the minute snail that inhabit them in the Puget Sound region: Searching for the concealed. Deixis Consultants, SeaTac, Washington. 44(3): 34-37.
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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