SPECIES FACT SHEET

Scientific Name: Pomatiopsis binneyi Tryon, 1863
Common Name(s): Robust walker 
Phylum: Mollusca
Class: Gastropoda
Order: Mesogastropoda
Family: Pomatiopsidae
Synonyms: None (ITIS 2019)
Conservation Status:
Global Status: G1 (last reviewed 20 October 2018)
National Status (United States): N1 (19 June 2003)
State Statuses: S1 (OR)
(NatureServe 2019)

Federal Status (United States): Not listed (USFWS 2019)
IUCN Red List: Not evaluated (IUCN 2019)

Technical Description: 
Adult: Pomatiopsis is a genus of very small, semi-aquatic freshwater snails in the family Pomatiopsidae. The Pomatiopsidae family is composed of freshwater (and a few marine) species characterized by the following features: shell coiled; shell with raised spire; shell dextral; shell without teeth on parietal wall; operculum and gills present; operculum multispiral or paucispiral, outer margins not concentric; adults typically less than 7 mm; males possessing verge (penis) behind right tentacle; head-foot region divided on each side by longitudinal groove; eyes in prominent swellings on the outer bases of the tentacles; amphibious or terrestrial; crawls with step-like movement (Brown 2001). There are six species in the genus Pomatiopsis in North America (Johnson et al. 2013). Members of the Pomatiopsis genus are described as having the shell elongate and the spire (of about six whorls), much exceeding the length of the aperture (Tryon 1862). 

Pomatiopsis binneyi is the smallest of the three West Coast species of Pomatiopsis, including P. californica and P. chacei. Pomatiopsis binneyi can be distinguished from other Pomatiopsis species by shell shape and sculpture. Pomatiopsis binneyi is much smaller than P. chacei, relatively wider, and with a decidedly thickened inner lip (Pilsbry 1937). Pomatiopsis binneyi has a moderately high and conical shell, with 4-5 deeply and evenly convex whorls; a complete aperture; shell moderately thick with whitish opaque layer immediately inside and lining aperture (Frest and Johannes 2000). See Burch and Tottenham 1980 (figure 321) for an illustration, available at: https://molluskconservation.org/PUBLICATIONS/WALKERANA/Vol1/walkerana%20vol1%20no3%2081-216.PDF.
Tryon (1863) describes P. binneyi: 

Description. – Shell minute, elongated, consisting of four to five very convex whorls; apex somewhat obtuse; aperture ovate or nearly suborbicular, both lips rounded; umbilicus very small. Color light-horn.
Dimensions. – Length 3 mill. Diam. 1-6 millim. Length apert. 1.25 mill., breadth 1 mill.

Because P. binneyi is much smaller than any other Pomatiopsis species, it is not likely to be confused with other closely related species in the same genus (Tryon 1863). It is most similar in appearance to two European species of Bythinia, B. acuta and B. viridis, “the former, however, has a more lengthened, acute spire, and the latter is a more robust and ventricose shell” (Tryon 1863).

Immature: The eggs and juvenile stages of P. binneyi have not been described, but are probably similar to those of other, better-known species in the Pomatiopsis genus. The eggs are individually coated with a tough and resilient husk of earthy material and are about 1.1 to 1.5 mm in diameter including the husks, and about 0.9 mm in diameter without the husks (van der Schalie and Walter 1957). They are spherical in shape but often lop-sided because of non-uniformity in the thickness of the husk (van der Schalie and Walter 1957). Newly hatched P. lapidaria young are 0.5 mm long by 0.5 mm wide, with 2 to 2.25 whorls on the shell.
Life History: 
Adults: Pomatiopsis binneyi is a small, semi-aquatic snail. Very little is known about the reproduction, oviposition, growth, life span, dispersal, or feeding habits of P. binneyi. Since the biology of this species is not well understood, further investigation is needed. 
In general, species in the genus Pomatiopsis live at least two years and apparently feed on detritus (Dundee 1957; van der Schalie 1959; Johnson et al. 2013). Limited mark-recapture studies of P. lapidaria have revealed a life span of at least 2.5 years (Dundee 1957), although more observations are necessary to establish the actual life span of this species. Pomatiopsis binneyi likely prefers temperatures between about 70-79 °F (21-26 °C), as this temperature range was preferred by closely related species in the genera Pomatiopsis and Oncomelania (Schalie and Getz 1963). The two Pomatiopsis species were more tolerant of short term exposure to cold temperatures, -7°C and -5°C,  and less tolerant to short and longer term exposure to higher temperatures (30°C, 34°C, 44°C, 48°C) than any Oncomelania species tested (van der Schalie and Getz 1963). When immersed in distilled water, the two Pomatiopsis species had the shortest survival time, nearly half, when compared to Oncomelania species suggesting that species in the genus Pomatiopsis may be less resistant to drowning than species in the genus Oncomelania (van der Schalie and Getz 1963). There was no difference in desiccation between male and female Pomatiopsis (van der Schalie and Getz 1963). 
The biology of this species is probably similar to that of P. cincinnatiensis and P. lapidaria from eastern North America, both of which are relatively common and well-studied (largely on account of their relatedness to Oncomelania and other Pomatiopsidae genera known to serve as intermediate hosts of schistosomes [i.e., parasitic flatworms] in Asia) (van der Schalie and Getz 1963). As such, the following paragraphs report primarily on the life history of P. cincinnatiensis and P. lapidaria.  
Similar to most of its aquatic relatives, the Pomatiopsis genus exhibits separate sexes with both male and female individuals. The male-female sex ratio seen in wild populations of P. lapidaria is reported to be roughly 1 to 3 (Dundee 1957). Pomatiopsis females are oviporous (producing eggs that hatch outside the body). Females in the genus Pomatiopsis typically attach egg capsules to gravel or coarse sand (van der Schalie and Dundee 1956; Johnson et al. 2013). The reproductive period of this genus appears to occur twice per year; P. cincinnatiensis copulates in spring and again in fall, with fewer mating pairs seen throughout the warm (summer) season. Similarly, P. lapidaria begins mating and egg laying soon after it becomes active in the spring, and copulating pairs are seen from March to early July and again from September to October (Dundee 1957). In P. lapidaria, males appear to contain mature sperm during all seasons of the year, whereas females seem to have mature ova only during the warm seasons. Copulation in both P. cincinnatiensis and P. lapidaria occurs on soil and leaves. Mating in P. lapidaria occurs during the day and at night, and may last from 2 to 10 hours. Copulating pairs of this species have been documented on flat mud surfaces, rough slopes, fallen vegetation, and similar habitats, but never in water (Dundee 1957).
The activity period of P. binneyi has not been extensively documented, however it has been collected from cold streams, springs, and seeps in Oregon in May and October and in California it has been collected in August and September (CAS 2011; NMNH 2019). 
The dietary preferences of Pomatiopsis are not well-reported. In general, freshwater snails in the Rissoidea superfamily graze on algae, diatoms, and/or detritus, and certain members of the Pomatiopsidae family are known to feed on the biofilm of algae that develops on the surface of stones in aquatic habitats (Attwood and Upatham 2012). In captivity, P. cincinnatiensis has been successfully reared on plain filter paper and on filter paper with “vegetal fragments from the habitat”, both of which were ingested with mud (van der Schalie and Walter 1957). Pomatiopsis lapidaria has been reared in captivity on ground rat food pellets (Dundee 1957).

The dispersal behavior of P. lapidaria has been examined by Dundee (1957). In this study, movement of P. lapidaria colonies was restricted to periodic, short-distance shifts that were correlated with changes in moisture content of the habitat. Mark-recapture studies revealed that individuals apparently do not voluntarily move more than about six feet throughout their entire life span. Establishment of new P. lapidaria colonies appears to be by passive dispersal events; for example, new colonies may become established at different points along a stream bank where individuals were deposited during floods. It is noted, however, that since the snails have highly specific habitat requirements, not all such fortuitous dispersals are successful. Overall, P. lapidaria usually maintains itself in small and highly localized colonies that show little tendency to spread unless the animals find the right habitat requirements (Dundee 1957).
Dundee (1957) also reports on the aestivation and hibernation patterns of P. lapidaria. In Michigan, there are two major dormant periods in the yearly cycle of this species, one during the cold months (November through February) and another during the hot and dry summer weather (last week of June through July). Neither period is continuous, and the snails may become temporarily active during a typical dormant period if a few days of rain occur. During winter hibernation, the snails are found lying beneath fallen vegetation, in crevices, and under objects with their opercula well inserted into the apertures of their shells. During the summer aestivation, the snails are similarly inactive, but are typically found lying on the surface of the ground (Dundee 1957). 
Immature: Younger P. binneyi individuals may require more moisture than mature adults because they are smaller in size. Van der Schalie and Getz (1963) found that juvenile P. cincinnatiensis had more gill filaments per unit of body mass and required more moisture when compared to adults. Newly hatched P. lapidaria exhibit a growth rate of about 0.1 mm per week in the laboratory and about 0.19 to 0.20 mm per week in nature (Dundee 1957). Pomatiopsis cincinnatiensis exhibits a faster growth rate of 0.25 mm per week under laboratory conditions (van der Schalie and Dundee 1955). In P. cincinnatiensis populations, large numbers of young are found in August, and some later through early fall. In P. lapidaria populations, some young are present throughout the year except for late July and August (Dundee 1957).
Eggs: Eggs of P. binneyi are likely similar to those of P. lapidaria and P. cincinnatiensis. Eggs of P. lapidaria and P. cincinnatiensis are laid singly (rarely paired) on the soil surface or partially buried in soil (Dundee 1957; van der Schalie and Walter 1957). The soil where eggs are laid is generally damp and/or near to water. Moisture levels and density of vegetation appear to be important variables in egg distribution in these species. The oviposition process of P. cincinnatiensis is described by van der Schalie and Walter (1957) in great detail, including the following steps: searching for an acceptable site using probing action of the proboscis and foot; digging a groove in the soil; depositing the egg; and leaving the egg. The egg is initially clean and transparent, but the outer egg membrane is very adhesive so that a dirty film quickly forms and a husk of particles tightly adheres to it, rendering it very difficult to detect in its environment (van der Schalie and Walter 1957). 
The number of eggs laid by Pomatiopsis females is not well known; in captivity, P. lapidaria females have been found to lay twenty-six to forty-two eggs. Eggs of this species are laid from mid-March to mid-May, and again in late August. The egg incubation period of P. lapidaria and P. cincinnatiensis ranges from four to seven weeks in laboratory conditions at temperatures of 60 to 65 degrees F° (van der Schalie and Walter 1957; Dundee 1957). In the hatching process, the young snail rasps a hole through both the egg coat and its sand husk and then crawls out of the egg (Dundee 1957).   
Range, Distribution, and Abundance:
Type Locality: Bolinas, Marin County, California (Tryon 1863). 
Range: Pomatiopsis binneyi is known from the Coast Range and the Klamath Mountains ecoregions (ODFW 2019; ORBIC 2019). Pomatiopsis binneyi is a southwest Oregon and northwest California coastal endemic with a very limited potential range. This species may have a more widespread occurrence if interior drainages within its narrow habitat requirements are searched; however, the limited nature of this species’ required habitat suggests that P. binneyi will continue to be rare and confined to the coast proper and the west side of the Coast range at low elevations (Frest and Johannes 2000). In Oregon, P. binneyi has been collected from elevations between 80-330 ft. (~25-100 m). 
Distribution: In southwest Oregon, P. binneyi sites have been documented in Coos and Curry Counties. Frest and Johannes (2000), collected P. binneyi from 4 sites in Curry County, Oregon (Johannes 2013, pers. comm.) This species has been documented on federal land in the Chetco and Winchuck River basins on the Gold Beach Ranger District (previously known as the Chetco Ranger District). It is suspected in the Josephine Creek watershed of the Illinois River basin in the Illinois Valley Ranger District of the Rogue River-Siskiyou National Forest (Lowe 2012; USDA FS 2012; ORBIC 2019). This species is also considered predicted or probable in Jackson County (ORBIC 2019), however this record needs to be confirmed. 
BLM/Forest Service Land: 
Documented: Pomatiopsis binneyi has been documented on the Rogue River-Siskiyou National Forest (Curry County). 
Suspected: Pomatiopsis binneyi is suspected on the Coos Bay BLM District (in Curry and Coos Counties). This species is also suspected at additional sites on the Rogue River-Siskiyou National Forest on the Powers Ranger District as suitable habitat is present and in Jackson County (Lowe 2012; USDA FS 2012; ORBIC 2019). 
Abundance: Abundance estimates of this species have not been conducted. Other members of the Pomatiopsis genus are known to occur in large colonies, although it is difficult to determine the size of these populations, since the animals are not randomly distributed over the area that they occupy (Dundee 1957). Colony size for P. binneyi could vary greatly as colony size for the closely related P. lapidaria is highly variable, ranging from few to thousands of individuals observed over extended sampling periods (Dundee 1957). According to Dundee (1957), the number of individuals and dimensions of a colony may reflect the length of time the colony has been established in an area. Frest and Johannes (2000) describe this species as being very rare during collections. In California, P. binneyi specimens have been collected in amounts ranging from 3-20 from springs, cold streams, and seeps (NMNH 2019). At one site, Potrero Meadow Spring, 150 specimens were collected (NMNH 2019). 
Habitat Associations:
Pomatiopsis binneyi is a riparian associate semi-aquatic snail with very specialized habitat. In general, species in the genus Pomatiopsis are amphibious, living in both wet areas and habitats with drier conditions (Kameda and Kato 2011). Davis (1979) describes the genus as occurring in humid habitats, with P. binneyi being typically found in trickling water and P. californica and P. lapidaria preferring marshy ground, the mud of streams, and periodically flooded soil. Pomatiopsis binneyi is found in perennial seeps and rivulets, where it is protected from seasonal flushing in the rainy season; it is also found on shallow mud banks and marsh seepages that lead to shallow streams (Davis 1967; Taylor 1981; Lowe 2012; ODFW 2019). In Oregon, this species has been observed or collected from springs with sand-cobble bottoms, creeks with mud-cobble substrate, and spring seeps with mud substrate. 
Like many terrestrial and amphibious snails, the microhabitat preferences and activity levels of Pomatiopsis species are strongly affected by moisture levels. For example, P. lapidaria snails tend to remain hidden under the leaves on bright days but expose themselves on dull days or in shaded habitat, provided the habitat is well-saturated with moisture (reviewed in Dundee 1957). When habitats become too dry, amphibious snails are known to resist desiccation by crawling into crevices and wet litter (Kameda and Kato 2011). 

Threats:
Habitat loss is a primary threat to P. binneyi. Any activity or event that can alter springs or seeps, including affects to water quantity (e.g., from groundwater withdrawal) and water quality (e.g., dissolved oxygen, temperature, sedimentation, pollution), as well as activities that can alter the surrounding terrestrial habitat where this species occurs can be considered a threat to this species (Johnson et al. 2013). Specific activities that may have a negative impact on gastropod populations by contributing to habitat loss and/or degradation include, but are not limited to, urbanization and associated coastal modification and development, grazing, water diversion and ditching of springs and seeps, and highway construction and maintenance (Frest and Johannes 2000; Jordan and Black 2012). In particular, sedimentation resulting from road or timber harvest activities could impact P. binneyi populations (Lowe 2012; USDA FS 2012). Other members of the Pomatiopsidae family are known to be highly sensitive to silting; e.g., Neotricula aperta grazes on the algal epilithon covering stones and therefore cannot survive in areas where sediment is depositing and preventing the growth of the algae upon which it feeds (Attwood and Upatham 2012). 
Pomatiopsis binneyi populations in the Rogue River-Siskiyou National Forest may have been affected during the Blackberry Creek culvert replacement during the Copper Salmon Legacy Roads Project (Lowe 2012; USDA FS 2012). This specific project and others like it may negatively impact this species as water is removed during operations, altering habitat needed by P. binneyi. Other activities that may have an impact on P. binneyi in this area include recreational mining, pre-commercial thinning, commercial thinning, road and culvert maintenance, hazard tree removal, and recreation activities (e.g., hiking, camping, etc.) (Lowe 2012).  
Because P. binneyi is a riparian associate semi-aquatic snail, the springs associated with species are often within forests. Therefore, management of the surrounding forests likely plays a role in the short- and long-term survival of this species. Research has shown that to reduce microclimate extremes and protect gastropods, partial cuts should be favored over clear cuts, aggregated (group) retention over dispersed retention or thinning, and larger group retention over smaller group retention (Jordan and Black 2012). In regard to fire, a number of studies have found negative and long-lasting responses, including population extirpation and reductions in gastropod abundance and species richness (Jordan and Black 2012 and references therein). If burning is to occur, smaller burns surrounded by unburned plots can help maintain gastropod community structure. Although there is limited information comparing gastropod response to differences in burn severity and frequency, it is generally accepted that a fire regime involving low-intensity burns at infrequent fire-return intervals (>5 years) may help retain gastropod communities (Jordan and Black 2012).
Conservation Considerations:
Research: Monitor and assess activities for impacts to P. binneyi populations and its habitat. Monitor the effects of habitat changes on this species. Research is needed to determine species-specific habitat requirements for P. binneyi, which can help guide management actions (ODFW 2019). This is especially important as different Pomatiopsis species have definite ecological species-specific tolerance ranges (e.g., temperature, humidity, substrate moisture, etc.) (Van Der Schalie and Getz 1963). 
Inventory: Survey and map all P. binneyi occurrences. Because this species is known from only a few sites in Oregon, further documentation of its range and habitat is critical for advancing our understanding of its needs and taking the appropriate conservation measures. Targeted P. chacei surveys were conducted within 6 miles of the coast in Lane, Coos, and Curry Counties (Jepsen et al. 2011). While this area may host suitable habitat for P. binneyi, it was not detected during the 2010 surveys and additional surveys may be needed to establish the current status of the species in the region. Targeted surveys for P. binneyi should be conducted at springs, seeps, and streams along the Oregon coast in Coos and Curry counties. Since population size is important in evaluating the stability of a species at a given locality, abundance estimates for this species would also be valuable.

Jepsen et al. (2011) recommended that a number of sites where Frest and Johannes collected unidentified Pomatiopsis species be revisited; however, recent (2013) examination of these shells and associated records has revealed that the Pomatiopsis at all but one of these sites were identified as other Pomatiopsis species (P. binneyi and P. californica) (Johannes 2013, pers. comm.). The snail at the remaining site (Coos County, site 3358) could not be identified (Johannes 2013, pers. comm.). 
Management: Protect all new and known sites from practices that would adversely affect any aspect of this species’ life cycle, including timber harvest, cattle-grazing, road construction, building construction, and hydrologic modifications. Mitigation measures to protect water quality and stream function (e.g., if thinning retain stream shade and large dead and down wood) could be considered to protect P. binneyi populations (Lowe 2012). Protect this species’ habitat from further destruction and restore it when opportunities are presented. Minimize grazing access at known sites to protect from potential habitat damage or impacts to water quality. Minimize or eliminate conversion of habitat for other uses. 
Version 2: 
Prepared by: Katie Hietala-Henschell and Sarah Foltz Jordan
The Xerces Society for Invertebrate Conservation
Date: August 2019
Reviewed by: Candace Fallon 
The Xerces Society for Invertebrate Conservation

Date: September 2019
Version 1: 

Prepared by: Theresa Stone

Umpqua National Forest
Date: 30 September 2009

Reviewed by: Rob Huff

FS/BLM Conservation Planning Coordinator

Date: January 2010
Recommended citation: 

Hietala-Henschell, K., S. Foltz Jordan, T. Stone, and R. Huff. 2019. Interagency Special Status/Sensitive Species Program (ISSSSP) Species Fact Sheet: Pomatiopsis binneyi. USDA Forest Service Region 6 and USDI Bureau of Land Management Oregon State Office. 18 pp. Available at: https://www.fs.fed.us/r6/sfpnw/issssp/species-index/fauna-invertebrates.shtml       
ATTACHMENTS:
(1) References 
(2) List of pertinent or knowledgeable contacts 
(3) Map of known records in Oregon
(4) Illustrations of this species

(5) Survey protocol, including specifics for this species
ATTACHMENT 1: References
Attwood, S.W. and E.S. Upatham. 2012. Observations on Neotricula aperta (Gastropoda: Pomatiopsidae) population densities in Thailand and central Laos: implications for the spread of Mekong schistosomiasis. Parasites and Vectors 5:126.

Brown, K.M. 2001. Chapter 10. Mollusca: Gastropoda. In Ecology and Classification of North American Freshwater Invertebrates. 2nd Edition. [Eds.] Thorp and Covich. Academic Press.
Burch, J.B. and J.L. Tottenham. 1980. North American freshwater snails: species list, ranges and illustrations. The University of Michigan. Society for Experimental and Descriptive Malacology. 138 pp.
[CAS] California Academy of Sciences. 2011. CAS Invertebrate Zoology Collection Database. Accessed 5 June 2019. Available at: http://researcharchive.calacademy.org/research/izg/iz_coll_db/index.asp
Davis, G.M. 1967. The systematic relationship of Pomatiopsis lapidaria and Oncomelania hupenensis formosana (Prosobranchia: Hydrobiidas). Malacologia 6: 1-143.

Davis, G.M. 1979. The origin and evolution of the gastropod family Pomatiopsidae, with emphasis on the Mekong river Triculinae. Academy of Natural Sciences of Philadelphia, Monograph 20: 1-120.

Dundee, D.S. 1957. Aspects of the biology of Pomatiopsis lapidaria (Say) (Mollusca: Gastropoda: Prosobranchia), Miscellaneous publications, University of Michigan Museum of Zoology, Number 100.

Frest, T.J. and E.J. Johannes. 2000. A baseline mollusk survey of Southwestern Oregon, with emphasis on the Rogue and Umpqua River Drainages. Deixis Consultants, Seattle, Washington. Oregon Natural Heritage Program, Portland Oregon. 549 pp.
[ITIS] Integrated Taxonomic Information System. 2019. ITIS Report: Pomatiopsis binneyi Tryon, 1863. TSN 70741. Accessed: 05 June 2019. Available at: http://www.itis.gov 

[IUCN] International Union for Conservation of Nature. 2019. The IUCN Red List of Threatened Species. Version 2018-2. http://www.iucnredlist.org Downloaded on 05 June 2019.

Jepsen, S., C. Voight, and S. Foltz Jordan. 2011. Final Report to the Interagency Special Status / Sensitive Species Program regarding surveys for the marsh walker (Pomatiopsis chacei) in southwestern Oregon. Report submitted to Interagency Special Status / Sensitive Species Program from the Xerces Society for Invertebrate Conservation. 29 pp.

Johannes, E. 2009. Deixis Consultants, SeaTac, Washington. Personal communication with Sarah Foltz, Xerces Society for Invertebrate Conservation.
Johannes, E. 2013. Deixis Consultants, SeaTac, Washington. Personal communication with Sarah Foltz, Xerces Society for Invertebrate Conservation.
Kameda, Y. and M. Kato. 2011. Terrestrial invasion of pomatiopsid gastropods in the heavy-snow region of the Japanese Archipelago. BMC Evolutionary Biology 11:118.
Lowe, J. 2012. Wildlife report and biological evaluation. Copper Salmon Legacy Roads Project. Reviewed by David Clayton. Rogue River-Siskiyou National Forest, Powers Ranger District. 62 pp. 
NatureServe. 2019. Pomatiopsis binneyi Tryon, 1863. Version 7.1 (2 February 2009) Data last updated March 2019. Accessed 4 March 2019. Available at: http://explorer.natureserve.org/index.htm
[NMNH] National Museum of Natural History, Smithsonian Institution. 2019. Department of Zoology Collections. Online database. Accessed June 2019. Available at: https://collections.nmnh.si.edu/search/iz/
[ODFW] Oregon Department of Fish and Wildlife. 2019. Strategy Species: Robust Walker. The Oregon Conservation Strategy. Online resource. Accessed July 10, 2019. Available at: http://oregonconservationstrategy.org/
[ORBIC] Oregon Biodiversity Information Center. 2019. Rare, threatened and endangered species of Oregon. Institute for Natural Resources Portland State University, Portland, OR. July 2019. 136 pp. Available at: https://inr.oregonstate.edu/sites/inr.oregonstate.edu/files/2019-rte-book.pdf 

Pilsbry, H.A. 1937. A Californian Pomatiopsis. The Nautilus: 50(3): 84-85. 

Taylor, D.W. 1981. Freshwater mollusks of California: a distributional checklist. California Fish and Game 67 (3): 140-163.

Tryon, G.W. 1863. Descriptions of new species of fresh water Mollusca, belonging to families Amnicolidae, Valvatidae and Limnaeidae; inhabiting California. Proceedings of the Academy of Natural Sciences, Philadelphia. 15: 147-150. 
Tryon, G.W. 1862. Notes on the American fresh water shells, with description of two new species. Proceedings of the Academy of Natural Sciences of Philadelphia 1862: 451-452.  

Turgeon, D.D., J.F. Quinn, Jr., A.E. Bogan, E.V. Coan, F.G. Hochberg, W.G. Lyons, P.M. Mikkelsen, R.J. Neves, C.F.E. Roper, G. Rosenberg, B. Roth, A. Scheltema, F.G. Thompson, M. Vecchione, and J.D. Williams. 1998. Common and scientific names of aquatic invertebrates from the United States and Canada: Mollusks. 2nd Edition. American Fisheries Society Special Publication 26, Bethesda, Maryland: 526 pp. 

[USFWS] United States Fish and Wildlife Service. 2019. Environmental Conservation Online System (ECOS). Online database. Available at: https://ecos.fws.gov/ecp0/reports/ad-hoc-species-report-input 
Van der Schalie, H. and D.S. Dundee. 1955. The distribution, ecology and life history of Pomatiopsis cincinnatiensis (Lea), an amphibious operculate snail. Transactions of the American Microscopical Society 74(2): 119-133.

Van der Schalie, H. and H.J. Walter. 1957. The egg-laying habits of Pomatiopsis cincinnatiensis (Lea). Transactions of the American Microscopical Society 76(4): 404-422.

Van der Schalie, H. and L.L. Getz. 1963. Comparison of temperature and moisture responses of the snail genera Pomatiopsis and Oncomelania. Ecology 44 (1): 73-83.

Map references: 

[BLM] Bureau of Land Management. 2018. GeoBOB GIS export provided to Candace Fallon, the Xerces Society, by Chelsea Waddell, BLM Regional GeoBOB and ARIMS Data Coordinator, September 2018.
[GBIF] Global Biodiversity Information Facility. 2019. GBIF secretariat 2017. GBIF Backbone Taxonomy. Checklist dataset. Queried: August 2019. Available at: http://www.gbif.org/species
[ORBIC] Oregon Biodiversity Information Center. 2018. ORBIC invertebrate GIS export provided to Candace Fallon, the Xerces Society, by Lindsey Wise, Oregon State University ORBIC Biodiversity Data Manager, October 2018.
[USDA FS] United States Department of Agriculture Forest Service. 2012. Environmental Assessment Copper Salmon Wilderness Legacy Roads Project. Rogue River-Siskiyou National Forest. August 2012. 140 pp. Available at: https://www.fs.usda.gov/nfs/11558/www/nepa/76208_FSPLT2_277743.pdf
[USFS] United States Forest Service. 2018. NRM Wildlife Invertebrate Database. Database provided by Carol Hughes, USFS to Candace Fallon, the Xerces Society, September 2018.
ATTACHMENT 2: List of pertinent, knowledgeable contacts
Ed Johannes, Deixis Consultants, Seattle-Tacoma, WA.
Robert Hershler, Research Zoologist Emeritus, Smithsonian National Museum of Natural History, Washington DC.

ATTACHMENT 3: Map of known Pomatiopsis binneyi records in Oregon
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Known records of Pomatiopsis binneyi in Oregon, relative to Forest Service and BLM land. 
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ATTACHMENT 4: Photographs of this species 
Shell of Pomatiopsis binneyi (lectotype 27852) from the Academy of Natural Sciences, Philadelphia. Available from ANSP Malacology Collection: http://clade.ansp.org/malacology/collections/index.html. ANSP states that photos in this collection "may be used free of charge for purposes of research or noncommercial publication".
ATTACHMENT 5:  Aquatic Gastropod Survey Protocol, including specifics for this species

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, including:

Pomatiopsis binneyi
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 P. binneyi (e.g., perennial seeps, rivulets, shallow mud banks, and marsh seepages). 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.
Where: Pomatiopsis binneyi is a southwest Oregon and northwest California coastal endemic with a very limited potential range known from the Coast Range and the Klamath Mountains ecoregions. In southwest Oregon, P. binneyi has been documented in Coos County and on the Rogue River-Siskiyou National Forest, Gold Beach Ranger District (Curry County). Targeted P. binneyi surveys could occur near the coast on federal lands in these two counties, targeting springs, seeps, and streams with sand-cobble, mud-cobble, or mud substrates. This species is rare and may be confined to the coast and the west side of the Coast range at low elevations (e.g., 80-330 ft.) however surveys could target interior drainages within its narrow habitat requirements. Pomatiopsis binneyi is a riparian associate semi-aquatic snail with very specialized habitat. It occurs in humid habitats and is typically found in trickling water, perennial seeps and rivulets, shallow mud banks, and marsh seepages. 
Surveys are needed to confirm this species occurrence in at additional sites on the Rogue River-Siskiyou National Forest on the Powers Ranger District and in the Josephine Creek watershed of the Illinois River basin in the Illinois Valley Ranger District. Additional surveys could target suitable habitat on the Coos Bay BLM District (in Curry and Coos Counties).
When: In Oregon, P. binneyi has been collected from cold streams, springs, and seeps in May and October; in California, it has been collected in August and September. Sampling in springs can be conducted any time of year but is recommended early to mid-summer except in grazed areas or areas that may experience late-season impacts. Surveys in flowing waters should be conducted after water levels and flows have decreased and survey conditions are safe. Surveys in lakes or other lentic habitats should not occur during the coldest months to improve detection of bottom-dwelling species. These and other recommendations are outlined further in Duncan 2008. 
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