SPECIES FACT SHEET

Scientific Name:  Lanx alta (Tryon, 1865)
Common Name(s):  Highcap lanx

Phylum: Mollusca
Class: Gastropoda
Order: Basommatophora
Family: Lymnaeidae
Subfamily: Lancinae

(ITIS 2017; NatureServe 2017)
Synonyms: Lanx klamathensis and Lanx subrotunda (Campbell et al. 2017)
Conservation Status:
Global Status: 
· Lanx alta- G2 (last reviewed 24 March 2005)
· ‘Lanx subrotunda’- G2 (last reviewed 1 June 2000)
· ‘Lanx klamathensis’- G1 (last reviewed 1 June 2000)
National Status (United States): 
· Lanx alta – N2 (1 June 2000)

· ‘Lanx subrotunda’- N2 (1 June 2000)
· ‘Lanx klamathensis’- N1 (1 June 2000)
State Statuses: Oregon- S1 (L. alta, L. klamathensis), S2 (L. subrotunda)
Federal Status (United States): None
(NatureServe 2017)

IUCN Red List: Not yet assessed (IUCN 2017)
Taxonomic Note: 
A recent study by Campbell et al. (2017) synonymized Lanx klamathensis and Lanx subrotunda with Lanx alta based on genetic and molecular sequencing. The analyses included cox1, 16S, calmodulin intron, and 28S rDNA partial sequences. Overall, Lanx populations in the Rogue and Smith River systems were found to be more variable in molecular and genetic characteristics than those in the Klamath and Umpqua river systems, and the variation in data among all these populations supported infraspecific (below the level of the species) variation (Campbell et al. 2017). As a result, we treat L. klamathensis and L. subrotunda as synonyms of L. alta, but note specifics relevant to previous names where they may be helpful.
Technical Description: 
Limpet-shaped snails in North America are found in four families within the order Basommatophora: Acroloxidae, Lymnaeidae, Ancylidae, and Planorbidae (Burch 1989; ITIS 2017; IUCN 2017). It is likely this shell shape evolved multiple times in response to adaptations to survive rapid currents and decrease drag (Burch 1989). Of the freshwater limpet-shaped snails of North America, those within the families Acroloxidae and Lymnaeidae have a dextral anatomy (openings from body systems on the right side of the snail), and those in Ancylidae and Planorbidae have a sinistral anatomy (openings on the left side; Burch 1989). Snails in the family Lymnaeidae have complete circumferential muscle scars, differentiating them from other freshwater limpets (those in the genus Rhodacmea (Planorbidae) have almost complete muscle scars, but are restricted to the southeast United States; Burch 1989; IUCN 2017). The jaw of snails in the family Lymnaeidae, including Lanx, is composed of a large upper piece and two lateral appendages (Pilsbry 1925).
Snails in the subfamily Lancinae within Lymnaeidae can be up to 20mm in length (Campbell et al. 2017). Lanx are large, freshwater, limpet-shaped snails (NatureServe 2017). Overall, Lanx have a patelliform shape (Frest and Johannes 1995b). According to a recent genetic and molecular study by Campbell et al. (2017), synonymizing Lanx klamathensis and Lanx subrotunda with Lanx alta results in Lanx alta having variable (or environmentally plastic) shell shapes. Overall, it is not uncommon for limpet shells to have varying morphology especially when exposed to different environmental conditions, such as different flow conditions or predators (Campbell et al. 2017). 
Species in the genus Lanx have the shell apex near the midline, somewhat in front of center and sometimes slightly to the left (Baker 1925). The muscle-scars on their shells are ring-like and complete (as mentioned above) with a small jagged area on right side. Lanx alta (as recognized prior to synonymizing) was described as having a fairly large (15mm in length on average) and evenly dark red shell (for younger specimens), with its height being about 2/3 of its greatest length and the width slightly exceeding the height. Shell coloration in older specimens may include a reddish brown apex with a yellowish-brown periphery (Frest and Johannes 2000). Lanx alta (previously Lanx subrotunda) has a slightly different shell morphology. Its length is often 10-12mm, and its shell can be reddish-brown or cinnamon in colored with a yellowish periphery in older shells (Frest and Johannes 2000). Lanx alta previously assigned to Lanx klamathensis have particularly depressed and thin shells (Pilsbry 1925). 
Identification tips:

· ≈10-20mm in length

· Patelliform shell

· Red/ yellow/ brown shells

· Complete muscle scar on shells
Life History: 
There are 9 genera of snails within the family Lymnaeidae. A single, well-developed clade is supported phylogenetically for this family, and the subfamily Lancinae has fossils dating back to the Cretaceous (Frest and Johannes 2001; Johnson et al. 2013). 

Gastropods in the family Lymnaeidae are hermaphroditic. Unlike most species in Lymnaeidae, which lay eggs in a large, gelatinous matrix, and are often multivoltine, those in the subfamily Lancinae reproduce only once and usually have a one-year lifecycle. Lancinae species have small egg capsules that usually contain less than one dozen eggs each (Johnson et al. 2013). Lancines have large feet with thick, muscular soles that support their ability to attach to rocks in swift water (Baker 1925). Their visceral mass is reduced to fit into their compact shells, especially at the expense of their digestive glands. A full anatomical description of Lanx can be found in Baker (1925). 
Gastropods in the subfamily Lancinae do not have gills, gill-like structures, or lung-like structures (Pilsbry 1925). Instead, they respire directly through their mantle, which is highly vascularized. They also have an enlarged heart. They require habitat with high concentrations of dissolved oxygen, and are very sensitive to hypoxia or anoxia. Thus, they are unable to survive very long out of water, which limits their dispersal capacity. The majority of dispersal for species in the subfamily Lancinae requires movement within connected freshwater habitat, so dispersal usually occurs in the same drainage (Frest and Johannes 1995b; Frest and Johannes 2005; Campbell et al. 2017). Lanx are obligate perilithon feeders (Frest and Johannes 1995a; Frest and Johannes 2000).

Because of their short (1 or 2 year) lifecycle and their generally preferred habitat of high-quality, swiftly moving waters, Lanx alta are most likely to be successfully located and identified when flow is lower (when their habitat is more exposed) such as late summer, and also when they are at a larger size. Of the records obtained that contain the date the species was observed or recorded, over 30% of observations of Lanx alta were made in October, followed by August, September, and July. This suggests that in general July-October is a reasonable sampling period for L. alta.
Range, Distribution, and Abundance:
Type Locality: 
Lanx alta- Klamath River (no specific locality). Holotype ANSP 21960; paratypes ANSP 330081 (Frest and Johannes 2005).
Lanx klamathensis- South end of Upper Klamath Lake, Klamath Falls, Oregon (Taylor 1981).
Lanx subrotunda- Umpqua River, Oregon (no specific locality).
Range:
All limpet-like snails in the family Lymnaeidae in North America (members of the genera Lanx and Fisherola) are restricted to the western United States including Washington, Oregon, California, and Idaho, as well as parts of British Columbia (Burch 1989; NatureServe 2017). 42% of species in the family Lymnaeidae have distributions limited to only one or two states or provinces (Johnson et al. 2013). Most species in the subfamily Lancinae (which has only a few species) occur in a few streams in southwestern Oregon or northwestern California and have very restricted distributions (Frest and Johannes 2001; Frest and Johannes 2005).

The historic range of Lanx alta (prior to synonymization) includes drainages of the Klamath River and tributaries surrounding Upper Klamath Lake, Umpqua River, Rogue River, South Fork Trinity River, Lost River, Sprague River, and Smith River in California and Oregon. Counties with historic records along the Rogue River include Josephine, Jackson, and Curry, including sites in the Siskiyou and Rogue River National Forests. Other counties with historic records include Klamath County in Oregon; and Del Norte, Humboldt, and Siskiyou counties in California. Other National Forests with historic records include the Winema, Klamath, Six Rivers, and Trinity (Frest and Johannes 2005). The historic range of Lanx alta prev. Lanx klamathensis includes the Klamath basin of California and Oregon including Upper Klamath Lake and basin including surrounding tributaries and springs, Klamath River, Link River, and Pitt River. Populations likely resided in Lower Klamath Lake and Tule Lake as well, and possibly Lake of the Woods (Frest and Johannes 1995a). Overall, lake-living Lanx spp. appear to have once been common in parts of the interior basin of Oregon, but most of these lakes are now dry or alkaline. For example, Agency Lake (which used to sustain populations of Lanx) dried in the early 1990’s, and many springs surrounding Upper Klamath Lake underwent invasive modifications for irrigation projects or log transport (Frest and Johannes 1995a). The historic range of Lanx alta prev. Lanx subrotunda includes the drainages of the Umpqua and Rogue Rivers in Oregon and the Smith River in California.
Distribution: 
The current distribution of Lanx alta includes populations in both California and Oregon. In Oregon, this species can be found in the mainstem Klamath River (though many of these populations are now extinct), Rogue River (primarily in lower and middle reaches), Sprague River, Williamson River, Umpqua River, North Umpqua River, and some tributaries of the Umpqua River. L. alta is also known from a few sites in and near Upper Klamath Lake, OR, mostly in limnocrene springs and some tributaries (Frest and Johannes 1995a; Frest and Johannes 2005; NatureServe 2017). These sites include the Link River and localities in the Upper Klamath Lake National Wildlife Refuge and the Winema National Forest. 
BLM/Forest Service Land: 
Documented: 
L. alta has been documented in the Umpqua National Forest in the North Umpqua River and the Fremont-Winema National Forest in Klamath Lake, Tecumseh Spring, the Sprague River, the Williamson River, Odessa Creek, and Malone Spring, among other locations. L. alta has also been documented on BLM land in the Lakeview District in the Klamath River basin; in the Roseburg District in Cow Creek at the mouth of Salt Creek (very near the Rogue-River Siskiyou National Forest), the Umpqua River below Hubbard Creek, and at Whistlers Bend Park; and in and near the Medford District.
Suspected:

Lanx alta is suspected on the Rogue River-Siskiyou National Forest due to proximity to known records (Frest and Johannes 1995a). Populations have been recorded just south of the southern boundary of the Siuslaw National Forest, so it is possible L. alta could be found here (e.g., the Smith River), or also on BLM-managed land in the Coos Bay District (e.g., in additional sites the Umpqua River).
Abundance: 
Declines in abundance of Lanx alta have been observed in recent years. For example, in 2002, the species was abundant in the Klamath River at the Randolph Collier Rest Area, and by 2013, it was present but in very reduced numbers (Johannes and Clark 2016). It was also absent from some sites in the Shasta River in 2013 where it had been present in 1993 (Johannes and Clark 2016). Frest and Johannes (1995a) note general declines in abundance and number of occupied sites. Populations can range anywhere from sparse with rare occurrences to abundant with tens of thousands of individuals.
Habitat Associations:
Gastropods in the subfamily Lancinae are found in water that is well-oxygenated, cool, and flowing (often swiftly). Springs or habitats downstream of springs are common habitats of lancines. They also prefer areas that have rocky substrate (Frest and Johannes 2005; Campbell et al. 2017). Lanx alta in particular prefers stable cobble-boulder substrate in areas with very high water quality (Frest and Johannes 2000). Lanx alta is found in large rivers and their major tributaries at low to medium elevations, springfed lakes, limnocrene streams, and larger, slow, springfed tributary streams (Taylor 1981; Frest and Johannes 1995a; Frest and Johannes 2000; Frest and Johannes 2001). Mollusk species that co-occur with Lanx alta include Pyrgulopsis archimedis, Pyrgulopsis n. sp. 1, Lyogyrus spp., Fluminicola spp., and Vorticifex klamathensis klamathensis.
Threats:
Changes to flow characteristics in L. alta habitat can threaten their populations, especially because the species requires high dissolved oxygen concentrations and good water quality in general. Populations are often found in areas of higher river flow and cooler temperatures. Direct actions that have and can detrimentally alter flow characteristics in L. alta habitat include water diversions, groundwater extraction, and impoundments. Impoundments have especially reduced usable habitat for L. alta; the Trinity and Klamath Rivers are prime examples (Frest and Johannes 2005; Johannes and Clark 2016; NatureServe 2017). Drought and climate change also threaten usable habitat for L. alta, often in terms of altered water flow patterns and quantities, altered peak and low flows, changes in water temperature (often warming), and especially by changes in amount, timing, and type (rain vs. snow) of precipitation and an altered snowpack (Johannes and Clark 2016).

Activities that increase siltation and/or nutrient loads into Lanx alta habitat impact their populations through reduced water quality, altered substrate characteristics (often moving away from the preferred rocky substrate), and by contributing to lowered dissolved oxygen. Actions that contribute to these impacts include cattle grazing, nutrient addition due to agricultural runoff, logging, gold mining, and generalized pollution (Johannes and Clark 2016; NatureServe 2017). Wastewater effluent has been a problem for L. alta population persistence, not only increasing nutrients and turbidity of the water, but also often causing warming of the water (Frest and Johannes 2005). Invasive species are another potential threat to L. alta populations (Johannes and Clark 2016). 
In general, freshwater aquatic habitat in southwestern Oregon is threatened by rapid urbanization and the problems that come with it, including increased direct domestic water use, habitat alteration, increased nutrient loads, and contentious water rights issues (often not favoring in-stream water rights for habitat use; this is a problem in the Upper Klamath Lake Basin) (Frest and Johannes 1995a; NatureServe 2017).
Populations in the Upper Klamath Lake basin are also threatened by hypertrophism and eutrophication, nutrient problems, and a transition towards soft as opposed to rocky substrate (Frest and Johannes 1995a; NatureServe 2017). Populations in springs are especially threatened by overgrazing, use of springs by livestock, and domestic use (Frest and Johannes 1995a; NatureServe 2017). Many springs in the area of Upper Klamath Lake were modified for log transport or irrigation projects, also reducing potential L. alta habitat (Frest and Johannes 1995a). 
Conservation Considerations:
Note: While Lanx subrotunda and Lanx klamathensis have been synonymized with Lanx alta, some infraspecies genetic differences, especially among populations in different river basins, may have evolutionary significance important for conservation consideration (Campbell et al. 2017). 

Research: Additional genetic analyses could help increase our understanding of the connectivity of existing L. alta populations, which may have conservation implications.
Inventory: Further inventory work to detect L. alta populations would be beneficial to gaining a more robust picture of how much populations have declined, whether historic populations are still extant, and where populations may have been able to disperse. 
Management: Maintenance or restoration of natural flow conditions can minimize threats and/or restore potential habitat for Lanx alta. Some particular actions could include dam removal, changing dam management towards a more natural flow regime, reducing withdrawals or pumping, and maintaining or restoring native riparian communities. Any actions that protect current or potential L. alta habitat from siltation or substrate degradation would also benefit the species; these include reduced development near L. alta sites and elimination or reduction of grazing. Restricting effluent and minimizing chemical use near L. alta sites would also benefit their populations.
Version 2: 
Prepared by: Laura McMullen

The Xerces Society for Invertebrate Conservation

Date: December 2017

Reviewed by: Candace Fallon

The Xerces Society for Invertebrate Conservation

Date: December 2017
Version 1: 
Prepared by: Nancy Duncan
The Xerces Society for Invertebrate Conservation

Date: April 2008
Reviewed by: Rob Huff
US Forest Service
Date: January 2009
ATTACHMENTS:
(1) References 
(2) List of pertinent or knowledgeable contacts 
(3) Map of known records in Oregon
(4) Photographs and/or illustrations of this species

(5) Survey protocol, including specifics for this species
ATTACHMENT 1: References
Baker, H.B. 1925. Anatomy of Lanx, a limpet-like lymnaeid mollusk. Proceedings of the California Academy of Sciences (fourth series) 14(8): 143-169.

Burch, J.B. 1989. North American Freshwater Snails: Introduction, Systematics, Nomenclature, Identification, Morphology, Habitats, Distribution. Society for Experimental and Descriptive Malacology: Ann Arbor, Michigan. 
Campbell, D.C., S.A. Clark, and C. Lydeard. 2017. Phylogenetic analysis of the Lancinae (Gastropoda, Lymnaiedae) with a description of the U.S. federally endangered Banbury Springs lanx. Zookeys 663: 107-132.

Frest, T.J., and E.J. Johannes. 1995a. Freshwater mollusks of the Upper Klamath drainage, Oregon. Deixis Consultants, Seattle, WA. 68 pages plus appendices. 

Frest, T. J., and E. J. Johannes. 1995b. Interior Columbia Basin mollusk species of special concern. Final report:  Interior Columbia Basin Ecosystem Management Project, Walla Walla, WA. Deixis Consultants, Seattle, WA. Contract #43-0E00-4-9112. 274 pp. plus appendices.  

Frest, T.J., and E.J. Johannes. 2000. Baseline Mollusk Survey of Southwestern Oregon, with Emphasis on the Rogue and Umpqua River Drainages, Deixis Consultants, Seattle, WA. 

Frest, T.J., and E.J. Johannes. 2001. Baseline Freshwater Mollusk Survey of Mount Rainier National Park. Prepared for Mount Rainier National Park. Deixis Consultants, Seattle, WA.
Frest, T. J., and E. J. Johannes. 2005.  Grazing effects on springsnails, Cascade-Siskiyou National Monument, Oregon. Deixis Consultants, Seattle, WA. Prepared for World Wildlife Fund. 182 pp.

[ITIS]. Integrated Taxonomic Information System. 2017. [online resource]. Available at http://www.itis.gov. (Accessed November 2017). 
Johannes, E.J., and S.A. Clark. 2016. Freshwater mollusk declines, local extinctions and introductions in five northern California streams. Tentacle 24: 22-25.

Johnson, P.D., A.E. Bogan, K.M. Brown, N.M. Burkhead, J.R. Cordeiro, J.T. Garner, P.D. Hartfield, D.A.W. Lepitzki, G.L. Mackie, E. Pip, T.A. Tarpley, J.S. Tiemann, N.V. Whelan, and E.E. Strong. 2013. Conservation status of freshwater gastropods of Canada and the United States. Fisheries 38(6): 247-282.

NatureServe Explorer. 2017. [online resource]. Available at explorer.natureserve.org. (Accessed November 2017). 
Pilsbry, H.A. 1925. The family Lancidae distinguished from the Ancylidae. The Nautilus 39(3): 73-75.
[IUCN] The IUCN Red List of Threatened Species. 2017. [online resource]. Available at www.iucnredlist.org. (Accessed October 2017). 
Taylor, D.W. 1981. Freshwater mollusks of California: a distributional checklist. California Fish and Game 67(3): 140-163.
Tryon, G.W. 1865. Descriptions of new species of North American Lymnaeidae. American Journal of Conchology 1: 223-231.

ATTACHMENT 2: List of pertinent, knowledgeable contacts
Tom Burke, Regional Mollusk Expert, Pacific Northwest  

David Campbell, Assistant Professor of Geology, Gardner-Webb University 

Ed Johannes, Deixis Consultants, Seattle-Tacoma, Washington 

Barry Roth, independent consultant, San Francisco, CA
ATTACHMENT 3: Map of known Lanx alta distribution 
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Known records of Lanx alta in Oregon, relative to Forest Service and BLM land, and color coded by the species designation at time of collection.
ATTACHMENT 4: Photographs of this species 
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Lanx alta shells relative in size to a penny. Photo credit: Laura McMullen/The Xerces Society.
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Interior of a Lanx alta shell. Notice the complete muscle scar. Photo credit: Laura McMullen/The Xerces Society.
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Lanx alta attached to a boulder in the North Umpqua River, Oregon. Photo credit: Emilie Blevins.
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Ventral view of Lanx alta in the field. Photo credit: Emilie Blevins.
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Lanx alta habitat in the North Umpqua River, OR. Notice the two prominent L. alta on the rock in the central foreground. Photo credit: Emilie Blevins.
ATTACHMENT 5: Survey Protocol 
Survey Protocol:
Taxonomic group: 
Aquatic Gastropoda

How: 
Please refer to the following documents for detailed mollusk survey methodology: 

1. General collection and vouchering methods for aquatic and terrestrial 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: http://www.fs.fed.us/r6/sfpnw/issssp/species-index/fauna-invertebrates.shtml].
3. Inventory information for mollusk site surveys:
· 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: 

Lanx alta
How: 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., rocky substrates, high water quality areas, areas with natural flows or strong flows for Lanx alta). Record geographic coordinates and key habitat features for each site surveyed. 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 et al. (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 et al. 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.
This species can be identified by its patelliform shell shape that is 10-20 mm in length, ranging from a red or yellow to brownish color. When examining empty shells, look for a complete muscle scar.

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. Surveying sites where management actions may impact the species is considered a priority. Known collection sites of L. alta could be re-visited to evaluate current population status.
Where: In freshwater habitats mentioned above under Distribution section including rivers, springs, and lakes in southwestern Oregon; populations have also been found in northern California. This includes locations in the mainstem Klamath River, Rogue River, Sprague River, Williamson River, Umpqua River, North Umpqua River, some tributaries of the Umpqua River, and sites in and near Upper Klamath Lake (Frest and Johannes 1995; Frest and Johannes 2005; NatureServe 2017). Surveys are recommended in areas that exhibit typical habitat for L. alta including areas with well-oxygenated and cool water and rocky substrate in rivers, streams, springs, and lakes near flow input or output.

When: 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. Populations of this species will be easier to locate (and may be safer to sample) during drier months (typically June - October depending on the site). Surveys in lakes or other lentic habitats should not occur during the coldest months to improve detection of bottom-dwelling species. Recommendations are outlined further in Duncan et al. 2008. 
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