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Scientific Name: Vorticifex klamathensis klamathensis (Baker, 1941)	
Common Name: Klamath rams-horn
Phylum: Mollusca
Class: Gastropoda
Superorder: Hygrophila
Family: Planorbidae
(Bouchet et al. 2017)

Conservation Status:
Global Status: G1T1Q – Critically Imperiled (last reviewed 01 Jun 2000)
National Status (United States): N1 (19 Jun 2003)
State Statuses: S1 (Oregon) 
(NatureServe 2019)
IUCN Red List: NE—Not Evaluated

Taxonomic Notes:
1. This taxon was originally described as Parapholyx effusa klamathensis (Baker 1941). Burch (1989) recognizes Paraphylox as a subgenus of Vorticifex; Turgeon et al. (1998) do not recognize the nominate form nor subspecific groupings, and Paraphylox is not recognized as a valid genus or subgenus. Relationships of this genus still need to be worked out; Taylor (1966) contends the variability within Vorticifex forms is so great that no lower groupings within the genus are practical. Some subspecies may ultimately be recognized as full species or show closer relationships to taxa currently assigned to another species, or even undescribed taxa (Frest and Johannes 1999).
2. Hanna (1963), Taylor (1966), and Frest and Johannes (1999) emphasize the tremendous amount of morphologic variation in the genus Vorticifex. Rib patterns have been used in the past for describing species in the Vorticifex genus, but the character is unreliable and there is much variation within species (Hanna 1963; Albrecht et al. 2007). The male copulatory organ and radula are the most important structures for phylogenetical studies in Planorbidae; however, because this family is morphologically heterogeneous, identification using morphology alone is problematic (Hubendick 1955). Because planorbid snail phenology remains problematic (see Morgan et al. 2002; Jørgensen et al. 2004; Albrecht et al. 2007), additional research and revisions are needed for unresolved taxonomic issues (Frest and Johannes 1995; Albrecht et al. 2007).  

Technical Description: 
Freshwater gastropods can be difficult to properly identify due to their small size, the presence of undescribed species at collection sites as well as the limited taxonomic understanding of the group. Species in the family Planorbidae can often only be identified by examining internal anatomy as shell features often overlap between species (Baker 1945; Hubendick 1955; Hanna 1963). Planorbid snails have discoidal shells (coiled in one plane and flattened like a disc) (Burch 1982) and are mostly orb-shaped, wheel-shaped, or disc-shaped (Baker 1945). Their respiratory, excretory, and reproductive systems are sinistral (terminating on the left side) (Baker 1945; Burch 1982; Dillon 2004). The shell of Vorticifex klamathensis klamathensis is similar to others in the genus, being neritiform and thin with a low spire (Frest and Johannes 1999). The shell is large (2.5 cm in diameter) for the genus and cinnamon-colored with few whorls and no periostracal fringes. It has a shallow and rapidly expanding, nearly flat spire (Frest and Johannes 1999) 
See Attachment 4 for images of the shell of this subspecies.

Life History: 
The Planorbidae are one of the most conspicuous of the families of Basommatophorous pulmonate snails (Dillon 2004). As pulmonates, planorbids have a modified lung supplemented by a pseudobranch or false gill, which they use to breathe air while submerged in water. These snails also use the respiratory pigment hemoglobin, which increases efficiency of oxygen transport. Freshwater pulmonates are hermaphroditic, though most rarely self-fertilize (Dillon 2004). Vorticifex generally lays eggs in tough, flat, circular masses that may be attached to most firm substrates in protected areas of aquatic habitats (Frest and Johannes 1999; Dillon 2004). Members of the genus are believed to lay egg capsules that contain from 6-30 embryos (Frest and Johannes 1999).
Very little is known about the life history of Vorticifex klamathensis klamathensis. Inferring information specific to the members of the planorbid family is met with caution since species of the genus Vorticifex have atypical ecological and life history traits compared with other species in the family and other pulmonates (Frest and Johannes 2002). In fact, most planorbid pulmonate snails are characterized as more tolerant of unfavorable environmental conditions compared with other mollusks, with some planorbids persisting in alkaline, saline, or eutrophic waters because of their modified lung (Baker 1945; Dillon 2004). However, members of the genus Vorticifex are strongly nonconforming for planorbids—as they are stenothermic mollusks found in lotic or lentic habitats that are cold, oligotrophic, and well-oxygenated (Frest and Johannes 1995; 1999; Furnish and Monthey 1998). Because they prefer cool, well-oxygenated habitats, members of this genus do not need to surface for air like most other pulmonate snails that live in shallow, warm habitats (Dillon 2004). 
Vorticifex klamathensis klamathensis has been described as a lithophile and perilithon grazer (Frest and Johannes 1998). Members of the family have been observed grazing on floating and submerged plant leaves and various types of algae and may consume other small organic particles such as detritus, bacteria, and fungal hyphae (Baker 1945; Dillon 2004). Additionally, members of the family may consume siliceous matter taken in with food; this sand material serves to break and grind up food before it enters the intestine (Baker 1945). Perilithon grazers like Vorticifex spp. are considered relatively sessile snails—they may not voluntarily travel far during their lifetime—rarely moving far from their place of birth (Frest and Johannes 1993). The individual life span of this taxon and for planorbids in general is unknown; however, 4-5 year life spans have been suggested (Baker 1945). Life history traits of Vorticifex spp. (and in general for pulmonate snails) indicate they may breed only once in their lifetime and then die (Furnish and Monthey 1998).
Range, Distribution, and Abundance:
Range: This subspecies is restricted to the Upper Klamath Lake drainage, Klamath County, Oregon. 
Distribution: This subspecies was originally described from the east side of Upper Klamath Lake, 13 miles north of Klamath Falls, Oregon (Baker 1941). Comprehensive mollusk surveys by Frest and Johannes (1998) in the Upper Klamath Lake drainage revealed only a few clusters of highly localized sites for this subspecies around the lake. Based on the extent of past surveys, substantial range extension and increases in the number of sites are suggested to be very unlikely (Frest and Johannes 1995). 

BLM/Forest Service Land: Documented: This subspecies is documented on the Fremont-Winema National Forest. Suspected: In Oregon, it is suspected in suitable habitat on nearby BLM lands in the Lakeview District. 

Abundance: Although specific abundance estimates are not available for Vorticifex klamathensis klamathensis, surveys conducted in the 1990s in the Klamath drainage area indicate that this subspecies does not occur extensively throughout the drainage, and their populations are limited to a few sites in the area (Frest and Johannes 1998). Frest and Johannes (1993) indicate abundances for Vorticifex spp. may be similar to that of the genus Juga encountered in less disturbed Pacific Northwest lotic habitats—comprising more than 90 percent of invertebrate biomass. Despite these estimates, Frest and Johannes (1998) describe only a couple of sites (site 6: Link River; Site 157: Upper Klamath Lake on west side of Eagle Ridge) as having “abundant” Vorticifex klamathensis klamathensis. 
Habitat Associations:
This subspecies is a lake endemic only found in the Upper Klamath Lake drainage. It is associated with cold, spring-fed stream and lake habitats in the drainage system, but has not been found in the springs themselves (Frest and Johannes 1998; Frest and Johannes 2002). River habitats for this subspecies are described as having coarse substrates and moderately rapid current velocities and are basalt-lined in some areas. Other riverine habitats are slower flowing, or pooled with a mix of mud bottom and cobbles. Lake habitats have scattered large boulders and cobble on top of a peat substrate (Frest and Johannes 1998). Most sites have no macrophytes, though one spring-fed habitat is associated with abundant Potamogeton crispus and Ceratophyllum sp. (Frest and Johannes 1998). This subspecies has been documented from 1 to 48 inches of water depth, primarily consuming vegetation and algae (living or dead) on the surface of rocks (Frest and Johannes 1998). 
Associated gastropods found during searches for this subspecies include Fluminicola sp. and Vorticifex effusus dalli (Frest and Johannes 1998). This taxon overlaps with Lanx alta (synonymized with Lanx klamathensis), a BLM Sensitive Species in Oregon and Forest Service Region 6 Sensitive Species, and Pyrgulopsis archimedis and Pisidium ultramontanum, both Forest Service Region 6 Sensitive Species (Frest and Johannes 1998; BLM ISSSSP Database 2015; FS ISSSSP Database 2019).
Threats:
Freshwater gastropods presently have the highest extinction rate of any organism relative to their background extinction rate; this is likely a result of their limited dispersal abilities, endemism, and high susceptibility to habitat loss and degradation (Frest and Johannes 1993; Johnson et al. 2013). Mollusks with narrow ranges like Vorticifex klamathensis klamathensis in particular have a high risk of extinction due to their restricted ecological requirements in spring habitats (Frest and Johannes 1998). All Vorticifex species are currently restricted to areas with unpolluted, cold, clear, flowing water, and are intolerant of impoundments, turbid and slack water; water with substantial quantities of herbicides, pesticides, nitrates, or phosphates; habitats with unstable, soft substrate or substantial quantities of suspended fine sediment; hypoxic conditions; and areas subject to frequent water level fluctuations (Frest and Johannes 1993; 1995; 1998). These narrow requirements make this subspecies vulnerable in a drainage system that has become hypereutrophic as a result of poor land-use practices in the basin. V. k. klamathensis is absent from these areas of high nutrient input and sedimentation, which creates undesirable conditions with muddy, soft substrate (Boyd et al. 2002; Frest and Johannes n.d.). Furthermore, the life history traits of Vorticifex spp. put them at risk to habitat degradation and loss. All species in the genus generally appear to breed only once in their lifetime and then die, and usually 90 percent of the population turns over annually so any condition (e.g., excessive sedimentation) that impairs egg laying, or survivorship of eggs or young may result in extirpation (Furnish and Monthey 1998).
Main threats to this subspecies result from disruptive land-use practices and regulation of the lake and river system in the Upper Klamath Lake Drainage area, including: altered groundwater quantity by irrigation projects and oversubscribed water usage, contamination of surface and groundwater from pesticides, and nutrient-enhancement from agriculture (Frest and Johannes 1998; Furnish and Monthey 1998, Boyd et al. 2002; Brown et al. 2009). The Upper Klamath Lake drainage is a highly managed system with extensive irrigation, canals, and additional modifications that date back to the early 1900s (Frest and Johannes 2002). This taxon and other related sensitive species that occur in these habitats have all been impacted by cattle grazing, water demands, and construction of roads (Furnish and Monthey 1998). These habitats are vulnerable to additional threats that occur in the area like dredging, and waste product inputs from agricultural, urban, and industrial pollution (Furnish and Monthey 1998).
Pollution from livestock usage, urban runoff, and agriculture can result in direct mortality of this subspecies and/or habitat degradation from excessive nutrient inputs, lowered dissolved oxygen (DO), or increased water temperatures. Water demands can place pressure on available resources and result in lowered water tables and spring inputs (Furnish and Monthey 1998). Additionally, construction of dams can impact spring flow, slow currents, reduce DO, and increase sedimentation. 
Many of the large springs around Upper Klamath Lake that were modified in the past for log transport are now managed as irrigation projects. In their surveys for this subspecies, Frest and Johannes (1998) found that it was absent from these modified habitats, as springs may no longer be able to buffer the effects of habitat degradation in the lake (Frest and Johannes 1998). Remaining sites appear to be confined to small habitat patches with good water quality (Frest and Johannes 1998). These remaining sites continue to be threatened by pollution, urbanization, habitat degradation, and oversubscribed water usage (USFWS 2010; 2014; NRCS 2014). 
Conservation Considerations: 
Research: The Upper Klamath Lake drainage area hosts a diversity of obligate groundwater-dependent species which are of special conservation concern, including Vorticifex klamathensis klamathensis and other co-occurring sensitive gastropods (Frest and Johannes 1995; 1998; 2002; Brown et al. 2009). Current research in the drainage area is needed to determine species-specific information for this taxon, including basic biology and life history traits as well as its population status (density and abundance), and current distribution. Research is needed to determine the tolerance range of this subspecies to environmental change, and to assess habitat conditions and impacts to groundwater resources. 
Inventory: No known recent surveys for Vorticifex klamathensis klamathensis have occurred in this area; most records date back to the 1990s. Surveys in the future could lead to a better understanding of the current status, range, and population characteristics of this and other sensitive mollusk species that co-occur with V. k. klamathensis in the Upper Klamath drainage area. Continuing to monitor the lake’s associated spring habitats and river ecosystems will provide information on disturbance events, introduced species, and provide a general understanding of endemic species dependent upon this unique network of ancient lakes and springs (Frest and Johannes 2002). Additional surveys for this species could occur at additional suitable habitat in the area of known populations, including spring-influenced habitats in the adjoining Fremont-Winema National Forest. 
Management: The high endemism of Vorticifex klamathensis klamathensis and its narrow ecological requirements in spring-influenced habitats make the species particularly vulnerable to threats from urbanization, habitat modification, and groundwater withdrawal. Management could include mitigating damage to springs, rivers, and lakes in this area from water withdrawal, impoundment, and pollution. Land managers could also monitor activities associated with roads, agriculture, and spring alteration in this area that pollute and degrade these habitats. Threats that degrade water quality and quantity for this species can be mitigated by managing and limiting habitat modifications, and preventing erosion and sedimentation. Nonpoint source pollution, including urban or agricultural runoff and pesticides, may also reduce water quality. Where possible, these impacts should be limited and their effects monitored. If insecticide or herbicide use is planned for areas where this species occurs, alternatives to their use should be assessed. These management actions can ensure better quality and quantity of groundwater associated with springs, lakes, and rivers in this area, which will help sustain critical habitat for groundwater-dependent species. Additional management activities could include monitoring the introduction of exotic mollusks. Future surveys would help provide a basis for determining the most appropriate management actions to support populations.
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ATTACHMENT 2: List of pertinent, knowledgeable contacts
Ed Johannes, Consultant, Deixis Consultants, Seattle-Tacoma Washington. 
Tom Burke, Retired, Regional Mollusk Expert, Pacific Northwest. 


ATTACHMENT 3: Map of known Vorticifex klamathensis klamathensis distribution 
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Known records of Vorticifex klamathensis klamathensis in Oregon, relative to Forest Service and BLM land. 







ATTACHMENT 4: Photographs of Vorticifex klamathensis klamathensis
[image: Vorticifex effusa klamathensis]
Shell of Vorticifex klamathensis klamathensis (Baker 1941). Collected by H. B. Baker in Klamath Falls, Oregon. Used under Fair Use Law, information provided by the National Museum of Natural History, Smithsonian Institution, 10th and Constitution Ave. N. W. DC 20560-0193. (http://www.nmnh.si.edu/). USNM Number: 406024.
ATTACHMENT 5: Survey Protocol 
Taxonomic group: 
Aquatic Gastropoda

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

1. General collection and monitoring methods for aquatic mollusks (pages 64-71):
Frest, T.J. and E.J. Johannes. 1995. Interior Columbia Basin mollusk species of special concern. Final report: Interior Columbia Basin Ecosystem Management Project, Walla Walla, WA. Contract #43-0E00-4-9112. 274 pp. plus appendices.  

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 and Monitoring protocol page, with NRIS/Geobob field forms. Available at: http://www.fs.fed.us/r6/sfpnw/issssp/species-index/fauna-invertebrates.shtml. 

4. ID services page, with current versions of field tags. Available at: http://www.fs.fed.us/r6/sfpnw/issssp/inventories/identification.shtml. 
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. 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. Hand collection, dip-netting, and brush and tray collection are common survey techniques for this species (Deixis MolluscDB 2009). 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. 
When mollusks are observed, collect voucher specimens (live snails or shells) from each survey area. Place live specimens in small vials filled with water from the site. Although Duncan (2008) cautions against over collection of rare species, at least 20 snails should be collected for projects concerning DNA or morphological research if populations are greater than 100 individuals at a given site (Hershler 2016, pers. comm.). Shells can be carefully wrapped in materials from the field site (moss, leaf litter) or some other material such as paper towels to ensure they are not broken in transit. Place live snails in a cooler during the day. Wrap ice in the cooler with a towel and avoid putting snails directly on the ice. In the evenings, relax snails in a mixture of their native water and powdered menthol (equivalent of two crystals). When the body is fully extended and optic tentacles do not retract when touched (typically, 24 hours or longer), place into fresh vials with 80% ethanol. Rapid heat shock may also be used to relax snails; place specimens in large bowl and allow them to start moving around. Once they are out and crawling, quickly dose them with a large volume of almost-boiling water. Let them sit for about 15 seconds, then drain completely and transfer to alcohol. For surveys requiring only DNA preservation, place specimens directly in 95% ethanol.
Species-specific survey details:
Vorticifex klamathensis klamathensis
Where: Vorticifex klamathensis klamathensis is a lake endemic only found in the Upper Klamath Lake drainage around 4,000 ft elevation. It is associated with cold, spring-fed stream and lake habitats in the drainage system, but has not been found in the springs themselves (Frest and Johannes 1998; Frest and Johannes 2002). River habitats for this subspecies are described as having coarse substrates and moderately rapid current velocities and are basalt-lined in some areas. Other riverine habitats are slower flowing, or pooled with a mix of mud bottom and cobbles. Lake habitats have scattered large boulders and cobble on top of a peat substrate (Frest and Johannes 1998). Most sites have no macrophytes, though one spring-fed habitat is associated with abundant Potamogeton crispus and Ceratophyllum sp. (Frest and Johannes 1998). This subspecies has been documented from 1 to 48 inches of water depth, primarily consuming vegetation and algae (living or dead) on the surface of rocks (Frest and Johannes 1998). 
Associated gastropods found during searches for this subspecies include Fluminicola sp. and Vorticifex effusus dalli (Frest and Johannes 1998). This taxon overlaps with Lanx alta (synonymized with Lanx klamathensis), a BLM Sensitive Species in Oregon and Forest Service Region 6 Sensitive Species, and Pyrgulopsis archimedis and Pisidium ultramontanum, both Forest Service Region 6 Sensitive Species (Frest and Johannes 1998; BLM ISSSSP Database 2015; FS ISSSSP Database 2019).
This subspecies has only been found in several localized sites around Upper Klamath Lake where it has been hand-, brush-, tray-, and dip net-collected (Frest and Johannes 1998). Additional existing sites may be in the Fremont-Winema National Forest, where this species is suspected, or on other public lands in the Lakeview District. Initial surveys should take place at the known sites in the Upper Klamath Lake area where the status of this subspecies needs re-evaluation.
When: Surveys might be most successful if conducted in September and October, since most collections have been made in the late summer or early fall, although surveys are likely possible whenever the temperature is above freezing (Johannes 2009, pers. comm.). 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). 
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