SPECIES FACT SHEET

Scientific Name: Juga acutifilosa Stearns, 1890
Common Names: Topaz Juga, Scalloped Juga 
Phylum: Mollusca
Class: Gastropoda
Order: Neotaenioglossa	
Family: Pleuroceridae
(ITIS 2016)

Synonyms: Goniobasis acutifilosa Stearns, 1890 (ITIS 2016)

Conservation Status: 
Global Status:  G2 – Imperiled (last reviewed 01 Jun 2001)
National Status (United States): N2 (last reviewed 01 Jun 2001)
State Status: S1 (OR)
(NatureServe 2015)  
IUCN Red List Category: NT – Near Threatened (Cordeiro and Perez 2011)

Taxonomic Notes: 

1. The type specimen for this species was originally described as Melania (?Goniobasis) acutifilosa (Stearns 1890). This original designation is now considered an invalid junior synonym (Bouchet 2016, ITIS 2016, Strong and Frest 2007), as is Goniobasis acutifilosa siskiyouensis Pilsbry, 1899 (Taylor 1981, Frest and Johannes 2006). Frest and Johannes (2006) outline the complex taxonomic history for this species. The genus changed from Goniobasis to Juga in 1980 and the currently accepted name for this species is Juga (Calibasis) acutifilosa (Burch 1982, Frest and Johannes 2006, Strong and Frest 2007, NatureServe 2015, Bouchet 2016). 

2. Although Juga acutifilosa is the currently accepted name for this species there is still uncertainty in the genus Juga including the classification of this species. In addition to the current anatomical and morphological systematic work that has been done on this group, molecular studies are needed to resolve these uncertainties (Frest and Johannes 2006, Strong and Frest 2007, Cordeiro and Perez 2011). Recent genetic and anatomical analyses are underway to revise Juga (Duncan 2008, Van Norman 2014, pers. comm.). Preliminary mitochondrial DNA work suggests that this species is composite (Frest and Johannes 2005). 


Technical Description: 
Adult: Adults in the genus Juga are medium-sized, freshwater gilled snails with tall conical shells in the Pleuroceridae family. There are three subgenera recognized in the pleurocerid genus Juga: 1. Juga, 2. Oreobasis, and 3. Calibasis (Frest and Johannes 2005, Strong and Frest 2007). Juga (Calibasis) includes the species acutifilosa, and members of this subgenus have several strong radial ribs and few spiral keels (Frest and Johannes 2005, Frest and Johannes 2006). Juga (Calibasis) acutifilosa has a wide range in shell morphology and body color (Strong and Frest 2007) and has a high-spired form with weakly convex whorls with narrow, moderately raised and numerous irregular spiral ribs (Frest and Johannes 2005). The shell can vary in color from black (Stearns 1890) to deep-cinnamon red (Frest and Johannes 2005). The type specimen description, based on about three dozen specimens, is as follows (Stearns 1890): 
Shell slender, elongated; whorls rounded, convex; sutures much impressed. Spire eroded above the fourth whorl. Surface sculptured with strong thread-like revolving keels alternating with broad channels; of these keels there are usually six on the body whorl, sometimes more, and generally three only on the preceding whorls, of which the upper two are rather the most prominent and are usually interrupted and regularly broken up, producing an evenly crenulated chain. Following the wind of the shell and just below the sutures, the whorls broadly slope to the succeeding keel, which gives the shell a turrited outline. Surface of shell a very dark horn color, blackish; aperture small, ovate, inside lighter colored than the surface, the substance of the shell being thin and partially translucent, the keels showing through on the inside of the mouth, when held up to the light. Dimensions of largest: Longitudinal, 16.50mm; latitudinal, 7.50mm.

The most recent and thorough description of J. acutifilosa was described by Strong and Frest (2007) as follows:

External Anatomy: Operculum ovate, with slightly angular tip. Nucleus comprising slightly less than one half of total length (~41%). Ovipositor pore rather deep with deep, highly grooved tract extending to edge of foot, slight distance back from interior pedal gland. Mantle edge crenulated, corresponding to spiral teleoconch sculpture. Ctenidium extending from posterior end of mantle cavity to mantle edge. Hypobranchial gland weakly developed. 

REMARKS: With the exception of minor individual and/or preservational differences, the external anatomy is essentially identical to Juga silicula. Juga acutifilosa differs only in that the operculum is slightly more angular and the nucleus comprises a slightly smaller proportion of the total length, the ovipositor and groove to the edge of the foot are significantly deeper and more grooved, the groove opens to the foot nearer the end of the anterior pedal gland, the gill extend slightly nearer the mantle edge, and the hypobranchial gland is much more weakly developed.

Alimentary System: RADULA: Radula comprising ~104 rows (n = 2). Rachidian basal margin concave bordering bluntly rounded median projection; basal denticles lacking or only slightly developed. Cutting edge bearing one large central conical cusp, and two stout, conical denticles on each side. Lateral teeth with short lateral extensions (slightly less than half the length of lateral cutting edge), and single, prominent triangular cusp flanked by two inner triangular denticles and three to four outer denticles. Weakly developed outermost denticle may be present or absent. Marginal teeth with broadly rounded cutting edges and long, slender shafts. Inner marginal teeth with five and outer marginal teeth with six flattened denticles.

FOREGUT: Radular sac long (~6.7mm), extending back through nerve ring approximately one half distance to supra-esophageal ganglion, then curving anteriorly with tip overlying nerve ring. Long, thin tubular salivary glands passing through circum-esophageal nerve ring, extending to posterior esophagus. 

MIDGUT: Sorting area elongately triangular. Accessory marginal fold forming weak ridge paralleling marginal fold from near esophagus, curving around posterior margin of sorting area, with weakly bifurcate posterior end. Glandular pad moderately large, rounded posteriorly, with coarsely textured surface. Deep pocket extending under glandular pad behind gastric shield. Crescentic ridge bounding narrow, shallow crescentic groove. Style sac large; intestine forming slight protuberance at distal tip of style sac where it separates from the latter.

REMARKS: In comparison to Juga silicula, the denticles of the rachidian and lateral teeth are typically more conical, with fewer denticles present on the rachidian and marginals, but more outer denticles present on the lateral teeth. The weakly developed outermost denticle on the lateral teeth is variably developed, and only very small. Rachidian basal denticles are lacking, or only slightly developed. The radular sac is exceptionally long in this species and the salivary glands appear narrower. Within the midgut, in spite of the differences highlighted above, overall configuration and proportions of features are very similar between Juga silicula and J. acutifilosa, with the exception that the sorting area is more elongately triangular in shape in J. acutifilosa. No significant differences in the configuration of the hindgut, with the possible exception that the hindgut dramatically widens upon entering the mantle cavity in the specimens examined for Juga acutifilosa. However, this may be individual variation.

Reno-pericardial System: REMARKS: Configuration of features within the kidney and density of excretory tissue essentially identical to Juga silicula, with the only exception being that the central lumen within the main chamber is slightly shorter.

Nervous System: Pedal ganglia with two prominent anterior nerves and four smaller accessory nerves.

REMARKS: Configuration of nervous system, including number of nerves produced by major ganglia, otherwise identical to Juga silicula.

Reproductive System: FEMALE: Proximal albumen gland, below pallial portion of bladder, forming small, flattened rounded pouch with glands developed along dorsal axis; shape of pouch somewhat variable. Along anterior ~one third of oviduct, deep sperm gutter present within medial lamina; gutter opening broadly to long, broadly rounded spermatophore bursa. Behind opening to bursa, sperm gutter shallowing abruptly to shallow groove, then rapidly becoming obsolete. Near posterior end of oviduct, small rounded aperture, just inside ventral edge of medial lamina, leading to small narrow seminal receptacle. Low, flatly rounded glandular protuberance from opposing inner surface of lateral lamina slightly extending into receptacle aperture. Extremely thin, glandular ridge extending from protuberance to oviduct anterior tip along inner edge of lateral lamina opposite seminal groove; ridge thickening somewhat anteriorly.

MALE: Glands of medial and lateral laminae forming loosely interlocking tongue and groove arrangement.

REMARKS: In contrast to Juga silicula, the proximal albumen gland forms a small, flattened, rounded pouch. The height and shape of the pouch is variable in J. acutifilosa, but is distinctly smaller and slightly less glandular than the more u-shaped tube in J. silicula. Overall, the capsule and albumen glands are similar in proportion, but the albumen gland is slightly shorter and not as massive as that in J. silicula. In addition, the seminal groove is longer and deeper anteriorly but becomes obsolete before reaching the seminal receptacle, the lateral lamina glandular ridge is much weaker and the protuberance into the aperture of the seminal receptacle is more bluntly rounded than in J. silicula. Male reproductive anatomy is very similar to that of Juga silicula in the morphology of the folds within the prostate, but the folds are not as highly developed and hence, do not tightly interlock to the same degree. In addition, the ventral fold of the medial lamina is less textured and the dorsal and posterior flange is narrower in J. acutifilosa.

Immature: Juga egg masses were described in detail by Frest and Johannes (2006) as follows:

The egg mass generally consists of thick finger-like, elongate, rather weakly coherent gelatinous aggregations, often several cm in length and 2-4 cm in width, with hundreds to thousands of moderately loosely packed, quite small (< 1 mm) eggs, with individual egg boundaries not very apparent, and no regular arrangement of eggs noted. 

Life History:

Adult: Freshwater snails in the genus Juga require cold, clear, well-oxygenated water (Washington Department of Fish and Wildlife 2015). Juga sp. can be found on both soft and hard substrates in streams or springs if these water bodies are of high water quality and are oligotrophic (with low nutrient levels) (Frest and Johannes 2005). Juga snails are considered rasper-grazers and prefer to feed on algae and detritus on rock surfaces and deciduous leaf litter (Hawkins and Furnish 1987, Washington Department of Fish and Wildlife 2015). Individuals in this group grow throughout spring, summer and early autumn and are mostly inactive in winter months or below temperatures of 6°C (Hawkins and Furnish 1987). 
These freshwater snails can reproduce once per year over several years and likely live between two to seven years (Frest and Johannes 2005) reaching sexual maturity in three years (Washington Department of Fish and Wildlife 2015). Adults lay egg masses from spring to mid-summer which can contain hundreds to thousands of individual eggs in an elongate irregular gelatinous mass (Hawkins and Furnish 1987, Fresh and Johannes 2005). Egg masses are often laid under loose but stable cobble substrate or secure wood (Hawkins and Furnish 1987, Frest and Johannes 2006, Washington Department of Fish and Wildlife 2015). 
Immature: There is limited information regarding the immature stages of J. acutifilosa. Knowledge regarding Juga suggests that there is no veliger stage for this species (Frest and Johannes 2006) and that juvenile snails hatch from eggs about one month after eggs are laid (Hawkins and Furnish 1987). They develop two to four shell whorls before leaving the egg mass (Frest and Johannes 2006). 
Range, Distribution, and Abundance:  
Range: Juga acutifilosa is a southwestern Oregon and northeastern California endemic found in streams and springs (Frest and Johannes 2005). Most populations of J. acutifilosa occur in the Klamath drainage of Jackson County, Oregon, and Siskiyou County, California, and in the Pit drainage of Shasta and Lassen Counties, California (Frest and Johannes 2005). 
Distribution: This species has a limited distribution in Oregon and California (Frest and Johannes 2005). The type locality for J. acutifilosa was inaccurately described as Eagle Lake (Stearns, 1890). The corrected type locality for J. acutifilosa is the head of Willow Creek, Lassen County, California (Taylor 1981, Frest and Johannes 2005). According to Frest and Johannes (2005) there are about twenty J. acutifilosa populations known and all of the known Oregon populations occur within or adjacent to the Cascade-Siskiyou National Monument. In Oregon, this species is limited to springs and spring runs in Fall Creek and its drainage (Frest and Johannes 2005). Frest and Johannes (2005) thoroughly surveyed Jenny Creek and adjacent Klamath River drainages in Oregon in 1998 and found that this species also occurs in Shoat Springs and the source springs of Schoolhouse Meadow and much of Fall Creek proper. Strong (2016, pers. comm.) revisited this area in 2014 and 2015 and documented three additional records of J. acutifilosa. Two of the records, from Shoat Springs and an unnamed creek at Skookum Creek Rd., are within the documented range near the Fall Creek proper records (which include Jenny Creek and Spring Creek). The third record is from Keene Creek, which is located about 6 miles further north than previous known records. 
BLM/Forest Service Land: 
Documented: This species is documented on the Cascade-Siskiyou National Monument, BLM Medford District, Jackson County, Oregon (Frest and Johannes 2005). 
Suspected: This species is suspected in creeks and springs on the Rogue River-Siskiyou National Forest. The southern part of the forest is within the Klamath drainage and the recent Keene Creek record of J. acutifilosa (Strong 2016, pers. comm.) suggests this species may have a larger range than previously thought. 
Abundance: Abundance estimates for this species are limited. In general, Juga sp. are less ubiquitous than Fluminicola sp. but can be common in appropriate habitats such as creeks and springs (Frest and Johannes 2005). Frest and Johannes (2005) describe J. acutifilosa as common in Jenny Creek and adjacent Klamath River drainages, counting between 500-1000 individuals per hour of searching. There are about fifteen J. acutifilosa records from Lassen, Modoc, and Shasta Counties in California that have recorded between 3-150 individuals per record (Smithsonian National Museum of Natural History 2016). 
Habitat Associations:
Individuals in the genus Juga prefer and are more successful in large streams with constant discharge, as they provide a more stable environment than small streams (Hawkins and Furnish 1987). Juga acutifilosa type specimens were found at an elevation of about 1550 m (Stearns 1890). Additional records of this species suggest it is associated with low to medium (e.g., 750-1600 m) elevations and prefers large cold springs and their outflows; this species is limited to unpolluted, cold, well-oxygenated water, generally with stable gravel-cobble-boulder substrate (Taylor 1981, Frest and Johannes 2005, Smithsonian National Museum of Natural History 2016). This species prefers shallow waters (e.g., 0-7 cm) but can be found in deeper water up to 40 cm in cold spring or spring influenced creeks on medium gravel or cobbles with a limited areas of mud and silt (Frest and Johannes 2005). Juga acutifilosa is generally found in sites that have a high diversity of aquatic mollusks that are also restricted to high quality (i.e., sand, gravel, cobble, boulder, etc.) substrates in spring-influenced streams and lakes (Duncan 2008). In particular, Juga acutifilosa is associated with Fluminicola n sp. 10 (nerite pebblesnail), F. n. sp. 11 (toothed pebblesnail), F. n. sp. 12 (diminutive pebblesnail), F. n. sp. 13 (topaz pebblesnail), F. n. sp. 14 (Fall Creek pebblesnail), F. n. sp. 15 (contrary pebblesnail), F. n. sp. 43 (Shoat Springs pebblesnail), F. n. sp. 44 (subglobose pebblesnail), and F. n. sp. 45 (picayune pebblesnail), in high quality springs, their outflows, and spring-influenced creeks (Frest and Johannes 2005). 
Threats:
Freshwater snails in the genus Juga are sensitive and intolerant to pollution, warm waters, and low dissolved oxygen levels (Washington Department of Fish and Wildlife 2015). This group is threatened by seasonal fluctuations, water diversions that alter lotic ecosystems, habitat destruction, and pollution (Walker 1981, Washington Department of Fish and Wildlife 2015). This group is also moderately to highly vulnerable to climate change (Washington Department of Fish and Wildlife 2015).
Juga acutifilosa prefers larger springs and limnocrenes (emergences of groundwater flows from aquifers into pools) which are at a higher risk to diversion or modifications. These types of water sources provide a dependable water source for human development and fish hatcheries in areas where J. acutifilosa is found (Frest and Johannes 2005). Some sites with J. acutifilosa populations are protected where springs are fenced in, whereas other sites are at risk if unprotected and suitable for municipal water supply sources (Frest and Johannes 2005). In the Klamath region ecosystems, springs are often degraded for irrigation, domestic use, and/or stock water supply; activities associated with roads and railroads may also divert water and degrade springs in this area (Frest and Johannes 2005).
Changes in temperature, discharge, substrates, food availability and parasitism may affect Juga life span, distribution and abundance (Hawkins and Furnish 1987). Watershed disturbance leads to streambed scour which can have negative implications on many stream invertebrates (Hawkins and Furnish 1987). Additionally, damage of springs by grazing, logging and diversions has caused the widespread loss of Juga species throughout western North America (Washington Department of Fish and Wildlife 2015). The effect of grazing levels and cattle impacts on terrestrial mollusk abundance and diversity were evaluated by Frest and Johannes (2005). Grazing has been documented at several J. acutifilosa population sites in Oregon, evidenced by grazing effects (e.g., destroyed vegetation, damaged soil and stream banks, increased sedimentation and erosion), manure piles, and cow trails (Frest and Johannes 2005). 
Conservation Considerations: 
Research: Many Juga species would benefit from research to clarify taxonomic relationships and quantify the effects of habitat loss and degradation on existing populations (Washington Department of Fish and Wildlife 2015). Genetic studies are needed to clear up taxonomic uncertainties and appropriately assess current conservation status and extinction risk. Additional research to better understand J. acutifilosa distribution, life history and population trends is also needed. 
Inventory: Surveys and monitoring could occur in southwestern Oregon and northeastern California. Documented sites could be resurveyed and suitable habitat in surrounding areas should be assessed. An up-to-date inventory will provide information needed to accurately identify conservation and management needs. Since J. acutifilosa populations are found in Fall Creek and Jenny Creek, part of the Klamath River Drainage, additional populations may be present in appropriate habitat of sub-drainages of the Klamath River Drainage. Klamath River sub-drainages that occur on Medford BLM land and in close proximity to J. acutifilosa records include: Skookum Creek, Oregon Gulch, Lincoln Creek, Salt Creek, Dutch Oven Creek, and Mill Creek. Additional sub-drainages that may host this species on the Rogue River-Siskiyou National Forest include: Grizzly Creek, Hoxie Creek, and Green Creek.
Management: Preventive management actions to protect J. acutifilosa habitat is important as this species prefers larger springs and limnocrenes which are dependable water sources often utilized for human development and fish hatcheries. Management for this species could include mitigating damage to springs in this area from irrigation, domestic use, and/or stock water supply. Land managers could also monitor activities associated with roads and railroads, which often lead to water diversion and spring degradation in this area. Grazing effects (e.g., destroying vegetation, damaging soil and stream banks, increased sedimentation and erosion) have also been documented and steps could be taken to reduce these impacts. Threats that degrade water quality and riparian habitats for this species can be mitigated by managing active grazing sites in riparian areas through implementing suitable buffers and installing fences, limiting road construction, and preventing erosion and sedimentation. These management actions would stabilize springs and creeks, protecting and improving existing habitat.     
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ATTACHMENT 3: Map of known Juga acutifilosa distribution 
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Records of Juga acutifilosa in Oregon, relative to Forest Service and BLM land. 
ATTACHMENT 4: Photographs of this species 
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Shells of Juga. Images of shells associated with Juga acutifilosa include shell set 5 (USNM 60596, lectotype) and 10 - 12 (USNM 1100658; material examined in morphological analysis). Figure extracted from Strong, E.E. and T. Frest. 2007. On the anatomy and systematics of Juga from western North America (Gastropoda: Cerithioidea: Pleuroceridae). The Nautilus, 121: 43-65.
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Radula of Juga acutifilosa (USNM 1100659). (38) Section of anterior radular ribbon; (39) Rachidian and lateral teeth; (40) Detail of rachidian teeth; (41) Detail of lateral teeth. Note very weak development of tiny outer fourth denticle; (42) Marginal teeth; (43) Detail of cutting edge of marginal teeth. Note unequal size of cusps on inner and outer teeth. Figure extracted from Strong, E.E. and T. Frest. 2007. On the anatomy and systematics of Juga from western North America (Gastropoda: Cerithioidea: Pleuroceridae). The Nautilus, 121: 43-65.


Reproductive anatomy of Juga acutifilosa (USNM 1100659). (44) External, left lateral view of pallial oviduct. Anterior is to the left. Arrow indicates posterior extent of opening to gonoductal groove. "◄" indicates transition between albumen and capsule glands; (45) External, left lateral view of prostate. Anterior is to the left. Arrow indicates posterior extent of opening to gonoductal groove: (46) Internal view of prostate medial lamina. Anterior is to the right; (47) Internal view of prostate lateral lamina. Anterior is to the left. Figure extracted from Strong, E.E. and T. Frest. 2007. On the anatomy and systematics of Juga from western North America (Gastropoda: Cerithioidea: Pleuroceridae). The Nautilus, 121: 43-65. 
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Anatomy of Juga acutifilosa (USNM 1100659, except when noted). (34) Operculum; (35) Ovipositor and egg groove (USNM 1100658). Right lateral view of head-foot; (36) External view of organs in visceral mass (USNM 1100658). Dotted line indicates extent of pericardium under main kidney chamber; (37) Midgut anatomy. Dorsal view, anterior is uppermost. Figure extracted from Strong, E.E. and T. Frest. 2007. On the anatomy and systematics of Juga from western North America (Gastropoda: Cerithioidea: Pleuroceridae). The Nautilus, 121: 43-65.
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Several J. acutifilosa specimens have been collected at Shoat Spring (pictured above). Juga acutifilosa was collected downstream from the springs in the spring run on July 11, 2015, in Lincoln County, Oregon (42.04600, -122.33619). Photograph by Ellen Strong, used with permission. 
[image: ]
Juga acutifilosa collection site (September 15, 2015) at Keene Creek in Lincoln, Oregon (42.104703, -122.412919). Photograph by Ellen Strong, used with permission.
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Juga acutifilosa collection site (September 15, 2015) at an unnamed creek at Skookum Creek Rd., Jackson County, Oregon (42.029013, -122.338278). Photograph by Ellen Strong, used with permission.

ATTACHMENT 5:  Aquatic Gastropod Survey Protocol, including specifics for this species

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
Species-Specific Survey Details:
Juga acutifilosa 
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., Juga acutifilosa). 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 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. 
When mollusks are observed, collect voucher specimens (live snails or shells) from each survey area. 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.).  Place live specimens in small vials filled with water from the site. 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.
Where: Freshwater snails, especially in the Juga genus, utilize freshwater habitats such as springs, streams, seepage areas, and rivers. Juga acutifilosa prefers large cold spring habitats and their outflows. Identifying springs in natural areas that are intact, unpolluted, clear, cold, and with a coarse substrate will provide the most likely species-specific habitat. Additionally, identifying the presence of aquatic mollusks that co-occur with J. acutifilosa such as members of Fluminicola (Frest and Johannes 2005) may increase the likelihood of detection. Juga acutifilosa has been observed in northeastern California and southwestern Oregon. Therefore surveys could occur at known sites and at additional sites with suitable habitat adjacent to areas of detection, including the Klamath drainage, Jackson County, Oregon, and Siskiyou County, California, and in the Pit drainage, Shasta and Lassen Counties, California. The habitat for Juga acutifilosa consists of large streams, high quality springs, their outflows and spring-influenced creeks with constant discharge. This species is likely to be found in very cold, clear water with high dissolved oxygen content at low to medium (e.g., 750-1600m) elevations, in shallow waters (e.g., 0-7cm) on coarse, stable gravel-cobble-boulder substrate.
When: Survey success for J. acutifilosa may be highest in September and October as this is when this species has been collected in the past. 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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