SPECIES FACT SHEET

Scientific Name: Taylorconcha insperata Hershler, Liu, Frest, Johannes & W. H. Clark 2006
Common Name: A freshwater snail; unexpected pebblesnail
Phylum:  Mollusca
Class:  Gastropoda
Order:  Neotaenioglossa
Family: Hydrobiidae
(NatureServe 2015, ITIS 2016)
Conservation Status: 
Global Status:  G1 (Last reviewed 11 May 2006)
National Status (United States): N1 (Last reviewed 11 May 2006)
State Status (Oregon): S1 
(NatureServe 2015)  
Taxonomic Note:  

Taylorconcha insperata (Hershler et al. 2006) is one of only two species in the relatively new genus Taylorconcha (the other species being T. serpenticola [Hershler et al. 1994]. 
Technical Description: 

This taxon belongs to a genus of small freshwater snails commonly known as the mud snails. Taylorconcha insperata was recently described by Hershler et al. (2006) as follows:
Species Diagnosis: A species of Taylorconcha readily distinguished from its congener by it larger, broader shell; more convex and strongly shouldered teleoconch whorls having impressed sutures; more rounded and thinner adapical portion of aperture; and tan periostracum. Also differs from its congener in having a broader lateral radular tooth face; lighter body pigment; more posteriorly elongate ctenidium; and larger subterminally positioned female genital aperture. 
Species Description: Shell fairly thickened, broadly conical with intact spire; height, 2.42-3.40 mm; whorls 3.25-3.75. Protoconch 1.25 whorls, diameter about 560 µm. Teleconch whorls medium convex, having impressed sutures and rather broad shoulders. Aperture ovate, sometimes weakly angled above. Parietal lip complete, adnate, often thickened. Columellar lip medium width. Outer lip slightly thickened, prosocline. Umbilicus usually perforate, sometimes narrow or rimate. Shell clear-white: periostracum tan. Outer side of operculum smooth or having last 0.5 whorl frilled; inner side having attachment region slightly roughened. Central radular tooth trapezoidal, with short neck; width about 27 µm, cutting edge straight or slightly concave, lateral cusps 5; central cusp long, dagger-like; basal cusps 1-2; basal tongue V- or U-shaped, a little shorter than lateral margin. Lateral tooth face rectangular, angled; central cusp parallel-sided, pointed, lateral cusps 2-3 (inner), 3-4 (outer); outer wing broad, flexed, about 150% length of cutting edge. Inner marginal teeth having 16-21 cusps. Outer marginal teeth having 17-28 cusps. Head-foot often entirely pale (except for black eyespots); occasional specimens having black granules scattered on snout and side of foot and black streaks lining edges of cephalic tentacles proximally. Pallial roof, visceral coil lightly to moderately pigmented with scattered black granules; pigment cover heavier on gonads. Cerebral, pleural, and pedal ganglia pale. Penis pale or having light grey internal pigment core. Ctenidium filling most of length of pallial cavity, posterior end positioned a little in front of pericardium; ctenidial filaments about 17, well developed, broadly triangular and fairly tall, without pleats. Osphradium elongate, usually curved at both ends, positioned opposite middle of ctenidium. Hypobranchial gland not evident in dissection; kidney having very short pallial section. Anterior vas deferens having a few small undulations on floor of pallial cavity. Penis somewhat flattened, inner edge usually smooth, sometimes having a few folds in incompletely relaxed specimens. Penial duct narrow, positioned near outer edge, straight except for a few weak medial undulations. Rectum without arch, forming deep furrow (Rf) on glandular oviduct. Seminal receptacle (Sr) superficial on albumen gland (Ag), terminating a little in front of posterior edge of gland. Posterior section of capsule gland (Cg) composed of two or three distinct white lobes. Genital aperture (Ga) a large subterminal pore.   
See Appendix 4 for an illustration of the shell and electron micrographs of the shell, operculum, and radula of this species. Details of the genitalia of this species are illustrated in Hershler et al. (2006). 
Life History:
Taylorconcha insperata is a small gill-breathing freshwater gastropod. Little is known regarding the feeding habits, growth, reproduction, and life span of this recently described species. Taylorconcha insperata and T. serpenticola are the only two species in the genus Taylorconcha, and similarities can possibly be drawn from the Taylorconcha lineage. More information is available about the federally threatened species T. serpenticola (USFWS 1992, 2009). 
Taylorconcha serpenticola colonies are found in spring, spring-influenced, and riverine habitats in the middle Snake River (Frest and Johannes 1992, Hershler et al. 1994), whereas T. insperata has been found only in riverine habitats in the Owyhee and lower Snake Rivers (Frest 2003, Hershler et al. 2006). Taylorconcha insperata
 prefers protected habitats including tributary deltas, back eddies and steep bank slopes; it is not found in stagnant pools, areas with high velocity currents, or near sheer rock faces (Richards et al. 2005). 
Similar to most prosobranch gastropods, T. insperata individuals are likely dioecious (i.e., male and female) and iteroparous (i.e., mates more than once in a lifetime) (USFWS 2005, 2009). It is likely T. insperata adults complete their life cycle within one year with annual population turnover and reproduce in winter months, similar to its close relative T. serpenticola (Hershler et al. 1994).  Spring colonies of T. serpenticola lay eggs between December and March whereas river colonies lay eggs between January and February (Hershler et al. 1994). Many hydrobiinids in this region, including T. serpenticola and likely T. insperata, lay single eggs on hard substrates under or on lateral sides of rocks; these eggs hatch roughly one month after oviposition (Frest and Johannes 1992, USFWS 2005). 
Hydrobiinid adults are often found in protected areas underneath and around rocks (Frest and Johannes 1992). Adult Taylorconcha sp. prefer stable cobble-boulder substrates and avoid soft silty substrates (Hershler et al. 1994, Richards et al. 2005, USFWS 2009). Hydrobiidae snails in general are scraper–grazers that feed on algae, diatoms, and detritus. Since the closely related T. serpenticola prefers to feed on epilithic periphyton (i.e., biofilms on submerged rock surface) (Frest and Johannes 1992, USFWS 2009), it is likely that T. insperata also shares these feeding preferences. In habitats influenced by cold springs, T. insperata often co-occurs with Fluminicola sp. (Richards et al. 2005). Taylorconcha insperata seems to be photophobic (i.e., light sensitive) and was observed aggregating in cracks and fissures of cobbles above the anoxic substrate layer (Richards et al. 2005). 
Range, Distribution, and Abundance:  

Range: Taylorconcha insperata is a cold-water and likely spring-associated species with a limited range. It is found in the middle Owyhee and Hells Canyon watershed (Watershed Region 17) (NatureServe 2015). This watershed spans Oregon and Idaho and encompasses the middle Owyhee River and the lower Snake River, in Malheur County and Wallowa County, respectively (Hershler et al. 2006). This species is found in less than a 100 km2 area in each location in the Owyhee River and lower Snake River (Hershler et al. 2006, NatureServe 2015).
Distribution: This species is known from two rivers on the border of Oregon and Idaho: the lower Snake River in Hell’s Canyon and the middle Owyhee River to the south. The holotype was collected from the Owyhee River in Malheur County, Oregon (Hershler et al. 2006). Taylorconcha insperata is likely to be distributed in rivers, tributary deltas, and back eddies at elevations around 1200m at depths less than 1m, similar to the localities in which this species was collected (Richards et al. 2005, Hershler et al. 2006, NMNH 2016).     
BLM/Forest Service Land: 
Documented: This species is documented on the lower Snake River in Hells Canyon, Wallowa-Whitman National Forest, Wallowa County, OR. It is also documented on the middle Owyhee River on the Vale BLM District, Malheur County, OR. 

Suspected: This species is not suspected on additional BLM or Forest Service lands in Oregon and Washington but may have an extended range in rivers, tributary deltas and back eddies within Wallowa-Whitman National Forest and Vale BLM District.
Abundance: Abundance estimates for T. insperata populations are not available. The closely related species, T. serpenticola, is relatively abundant but patchy in cold water springs and spring-fed tributaries (USFWS 2005, 2009); however, T. insperata appears to have lower colony densities (300 specimens/m2) than T. serpenticola (at 3,000 specimens/m2) (Richards et al. 2005). The available records of T. insperata range from one specimen to 70 specimens per record (Hershler et al. 2006, NMNH 2016); Richards et al. (2005) found on average 1-20 individuals per 100m of shoreline and found that T. insperata abundance decreased with water depth. Richards et al. (2005) notes however that there was a large amount of variability in detections with high abundance at certain sites in the Snake River. 
Habitat Associations: 
In general, hydrobiinids prefer stable rocky bottoms (Frest and Johannes 1992) and T. insperata has been found on stable substrates on the undersides of loose, large cobbles or boulders in back eddies below rapids (Richards et al. 2005). Taylorconcha insperata may share similar habitat preferences with the closely related T. serpenticola. Potentially shared habitat preferences of T. serpenticola include (USFWS 2005):
1. cobble-boulder to gravel-sized substrate 
2. stable flows

3. stable temperatures (below 20°C)

4. high water quality

5. shallow springs and rivers 

Taylorconcha insperata has been collected in shallow water (0 to 1m deep) at elevations around 1200m (NMNH 2016) and abundance declined with increasing depths (Richards et al. 2005). This species appears to prefer rivers, tributary deltas and back eddies (Richards et al. 2005). In general this species is associated with low velocity currents (between 0-0.15m/sec) and is found on cobble-small boulder substrates (Richards et al. 2005). This species is not associated with clean substrate, but with moderate periphyton densities and detrital deposition (Richards et al. 2005). Preferred microhabitats include dark, under-boulder habitats in contact with oxic substrates (Richards et al. 2005). 

Threats:   
Taylorconcha insperata is vulnerable due to its limited range and isolated distribution of known populations, both of which may limit genetic exchange and negatively impact the future of this species (NatureServe 2015). The Snake River may not be a viable dispersal corridor for Taylorconcha sp.; it has changed from a free-flowing cold-water system to a slower-moving warmer system (USFWS 1995, 2005). As a result of this species’ limited range, local endemism, and limited dispersal ability, it is likely susceptible to habitat loss and degradation (Johnson et al. 2013).
A decline in water quality in the Snake River has led to the loss of native cold water mollusk fauna distribution and abundance (Frest and Johannes 1992). 

Hydropower dams alter stream flow and the Snake River has been developed for irrigation and hydropower; features such as dams may degrade water quality and habitat (USFWS 2005). Taylorconcha sp. populations are absent more than 15km downstream of the Hells Canyon dam and from reservoirs (Richards et al. 2005). Excessive nutrient and waste inputs from agriculture and aquaculture also degrade water quality (USFWS 2005). The dredging of springs that feed into the Snake River has increased water pollution while resulting in a lack of suitable rock substrate for this species (Frest and Johannes 1992). Non-native species such as the New Zealand mudsnail (Potamopyrgus antipodarum) have the ability to displace natives in the Owyhee and Snake Rivers (Frest 2003, USFWS 2005). Snake River ecosystems are threatened by nutrient input from agriculture and aquaculture, demands on flow from irrigation and hydropower dams, and fragmentation from dams and reservoirs (USFWS 2005). These threats will likely negatively impact T. insperata and other freshwater mollusks.   

Wildfires and associated management actions such as the use of fire retardants may also pose a threat to this species. Rising air temperatures have increased the frequency of wildfires in the Blue Mountain ecoregion, particularly in Wallowa and Baker Counties (Hamilton et al. 2016). Most recently, the Minham prescribed burn, which was located approximately 80 km (50 miles) west of the Snake River in the Wallowa-Whitman National Forest, expanded beyond its planned prescription area (USFS 2016). Management tools (prescribed burns and fire retardants) to reduce wildfire severity are currently being deployed to prevent the spread and damage of wildfires (USFS 2011, 2016).

Conservation Considerations:  

Research: Research is needed on the basic biology of T. insperata including life span, fecundity, dietary needs, life history, and limiting environmental factors. Additional studies to assess the mortality risk of forest management practices on this species would be beneficial. For example, some forest management practices include the use of fire retardant chemicals for wildfire control. Wildfires are common in eastern Oregon (Hamilton et al. 2016), and are becoming more common with climate change. Some fire retardant chemicals are ammonia-based and the chemical blend, primarily sodium ferrocyanide, can become more toxic with exposure to UV light, resulting in cyanide poisoning (Little and Calfee 2002). Taylorconcha serpenticola, close relative of T. insperata, is highly sensitive to ammonia (Besser et al. 2016). Little and Calfee (2002) found high mortality rates in juvenile trout and frog tadpoles when exposed to fire retardant chemicals and UV radiation. Freshwater gastropods are also sensitive to chemical and thermal pollution and may be negatively impacted by these types of management activities. The Forest Service has an Environmental Impact Statement that recognizes the risks (eutrophication) associated with fire retardants and follows guidelines (buffers around waterways) to reduce negative impacts (USFS 2011). However, further research is needed to assess whether T. insperata is also sensitive to these chemicals.

Inventory: Previous benthic invertebrate community surveys covering portions of the Snake and Owyhee Rivers were conducted in the early 2000’s (Frest 2003, Richards et al. 2005, Hershler et al. 2006). A more recent baseline gastropod survey was conducted in the lower Snake River and reported the presence of 9 genera of aquatic snails, however Taylorconcha was not reported (Larson 2013). Note that this fairly recent survey of the lower Snake River occurred about 80 km (50 miles) downstream of Hells Canyon where T. insperata was recorded. Additional inventory of this species in mainstem riverine habitats of the lower Snake and the Owyhee Rivers would improve knowledge regarding the species’ occurrence and abundance. Surveys could also occur in cold water springs and tributaries to determine if T. insperata can utilize this habitat type.  Spring tributaries provide large volumes of cold high quality water important for Taylorconcha sp. (USFWS 2005). A thorough inventory would help land managers assess whether populations are relatively abundant yet patchy, similar to the closely related species T. serpenticola. Current surveys and inventories are needed to understand species distribution and populations status. 
Management: Taylorconcha insperata needs high quality riverine habitats with cold water, moderate currents, and rocky substrate. It is crucial to actively manage new and known sites that provide suitable habitat for T. insperata (as well as their associated watersheds) to reduce the impacts of water diversions, recreation, and other practices that may adversely affect water quality. Habitat protection, including maintenance of high water quality and substrate conditions, would benefit and help maintain this species. Management actions such as monitoring water quality, preventing degradation (i.e., diversion, pollution, development), stabilizing aquifers, and monitoring non-natives will conserve and protect cold water spring habitats and their tributaries (USFWS 1995). 
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Records of Taylorconcha insperata in Oregon relative to Forest Service and BLM lands, no records in Washington. 
ATTACHMENT 4:   Illustration and Scanning Electron Micrographs of Species
[image: image2.jpg]



Shell of Taylorconcha insperata. USNM catalog number: 1018182. 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. Available at http://www.nmnh.si.edu/ 
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Reproductive anatomy of Taylorconcha insperata, male genitalia (left) and female glandular oviduct (right). USNM catalog number: 1071513. 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/)
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Scanning electron micrographs of shells, opercula and radula of Taylorconcha insperata. A-C. Shells. D. Shell apex. E. Operculum, outer side. F. Operculum, inner side. G. Portion of radular ribbon. H. Central radular teeth. I. Lateral and inner marginal teeth. J. Inner marginal tooth. K. Outer marginal tooth. Scale bars A-C = 1.0 mm; D-f = 100 µm; G-K = 10 µm. USNM catalog number: 1071513. 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/)
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Taylorconcha sp. in a fissure of the underside of a large cobble in the Snake River This image of Taylorconcha sp. was taken before this species was described by Hershler et al. (2006) as T. insperata. Image used with permission from David Richards; image found in Richards et al. 2005.
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Typical habitat for Taylorconcha insperata include eddy waters below rapids, featured above (Snake River Mile 214.2, OR). Image used with permission from David Richards; image found in Richards et al. 2005.
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, including:
Taylorconcha insperata
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., Taylorconcha insperata). 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. Taylorconcha sp. can be collected by hand from wadeable depths (0-1m) (Frest 2003). 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. 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.

Where: Freshwater snails utilize fragile habitats such as springs, streams, seepage areas, and rivers. Taylorconcha insperata is known from river habitats. Identifying rivers, tributary deltas, and eddies in natural areas that are intact, unpolluted, clear, cold, and have a coarse substrate will provide the most likely species-specific habitat. Taylorconcha insperata has been observed in eastern Oregon and western Idaho in the middle Owyhee River and the lower Snake River. Therefore surveys should occur at known sites and at additional sites with suitable habitat adjacent to areas of detection, including rivers in the middle Owyhee watershed and Hells Canyon watershed. The habitat for T. insperata consists of mainstem rivers with slow to moderate currents primarily on coarse substrates with moderate levels of detritus in cold, clear water. In eastern Oregon (Wallowa and Malheur Counties), low velocity tributaries and eddies in the Owyhee and Snake River are the most logical places to survey for this species based on previous records. Surveys should avoid stagnant pools, high velocity areas, sheer rock faces, and reservoirs (Frest 2003). 
When: Surveys for mollusks in streams and rivers should be avoided in the spring because water levels and turbidity are high, reducing visibility (Duncan et al. 2008). 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 et al. (2008). Surveys for T. insperata may be most successful from August through October, as this is when this species has been collected (Hershler et al. 2006). The time of day could influence sampling success as T. insperata appears to photophobic (Richards et al. 2005); sampling during early morning or late afternoon may be best.  
References (Survey Protocol only):
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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.  
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� Note that Richards et al. (2005) used Taylorconcha sp., which was subsequently identified as T. insperata by Hershler et al. (2006). For consistency, we use T. insperata throughout the document when using the Richards et al. (2005) citation.
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