SPECIES FACT SHEET

Scientific Name: Fluminicola modoci Hannibal 1912


Common Name:  Modoc pebblesnail
Phylum: Mollusca

Class: Gastropoda

Order: Littorinimorpha 
Family: Lithoglyphidae
(IUCN 2016)
Conservation Status: 

Global Status:  G1 – Critically Imperiled (Last reviewed 04 Nov 2011)
National Status (United States): N1 (Last reviewed 01 Jun 2000)
State Status: S1 (Oregon)
(NatureServe 2015)  
IUCN Red List Category: VU – Vulnerable (Cordeiro 2012)
Taxonomic Notes: 
1. Fluminicola modoci is the currently accepted name for this species (Hershler and Frest 1996, Cordeiro 2012, STE 2013, ITIS 2016); however, it has often been synonymized with the related but separate species F. turbiniformis (Taylor 1981, Hershler 1999, Hershler et al. 2007; see review of other accounts in Hershler and Frest 1996). Illustrations of F. modoci may have appeared under additional names including Lithoglyphus modoci (Hershler and Frest 1996), Paludestrina longinqua, and Amnicola micrococcus (Frest and Johannes 1995a, 1995b).

2. Phylogenetic analysis has confirmed previous speculations that Fluminicola is not a monophyletic genus, meaning that several members are more closely related to other Lithoglyphid genera than to Fluminicola members. As such, revision of the genus is clearly needed, and forthcoming. See Hershler and Liu (2012) for further details.
Technical Description: 

Members of the genus Fluminicola, commonly known as pebblesnails, are part of a diverse group of northwestern North American freshwater snails in the Lithoglyphidae family (Cordeiro 2012, STE 2013). This genus is composed of snails with solid shells characterized by thin periostracums (outer shell layers) and horny operculums (plates that close over the shell opening). In the U.S., most species are small (less than 1 cm in height) and have a conical spire (Hershler and Frest 1999). This genus can be further distinguished by the following characteristics: low conical shells evenly colored in yellow or green, dark pigmented cephalic tentacles (elongate flexible organs on top of head), and distal snouts (Hershler and Frest 1999).
Fluminicola modoci is among a few select species that can be distinguished from the majority of other species in this genus by its strongly thickened scar margin, whereas many other species have a weak scar attachment (Hershler and Frest 1996). In addition, F. modoci is further distinguished from most other species in this genus by “a derived condition in which the length of the lateral tooth shaft is greater than the height of the tooth face” (Hershler and Frest 1996). Fluminicola modoci is also one of only three species that have more than 20 cusps on the inner marginal teeth, whereas other Fluminicola species have 17 or fewer cusps (Hershler and Frest 1996). 
Freshwater mollusks can be difficult to properly identify due to their small size, the presence of undescribed species at collection sites, and the variability between live and dead preserved specimens. Frest and Johannes (1999) recommend identifying species based on fresh shell and body features. A microscope is required to identify F. modoci, as identifications are based on shell and internal soft body anatomy. The advice of a Hydrobiidae expert is suggested. Hershler and Frest (1996) provide a detailed description of this species as follows:
DIAGNOSIS.—Small with broadly conical shell; penis large, sickle-shaped.
A pigmented renal opening is unique to F. modoci within the genus. Flumincola modoci is further separable from the closely related F. seminalis by narrow central cusps on central and lateral teeth, more numerous cusps on marginal teeth, and pleated ctenidial filaments.

DESCRIPTION.—Shell broadly conical, usually with eroded spire; height 2.7-4.1 mm; whorls 3.5-3.75. Protoconch of 1.5 whorls, diameter about 0.65 mm; microsculpture of numerous, strong, anastomosing spiral striae. Teleoconch whorls convex; shoulders well developed but narrow. Microsculpture of strong collabral growth lines. Periostracum yellow green. Shell translucent, clear white. Aperture large, broadly lunate, strongly angled above. Outer lip prosocline, weakly sinuate, thin. Parietal lip complete, thin, broadly adnate. Columellar lip thin, columellar swelling medium wide, sometimes covering umbilical region. Shell usually anomphalous, sometimes narrowly rimate; umbilical region sometimes narrowly excavated, with adaxial ridge. 

Operculum of medium thickness; outer margin without obvious rim. Attachment-scar margin strongly thickened all around, although somewhat less so along outer edge. Callus well developed. 

Radula with about 73 rows of teeth; ribbon length 1.1 mm, ribbon width 0.14 mm; central tooth width 42 µm. Central tooth with pronounced dorsal indentation; lateral cusps 4-5; median cusp narrowly U-shaped, considerably broader and slightly longer than laterals; basal cusps 3, broadly triangular, originating from lateral angles, outermost sometimes weakly developed; basal tongue medium wide, basal sockets moderately excavated; lateral angles weakly thickened. Lateral tooth with flat or very slightly concave dorsal edge; dorsal edge about 40% of tooth width; lateral shaft slightly longer than height of tooth face; tooth face taller than wide; central cusp narrowly U-shaped, lateral cusps 3-4 (inner side) to 3-5 (outer side). Inner marginal teeth with 23-26 cusps; outer marginal teeth with 26-29 cusps. 

Snout black; distal lips grey black, pale near edge. Head pale grey. Tentacles dark grey black, with pale to light grey patch around eyes. Foot dark grey black. Pallial roof and visceral coil black. 

Ctenidium overlapping pericardium; filaments about 20, short, pleated. Osphradium about 32% of ctenidium length. Hypobranchial gland swollen on proximal genital duct. Fecal pellets longitudinal. Renal organ not swollen; renal opening pigmented. Salivary glands overlapping cerebral ganglia. Stomach longer than style sac. Ganglia pigmented. 

Testis 1.0 whorl, overlapping posterior and portion of anterior stomach chambers, filling about 67% of visceral coil behind stomach chamber. Prostate gland with about 40% of length in pallial roof, fat. Vas deferens straight in pallial roof, with a few bends in neck. Penis large, medium wide, sickle-shaped, curved to tightly coiled, with a few weak folds along proximal inner curvature; penis tapering gently along entire length to pointed distal tip. Penial duct near center, narrow, straight or very weakly undulating. Penis pale or with light epithelial pigment on distal half; subepithelial pigment moderate along entire length of penis.

Ovary 0.5 whorl, positioned just behind posterior edge of stomach, filling about 33% of visceral coil behind stomach. Distal female genitalia. Coiled oviduct narrow, unpigmented; proximal portion with small vertical coil; distal portion of primary coil with prominent bulge containing sperm. Coiled oviduct and bursal duct join well behind pallial wall. Bursa copulatrix about 55% of albumen gland length, ovate, wider than long, partly overlapped by albumen gland. Bursal duct very short (<16% of bursa length), originating near middle of long axis of organ. Seminal receptacle small, 25%-33% of bursa copulatrix length, unpigmented, partly overlapping anterior bursa copulatrix near posterior edge of albumen gland, partly imbedded in gland. Pallial gonoduct with weak rectal furrow. About 33% of albumen gland lying in front of posterior pallial wall. Capsule gland shorter, narrower than albumen gland. Ventral channel with or without very short anterior vestibule. Genital opening a terminal pore.
See Appendix (Attachment 4) for images of the shell of this species. Other characteristics of this species are illustrated in Hershler & Frest (1996). 
Note: The original technical description of F. modoci by Hannibal (1912) is thought to be incorrect because Hannibal mixed material of two different species when he described F. modoci. Hence, we do not use the original description here. See Hershler and Frest (1996) for more details.
Life History:
There is limited information on the life history of F. modoci, however we can infer information from other, and better studied Fluminicola species. Fluminicola are gill-breathing freshwater snails that prefer hard substrates; they are restricted to clean, well-oxygenated flowing waters (Hershler et al. 2007). Individuals in the Fluminicola genus are commonly semelparous (i.e., reproduce once in a lifetime) (Frest and Johannes 1993) and adults copulate between February and May. Eggs are laid roughly one month after mating, usually between March and July (Frest and Johannes 1995a, 1995b). 

The individual life span of this species is likely short, lasting approximately 1-2 years (Frest and Johannes 1993). Most Fluminicola species are perilithon feeders that feed by scraping bacteria and diatoms from subsurface rock surfaces; they may occasionally feed on aquatic plants (Frest and Johannes 1993, Duncan 2008). Fluminicola species are often dominant in their community and serve as primary grazers; they can make up more than half of the invertebrate biomass at a site (Johnson et al. 2013).
Range, Distribution, and Abundance:  
Range: Fluminicola modoci is a regional endemic found in the East Cascades ecoregion of Oregon and California (ORBIC 2016). It is known from one site in Lake County, Oregon, and two sites in Modoc County, California, at elevations that range between 1,400 – 1,700 m (GBIF 2016). This species has a limited range and occupies an area less than 100 km2 and no more than 450 km2 (Cordeiro 2012). However, a recently described Fluminicola population from the Klamath Lake Basin may be conspecific with F. modoci (Hershler et al. 2007), which would imply a larger species range. 

Distribution: This species is known from springs and spring-fed creeks in Goose Lake Drainage, including the type locality at Fletchers Spring, located at the south end of Goose Lake, California (Walker 1918, Hershler and Frest 1996). In Oregon, F. modoci has been documented in several springs in Lake County (Frest and Johannes 2000, USNM 2014, UMMZ 2016). In addition, a specimen referred to as F. cf. modoci has been described from Link River at the north end of Lake Ewauna at Klamath Falls Bridge, Klamath County, Oregon, by Hershler et al. (2007). This specimen and other Fluminicola populations in the Klamath Basin that may be conspecific with F. modoci are part of ongoing studies (Hershler 2016, pers. comm.).

BLM/Forest Service Land: In Oregon, F. modoci is documented on the Fremont-Winema National Forest (Lakeview Ranger District) in four different springs: Cold Springs, Hunters Spring, and two unnamed springs, one on the east tributary drainage and another on Dry Creek in Goose Lake drainage (Frest and Johannes 2000, USNM 2014). Given proximity to known records, it is suspected in appropriate habitat on the Lakeview BLM District. If the Link River F. cf. modoci population is determined to be this species, then it is possible its range extends onto the Rogue River-Siskiyou National Forest as well.
Abundance: Abundance estimates are not available for F. modoci. Individual sampling efforts vary from descriptive assessments to count data. For example, Frest and Johannes (2000) described the abundance of this species as “very small” to “common” at two different locations in the Fremont National Forest, at Cold Springs north of Forest Service road 4020-412 and at Hunters Spring on the north side of Forest Service road 28 respectively. In 1993, Sada reported 50 and 150 Fluminicola modoci specimens from two sampling efforts at an unnamed spring on Dry Creek in Goose Lake Drainage, Oregon (USNM 2014). 
Habitat Associations: 
Members of this genus are generally found in clear, cold waters with high dissolved oxygen (DO) content (Hershler and Frest 1996). Small species, such as Fluminicola modoci, are typically found in spring or stream environments (Hershler and Frest 1996). Fluminicola modoci is described as a crenocole (i.e., prefers springs environments) found primarily on coarse substrates in medium to large freshwater springs, in very cold, clear water (Frest and Johannes 1995a, 1995b). However, it can also be found on a range of substrates such as sand, mud, basalt cobble, or boulders (Frest and Johannes 1995a, 1995b). 
Fluminicola modoci has been collected at elevations between 1,400-1,700 m (GBIF 2016). Vegetation commonly associated with F. modoci habitat includes Rorippa (yellowcresses) and Mimulus (monkey-flowers) (Frest and Johannes 1995a, 1995b). Like most members of this genus, F. modoci likely graze on periphyton (e.g., mixtures of algae, cyanobacteria, heterotrophic microbes, and detritus on submerged surfaces) (Frest and Johannes 1995a, 1995b, Hershler and Frest 1996). 

Fluminicola modoci is known to co-occur with numerous other aquatic mollusks including Pyrgulopsis (springsnails), Physella, and Sphaeriids (Frest and Johannes 1995a, 1995b). Site specifics for the closely related Fluminicola seminalis (Hershler and Frest 1996, Hershler et al. 2007) include: water temperature below 18 °C and DO levels at or near saturation (Furnish and Monthey 1998). Because of the close relation and similar life histories, this site specific habitat information is useful when identifying habitat conditions for F. modoci. 
Threats:

Seventy four percent of all species are imperiled or extinct and gastropods in particular have the highest imperilment rate, also 74%, of any freshwater species (Johnson et al. 2013). Additionally, freshwater gastropods have the highest modern to background extinction rate of any organism (Johnson et al. 2013). This is likely a result of their endemism and high susceptibility to habitat loss and degradation due to limited dispersal abilities (Johnson et al. 2013). Species in the genus Fluminicola are of special concern (Frest and Johannes 1999) because of their sensitivity to pollution, siltation, warming and hypoxia (Frest and Johannes 1993). All Fluminicola species fall into the cold water group and are described as cold water biota and prefer oligotrophic mountain springs (Frest and Johannes 1993); these habitats are threatened by agriculture, logging and climate change. Impaired water quality, habitat degradation and loss, and increasing fragmentation and isolation of the few remaining populations are the main threats to the continued survival of F. modoci. 
This species is considered vulnerable due to the limited area it is known to occupy (less than 100 km2) (Cordeiro 2012). This species is especially vulnerable to threats as it is highly endemic and is found in limited specialized habitats such as very cold, clear water in medium to large springs with coarse substrate (Frest and Johannes 1995a, 1995b). Because of this, localized disturbances can result in the loss of entire populations. Fluminicola modoci is listed as a groundwater-dependent species of conservation concern in the Oregon Basin and Range region (Brown et al. 2009) and as threatened with extinction throughout its entire range (Oregon Natural Areas Program 2015). 
Specific threats include: agriculture, livestock farming and ranching which result in ecosystem stress, conversion, and degradation. Natural system modifications that threaten F. modoci populations include construction of dams and water removal, use, and management (Cordeiro 2012). Springs in the area where this species is found face immediate threats which include land conversion for livestock grazing and managed water resources for domestic use which reduces water availability and may cause springs to dry up or become eutrophified (Frest and Johannes 1995a, 1995b, Cordeiro 2012, NatureServe 2015). 
Conservation Considerations:

Research: Recent genetic analysis has confirmed speculations that the Fluminicola genus is paraphyletic (species in this genus have evolved from separate origins) and in need of taxonomic revision (Hershler and Liu 2012). However, species assigned to Fluminicola cannot be reassessed until fresh specimens of the possibly extant type species, F. nuttallianus, are obtained to determine phylogenetic relationships (Hershler and Frest 1996, Hershler and Frest 1999, Hershler and Liu 2012). Resolving taxonomic uncertainty associated with F. modoci, and Fluminicola as a group, is imperative to identifying distinct species and populations to accurately assess which populations are, and which are not, in need of conservation efforts.
Research is needed to determine species-specific criteria, including basic biology and life history traits of F. modoci, species distribution, and population trends. Since many mollusks are affected by disturbance and pollution, additional research is needed to assess the response of F. modoci to environmental changes and determine tolerance ranges. 
Inventory: Surveys for this species should occur at known sites and at additional suitable habitat in the area of known populations. General areas to target include Goose and Klamath lake basins in southern Oregon and northern California. It is likely that undetected populations of F. modoci exist within appropriate habitats. In particular, it is likely that appropriate habitat and new populations may be found in southern Oregon. Additional monitoring should include habitat quality assessments such as water temperature, DO content, sedimentation levels, nitrogen and phosphorus levels, and stream flow (Furnish and Monthey 1998) in order to better identify habitat associations of this species. 
Management: Management should include maintaining and conserving currently available intact habitat and populations of F. modoci. Actions to manage for this species should include (Cordeiro 2012): 

1. Research, monitoring, and planning

2. Land and water protection and management

3. Species management

4. Education 

Freshwater gastropods, including Fluminicola species, are highly susceptible to habitat loss and degradation (Johnson et al. 2013). Management to limit causes of habitat loss and degradation to streams and rivers is crucial to protecting these populations. In particular, land managers could limit waste water discharge and agricultural runoff as well as new construction of dams or other structures (Duncan 2008). These activities negatively impact water quality by adding nutrients and other pollutants, slowing water flow, and reducing oxygenation (Duncan 2008). To help preserve current populations of Fluminicola species land managers should maintain water quantity and quality, native plant communities, and original streambed substrates (Furnish and Monthey 1998). 
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Records of Fluminicola modoci (circles) in Oregon relative to Forest Service and BLM lands, including a record for F. c.f. modoci (asterisk) described in Hershler et al. (2007). No records in Washington.  
ATTACHMENT 4: Illustrations and Scanning Electron Micrographs of Fluminicola modoci Hannibal, 1912  
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Shell of Fluminicola modoci. 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/) and Hershler and Frest (1996). USNM Number: 1205613 
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Reproductive anatomy of Fluminicola modoci, male genitalia (left) and female genitalia (right), collected by Dr. Donald W. Sada from Goose Lake, Three Springs Ranch, Modoc County, California U.S. 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/) and Hershler and Frest (1996).USNM Number: 883468 

[image: image5.jpg]



Opercula of Fluminicola modoci (bar = 0.5 mm). Dorsal view to left, ventral view to right. 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/) and Hershler and Frest (1996).USNM Number: 883468
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Shell protoconch of Fluminicola modoci, (bar = 200 µm). 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/) and Hershler and Frest (1996). USNM Number: 883468
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:
Fluminicola modoci
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., Fluminicola modoci). 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. Place live specimens in small vials filled with water from the site. Do not over-collect specimens of rare or potentially rare species or populations (one or two representative vouchers may be sufficient). For projects concerning DNA or morphological research, limit collection effort to the minimum number of specimens required. 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 Fluminicola genus, utilize fresh water habitats such as springs, streams, seepage areas, and rivers. Fluminicola modoci prefers spring habitats. 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 F. modoci such as members of Pyrgulopsis, Physella, and Sphaeriids (Frest and Johannes 1995a, 1995b) may increase the likelihood of detection. 

Fluminicola modoci has been observed in northern California and southern Oregon. Therefore surveys should occur at known sites and at additional sites with suitable habitat adjacent to areas of detection, including Goose and Klamath lake basins in Oregon and California. The habitat for F. modoci consists of medium to large freshwater springs, with slow to swift currents primarily on coarse substrates in very cold, clear water (Frest and Johannes 1995a, 1995b) with high DO content (Hershler and Frest 1996; Duncan 2008). Vegetation commonly associated with F. modoci habitat includes Rorippa (yellowcress) and Mimulus (monkeyflower) (Frest and Johannes 1995a, 1995b). This species is likely to occur under rocks in the slow to rapid currents of springs and seeps as, similar to most members of this genus, F. modoci are likely lithophiles that graze on periphyton (Frest and Johannes 1995a, 1995b; Hershler and Frest 1996).
When: Fluminicola sp. are semalparous and therefore surveys should be avoided during population turnover. Population turnover is generally unknown for semalparous species but likely occurs in the spring (Duncan 2008). Survey success for F. modoci may be highest from August through October as this is when this species has been recorded. 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).
References (Survey Protocol only):
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]. 
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.  

Hershler, R. and T.J. Frest. 1996. A review of the North American freshwater snail genus Fluminicola (Hydrobiidae). Smithsonian Contributions to Zoology 583: 1-41.

US Forest Service, Pacific Northwest Region. Invasive Aquatic Species. [Available at: http://www.fs.usda.gov/detail/r6/forest-grasslandhealth/invasivespecies/?cid=stelprdb5302184] 
9

