SPECIES FACT SHEET

Scientific Name: Carinacauda stormi (Leonard, Chichester, Richart and Young, 2011)	 
Common Name: Cascade axetail slug 
Phylum: Mollusca
Class: Gastropoda
Subclass: Pulmonata
Order: Stylommatophora 
Family: Arionidae
(Bouchet et al. 2017; InvertEBase 2018; ITIS 2020)

Synonyms: Gliabates oregonius, Gliabates oregonia
	
Conservation Status: 
Global Status: G2G3 – Imperiled/Vulnerable (3 November 2011)
National Status (United States): N2N3
State Status: S2 (Oregon)
(NatureServe 2020)
Federal Status (United States): none (USFWS 2020) 
IUCN Red List: none (IUCN 2020)

Taxonomic Note:  
This recently described species was long known under the name Gliabates oregonius (originally described as G. oregonia), a similar slug known from the Oregon Coast Range (Webb 1959). Carinacauda stormi was the subject of an ISSSSP-funded survey effort under the name G. oregonius; however, despite some similarities in external morphology, Leonard et al. (2011) noted significant differences in anatomy between the holotype of G. oregonius with those of holotype and paratypes of C. stormi, indicating they are separate species. As such, there have been numerous agency records and survey reports under the name “G. oregonius” that are actually referring to C. stormi (e.g., Doerr and Young 2009; Young et al. 2010; Young and Doerr 2011). Since the true G. oregonius is known only from the Alderwood State Park type locality (Webb 1959; Leonard 2012, pers. comm.), all “Gliabates oregonius” records in the NRM databases other than type locality have been changed to C. stormi (USFS NRM Database 2020).  




Technical Description: 
Carinacauda stormi is a very small slug in the Arionidae family. This family encompasses both small to large slugs, and is characterized by the edge of the foot (between the pedal furrows and the angle of the sole) being relatively broad, forming a flange-like margin that widens and is most conspicuous in the tail region (Burke 2013). Other characteristics are variable, but see the key to the Arionidae genera in Burke (2013) for distinctive combinations that differ from those of the Limacidae and other slug families. 

Carinacauda is a recently described, monotypic genus, containing just one species, C. stormi (Leonard et al. 2011). The genus was placed in the Arionidae family on the basis of its ribbed jaw, which is the only character it shares with all other arionids (Leonard et al. 2011). 

The species is described as follows by Leonard et al. (2011):

Size: Very small, extended length of adults in movement 12 to 15 mm; length reduced by approximately 40% after preservation. 

External features: Head extending a relatively short distance beyond the mantle; surface smooth with several fine, semi-parallel, longitudinal grooves. Mantle elliptical; covered with glandular lumps; with free flap anterior of pneumostome; posterior edge seated in a slight depression in body; mantle 58 to 64% (mean=61%; SD=0.04; n=15) of the extended body in movement and 55 to 80% (mean=77%; SD=0.07; n=12) of preserved specimens; pneumostome located in the middle (sometimes slightly posterior) of right side and bottom of mantle. Sides of body smooth with a series of fine, semi-parallel grooves between edge of mantle and pedal groove. Tail 20 to 27% (mean=24%; SD=0.03; n=15) of the extended body in movement; with prominent mid-dorsal keel posterior to edge of mantle; with a series of parallel longitudinal ridges and furrows on sides beneath keel; without line of abscission; caudal mucus pore lacking. Sole undivided. Pedal groove present above foot margin. Foot fringe moderately wide. 

Coloration: Head pale-gray or translucent tan-white; tentacles dark-brown/gray. Neck semi-translucent; adults with a distinct white patch on right side. Mantle tan or pale-gray with light-blue flecking and dark-brown or gray irregular blotches, with a relatively broad lateral stripe on each side. Pneumostome located below lateral stripe and surrounded by light-gray “halo.” Sides below mantle pale-gray, with or without dark-brown or gray markings. Tail pale- to dark-gray with fine white flecking and dark-brown or gray markings coincident with furrows; usually with a pale-gray stripe on mid-dorsal keel. Sole pale-gray with scattered white flecks. Mucus clear.  

Shell: Dome-shaped, situated toward rear of mantle; with marginal horny layer and finger-nail-shaped, calcareous central portion. 

Jaw and radula: Jaw a slender palisade arc composed of about 50 transverse inscribed subdivisions. Radula of typical arionid type with tricuspid middle tooth and bicuspid laterals. Mesocones elongated and blade-like; ectocones much shorter and thorn-like, becoming increasingly shorter and blunter in lateral rows. 

Reproductive System: Ovotestis consisting of 12 or more lobules; located on midline just under posterior margin of diaphragm and partially surrounded by the digestive gland. Hermaphroditic duct of moderate length and thickness; leading to fertilization chamber, which is largely surrounded by the large albumen gland. The whitish, loosely coiled spermoviduct leads to the tubular free oviduct that opens into the atrium. The spermathecal duct, which arises near junction of free oviduct and atrium, generally becomes thick in sexually mature individuals; in two of our individuals the duct remained slender for at least a portion of its length. Spermatheca large and globular. The slender vas deferens arising from spermoviduct; traveling across the free oviduct and connecting with the long, thick and highly coiled epiphallus. Penis retractor muscle inserting in wall of epiphallus just before duct joins penis apex. Epiphallus internally connecting with a large verge that is about half as long as the penis. In sexually mature individuals the distal portion of the verge is so opaquely white that it can be seen through the translucent wall of the penis). Penis opening into atrium, which also receives the free oviduct and spermathecal duct. The atrium also bears a pair of accessory structures of unknown function. In immature animals, these structures resemble the cotyledons on a bean sprout. As animals mature the pair becomes much larger and more complex. They are sufficiently opaquely white for the more lateral member of the pair to be seen through the thin body wall. Examination under a compound microscope failed to reveal any fine detail—no darts, or ducts or muscle bands that might suggest a special function (Leonard et al. 2011).

Buccal and tentacular retractor muscles: Similar to the architecture of S. hermani. 

Digestive system: As in S. hermani the crop and the pair of digestive glands are the major feature of the digestive system. The intestine is short and oriented as in S. hermani.

Eggs: Semi-translucent white, oblong and approximately 2 mm long.
C. stormi is very similar to the recently described Securicauda hermani in characters of the jaw, radula, shell, and some external characters, but differs from S. hermani by possessing an atrium and paired accessory structures and a well-developed, coiled epiphallus. According to Leonard et al. (2011), these characters were different enough as to warrant placement of these two species in separate genera. C. stormi differs from Kootenaia and Prophysaon by its keeled tail, and from all other Arionidae genera native to the Northwest by its small size, strongly keeled tail and a mantle covering approximately 60% of the extended body length, and by its divergent buccal and tentacular retractors. It differs from Gliabates in possessing atrial accessory structures, an undivided penis, a well-developed verge, and a very long, coiled epiphallus (Leonard et al. 2011). The following table from Leonard et al. (2011) compares diagnostic characteristics of the twelve Arionidae genera native to northwestern North America. 
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[bookmark: _Hlk43900594]See Attachment 4 for a photograph of this species.

Life History: 
Carinacauda stormi is an air-breathing terrestrial slug in the Arionidae family. Slugs in the Arionidae family are hermaphroditic, having both female and male reproductive organs; however, copulation between two individuals is generally more common than self-fertilization in terrestrial gastropods (Burke 2013). Slugs are generally oviparous (egg laying). Eggs of terrestrial slugs are laid in moist, protected locations such as wet moss, under rocks, depressions in the ground, or beneath downed logs (Burke 2013). Over 20 C. stormi individuals were collected in November 2008 and kept in captivity to document the biological and reproductive behavior specific to this species (Young 2013, pers. comm.). C. stormi eggs were documented in February 2009 and again in March 2010 but none of the eggs produced hatchlings. A clutch in 2010 contained 12 eggs (Leonard et al. 2011). 
Once hatched, it takes hatchlings about a year to become full adults (greater than 7 mm is the cut-off used by T. Young for adult versus juvenile size) (Young 2013, pers. comm.). Adult life-span is not fully known, but a number of adult individuals were successfully kept in captivity from November 2008 to summer 2012, when all of the specimens died due to refrigerator failure (Young 2013, pers. comm.). This indicates a life span of nearly four years in controlled conditions, although the actual life span may be much longer or shorter in the natural environment (Young 2013, pers. comm.). 
Feeding behavior and dietary preferences in this species are not well known. Most slugs, including representatives in this family, feed on living or decaying plant material, fungus, and/or invertebrates (including other gastropods) (Burke 2013). The preferred food of C. stormi in captivity was carrots, which were consumed readily (Young 2013, pers. comm.). 

This species is present all year, but activity is expected to be reduced at higher elevations in winter; in Oregon collections have occurred from April through December (Young and Doerr 2011; Burke 2012, pers. comm.; Pearce 2012, pers. comm.; BLM 2020; Rivers-Pankratz 2020, pers. comm.; USFS NRM 2020). Most detections have occurred in the fall, but surveys in the spring have detected both adults and juveniles within microsites where litter was still saturated from snowmelt (Leonard et al. 2011).

Range, Distribution, and Abundance: 
Type Locality: Upper Blue River Watershed, Willamette National Forest, Linn County, Oregon

Range: Carinacauda stormi is known only from Oregon where it occurs in Clackamas, Lane, Linn, and Marion counties on the western slopes of the Cascade Range.

Distribution: Although this species was only recently described in 2011, it has been the subject of intensive survey work since 2008 when it was first listed as ISSSSP-Sensitive under the name “Gliabates oregonius” (Doerr and Young 2009; Young et al. 2010; Young and Doerr 2011). Doerr and Young (2009) confirmed the presence of C. stormi in the upper portion of the Blue River drainage on the McKenzie River Ranger District (RD) of the Willamette National Forest (NF), and found an apparent abundance of the slug in this area. Young et al. (2010) surveyed portions of Northwest Oregon BLM District (Cascade Resource Area), Willamette NF (western portion of Detroit RD, northwestern and southwestern portions of Sweet Home RD, and McKenzie RD south of the Blue River area), Umpqua NF (North Umpqua and Cottage Grove RDs), and Roseburg BLM District. These surveys revealed additional locations of C. stormi on the Cascade side of Northwest Oregon BLM; throughout the Sweet Home, Detroit, and McKenzie River RDs, and at one location in the very northern end of the Middle Fork RD of the Willamette NF (Young et al. 2010). The species was not found on the Umpqua NF or Roseburg BLM land (Young et al. 2010). Young and Doerr (2011) continued the survey effort for this species throughout the Middle Fork RD of the Willamette NF, resulting in a range extension of this species approximately 6 miles to the south. The Middle Fork RD is the southernmost district on the Willamette NF and provides a continuous link between the McKenzie RD where C. stormi has been widely documented and the Umpqua NF where it has not been found to date (USFS NRM 2020; Xerces Society 2020). This study also surveyed for C. stormi on the Upper Willamette Resource Area (Lane County) of the Northwest Oregon BLM District, with no detections (Young and Doerr 2011). In 2012, this species was detected on additional parcels of Northwest Oregon District BLM land in the northern Cascades Resource Area (west of Mt. Hood, east of Sandy) (LeComte 2013, pers. comm.). Additionally, in 2011 and 2012, this species was documented at multiple new sites on the Willamette NF (Marion County) within the Breitenbush River watershed as part of the Cascades Crossing Project (USFS NRM 2020).

As a result of the survey work described above, this species has been detected at greater than 100 localities in the Cascade Mountain Range.

NOTE: Vague collection records (1999-2000) held by T. Burke indicate this species is documented in the Hood River Ranger District on the Mt. Hood National Forest (Hood River County). These records suggest it may occur in appropriate habitat on the east side of the Cascades.

Forest Service/BLM lands: 
Documented: This species is documented on Willamette and Mt. Hood National Forests, as well as BLM land in the Northwest Oregon District (Burke 2012, pers. comm., Pearce 2012, pers. comm., Young et al. 2010; BLM 2020; USFS NRM 2020). On the Mt. Hood National Forest, it has been detected on the Clackamas and Zig Zag Ranger Districts. On the Willamette National Forest, it has been detected on all four Districts (Detroit, McKenzie River, Middle Fork and Sweet Home Districts). 

Suspected: It is suspected to occur on the Umpqua National Forest; although, surveys on Umpqua National Forest land have not detected this species (Young et al. 2010; Young and Doerr 2011; USFS NRM 2020; Xerces Society 2020).

Abundance: According to Young and Doerr (2011), the abundance of this species is not well understood. Records suggest this species is typically found at very low numbers, as most records consist of 1-2 slugs, though up to 9 specimens have been detected at a given locality (Young et al. 2010; Young and Doerr 2011; BLM 2020; USFS NRM 2020). This species may have very specific microhabitat requirements that limit its abundance, as well as its distribution to wetter areas of the Cascades (Young and Doerr 2011). Additionally, this species may be more difficult to detect than other similar-sized slugs—partly due to their specific microhabitat preferences and the additional survey experience needed to identify micro-sites—both of which make abundance estimates problematic (Young et al. 2010).

Habitat Associations: 
Carinacauda stormi is currently known from montane areas on the western slopes of the Cascades in Oregon. This species occurs at elevations ranging from around 610 to 1219 m (2000 to 4000 ft.) (Young et al. 2010; Leonard et al. 2011). Sites where this species has been detected include a dominant overstory of Douglas-fir (Pseudotsuga menziesii), with western hemlock (Tsuga heterophylla) and vine maple (Acer circinatum) in the understory (Leonard et al. 2011; Young and Doerr 2011). Additional understory associations in C. stormi habitat include salal (Gaultheria shallon) and Oregon grape (Mahonia aquifolium) (Young and Doerr 2011). 

Preferred microhabitat sites are found where vine maple leaves have fallen and form a cover to hold moisture within a Douglas-fir needle litter/duff layer (Leonard et al. 2011). Places where down wood creates pockets for leaf litter and moisture to collect, are also found in association with the preferred microhabitat for this species (Young et al. 2010; Leonard et al. 2011). In addition, small depressions in the forest floor where water collects or saturation occurs as the rainy season develops appear to be important microhabitat features (Leonard et al. 2011). Within the very moist Douglas-fir needle litter/duff layer, most specimens have been located approximately 2.5 to 5 cm (1-2 in.) below the surface, between the current year’s needle layer accumulation and the compacted layer of previous years, with a vine maple leaf layer on the top (Young et al. 2010; Leonard et al. 2011). 

Forest age class does not seem to be a limiting factor for this species; detections have occurred in forests from 25 years to over 150 years in age (Leonard et al. 2011). This species was rarely detected in forest stands where either incense-cedar (Calocedrus decurrens) or western redcedar (Thuja plicata) was a dominant tree species, and it was absent in drier habitats beyond the southern part of its current range (Young and Doerr 2011). Generally, shrubs, ferns, and mosses were lacking in the areas where detections occurred, as well as where the fir needle/duff layer was under 5 cm (2 in.) deep and was composed of a higher mixture of rock material (Young and Doerr 2011). Although C. stormi has been found at the margins of small streams and seeps, this species does not appear to be tightly associated with seep or wetland habitat (Leonard et al. 2011).

Threats:   
Carinacauda stormi is closely tied to preferred habitats within relatively undisturbed forests that provide key micro-site attributes (Leonard et al. 2011; Young and Doerr 2011). Because this species has narrow habitat needs, a restricted geographic range, and limited dispersal abilities, impacts to its habitat could negatively affect populations. While micro-site factors are important for terrestrial mollusks, small, relatively sedentary taxa like this species can also be influenced by larger landscape-scale habitat conditions (e.g., climate and canopy cover) (reviewed in Foltz Jordan 2012). More information on current specific threats to this species is needed, but there are likely multiple stressors on their populations, including habitat loss and degradation, catastrophic wildfires, and climate change. Any activities that alter hydrology or forest floor microclimates likely threaten cool, moist microhabitats that support this species (Young et al. 2010).

Due to this species’ apparent low abundance and its association with specific microhabitat requirements, there is considerable potential for negative impacts from silvicultural activities including fuel treatments, prescribed burning, and logging (Young and Doerr 2011; reviewed in Foltz Jordan and Black 2012). For example, at some sites within this species’ potential range, Young and Doerr (2011) report intensive harvest over the last 50 years that has resulted in a degradation of soil composition and needle-duff layer condition, likely influencing the apparent lack of the species at such sites (i.e., no detection during surveys). Some silviculture (e.g., clear-cutting) practices and their associated microhabitat changes (e.g., reductions in canopy cover, changes in forest litter, and reductions in coarse woody debris) are likely to negatively impact snails and slugs at logged locations (Frest and Johannes 1995; reviewed in Foltz Jordan and Black 2012).
 
Fire has the potential to negatively impact terrestrial gastropods in multiple ways: directly, by fire-related mortality, and indirectly, by altering microclimate conditions, and by reducing, eliminating, or otherwise altering resources, including vegetation, fungi, leaf-litter, duff, woody debris, and other habitat elements pertaining to shelter or food (reviewed in Foltz Jordan and Black 2012). Forested sites where this species occurs have been prone to catastrophic wildfires during periods of drought. Most recently in 2020, the Beachie Creek fire burned over 190,000 acres of federal and private lands in the range of this species within the Willamette National Forest (including habitat within the Upper North Santiam River watershed) and Northwest Oregon BLM lands (including habitat within the Table Rock Wilderness) (InciWeb 2020). This same year, multiple other wildfires burned where significant populations of this species occur, including the Holiday Farm Fire (over 173,000 acres burned), impacting habitat in the Blue River watershed (Lane County), and the Lionshead Fire (over 200,000 acres burned), impacting habitat in the Breitenbush River Watershed (Marion County) (InciWeb 2020). While mollusks have evolved with historic fire regimes, multiple catastrophic fires in the same year in the range of this species could be particularly damaging to populations. The extent of impacts of these wildfires is unknown; however, because terrestrial gastropods, including slugs, live for the most part on vegetation and in litter, have limited mobility and poor active dispersal abilities, and are very sensitive to desiccation, they are highly vulnerable to fire itself and to subsequent habitat destruction (Burke 1999; Kiss and Magnin 2006; reviewed in Foltz Jordan and Black 2012; Foltz Jordan and Black 2014).

Climate change is likely to have a negative impact on C. stormi and its associated habitat. Warming temperatures, altered precipitation patterns, and drought conditions that are predicted in the range of this slug will likely threaten C. stormi populations as it is associated with cooler temperatures and moist habitat (Young et al. 2010; reviewed in IPCC 2014; reviewed in Jiménez Cisneros et al. 2014). Logging may exacerbate the effects of climate change by changing site hydrology, temperature regimes, canopy cover, and creating edge effect which dries up sensitive moist microsites (Frest and Johannes 1995).

Conservation Considerations:
[bookmark: _Hlk55397490][bookmark: _Hlk44048080]Research: There is a need to better understand the detailed biology, distribution, abundance, and status of this species to inform conservation efforts. This includes specifics on its life cycle, fecundity, abundance, recruitment, dispersal ability, physiological tolerances, as well as its role in the food web and nutrient cycling. Research is also needed to determine this species’ sensitivity to disturbance. This could include understanding the extent of specific threats to this species and its habitat (e.g., wildfire and logging). In fire impacted areas, research to understand any short- and long-term impacts to populations at burned sites will help inform conservation needs. 

[bookmark: _Hlk42519443]Inventory: Long-term monitoring of C. stormi and associated habitat requirements will improve knowledge of species distribution and co-occurring microclimate and climate variables. Recent surveys have uncovered multiple sites for this species; however, some of the ISSSSP funded efforts on the Willamette National Forest targeted easily accessible areas in close proximity to roads. Therefore, additional surveys for new sites could target more remote forested areas with suitable habitat, including on the Mt. Hood National Forest in the Middle Clackamas River Watershed and the Collawash River watershed. Known and new sites could be monitored to understand the impacts of forest activities and habitat changes on this slug and its habitat.

Management: While the most recent extensive survey efforts for this species found C. stormi at multiple National Forest sites, its limited range and low abundance indicate it may be extremely vulnerable to any impacts to its habitat. At known sites, high quality habitat for this species, including vine maple and down woody debris, as well as the needle-duff layer could be maintained to support populations (Young and Doerr 2011). Protecting intact microhabitat features (e.g., logs, snags, fallen branches, coarse woody debris, and thick leaf litter) and maintaining forest structure during logging or other management could help protect microsites and cool air refugia used by C. stormi (Young and Doerr 2011; reviewed in Jordan and Black 2012). Pile burning, broadcast burning, or heavy thinning that removes or deteriorates soil conditions, litter/duff layer, vine maple, and down woody debris could be avoided or minimized (Young and Doerr 2011). 
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Tom Burke, Retired, Regional Mollusk Expert, Pacific Northwest 
William Leonard, Malacologist, Washington
Tim Pearce, Carnegie Museum of Natural History, Pittsburgh, Pennsylvania
Tiffany Young, District Wildlife Biologist, Willamette National Forest, Oregon
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Records of Carinacauda stormi in Oregon, relative to USFS and BLM lands.  




ATTACHMENT 4: Photograph of This Species 
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Carinacauda stormi live adult. Photograph by William Leonard, used with permission. 
 
ATTACHMENT 5: Terrestrial Gastropod Survey Protocol, including specifics for this species
Sarah Foltz Jordan, Sarina Jepsen, Candace Fallon, Emilie Blevins, and Katie Hietala-Henschell 
Updated January 2018

Survey Protocol

Taxonomic group: 
Terrestrial Gastropoda

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

1. General collection and vouchering methods for aquatic and terrestrial mollusks:
See documents under the heading “Invertebrates – Mollusks” on the Interagency Sensitive and Special Status Species web page: https://www.fs.fed.us/r6/sfpnw/issssp/inventories/identification.shtml 

2. Pre-disturbance surveys for terrestrial mollusk species, the objective of which is to establish whether a specific mollusk is present in proposed project areas with a reasonable level of confidence, and to document known sites discovered during surveys:

Duncan, N., T. Burke, S. Dowlan, and P. Hohenlohe. 2003. Survey protocol for survey and manage terrestrial mollusk species from the Northwest Forest Plan. Version 3.0. U.S. Department of Interior, Bureau of Land Management, Oregon/Washington and U.S. Department of Agriculture, Forest Service, Region 6, U.S. Fish and Wildlife Service. 70 pp. Available at:  http://www.blm.gov/or/plans/surveyandmanage/files/11-mollusks_v3_enclosed2.pdf 

3. Inventory information for terrestrial mollusk site surveys:

· Inventory and Monitoring protocol page, with NRIS/GeoBOB field forms. Available at: http://www.fs.fed.us/r6/sfpnw/issssp/inventories/monitoring.shtml 
· ID services page, with current versions of field tags. Available at: http://www.fs.fed.us/r6/sfpnw/issssp/inventories/identification.shtml 

Species-specific survey details: 
Carinacauda stormi

How to survey: Visual searches and hand collection in the appropriate habitat is the best survey method for this species. Young and Doerr (2011) used the following survey protocol at each 10-acre site: a one-hour search, consisting of two 20-minute intensive searches of conifer needle and deciduous leaf litter plus 20 minutes of walk-about spot searching in likely habitat. See Duncan et al. (2003) for further details. 

Young et al. (2010) note that this species is more difficult to find then many other similar-sized slugs. Detection success depends on experience identifying the very specific micro-site conditions, having the litter and soil at a well-saturated condition, the temporal period of soil thawing and freezing (e.g., this slug can be found at soil temperatures below 4 degrees C and in soil under snow if the soil has recently been warmer), having a very bright headlamp, and slow and careful sorting of the proper needle litter zone among other factors (Young et al. 2010). Because of the difficulty in detection, negative results for this species need to be viewed with some caution (Young et al. 2010).

Voucher specimens should be collected in small vials or recycled yogurt containers and kept in a cooler with ice until preservation. Slugs being preserved for dissection should not be plunged immediately into ethanol, but first drowned in water in a sealed container (ISSSSP 2010). Usually 12 to 24 hours in the jar will relax and kill the specimens. When the optic tentacles no longer retract when pinched, the animal can be placed in 40% ethanol. After two or three days the fluid must be replaced with 80% ethanol. Note that this method does permit some cellular degradation, and for DNA analysis where gross morphology is not of interest, specimens (or small portions of specimens) should be placed directly in 95% ethanol or frozen (ISSSSP 2010).

Identification of this taxon is based on external morphology and internal features, as outlined in the fact sheet. Expert identification is recommended. 

Where: This recently described species is known only from the western slopes of the Cascade Range in Oregon, where it occurs in montane areas. This species should be sought in western hemlock/Douglas fir (Tsuga heterophylla /Pseudotsuga menziesii) stands with vine maple (Acer circinatum) present at an elevation band of approximately 610 to 1219 m (2000 to 4000 ft) (Young et al. 2010; Leonard et al. 2011). 

The forest floor should be free of a thick moss layer. Areas where vine maple leaves have fallen and form a cover to hold moisture in a Douglas-fir needle litter/duff layer seem to be the preferred microhabitat for this species, and places where down wood creates pockets for leaf litter and moisture to collect also seem to be selected (Young et al. 2010). In addition, small topographic depressions where water collects or saturation occurs as the rainy season develops appear to be important microhabitat features (Leonard et al. 2011). As such, the search area should concentrate where vine maple leaves collect into depressions or along downed wood (Young et al. 2010). Most specimens have been located in a very moist Douglas-fir needle litter/duff layer approximately 2.5 to 5 cm below the surface, between the current year’s needle layer and the compacted layer of previous years, with a vine maple leaf layer on the top (Young et al. 2010, Leonard et al. 2011).  

When: Like other terrestrial slugs in the region, this species is best surveyed during spring and fall, when the weather is most suitable (cool and moist) for finding active slugs. Fall surveys should be conducted when the rainy season saturates the needle duff layer, approximately November through December or after 5-7 days of continuous rain (Young et al. 2010). Spring surveys should be conducted shortly after snowmelt and near areas where soil moisture is still retained (April through June). This species may be found outside of the wet season in areas were soil moisture is retained; however, survey efforts should be limited to wet season unless surveyor has a high level of experience (Young et al. 2010).

References: (Survey Protocol Only)
[bookmark: _Hlk52890842]Duncan, N., T. Burke, S. Dowlan, and P. Hohenlohe. 2003. Survey protocol for survey and manage terrestrial mollusk species from the Northwest Forest Plan. Version 3.0. U.S. Department of Interior, Bureau of Land Management, Oregon/Washington and U.S. Department of Agriculture, Forest Service, Region 6, U.S. Fish and Wildlife Service. 70 pp. [Available on ISSSSP intranet site].
[ISSSSP] 2010. Interagency Special Status/Sensitive Species Program. Mandatory guidelines for collecting, processing, and shipping Mollusk voucher specimens. 6 pp.
Leonard, W.P., L. Chichester, C.H. Richart, and T.A. Young. 2011. Securicauda hermani and Carinacauda stormi, two new genera and species of slug from the Pacific Northwest of the United States (Gastropoda: Stylommatophora: Arionidae), with notes on Gliabates oregonius Webb 1959. Zootaxa 2746:53-56.  
Young, T. and J. Doerr. 2011. FY2011 ISSSP Report on Salamander Slug* and Secondary Mollusk and Amphibian Species Purposive Surveys on Middle Fork Ranger District of the Willamette National Forest and on the Cascade portion of the Eugene Bureau of Land Management. Unpublished Report, Interagency Special Status Species Program (USDI Bureau of Land Management and USDA Forest Service), Portland, OR. 8pp.
Young, T., J. Doerr, R. Price, and R. Davis. 2010. FY2010 ISSSP report on two salamander slug (Gliabates oregonius) survey projects. Unpublished Report, Interagency Special Status Species Program (USDI Bureau of Land Management and USDA Forest Service), Portland, OR. 14pp.
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