SPECIES FACT SHEET

Scientific Name: Gliabates oregonius (Webb, 1959)   
Common Name: Salamander slug, axe-tail slug, Oregon micro-slug 
Phylum: Mollusca
Class: Gastropoda
Subclass: Pulmonata
Order: Stylommatophora 
Family: Arionidae

Taxonomic Note:  
Gliabates oregonius (originally described as G. oregonia) is known from a single type specimen collected from Alderwood State Park in the Oregon Coast Range (Webb 1959). A similar slug that occurs in the Oregon Cascade Range and was the subject of an ISSSSP-funded survey effort under the name G. oregonius has recently been described as a new species: Carinacauda stormi (Leonard et al. 2011). As such, all “Gliabates oregonius” records in the NRIS databases other than Alderwood State Park type locality should be changed to Carinacauda stormi (Leonard 2012, pers. comm.). As of May 2012, approximately 91 observations and 408 sites for “G. oregonius” remain to be changed to C. stormi (FS NRIS Database 2012). The GeoBob Database does not appear have any outdated “G. oregonius” records (GeoBob Database 2012).

Conservation Status: 
Global Status (2002): G1
National Status (United States): N1
State Status: Oregon (S1)
(NatureServe 2012).  
 
Technical Description:
The taxonomic understanding of this species is based on a single holotype specimen in poor condition (Webb 1959, 1977, Leonard et al. 2011). The species was originally described by Webb (1959) as follows (Frest & Johannes 1999): a small (ca. 1 cm) elongate slug with a mantle about half the full body length. The body is gray, unmarked; the mantle is darker gray and the dorsal surface is posteriorly darker gray. Male anatomy is similar to Hesperarion except for the following: lacking definite verge; with a short epiphallus; and with a two-chambered penis with a medial lobate collar. Both basal spermathecal duct and vagina very greatly expanded; penis globular; penial retractor inserted on broad, bluntly rounded apex of penis; spermatheca more globular than in Hesperarion (Frest & Johannes 1999; Webb 1959). Webb (1977) provides further description of the holotype specimen, including illustrations of the radula, shell, partial mantle, and distal genitalia. Both the 1959 and 1977 papers, however, are incomplete, lacking descriptions of several characters and character states including the buccal and tentacular muscles, sole, pneumostome position, relative body proportions, mantle texture, presence/absence of a line of abcission on tail, and presence/absence of a caudal mucus pore (Leonard et al. 2011). As a result, the taxonomic placement of this species has been called into question (e.g., Frest & Johannes 1999, Roth 2004).

In an effort to gain additional insight into the morphology of this species and resolve some of the taxonomic uncertainty, Leonard et al. (2011) examined a series of high-resolution digital photographs of the slide-mounted holotype of G. oregonius uncovered at the Field Museum in Chicago. In this study, the G. oregonius holotype (as visualized in the slide mount and described by Webb) was compared with a slug species from the Oregon Cascade Range that was suspected to be the same species as G. oregonius and had been operationally treated as “G. oregonius” by Forest Service biologists and other researchers for several years. The study concluded that the holotype G. oregonius was significantly different from the Oregon Cascade Range “G. oregonius”, the latter of which was given the name Carinacauda stormi and described as a new genus and species (Leonard et al. 2011). The following excerpt from Leonard et al. (2011) compares G. oregonius with C. stormi and other axetail slugs. Descriptive information pertaining to G. oregonius is in bold text. 

From [the slide mount of G. oregonius] we were able to establish that the tail lacks both a line of abscission and a caudal mucus pore and that the shell is most probably concave. A few naturalists in the Pacific Northwest have suggested that axetails might be G. oregonius and our working hypothesis at the start was that we would confirm that at least C. stormi was G. oregonius. This hypothesis stemmed from Webb’s description on the external morphology of G. oregonius, which is partially consistent with axetails. Two shared characters are a body length of “about 1 cm long” and a “strong keel on tail.” However, a few external characters are incongruent with axetails. Webb states that the “mantle overlies about half the body”; measurements of the photo of the holotype confirm that the mantle is approximately 50% of the body length, which compares to means of 72% and 61% for Securicauda and Carinacauda, respectively. Our measurements of this same photo also enabled us to establish that the tail of G. oregionius is 42% of the body length, approximately double that of either axetail; the tail was also determined to be 94% the length of the mantle, significantly greater than either axetail. One of the more striking characteristics of preserved axetails is an anterior free mantle flap; we believe that the normally detail-oriented Webb would have mentioned this characteristic had it been present in Gliabates. The most compelling evidence on the relationship between Gliabates and axetails is found in the characteristics of the internal anatomy. The jaw of both species of axetails has about 50 evenly spaced ribs as compared with [a jaw of] 17 ribs in the holotype of Gliabates. Webb indicates that Gliabates had a two-chambered penis, no well-developed verge, no atrial or vaginal accessory structures and had a short epiphallus. Carinacauda stormi differs from Gliabates in possessing atrial accessory structures, an undivided penis, a well-developed verge and a very long, coiled epiphallus. Securicauda hermani differs from Gliabates in possessing a well-developed verge, an undivided penis, a much reduced epiphallus and a slender spermathecal duct.

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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While it is clear that G. oregonius is morphologically distinct from C. stormi and other axetail slugs, the taxonomic placement of G. oregonius is still somewhat uncertain (Leonard et al. 2011). While earlier researchers (e.g., Roth 2004, Frest & Johannes 1999) suspected this species may belong to the family Milacidae, Leonard et al. (2011) concluded that the species, lacking a tripartite sole and a subdivided mantle, does not fit the criteria for consideration as a milacid, but is better classified within the family Arionidae based on characteristics of the jaw. Unfortunately, the poor quality of the holotype and the lack of additional specimens of G. oregonius preclude more robust morphological comparisons that could shed light on the species’ identity and its relationship with other taxa (Leonard et al. 2011). 

Life History:
The life history patterns of this very rare species are not known. Slugs in the Arionidae family are hermaphoriditic, having both female and male reproductive organs. In general, once a slug has located a mate, they encircle each other and sperm is exchanged through their protruded genitalia. Eggs are laid in a protected site such as a hole in the ground, or beneath a fallen log. Most slugs, including representatives in this family, feed on living or decaying plant material, fungus, and/or invertebrates.   

Range, Distribution, and Abundance:
This species is known only from the type locality in Lane County, Oregon, in the eastern foothills of the Coast Range. The holotype was collected on the “east-bank of the Long Tom River, adjacent to Alderwood State Park, on road 36, near Cheshire” (Webb 1959). The Park lies across the river from the point where the specimens were taken (Webb 1959).

Forest Service/BLM Lands: This species is Suspected on Eugene District BLM land in the vicinity of the type locality (see map in Appendix). It is also Suspected on Siuslaw National Forest (e.g., Mary’s Peak, where appropriate habitat for this species is expected to occur (Young 2012, pers. comm.)).  

Abundance:  Abundance estimates of this rare species have not been conducted. Webb (1959) notes that “specimens” were found, but later clarifies that the description was based off of just one specimen (Webb 1977, Leonard et al. 2011). Only one specimen (the holotype) is currently known (Leonard et al. 2011).  

Habitat Associations:
The G. oregonius holotype was found living amid leaf litter under bushes in a mature conifer forest on the east-bank of the Long Tom River (Webb 1959). According to Webb (1959), "a dense grow of small shrubs made collecting difficult, but seemed to be keeping the ground moist & densely strewn with leaf-litter & twigs". Webb (1959) reported several animals associated with this species at the site: a short-tailed salamander, Prophysaon dubium slug(s), adult Monodenia fidelis snail(s), and Haplotrema snail(s). 

Given the type locality description (mature forest on river bank), Frest & Johannes (1999) consider G. oregonius a riparian associate and mature forest associate.  

Leonard et al. (2011), notes that the habitat at this site (visited in recent years) has been found to be quite different from the higher elevation habitat where the related C. stormi is known to occur. For example, at the G. oregonius site, Douglas-fir (Pseudotsuga menziesii) was present, but a substantial needle-duff layer was not developed. Vine maple (Acer circinatum) was sparse and did not provide an adequate leaf layer to hold moisture. Swordfern (Polystichim munitum) and moss were found to be the dominant ground cover. In addition, down wood was present in very low quantity (two pieces/acre) (Leonard et al. 2011). This site is situated at an elevation of 500-600 feet (170 to 183 m) (Applegarth 1995), approximately 1200 feet (366 m) lower than C. stormi is known to occur (Stone & Young 2010, Leonard et al. 2011). In recent years, the following snails and slugs have been encountered at the site: Ariolimax columbianus, Prophysaon dubium, P. coerculeum, P. andersoni, Haplotrema vancouverense, Ancotrema sportella, Ancotrema hybridum, Vespericola spp., and Monadenia fidelis (Young 2013, pers. comm.). 
  
Threats:
Logging in mature forest areas in southern Lane County is a serious threat to this species. Frest & Johannes (1999) note that almost all of the area surrounding the type locality site has been impacted by logging. Additional threats at the type locality site include park development and modification, human usage of the park, livestock grazing, agricultural practices, and increasing urbanization in the Long Tom River (greater Eugene) area (Frest & Johannes 1999). According to Frest & Johannes (1999), modifications to this species’ habitat are present and ongoing, both at the known site and in the surrounding Willamette Valley in the vicinity of the Long Tom River.

Conservation Considerations: 
This highly endemic species is known only from the Lane County type locality, where it was found on just one occasion in 1957. According to Leonard et al. (2011), while it seems improbable that Webb could have collected the last individual of a now extinct group, it cannot at this time be ascribed to any extant species—native or introduced. Tiffany Young has made several visits to the type locality in both fall and spring during multiple years and was unsuccessful in locating any specimens of G. oregonius, although numerous other snail and slug species were detected (Stone & Young 2010, Young 2013, pers. comm.). John Applegarth has also independently made several visits to the type locality without locating this slug (Applegarth 2013, pers. comm.). In addition to searches at the type locality, Tiffany Young has surveyed for this species in the Coast Range around the Mapleton, Deadwood and Swiss Home areas with no detections, noting that the habitat wasn’t quite right probably due to the elevation being too low (Young 2013, pers. comm.). Although the type locality for this species is only at 500 ft., higher elevation sites are suspected by Young (2013, pers. comm.) to contain more appropriate habitat for this species. According to Young (2013, pers. comm.), Mary’s Peak (the highest area on the coast range) has the greatest potential for supporting this slug. Surveys for this slug on Mary’s Peak are planned for Winter and Spring of 2013, with back-up surveys planned for Fall 2013 (Young 2013, pers. comm.). Surveys for this species on Eugene BLM land to the East of the type locality may also be promising, considering the proximity of this land to the type locality and the potential for similar, suitable habitat. Overall, it is considered unlikely that further targeted surveys in the area will reveal this taxon, although any findings would be highly significant (Applegarth 2013, pers. comm., Leonard 2012, pers. comm., Young 2012, pers. comm.).

It addition to targeted surveys (e.g., as proposed by Young, above), it is strongly recommended that surveyors and biologists in southwest Oregon remain aware of the species’ potential for occurrence in mature forest sites and follow appropriate procedures in the event that it is encountered (see survey protocol for details). Additional specimens that match this species’ description would be very useful in confirming this species’ identity and its relationship with other taxa (Leonard et al. 2011). Additional specimens would also play a critical role in increasing our understanding of the species’ distribution, habitat requirements, life history patterns, and conservation needs.
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Known record of Gliabates oregonius in Oregon, relative to Forest Service and BLM lands. Yellow polygons in this map represent State lands.
  








ATTACHMENT 4: Photograph of species
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Photograph of the slide-mounted holotype of Gliabates oregonius (FMNH 308279), courtesy of Jochen Gerber, FMNH, extracted from Leonard et al. (2011). The keel on the tail is identifiable as a dark brown stripe on the upper right side of the photo; the mantle is identifiable by a dark-brown ovoid area immediately forward (left) of the tail; the shell is partially exited from the mantle and overlapped onto the tail (Leonard et al. 2011). 















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

Survey Protocol

Taxonomic group: 
Gastropoda

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

1. General collection and monitoring methods for aquatic and terrestrial 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. 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., Burke, T., Dowlan, S. 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].

3. Inventory report including standard data forms for terrestrial mollusk site surveys:

Hendricks, P. and B. A. Maxell. 2005. USFS Northern Region 2005 land mollusk inventory: a progress report. Report submitted to the U.S. Forest Service Region 1. Montana Natural Heritage Program (Agreement #05-CS-11015600-033, Helena, Montana. 52 pp. Available at: http://www.fs.fed.us/r1/projects/wildlife-ecology/USFS_R1_Mollusk_Progress_Report_12_31_05.pdf (Accessed 27 July 2011). 





Species-specific Survey Details: 
Gliabates oregonius

This highly endemic species is known only from the type locality-the “east-bank of the Long Tom River, adjacent to Alderwood State Park” in the eastern foothills of the Coast Range, Lane County, Oregon (Webb 1959). Despite extensive mollusk surveys in the region, G. oregonius is known only from a single (type) specimen collected in 1959 (Leonard et al. 2011, Leonard 2012, pers. comm.). According to Leonard et al. (2011), while it seems improbable that Webb could have collected the last individual of a now extinct group, it cannot at this time be ascribed to any extant species—native or introduced. Tiffany Young has made several visits to the type locality (in both fall and spring during multiple years) and was unsuccessful in locating any specimens of G. oregonius, although numerous other snail and slug species were detected (Stone & Young 2010, Young 2013, pers. comm.). John Applegarth has also independently made several visits to the type locality without locating this slug (Applegarth 2013, pers. comm.). In addition to searches at the type locality, Tiffany Young has surveyed for this species in the Coast Range around the Mapleton, Deadwood and Swiss Home areas with no detections, noting that the habitat wasn’t quite right probably due to the elevation being too low (Young 2013, pers. comm.). Although the type locality for this species is only at 500 ft., higher elevation sites are suspected by Young (2013, pers. comm.) to contain more appropriate habitat for this species. According to Young (2013, pers. comm.), Mary’s Peak (the highest area on the coast range) has the greatest potential for supporting this slug. Surveys for this slug on Mary’s Peak are planned for Winter and Spring of 2013, with back-up surveys planned for Fall 2013 (Young 2013, pers. comm.). Surveys for this species on Eugene BLM land to the East of the type locality may also be promising, considering the proximity of this land to the type locality and the potential for similar, suitable habitat. Overall, it is considered unlikely that further targeted surveys in the area will reveal this taxon, although any findings would be highly significant (Applegarth 2013, pers. comm., Leonard 2012, pers. comm., Young 2012, pers. comm.).

In addition to targeted surveys, surveyors and biologists in southwest Oregon should remain on the look-out for this species and its habitat, and follow appropriate preservation guidelines in the event that it is encountered.  

The known habitat for this species is leaf litter under bushes in a mature conifer forest on the east-bank of the Long Tom River (Webb 1959). This site is situated at an elevation of 500-600 feet (170 to 183 m) (Applegarth 1995, Leonard et al. 2011). Leonard et al. (2011), describe the habitat at this site as follows: Douglas-fir (Pseudotsuga menziesii) and vine maple (Acer circinatum) were present, but a substantial needle-duff layer was not developed at the site. Vine maple was sparse and did not provide an adequate leaf layer to hold moisture. Swordfern (Polystichim munitum) and moss were found to be the dominant ground cover. In addition, down wood was present in very low quantity (two pieces/acre) (Leonard et al. 2011).
  
The only known record for this species is from October (Webb 1959). Like other 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 snails and slugs. For the related Carinacauda stormi, Young et al. (2010) recommend Fall surveys be conducted when rainy season saturates the needle duff layer, approximately November through December or after 5-7 days of continuous rain, and Spring surveys should be conducted shortly after snowmelt and near areas where soil moisture is still retained (April through June).

Visual searches targeting very small “micro-slugs” (around 1 cm (1/3 in.) in length) in the appropriate habitat is the best survey method for this species. Young & Doerr (2011) recommend the following survey protocol for slug surveys: 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 at each 10-acre site. See Duncan et al. (2003) for further details. 

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 be drowned in water in a sealed container for 12 to 24 hours before being transferred to ethanol (ISSSSP 2010). Initially, the animal should be transferred to 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 largely on features of the genitalia, as outlined in the fact sheet. Expert identification is critical. 
According to Leonard et al. (2011), confirmation of this species’ identity and its relationship with other taxa is contingent upon the discovery of additional slugs that match Webb’s description, especially in the distal genitalia. Additional specimens would also play a significant role in increasing our understanding of the species’ distribution, habitat requirements, life history patterns, and conservation needs.
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