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1

Land snails and slugs (Gastropoda: Caenogastropopoda 
and Pulmonata) are a vital component of the terrestrial ecosys-
tem. As a group, they serve many roles: they can be detritivo-
rous, herbivorous, or predaceous and be an important source 
of calcium and food for other animal groups, including insects, 
birds, reptiles and amphibians, and small mammals (Ingram 
1950, Martin et al. 1951, Speiser 2001, Allen 2004, Symondson 
2004). In the Netherlands, passerine birds had signifi cantly 
lower eggshell quality in areas of low snail density (Graveland 
1996). Some salamander species rely on land snails as a calcium 
source and their density is linked to the density of land snails 
(Harper and Guyen 1999). Empty land snail shells are often 
used as shelter by other invertebrates (Taylor et al. 1977, 
Dourson 2010, pers. obs.). Snails are present and often abun-
dant in most terrestrial habitats in eastern U.S.A. and the 
Southeast supports an extraordinarily high diversity, as shown 
by Coney et al. (1982), Hubricht (1985), Dourson and Freeman 
(2006), Dourson (2007, 2010, 2013), Caldwell and Dourson 
(2008), and Douglas et al. (2010, 2014).

Specimens of terrestrial mollusks from Knox County, 
Tennessee have been archived in several institutions, and were 
collected as early as the 1800’s by a number of notable research-
ers, including Mrs. George Andrews, George H. Clapp, Leslie 
Hubricht, Arnold Ortmann, Henry Pilsbry, Victor Sterki, and 
Bryant Walker. Several publications have dealt with the occur-
rence of land snails in Tennessee. Lutz (1950) surveyed 
Claiborne County and reported 20 species. Bogan et al. (1982) 
reported on the distribution of Polygyridae in Tennessee and 
reported 75 species. Hubricht (1985) presented distributional 
information on land snails in eastern U.S.A. counties and pro-
vided a map for each species. For Knox County, he reported 
76 species. Hubricht’s maps were a compilation of published 
sources, and combined his collecting efforts with specimens col-
lected by others but verifi ed by him. Nekola and Coles (2010) 
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provided distributional information on Pupillidae in North 
America, and for Knox County they reported 7 species. Except 
for Lutz (1950), our survey is the fi rst inventory of terrestrial 
mollusks in Tennessee that focused on an individual county. 
Herein, we use the term “land snail” for all species of terrestrial 
mollusks, i.e., including slugs.

MATERIALS AND METHODS

Study area
Knox County is situated in the eastern third of Tennessee 

and is entirely within the Southern Appalachian Valley and 
Ridge physiographic region, a 60–90 km wide belt of northeast-
southwest trending ridges and valleys extending from Maryland 
south to Georgia and Alabama. Knox County is situated 
approximately midway between the Kentucky and Georgia bor-
ders and has a total area of 1,360 km2, of which 1317 km2 is land 
and 43 km2 is water. Knox County’s land area is 54% tree can-
opy, 28% open space, 13% impervious surface, and 5% bare 
ground (American Forests 2002). The average annual tempera-
ture and precipitation for Knoxville (Knox County’s largest 
city), is 15.3° C and 122.4 cm, respectively (Your Weather Service 
2017). Signifi cant land features in Knox County include House 
Mountain (the county’s highest point located in its northeast 
corner), Bays Mountains complex, McAnnally Ridge, Beaver 
Ridge, Copper Ridge, Bullrun Ridge and several large cliffs bor-
dering the Holston, French Broad, and Tennessee Rivers.

Sampling sites
After reviewing USGS topographic maps and the soil 

survey of Knox County (Roberts et al. 1955), and using our 
knowledge of the study area, we chose 116 sites to sample for 
land snails (Fig. 1). Fieldwork was conducted in 2015-2017. 
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On each of the different signifi cant land features we chose 
sites within various habitats and slope aspects, including wet-
lands, fl oodplains, rock bluffs and forested slopes. Although 
we concentrated our survey efforts on limestone-rich public 
areas and forested parks, we included a number of private 
properties and urbanized settings (e.g., abandoned and occu-
pied parcels in downtown Knoxville) to document the diver-
sity of land snails across a wide range of habitats. 

Sampling methods and processing
At each site, one to three person-hours were spent assessing 

habitat and searching for medium to large land snails; several 
liters of soil and fi ne woody material were gathered at various 
places across the site, composited into a single sample, and 
returned to the laboratory. Fine-scale habitats examined at most 
survey sites included large tree trunks, the underside, surface and 
interior of coarse woody debris, large rocks and rock outcrops, 

human-made debris, and wetland edges. A hand-held Global 
Positioning System device was used to record the coordinates 
for the geographic center of each site. Sites ranged from 400 
to 1600 m2. Each site was characterized using a generalized 
list of habitat categories: Seep/wetland/fl oodplain, pine forest/
cedar grove, open disturbed, mature oak/hickory, sandstone/
limestone outcrops and river bluff, urban/residential, cave, dis-
turbed second growth forest, and disturbed sandstone/limestone 
outcrop (Appendix 1). Soil samples returned to the laboratory 
were dried and sifted through a series of four sieves with open-
ings measuring 4.75 mm to 0.50 mm. The larger factions of the 
soil and fi ne woody debris samples were examined using a 10X 
lens and the smaller factions were examined for the presence of 
microsnails (<5mm at the greatest dimension) using a dissecting 
microscope. Land snails encountered opportunistically (i.e., not 
associated with a survey site) were included in the county species 
list. At some sites, snails were encountered that were identifi ed to 

Figure 1. Map of Knox County survey sites.
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the genus level only; identifi cation to the species level could not 
be reached because of shell condition or age. These were included 
in the species total for the site if they represented the only mem-
ber of the genus present. Specimens collected in this study were 
archived at the University of Tennessee, McClung Museum of 
Natural History and Culture.

We used a number of references to identify specimens, 
notably Pilsbry (1940, 1946, 1948), Burch (1962), Kerney and 
Cameron (1979), Emberton (1988, 1991), Grimm et al. (2009), 
Dourson (2010, 2013), and Nekola and Coles (2010). We 
compared problematic specimens to material at the Chicago 
Field Museum (FMNH), Carnegie Museum of Natural 
History (CMNH), the Ohio State Museum of Biological 
Diversity (OSUM), University of Michigan Museum of 
Zoology (UMMZ), and the McClung Museum of Natural 
History and Culture (MMNHC). Additionally, selected prob-
lematic specimens were sent for verifi cation to Dan Dourson 
(Belize Foundation for Research and Environmental Education), 
John Slapcinsky (Florida Museum of Natural History 
[FLMNH]), Amy and Wayne Van Devender (Appalachian 
State University), and Francisco Borrero (Animal and Plant 
Health Inspection Service [APHIS]). County and state records 
were determined using Bogan et al. (1982), Hubricht (1985), 
Dourson (2013), and pertinent literature. We searched the 
database of several institutions for Knox County records. 
Only published or verifi ed records were considered for the 
list of Knox county species. Some species found in our fi eld 
survey representing a potentially new county record also were 
found in one or more museum databases. Due to time con-
siderations, we did not examine these specimens or ask the 
museum curator for verifi cation. Species in a museum data-
base not found in our fi eld survey representing a potential 
new county record were examined by us or verifi ed by the 
collection manager. We followed Turgeon et al. (1998) for 
genus and species names with three exceptions: We followed 
Gargonimy (2011) for Ambigolimax valentianus, Roth (2003) 
for Cochlicopa, and Coles and Walsh (2006) for Daedalochila. 
For family designations we followed MolluscaBase (2018) 
with one exception. Following Pokryszko et al. 2009, we 
retained Columella and Gastrocopta in Vertiginidae as this 
group is presently under study (Nekola and Coles 2016).

RESULTS

Approximately 10,630 specimens were collected in this 
survey. Our survey results combined with museum speci-
mens and published literature revealed the land snail fauna in 
Knox County comprises 151 species in 60 genera (Table 1). 
Our list for Knox County includes eight species not found in 
this survey but reported by Hubricht (1985) and/or Bogan 
et al. (1982), and eight species not found by us but cataloged 

in CMNH and/or FLMNH. We document 70 species previ-
ously unreported in Knox County. Most of these new county 
records are common elsewhere in east Tennessee (e.g., 51 of 
these have been recorded in at least one adjacent county). 
Our list of new county records includes three species we 
found live or fresh dead but which previously were known 
from Tennessee only in the fossil record (Hubricht 1985): 
Gastrocopta holzingeri (Sterki, 1889), Cochlicopa lubrica 
(Müller, 1774), Lucilla singleyanus (Pilsbry, 1889). It should 
be noted two of our new county records that are based on 
museum specimens: Stenotrema edgarianum (I. Lea, 1841) 
and Ventridens coelaxis (Pilsbry, 1899) may be questionable 
based on imprecise locality data, published distributional 
information, and habitat preference. This is discussed in the 
species accounts. Fifteen species are new state records; all are 
common in the southeastern U.S.A. and have been reported 
from a state adjacent to Tennessee. Eleven of the state records 
are species not native to North America.

Land snails are widespread in Knox County, and were 
found at all 116 sites. The three most commonly encountered 
species were Striatura meridionalis (Pilsbry and Ferriss, 1906), 
Infl ectarius infl ectus (Say, 1821), and Zonitoides arboreus (Say, 
1816), occurring at 57%, 56%, and 54% of all sites, respec-
tively. Twenty-six (26) species were found at only a single site. 
The most speciose site was a limestone/sandstone bluff com-
plex on Texas Valley Road in the northeast corner of the 
county (Site 9, N = 45 species). In general, limestone/sand-
stone bluff habitat was the most speciose.

Including museum records, we found 16 nonindigenous 
species. Except for Arion subfuscus (Draparnaud, 1805) and 
Vertigo pygmaea (Draparnaud, 1801), all non-native species 
were found exclusively in urban, residential or otherwise 
anthropogenically disturbed sites.

Taxonomic Notes on Selected Taxa
Allopeas cf. clavulinum (Potiez and Michaud, 1838): Allopeas 

clavulinum is an introduced snail documented in Pennsylvania, 
Massachusetts, and Florida (Pilsbry 1946, Dundee 1971). 
Several live immature specimens were found in a degraded 
roadside area in Knoxville (Site 65) and were verifi ed by 
F. Borrero as generally matching A. clavulinum. 

Anguispira Morse 1864 spp.: Hubricht (1985) reported 
four species of Anguispira from Knox County: Anguispira 
alternata (Say, 1816), Anguispira mordax Kutchka, 1938, 
Anguispira knoxensis (Pilsbry, 1899), and Anguispira jessica 
Kutchka, 1938. We did not fi nd A. mordax or A. knoxensis in 
this survey. Individuals resembling A. strongylodes/jessica 
were sent to J. Slapcinsky (FLMNH) for identifi cation. He 
separated them into two species we tentatively refer to as 
Anguispira cf. strongylodes (Pheiffer, 1854) and Anguispira cf. 
jessica. Future studies are needed to reveal the taxonomic 
placement of these taxa. We found A. cf. strongylodes at eight 
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sites (Sites 1, 4, 37, 101, 103, 109, 112, 113), all of which were 
mature hardwood forest or sandstone/limestone bluff. Anguispira 
cf. jessica was found only at McAnnaly Ridge (Site 99), a mature 
hardwood forest. In general, both species were associated 
with decomposing wood.

Arion fasciatus Nilsson, 1923: This non-native species is 
wide ranging in North America and is found in a variety of 
habitats including grasses, shrubs, hedgerows and forests of 
maple/ash/elm (Chichester and Getz 1973). Its distribution 
stretches across Canada and it is well established in the north-
eastern U.S.A. and California. Elsewhere, A. fasciatus has 
been reported from maize fi elds in Ohio and Kentucky, and 
the Great Smoky Mountain National Park in North Carolina 
(Burch 1962, Hammond and Byers 2002, Dourson 2010, 
2013). We found this species at Maxwell Spring (Site 38), a 
mature forested area near a busy road.

Arion hortensis Férussac, 1816: In North America, A. 
hortensis has been reported from Canada and a number of 
eastern states including Delaware, Kentucky, Pennsylvania 
and Virginia (Burch 1962, Pearce and Bayne 2003, Dourson 
2010, Hotopp et al. 2013). In Virginia it has been found in 
counties adjacent to Tennessee. Its preferred habitat includes 
cultivated areas as well as deciduous and coniferous forest 
(Chichester and Getz 1973). We found this species in shaded 
brushy habitat of a residential area (Site 21). This non-native 
species is very similar to another invasive species, Arion dis-
tinctus Mabille, 1868. The identifi cation of A. hortensis was 
verifi ed by F. Borrero of APHIS.

Arion intermedius (Normand 1852): Reported from 
Canada, New York, California and as far south as Kentucky 
and Virginia, this non-native species is found primarily in 
disturbed habitats (Burch 1962, Forsyth 2004, Dourson 2010, 
Hotopp et al. 2013). We found A. intermedius in second-
growth fl oodplain forests and a former pasture at the edge of 
a spring (Sites 3, 13, 27). 

Arion subfuscus (Draparnaud, 1805): This invasive spe-
cies was found on a forested slope adjacent to the Third Creek 
Greenway within the city limits of Knoxville (Site 51). Arion 
subfuscus has been introduced throughout northeastern 
U.S.A, where it thrives in natural woodlands as well as devel-
oped areas (Chichester and Getz 1973, Blanchard and Getz 
1979). It appears to be increasing its southern range as there 
are records in Virginia and North Carolina (Grimm et al. 
2009, Hotopp et al. 2013). It has been noted as a pest of maize 
and soybeans in Ohio (Hammand and Byers 2002). Previous 
to this survey, it had not been reported in Tennessee. The 
success of this species in woodland areas of the Third Creek 
Greenway may be a threat to local native slugs. Although this 
site is surrounded by disturbed/residential areas, the occur-
rence of A. subfuscus in a mature hardwood forest is cause for 
concern. Arion subfuscus is an important predator of Pinus 
sylvestris (Linnaeus, 1753) seedlings in northern Sweden 

(Nystrand and Granström 1997). It also was the dominant 
slug found in recently burned black spruce forest in New-
foundland and has the ability to affect forest regeneration 
and biodiversity (Moss and Hermanutz 2010). We have 
observed this species in remote forests of northern Minnesota 
and southern Ontario, where it was the only slug species 
encountered.

Bradybaena similaris (Férussac, 1821): This species is 
known from the Gulf coastal states and is a native of south-
eastern Asia (White-McLean 2011). It has invaded Australia, 
Europe, and North and South America. Numerous live indi-
viduals were found in May at a landscape nursery business in 
Knoxville outside the greenhouses (Site P6). Because they 
were found during a warm season, we are unsure if the spe-
cies is surviving year-round. Besides being an important agri-
cultural pest, B. similaris can be carrier of Angiostrongylus 
cantonensis, a parasitic nematode that causes a disease called 
human eosinophilic meningoencephalitis (Carvalho et al. 
2012). This disease typically occurs in Asia but there are doc-
umented cases in Florida, Louisiana, and Texas (Iwanowicz 
et al. 2015, Stockdale Walden et al. 2017). At least fi ve other 
species we found in Knox County, Ventridens demissus 
(A. Binney, 1843), Zonitoides arboreus, Limax maximus (Linneaus, 
1758), Ambigolimax valentianus (Férussac, 1822) and Deroceras 
laeve (Müller, 1774) also have the ability to carry this parasite 
(Senanayake et al. 2003, Asata et al. 2004, Lv et al. 2008, 
Stockdale Walden et al. 2017).

Cochlicopa lubricella (Porro, 1838): This European spe-
cies has colonized southeastern Canada and northeastern 
U.S.A., and has been reported in Virginia (Hotopp et al. 
2013). It is generally found in disturbed areas. In Knox 
County, we found specimens adjacent to a landscape nursery 
business in Powell (Site 21) and in three park-like habitats in 
Knoxville (Sites 53, 66, 69). There is disagreement among 
specialists over the separation of this species from Cochlicopa 
lubrica (Müller, 1774), another species introduced from 
Europe (Welter-Schultes 2012). We found both species in 
Knox County and followed Pearce and Drescher (2017) in 
separating the two using shell size (>2.29 mm diameter = 
C. lubrica, <2.19 mm diameter = C. lubricella).

Deroceras laeve (Müller, 1774): Although thought by 
many to be the only native Deroceras in North America, some 
researchers believe the species originated in Europe (Dourson 
2013, D. Robinson pers. comm.). It is a widely distributed 
garden pest throughout the eastern U.S.A. (Burch 1962) and 
was previously known to occur in Knox County (McCracken 
and Selander 1980). We found this slug in residential and 
urban areas (Sites 15, 21, 27, 31, 69).

Deroceras reticulatum (Müller, 1774): This European 
slug is an important agricultural pest throughout North 
America and in many places worldwide (Burch 1962), how-
ever we found no published records of this species in Tennessee. 
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In Knox County, this slug is common in fl oodplains and resi-
dential and urban areas (Sites 21, 31, 69).

Dryachloa dauca Thompson and Lee, 1980: Described 
from Florida, this distinctive snail has also been found in 
Alabama, and within the last few years has been collected in 
the southern Piedmont of North Carolina where it occurs 
in degraded habitats along railroads and in relatively undis-
turbed, species-rich areas (A. Van Devender, pers. comm.). It 
is unlikely this species has been overlooked by earlier collec-
tors in the eastern U.S.A. and it’s rapidly expanding range 
suggests it may not be native to North America (H. Lee, pers. 
comm.). We found one individual in a second growth forest 
in Knoxville (Site 39). 

Galba Schrank 1803 sp.: Four species of Galba are known 
to occur in Tennessee (Johnson et al. 2013). Galba typically 
occurs on the edges of ditches and ponds and can be semi-
aquatic, as long as the area is moist or fl ooded sporadically 
(P. Johnson, pers. comm.). It can survive dry periods for 
more than a year in aestivation (Kendall, 1949). Although it is 
not typically included in a list of terrestrial snails, we found 
Galba sp. on a mature forested slope approximately 25 m 
from a small stream and on the edge of an ephemeral creek 
(both in Site 82). Other specimens were found on the edge of 
a landscape nursery (Site 21).

Gastrocopta holzingeri (Sterki, 1889): This species was 
found on Saltpeter Bluff, a limestone/sandstone bluff over-
looking the Tennessee River (Site 34). It has been found in 
limestone of the same geological origin in the Shenandoah 
Valley of western Virginia (J. Nekola, pers. comm.). The only 
previous record of this species in Tennessee is a fossil from 
Jackson County near the Kentucky border (Hubricht 1985).

Glyphyalinia cryptomphala (G. H. Clapp, 1915) and 
Glyphyalinia solida (H. B. Baker, 1930): For these two similar 
species, Hubricht (1985) reported that shell and anatomical 
differences do not overlap. Our survey produced specimens 
clearly matching each description. To differentiate between 
immature shells, the diameter was measured at 4.5 whorls; 
immature shells with a diameter of 4.5 mm or less were 
recorded as G. cryptomphala, and immature shells measuring 
5.5 mm or more were reported as G. solida. 

Hawaiia alachuana (Dall, 1885): Hubricht (1985) con-
sidered this to be a calciphile, and his distribution map 
showed sporadic occurrence over much of the eastern and 
midwestern U.S.A. Three main clusters are apparent: 1) 
Tennessee, Virginia, Maryland and West Virginia; 2) eastern 
Oklahoma and nearby Arkansas; 3) peninsular Florida. We 
found H. alachuana only at Site 35 on Saltpeter Bluff, a lime-
stone cliff complex adjacent to the Tennessee River.

Infl ectarius downieanus (Bland, 1861): This species is 
usually found on fl at-topped mountains where the soil is 
slightly acidic (Hubricht 1985). A single specimen was col-
lected at Seven Islands State Park near the French Broad River 

in a low, scrubby area (Site 111). We separated it from 
Mesodon clausus (Say, 1821) using shell characteristics. 

Limax maximus Linneaus, 1758: This species is now found 
on every continent except Antarctica (Grimm et al. 2009). In 
North America, it is distributed widely in Canada, has been 
reported from Mexico, and resides in much of the U.S.A. 
including Alaska, Oklahoma and Hawaii. In Tennessee, it has 
been reported around old homestead sites in the Great Smoky 
Mountains National Park (Dourson 2013) and our discussions 
with other malacologists indicate it has resided in urban and 
residential environments of Knox County for many years. 
Limax maximus is a large, yellowish-grey slug readily recog-
nized by having distinct black spots on the mantle and spots 
often coalescing into two or three lines on the body. A total of 
three individuals were found in two urban/residential areas 
(Sites P2, P3). Both specimens at Site P3 (a parking lot) were 
pale, uniformly yellowish grey, and devoid of black markings. 
Pilsbry (1948) refers to a rare form of L. maximus that matches 
our specimens. Our identifi cation was made based on internal 
anatomy and confi rmed by F. Borrero (APHIS).

Opeas pyrgula Schmacker and Boettger, 1891: An intro-
duced species common in urban areas, it is known from 
Pennsylvania, Virginia, and most of the Atlantic and Gulf 
Coast states of the eastern U.S.A. (Dundee 1971, Hotopp 
et al. 2013). We found O. pyrgula in six urban locations (Sites 
21, 31, 56, 63, 65, 66). A literature search produced no previ-
ous Tennessee records.

Pallifera dorsalis (A. Binney, 1842): This species ranges 
from eastern Canada and the northeastern U.S.A. to Tennessee 
(Chichester and Getz 1973, Dourson 2013). At Site 91, a 
mature forest on a karst ridgetop, individuals we encountered 
had a rusty or brownish foot margin along its entire length. 
Because this color pattern was subtle, we identifi ed them as 
P. dorsalis rather than Pallifera ohioensis (Sterki, 1908) which 
is rare and has been reported from only Ohio, Indiana and 
one county in North Carolina (Dourson 2013). Chichester 
and Getz (1973) described a similar color form for P. dorsalis 
in their treatment of terrestrial slugs of northeastern North 
America, but did not discuss P. ohioensis. We found speci-
mens without a rusty foot margin at Site 5, a karst forested 
slope on Copper Ridge.

Paravitrea capsella (Gould, 1851): We found individu-
als that clearly were Paravitrea capsella and at least three 
unnamed forms. Hubricht (1985) considered P. capsella to be 
a complex of species that share a similar shell form but with 
distinct anatomical differences. The three unnamed forms 
conchologically resembled P. capsella, but each uniquely var-
ied morphologically from the species description. These dif-
ferences included size, presence of teeth in juveniles and 
adults, and genital structure. We lumped these forms into a 
group we call Paravitrea aff. capsella. As they did not co-occur 
with P. capsella, we listed Paravitrea aff. capsella separately.
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Polygyra cereolus (Mühlfeld, 1816): Native to Florida, 
this species has extended its range to all the Gulf States, the 
Carolinas, Oklahoma, Kentucky and Hawaii (Pilsbry 1940, 
Perez and Cordeiro 2008, Bergey et al. 2014). It can be a pest 
species on legumes and possibly other crops (Kalmbacher 
et al. 1979). We found this species near the periphery of a 
landscape plant nursery (Site 21).

Stenotrema angellum Hubricht, 1958: Hubricht (1985) 
reported S. angellum in three north-central Tennessee coun-
ties: Fentress, Clay and Jackson. It has now been found in 
eight additional Tennessee counties, including three in the 
Valley and Ridge physiographic region of East Tennessee: 
Hancock, Hawkins, and Cocke (H. Lee, pers. comm.). We 
found this species to be common in Knox County (33 sites in 
various habitats). Specimens we encountered were smaller 
than the typical diameter described by Hubricht (1958) (9.5–
10.0 vs. 10.0–11.0mm). In a few of the UMMZ lots cataloged as 
Stenotrema stenotrema (Pfeiffer, 1842) we also found S. angellum. 
We suspect this may be typical of other collections, as these 
two species are often syntopic in Knox County.

Stenotrema edgarianum (Lea, 1841): The sole Knox 
County record for this species is an undated specimen at 
FLMNH collected by Mrs. G. Andrews who actively collected 
in the late 1800’s and early 1900’s (Pilsbry 1900) and was a 
resident of Knox County. Only state and county of origin are 
provided for the Knox County specimen in FLMNH. All 
other records for this species are restricted to the Cumberland 
Plateau, the physiographic region west of the Valley and 
Ridge. Given this, we question the locality attributed to the 
Knox County specimen in the FLMNH collection.

Striatura meridionalis (Pilsbry and Ferriss, 1906): This 
was the most commonly encountered species in Knox County 
(66 sites). Striatura meridionalis is a microsnail that inhabits 
leaf litter in a broad range of habitats. Coney et al. (1982) 
found this to be the most abundant snail in a survey of the 
Hiawasee River Basin.

Strobilops labyrinthicus (Say 1817) and Strobilops texasianus 
(Pilsbry and Ferriss, 1906): These species can be diffi cult to 
separate. According to Dourson (2015), S. labyrinthicus is 
separated from S. texasianus by having weaker ribs that fade 
as they pass into the basal area and a smaller shell height 
(1.8 mm vs 2 mm). Rib counts, placement of the fi ve basal 
lamellae, and the number of ribs on the last whirl (i.e., > 50 ribs 
on the last whirl = S. labyrinthicus) also are useful features 
(T. Pearce, pers. comm). We found both species in Knox 
County. Strobilops labyrinthicus occurred at fi ve sites (Sites 9, 
18, 24, 103, 104) and S. texasianus occurred at three of those 
sites (Sites 24, 103, 104). Signifi cant variation was present in 
position of the basal lamellae, but shell condition often made 
this character diffi cult to discern. Specimens we identifi ed as 
S. texasianus were generally taller but this was not consistent. 
Other diagnostic characters, such as width of the umbilicus 

and number and strength of ribs as they pass into the basal 
area, showed a clear distinction. Both species were found in 
sites associated with rocky boulders or outcrops.

Triodopsis fallax (Say, 1825): Several lots of this species 
were collected in Knox County in the late 1800s and early 
1900s by G. H. Clapp and V. Sterki and cataloged at CMNH; 
we verifi ed two of these lots. This species was also reported 
in Knox County by Bogan et al. (1982). Hubricht (1985) 
reported T. fallax from three east Tennessee counties: Blount, 
Hamilton and Monroe. We did not fi nd T. fallax in our study.

Triodopsis hopetonensis (Shuttleworth, 1852): This is a 
common snail of urban, residential and disturbed habitats. 
According to Hubricht (1985) this species has been intro-
duced in eastern Tennessee, Alabama, and Mississippi. We 
have frequently encountered this species at interstate rest 
areas in Virginia, North Carolina, and South Carolina. In 
Knox County it was common in 19 urban or otherwise dis-
turbed sites, often with Ventridens demissus (Binney, 1843).

Ventridens coelaxis (Pilsbry, 1899): This species is charac-
terized as a narrow endemic occurring in 13 counties at the 
convergence of Tennessee, Virginia, and North Carolina 
(Dourson 2013, Hotopp et al., 2013). Some of these counties 
occur wholly or partially in the Valley and Ridge, Blue Ridge, 
or the Cumberland Mountain physiographic provinces. 
Hubricht (1985) reported V. coelaxis is usually found on 
mountainsides at higher elevations, which would imply the 
species is generally in areas within the Blue Ridge or Cumberland 
Mountains. Our Knox County record of V. coelaxis is from an 
undated lot in the CMNH collection. This lot was donated to 
CMNH in the early 1900’s. No specifi c locality within Knox 
County was given. This record is interesting, maybe ques-
tionable, considering the absence of high elevation habitats in 
Knox County.

Vertigo pygmaea (Draparnaud, 1801): This species has a 
spotty distribution mainly in the northeastern U.S.A. It is a 
non-native species from western Eurasia (Welter-Schultes 
2012). In Tennessee it had previously been recorded in 
Cumberland County (Nekola and Coles 2010). We found this 
species in a wide range of habitats, including wetland, lime-
stone river bluff, and an urban rubble slope (Sites 3, 15, 28, 
55, 67).

DISCUSSION

Of the 15 new state records we documented in Knox 
County, only four are species native to North America: 
Oxyloma retusum (I. Lea, 1834), Polygyra cereolus (Muhlfeld, 
1816), Vallonia costata (Müller, 1774) and Vallonia pulchella 
(Müller, 1774). All four were found in urban/residential 
areas, suggesting they were introduced to Tennessee by 
anthropogenic means. Vallonia costata and V. pulchella are 
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generally more northern in distribution, although V. pulchella 
is also distributed in many western states (Pilsbry 1949, 
Hubricht 1985). Polygyra cereolus appears to be increasing 
its distribution in a northerly direction. Pilsbry (1940) pre-
sented numerous records of P. cereolus from Florida but in no 
other states. More recently it has been found in several states 
including Hawaii.

Eleven percent of the Knox County snail fauna are not 
native to North America. Many of the non-native species we 
documented in Knox County are considered widespread in 
the U.S.A. and likely have been present in Tennessee for 
decades, but there has been no account of their occurrence in 
the published literature. The spread of non-native land snails 
is of concern because they have the potential to cause harm 
to agriculturally important crops and to native species 
(Robinson and Slapcinski 2005). Several of the non-native 
species we found in Knox County: Bradybaena similaris 
(Férussac, 1821), Cochlicopa lubricella, Cochlicopa lubrica, 
Deroceras reticulatum and Oxychilus draparnaudi (Beck, 
1837), as well as Florida native P. cereolus were found on or 
adjacent to landscape plant nurseries. Plant nurseries appear 
to play a role in the spread of non-native land snail species 
(Bergey et al. 2014). With the exception of Arion subfuscus, all 
non-native species we found were in urban, residential or dis-
turbed areas. Arion subfuscus has been invading forests in 
Canada and the northern U.S.; its appearance in a mature 
woodland in Knox County is troubling because of the poten-
tial for competition with native land snail species. 

Microsnails (<5mm at greatest dimension) comprised 
38% of the Knox County land snail fauna; 46% of our micros-
nail species represent new records for Knox County. Dourson 
(2007) suggested this component of the southeastern land 
snail fauna is under reported, and he pointed out that in 
Hubricht’s 1985 distributional atlas, larger snail species were 
better represented. Hubricht (1985) also commented on gaps 
in the distribution for many species, which he attributed to 
differences in collecting effort. This strongly suggests some of 
the previous collecting efforts in the eastern U.S.A. did not 
include sampling of soil and leaf litter, or perhaps only minor 
attention was given to this microhabitat. This may explain 
why one of the most widespread species we found, Gastrocopta 
contracta (Say, 1822), a snail 2.2–2.5 mm long, had not previ-
ously been recorded in Knox County. 

Compared to the remainder of the U.S.A. the Southeast 
supports a high diversity of land snails. A variety of factors are 
associated with this diversity, including topography, geology 
and geological history, soil chemistry, and climate. In central 
Kentucky, Dourson (2007) found a 2 ha site supported at 
least 86 species of land snails. This relatively small site encom-
passed the junction of three physiographic regions rich in 
limestone outcrops and calcareous soil. Within the lower 
Hiwassee River basin in southeastern Tennessee, in an area 

that includes the Valley and Ridge and the Blue Ridge physio-
graphic regions, Coney et al. (1982) reported 86 species. With 
151 species, Knox County has a land snail fauna that is diverse 
even for the southeastern U.S.A; in fact Knox County has 
more species than has been reported for the entire state of 
Louisiana (140 species) (Minton and Perez 2005). Although a 
number of species we found are not native to North America, 
we report 136 native species. Much of this diversity was found 
on high bluffs along rivers and creeks and in relatively undis-
turbed forested slopes. While this was a non-quantitative 
study, our survey results indicate that steep slopes and rock 
bluffs may be an important predictor of high snail diversity 
(see Appendix 1). Similarly, Coney et al. (1982) found slope 
and snail diversity were positively correlated and suggested 
slope effect may be indirect; physical characteristics associ-
ated with slope, such as moisture levels, forest and rock types, 
and higher calcium availability, may be more infl uential. One 
of the more interesting areas we surveyed was Saltpeter Bluff, 
a high and nearly inaccessible cliff overlooking the Tennessee 
River on the southeast edge of Knox County. Two sites on 
this bluff (Sites 34 and 35, with a combined approximate area 
of 2.5 ha) produced a total of 40 species, including several of 
the rarest species in this survey. Three species were found 
only on this cliff: Hawaiia alachuana, Lucilla scintilla 
(H.B. Baker, 1929), and Gastrocopta holzingeri. Three other 
Saltpeter Bluff species, Vertigo parvula Sterki, 1890, Gastro-
copta lewisiana (G.H. Clapp, 1908) and Punctum smithi 
Morrison, 1935, were found at only a few other locations. The 
most speciose area was a forested cove that included three 
sites in the northeast corner of the county (Sites 9, 10, 11; 
N = 48 species). This area (approximately 5 ha) included a 
mature forest and adjacent emergent wetland in the vicinity 
of an undisturbed chert gravel spring issuing from the base of 
a sandstone/limestone cliff.

A review of the published historical land snail fauna in 
the eight counties adjacent to Knox County produced the fol-
lowing number of species (in brackets) by county: Blount 
[120], Sevier [105], Roane [54], Anderson [54], Grainger 
[43], Union [30], Loudon [17], Jefferson [11] (Hubricht 
1985, Nekola and Coles 2010, Dourson 2013). It is not sur-
prising that Blount and Sevier Counties have the greatest 
putative diversity because about one-third of both counties 
have been subject to recent land snail surveys as part of the All 
Taxa Biodiversity Inventory in the Great Smoky Mountains 
National Park (Dourson 2013, Douglas et al. 2014). Further, 
Blount and Sevier Counties are in the Valley and Ridge and 
the Blue Ridge physiographic regions, and areas where mul-
tiple physiographic regions merge have been shown to pro-
vide habitat characteristics, geology, forest structure, and 
availability of various other resources required to generate 
high land snail diversity (Dourson 2007, Dourson and Beverly 
2008, Douglas et al. 2014). Most of Jefferson County is in the 
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Valley and Ridge physiographic region, and a small part of 
the southeast corner of the county is in the Blue Ridge (Soil 
Survey Staff 2002a). This information suggests the known 
land snail fauna for Jefferson County is wildly underreported, 
and to a lesser degree the same may be true of the other counties 
adjacent to Knox County, especially those spanning multiple 
physiographic provinces, e.g., Anderson and Roane – both 
are mainly in the Valley and Ridge with a small portion on 
their western side in the Cumberland Plateau (Soil Survey 
Staff 1978, 2002b).

This study revealed Knox County’s land snail fauna is 
remarkably more diverse than was previously known. The ear-
liest records of land snails in Knox County date to the late 
1800’s, but by that time period, all old-growth forest in the 
county had been cleared. Loss of old growth habitat may have 
affected the land snail community. Thus, Knox County’s com-
plete historical record may never be known. To address this 
question future research could compare the land snails of old-
growth forests in nearby Great Smoky Mountains National 
Park to adjacent forest communities similar in elevation, geol-
ogy and physiography to those found in Knox County.

Over the last several years, the municipal governments of 
Knoxville and Knox County, in collaboration with non-
governmental organizations, have actively promoted the pres-
ervation and use of urban wilderness for outdoor recreation. 
We applaud this effort and hope areas set aside for protection 
will serve as refugia for native fl ora and fauna in the face of 
the county’s increasing human population.
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