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INTRODUCTION

The terrestrial gastropod fauna of the Midwest includes a number of the rarest
animal taxa in North America. This fact was recognized as early as the late 1800's when
the Pleistocene Hendersonia occulta was discovered alive along the Upper Mississippi
River valley (Pilsbry 1948). Since then, a number of Midwestern endemics or near
endemics have been identified including Catinella exile, Catinella gelida, Discus macclintockii,
Hawaiia n.sp., Stenotrema hubrichti, Vertigo hubrichti, Vertigo 'iowaensis , Vertigo mermacensis, and
Vertigo morsei (Hubricht 1985, Frest 1990, Frest 1991).
Previous investigations into terrestrial gastropod biodiversity in the upper
Midwest have been largely limited to the Paleozoic Plateau ('Driftless Area') and the
Iowan Erosional Surface in northeastern Iowa, and the Black Hills of South Dakota
(Frest 1981, 1982, 1983, 1984, 1985, 1986a, 19866, 1987, 1990, 1991, Frest and Johannes
1991). As these areas were beyond the limit of Wisconsin glaciation, they were presumed
to be the only potential refuges for glacial relict taxa However, investigations made from
1995-1998 from eastern Wisconsin to southern Ontario documented that these relicts
were not as geographically restricted as previously believed.
Four habitats were found to harbor the bulk of important land snail species in
this area (Nekola et al. 1996; Nekola 19986). Carbonate cliffs support populations of at
least seventeen rare Michigan and Wisconsin taxa, nine of which are likely glacial relicts.
The fauna of these sites, while bearing marked similarity to algific talus slope and
maderate cliff sites of the Paleozoic Plateau, are unique and support a higher frequency of
northeastern species at (or beyond) their normal range limits (Nekola et al. 1996). Fens
harbor the European disjunct Euconulus alderi, the presumed glacial relicts Catinella exile,
Vertigo elatior, and Vertigo morsel, plus at least two undescribed endemic taxa (Hawaiia n.sp.
and Punctum n.sp.; Frest 1990). Tamarack-sedge wetlands have also been found to harbor
the critically endangered Vertigo nylanderi (last seen alive in 1949), plus Euconulus alderi and
Vertigo elation Mafic or ultramafic igneous outcrops (basalts and serpentines) in northern
Wisconsin and the Keweenaw Peninsula were found to support populations of Vertigo
cristata and Vertigo paradoxa, both known from less than a U.S. dozen sites (Frest and
Johannes 1991, Nekola 19986). A number of other regionally rare taxa, including Planogyra
asteriscus and Zoogenetes harpa have also been found on these sites.
The conservation importance of these habitats transcends the rare species found
within them. Approximately 1/3 of carbonate cliff sites in the western Great Lakes
harbor 24 or more taxa (Nekola, in press A), a level of sympatry which has been identified
as being of global importance for land snails (Tattersfield 1996). Algific talus slopes,
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lakeshore carbonate ledges, and calcareous open meadows also commonly harbor faunas
of 17 or more taxa (Nekola, in press A). Carbonate cliff sites in eastern Wisconsin are also
among the richest reported land snail sites at small spatial scales, with up to 21 taxa
coexisting within 400 cm2, and 34 taxa within 100 m2 samples (Nekola, in press B). Based
on these analyses, carbonate cliffs and related habitats in the Great Lakes region warrant
inclusion among the most important habitats for molluscan biodiversity on a global scale.
Unfortunately, land snail communities are among the most sensitive known to
anthropogenic and other disturbances (Frest and Johannes 1995). Even as the
conservation importance of these taxa and sites are being realized, they are being lost
from development, agriculture, forestry, and recreational pressures (Frest 1991, Nekola et
al. 1996, Nekola unpublished data). Like taxa of the tropical rain forest, local terrestrial
gastropod species and communities of the Upper Midwest may be lost before the full
extent of their existence is recognized.
This is particularly true in northeastern Minnesota, where anthropogenic impacts
from forestry, recreation, and development are high. Almost nothing is known about the
faunas associated with the west shore of Lake Superior. Hubricht (1985) identifies
Minnesota as one of the most poorly known regions in the eastern U.S. for land snails.
No species had previously been reported from Cook County, and only six have ever been
recorded in total from Lake and St. Louis counties.
A concentration of mafic igneous outcrops exist in northeastern Minnesota along
the Pigeon River and the western Lake Superior shore (Coffin and Pfannmuller 1988).
These sites are one of the most important refugia for disjunct arctic and western
Cordilleran vascular plants in eastern North America (Fernald 1925, Butters and Abbe
1953, Given and Soper 1981). North facing basalt cliffs along the Pigeon River support at
least 16 Minnesota DNR-listed taxa, while similar outcrops along the Lake Superior shore
support populations of at least 11 additional listed taxa. Rare snails might also occur in
these sites are they often coexist with plants given their similarly small minimum habitat
requirements and effectively sessile nature at the landscape scale (Berry 1966, Frest and
Johannes 1995).
This report summarizes the findings of a survey conducted during the summer of
1998 from igneous outcrops along the western Lake Superior shore in Cook, Lake, and
St. Louis counties in northeastern Minnesota. Through this research, a better
understanding of the nature of the terrestrial gastropods from this little known area is
possible.
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METHODS
Study Sites
A total of 39 areas were surveyed for terrestrial gastropods along the western
Lake Superior shore (Figure 1; Appendix I). Sites were selected if they represented typical
examples of their respective habitat type, and were undisturbed. Only one of these sites
did not represent an igneous outcrop habitat. This site (Iceland Fen) was a rich tamarack
wetland.
Field Sampling
Documentation of terrestrial gastropod communities was accomplished by hand
collection of larger shells and litter sampling for smaller taxa from representative
100-1000 m2 regions within sites. Larger shells were stored in plastic snap-lid vials.
Approximately 4 liters of soil litter was collected from each site. For igneous outcrop
sites, litter collection was concentrated: (1) at places with an abundance of larger shells;
(2) along the base of rocks or trees; (3) on soil covered ledges; and/or (4) at cool air vents
on the cliff face or in the associated talus. At Iceland Fen, collection was made of: (1)
small blocks (ca. 125 cm3) of turf; and (2) loose soil and leaf litter accumulations under or
adjacent to shrubs.
The location of each site was marked on USGS 7.5 or 15 minute topographic
maps. The latitude-longitude coordinates for each was then determined through
digitization of these maps using the ATLAS DRAW software package. Conversion of
locations into UTM Zone 16 coordinates was completed using ARCINFO.
Laboratory Procedures
Samples were slowly and completely dried in either a low-temperature soil oven
(ca. 80-950 C) or in full sun in a greenhouse. Dried samples were then soaked in water for
3-24 hours, and subjected to careful but vigorous water disaggregation through a standard
sieve series (ASTME 3/8" (9.5 mm), 10 (2.0 mm), 20 (0.85), and 40 (0.425 mm) mesh
screens). Sieved sample fractions were then dried and passed again through the same
sieve series. These dry, resorted fractions were hand picked against a neutral
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brown background using a binocular microscope and a small sable brush. All shells and
shell fragments were removed. Rock fragments from each site were identified by Dr.
Steven Dutch of the Department of Natural and Applied Sciences at the University of
Wisconsin - Green Bay. These samples are being archived by him in University
collections.
Identifiable shells were assigned to species (or subspecies) using the author's
reference collection and the Hubricht collection at the Field Museum of Natural History.
From this, the total number of taxa per site was determined. All specimens have been
catalogued and are housed in collections maintained at the University of Wisconsin Green Bay.
Statistical analyses
The frequency of high richness (24 or more taxa) sites was calculated for sites
sampled in the western Great Lakes region (349 total sites). Testing for statistical
differences in the ratio of high vs. normal or low richness sites per state was conducted
via the Pearson Chi-Square and Likelihood Ratio tests. The Likelihood Ratio test was
calculated as some of the predicted values were sparse (< 5), complicating interpretation
of Pearson's Chi-square statistic. The asymptotic distribution of the Likelihood Ratio test,
however, is trustworthy when the number of ,observations (349) equal or exceed the
number of cells (14) by a factor of ten (Zar 1984).
The relationship between geographic position and richness was graphically
represented by plotting the site richness vs. UTM N-S or UTM E-W coordinates for all
habitats. The central tendency in these relationships were indicated though locally
weighted scatterplot smoothing (Cleveland, 1979). The statistical significance of these
relationships, and amount of variance in richness accounted for by geographic position,
was conducted using least-squares regression. Cartesian UTM coordinates were analyzed
to preclude biases originating from use of polar-coordinate latitude and longitude
coordinates.
For the N-S relationships, locally weighted scatterplot smoothing indicated that
the response of richness might not be constant. Testing for such differences in response
was conducted by splitting the data sets into different N-S position regions, and repeating
regression analyses separately for each. The p-values and r2 for each of these models were
recorded.
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RESULTS
State and County Faunas
Previous to this study, 61 terrestrial gastropod taxa had been reported from Minnesota
(Dawley 1955, Hubricht 1985, Ostlie 1991, Frest and Johannes 1991). Only 6 of these had
been identified from Lake and St. Louis counties. No taxa were previously reported from
Cook County (Table 1). In the course of this research, 9 taxa were added to the
Minnesota fauna, a 15% increase (Table 2), while 25 were added to the northeastern
Minnesota fauna, a more than 4-fold increase (Table 1).
Unique, Unusual or Rare Taxa.
Using TNC Heritage Program ranking rules for special species (S1 = Critically
Endangered; S2 = Endangered; S3 = Threatened) in conjunction with previous and
current distributional information, 6 of the taxa encountered in this survey appear to
warrant Heritage Program ranking and/or Minnesota DNR listing for endangered species
protection (Table 3). The rationale for the suggested rank and status of these taxa,
combined with taxonomic information, ecological preferences, and observed distribution,
follow. Taxa are arranged in alphabetical order.
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Planogyra asteriscus (Morse, 1857)

Suggested Minnesota status: S1; Endangered
This spectacular species was previously unreported from the state, although it has
been recently found at 9 sites in the Upper Peninsula (Nekola 19986) and at a single site
in northeastern Wisconsin (Nekola 1998a). It is known from less than 25 counties in the
northeastern U.S. Oughton (1948) indicates that it is sporadic and rare in Ontario. This
taxon is currently ranked as 'SU' in both Michigan and Wisconsin, where it has Special
Concern status.
A total of 4 stations were located in northeastern Minnesota from mesic outcrops
supporting White Cedar and from the single sampled Tamarack wetland.
The general lack of mesic Thuja-dominated forests with base-rich soils in
Minnesota will likely limit this species to rather few sites, as is similar for this species in
Ontario (Oughton 1948). It seems unlikely that the number of Minnesota populations
will exceed 25. This expectation, combined with the limited range of this species in the
U.S., suggests that P. asteriscus should be listed as Endangered in Minnesota.
Sites of occurrence:
Cook County: Cascade River Cedars, Cascade River Cliff, Iceland Fen, Temperance River
Road
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Striatum ferrea Morse, 1864

Suggested Minnesota status: S1; Endangered .
This species is primarily Appalachian in distribution, extending from Tennessee to
Maine, with additional sites occurring westward through the Great Lakes into Michigan
and northern Wisconsin. It is only known from 5 counties in Wisconsin, having been
observed at.only 18 total sites. All but 5 of these are limited to the northern half of the
Door Peninsula (Levi and Levi 1950, Nekola et al. 1996, Nekola unpublished data).
Striatura ferrea was located from a single site in the study area in the city of Duluth
along Skyline Drive. This represents not only a state record, but also the western-most
population yet observed. Like other sites in the western Great Lakes, this area has mesic
and rich soils. This species and Cochlicopa morseana are the only land snails with
Appalachian affinities located within the study region. Other such taxa (e.g., Glyphyalinia
rhoadsii, Glyphyalinia wheatleyi, Paravitrea multidenata) have western range limits which
terminate in the Porcupine Mountains of the Upper Peninsula.
It is likely that few additional populations will be found in the state, as the climate
is likely too severe to the north, west, and south. Given the limitation of the only known
population of this species to a site within the city of Duluth, Endangered status seems
appropriate.
Site of occurrence:
St. Louis County: Skyline Drive West Talus
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Vertigo cristata (Sterki, 1919)

Suggested Minnesota status: S3; Special Concern.
Vertigo cristata is a clearly marked and distinct species. Only it and V. mermacensis of
the northern Ozarks and the Paleozoic Plateau of northeastern Iowa are between 1.8-2.2
mm in size and possess 4 apertural lamella which are arranged in cross-shaped pattern. It
differs from V. mermacensis by possessing a strong crest in back of the aperture, and by its
yellowish (rather than cinnamon-red) shell color. In the western Great Lakes, it is most
similar to some V. paradoxa individuals, which possess a lower palatial lamella more
deeply inserted than the upper, and to V. modesta modesta, which is > 2 1/4 mm in height.
In the study region, shells typically fell into two size classes, with one class ranging
from 1.7-1.9 mm, and the other ranging from 2.1-2.2 mm. Although no shell
measurements have yet been made, it appeared as though few intermediates exist. The
larger shells were difficult to distinguish from V. modesta modesta. However, except for
size, shells from both size classes appeared identical. As such, these two forms are
considered for this report to constitute a single entity. It may be prudent at some future
time to conduct morphometric and genetic analyses on these forms to help elucidate their
true taxonomic status.
This species was not listed by Hubricht (1985) as being a member of the eastern U.S. land
snail fauna. Its closest known approach was on the north shore of Lake Superior (Pilsbry
1948). Although Oughton (1948) reported it across all of Ontario, more recent work
(Nekola 1998a) has demonstrated it to be limited to areas north from the northern tip of
the Bruce Peninsula.
The first discovery of V. cristata from the U.S. was made from northeastern
Wisconsin in 1996. Since then a total of 36 stations have been observed in 10 northern
Wisconsin and Michigan Upper Peninsula counties. These populations are limited to
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carbonate cliffs, lakeshore carbonate ledges, igneous outcrops, rocky woodlands, white
cedar wetlands, and igneous shorelines.
A total of 34 sites were located for this species across all three counties of the
study region. It was the most frequently encountered Vertigo in the study region. While
some populations were large (such as at Mt. Josephine), for the great majority fewer than
5 adult shells were observed.
The very limited range of this species in the U.S. (with almost one-half of known
sites being found in northeastern Minnesota), combined with its usually small population
size, suggest that this species should be tracked by the Minnesota Heritage Program and
listed as a species of special concern.
Sites of occurrence:
Cook County: Caribou Lake East, Caribou Lake North, Carlton Peak, Cascade River
Cedars, Cascade River Cliff, Iceland Fen, John Lake, Lutsen Mountains, McFarland Lake
Cliff, McFarland Lake Talus, Moose Mountain, Mt. Josephine Cliff, Mt. Josephine Talus,
Oberg Mountain, Pine Lake, Pine River Road, Poplar River, Port of Entry Cliff, Port of
Entry Talus, Portage Brook, Sawbill Road, South Fowl Lake, Sugarloaf Cove,
Temperance River Upland, Timber Creek
Lake County: Day Hill, Finland Forest, Goldeneye Lake Cliff, Goldeneye Lake Talus,
Manitou River Falls, Sawmill Creek
St. Louis County: Chester Bowl Park, Skyline Drive West Cliff, Skyline Drive West Talus
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Vertigo modesta modesta (Say, 1824)

Suggested Minnesota status: S1; Endangered
This is the largest woodland Vertigo in eastern North America, with a height
exceeding 2.3 mm. While characteristic of the Rocky Mountains and boreal forest
(Oughton 1948, Pilsbry 1948), it was known in the eastern U.S. only from Pleistocene
fossils (Hubricht 1985). In such deposits (ranging from the central Plains to southern
Indiana), it is found with Catinella gelida, Columella columella alticola, Hendersonia occulta,
Oreohelix strigosa cooperi, and Vallonia gracilicosta albula (Frest and Rhodes 1981). Hubricht
(1985) considered the reports in Pilsbry (1948) of this species from the New England
states to be based on Pleistocene material. This species has been found to be an extremely
rare element in the western Great Lakes fauna, with extant populations being reported
from the north shore of Lake Superior (Oughton 1948), Manitoulin Island, Owens Sound
region in southern Ontario (Nekola 1998a), and from two sites at the northern tip of the
Keweenaw Peninsula (Nekola 1998b). These latter colonies represent the first verifiable
modern records of this species from the eastern U.S.
This taxon was located from 3 sites in the northern half of the study region,
where they typically co-occurred with V. cristata and V. paradoxa. As in the Keweenaw
Peninsula, populations appeared absent from open cliff faces and xeric sites.
Vertigo modesta modesta populations in Minnesota appear to be few in number,
limited to extremely fragile sites, and susceptible to anthropogenic disturbances. Given
the extremely limited range of this taxon in both the state and eastern U.S., immediate 10
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listing as a state endangered species is warranted, as are efforts to protect its sites of
known occurrence.
Sites of occurrence:
Cook County: Cascade River Cliff, Mt. Josephine Talus
Lake County: Manitou River Falls
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Vertigo modesta parietalis (Ancey, 1887)

Suggested Minnesota status: S1; Endangered
A number of races of Vertigo modesta with slightly different shell morphologies
occur in the western U.S., including V. m. parietalis, which differs from the nominate
subspecies by possessing a distinct angular lamella. While Hubricht (1985) does not map
this entity from the eastern U.S. Pleistocene record, Frest and Dickson (1986) do. Based
on observations of material in the collections of the Field Museum of Natural History, it
appears that this form is present (though quite rare) in central and eastern Canada.
However, it is much more frequent in Rocky Mountain sites. This race was located from
single sites in the western Great Lakes region in the Keweenaw Peninsula and in southern
Ontario (Nekola 1998a, 1998b). At both of these sites it is intermixed with V. m. modesta.
This taxon was located at two of the three Minnesota stations, doubling the
number of extant sites known in the Great Lakes region. Being much more uncommon
on these sites than the nominate subspecies, it is undoubtedly one of the rarest land snails
in the state, and warrants immediate listing as a state endangered species.
Site of occurrence:
Cook County: Mt. Josephine Talus
Lake County: Manitou River Falls
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Vertigo paradoxa (Sterki, 1900)

Suggested Minnesota status: S2; Threatened
Vertigo paradoxa is closely allied to a number of described and undescribed
midwestern Vertigo taxa, including V. hubrichti, V. 'iowaensis' and V. brierensis. Frest and
Johannes (1991) state that V. paradoxa differs from the former two taxa by having a
shallow depression over the lower palatial lamella, and shorter palatial lamella which do
not deeply enter into the aperture. Based on descriptions in Frest (1991) Vertigo paradoxa
seems to be very similar to V. brierensis, and may differ only by having a taller columellar
lamella. It seems likely that morphometric analysis of these entities will demonstrate that
they are not specifically distinct.
Vertigo paradoxa is known in Canada from far northwestern Ontario to James Bay
and Lake Ontario (Oughton 1948) to Newfoundland (Pilsbry 1948). It was previously
reported in the eastern U.S. from only two counties in eastern Maine, one county in the
Lower Peninsula of Michigan, and from 5 sites in the Black Hills (Frest and Johannes
1991). More recent investigations have uncovered it from 9 stations in northern
Wisconsin, 14 sites along the Niagaran Escarpment in southern Ontario (Nekola 1998a),
and 30 sites in the Upper Peninsula of Michigan. It is known from numerous Pleistocene
deposits in northwestern Kansas (Franzen and Leonard 1947).
All material collected in the region have been assigned to V. paradoxa based upon their
short and shallowly inserted palatial lamella, and relatively weak external depression over
the lower palatial. However, some individuals appeared intermediate to V. hubrichti as they
possessed a small basal lamella and had a relatively deep depression over the palatials.

13

Vertigo paradoxa was located from 20 stations in all three counties. Because the
bulk of reported populations for this species in the U.S. occur in the western Great Lakes
region and that populations are generally limited to fragile rock outcrop communities, and
that few additional sites are expected in the state, tracking of this species as S2 and listing
as Threatened would seem warranted. Frest and Johannes (1991) recommended, based on
its limited U.S. distribution, that V. paradoxa be Federally listed as endangered.
Sites of occurrence:
Cook County: Caribou Lake East, Cascade River Cedars, Cascade River Cliff, John Lake,
McFarland Lake Cliff, Mt. Josephine Cliff, Mt. Josephine Talus, Pine Lake, Poplar River,.
Port of Entry Cliff, Port of Entry Talus, Portage Brook, Sawbill Road, South Fowl' Lake,
Sugarloaf Cove, Temperance River Upland
Lake County: Manitou River Falls
St. Louis County: Hawk Ridge Sanctuary, Skyline Drive West Cliff, Skyline Drive West
Talus
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Terrestrial Gastropod Faunas.
1. Igneous Outcrop. These habitats represent wooded, 2-30 meter tall basalt,
rhyolite, or anorthosite outcrops associated with Keweenawan Rift deposits along the western
Lake Superior shoreline. Also included are open talus slopes under cliffs. The bottom
fringe of such talus slopes often possess cooler and moister microclimates than
immediately upslope due to air seepage. A total of 38 sites were sampled.
29 terrestrial gastropod taxa were located on these sites (Table 4), including all 6
rare species. 10 species were found on at least 50% of sites, with the most common (>
80% of surveyed sites) being Zonitoides arboreus, Discus catskillensis, Vertigo cristata, and
Nesovitrea binneyana.
2. Tamarack Wetland. The single sites sampled represented an almost pure Larix laricina
grove which was open and supported a thick Carex turf. Spbagnum mosses were essentially
absent, while Alnus rugosa was a common shrub. Such sites appear to be quite uncommon
in the region, as most Larix sites support dense Spbagnum growth and are thus not
appropriate for land snails.
11 terrestrial gastropod taxa were identified from The Iceland Fen station (Table
5), including Planogyra asteriscus and Vertigo cristata.
Species Ricbness Patterns.
The land snail faunas of northeastern Minnesota igneous cliffs were found to be
among the most impoverished in the western Great Lakes region. While up to 44% of
sites in other states harbored 24 or more taxa (Table 6), no sites in northeastern
Minnesota approached this level of sympatry with maximum site richness values being 14
(observed at Cascade River Cedars, Mt. Josephine Talus, and Skyline Drive West Talus;
see Appendix I). However, these values are comparable to igneous outcrops observed in
adjacent Wisconsin and Michigan (Nekola 1998a, 1998b). It is interesting to note that the
total number of taxa encountered over all sites (31) is equaled or exceeded in 100 m2
sampling regions at 4 individual carbonate cliff sites in Iowa, Ontario, and Wisconsin
(Nekola, in press).
Regression analysis of species richness vs. geographic position (Figure 2) demonstrates
that a weakly significant E-W gradient in richness is present (p=0.031) across the entire
Great Lakes region, accounting for a very small percentage of total variation (r2=0.013).
However, a much stronger latitudinal trend is present (p<0.0005, r2=0.188). Inspection of
the locally weighted scatterplot smoothing for this relationship suggests, that the decrease
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of richness is not constant with increasing latitude. From 4100 km north (370 N) to
approximately 5000 km north (450 N), only 6.3% of variation is accounted for by
latitudinal location. However, over 41h times the variance in richness is accounted for by
this variable north of this position.
DISCUSSION
Documentation of the Minnesota Terrestrial Gastropod Fauna.
Given the lack of previous research on land snails in northeastern Minnesota; it should
not be surprizing that the regional land snail fauna was increased over 4-fold in this study.
What is surprizing, however, is that more northern or western disjunct taxa were not
located (such as Columella columella alticola, Vertigo alpestris oughtoni, Vertigo binneyana, Vertigo
concinnula), particularly given the number of vascular plants from these same habitats
which demonstrate similar biogeographic patterns. Except for Vertigo modesta, none of the
observed taxa range into arctic or alpine zones. While it is possible that some taxa were
simply not encountered, the constancy of the faunas observed on these sites suggests that
nearly the total universe of regional taxa may have been encountered.
Distribution of Rare Terrestrial Gastropod Taxa
The rare taxa encountered in this study fall into three basic geographic categories.
Planogyra asteriscus, Vertigo modesta modesta and Vertigo modesta parietalis are all limited to the
northern half of the study region. Striatura ferrea is limited to the southernmost area, while
Vertigo paradoxa and V. cristata are found throughout. These distributions follow closely
patterns previously observed in the western Upper Peninsula and northwestern
Wisconsin (Appendix II).
Diversity Patterns in Terrestrial Gastropod Communities
Like igneous outcrops observed elsewhere in the western Lake Superior basin, sites in
northeastern Minnesota were found to harbor a relatively limited fauna, with a maximum
richness of 14 taxa being observed. The overlap between sites was also found to be very
high, so that only 31 total taxa were encountered, a level of sympatry is equaled or
exceeded for some single carbonate cliff sites. These low richness levels are reflected in
analysis of the frequency of high-richness (>24 sympatric taxa) sites across the Upper
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Midwest, with northeastern Minnesota having no sites which came within 10 taxa of this
level.
The reasons for such low levels of site and regional biodiversity are likely
many-fold. First, while containing more calcium than other igneous rocks, the bedrock of
these sites has far less of this limiting resource than carbonate outcrops or other lime rich
habitats. However, this does not help explain the low level of compositional turnover
between site faunas. It seems likely that additional contemporaneous or historical factors
must be operating which limit regional richness levels. For instance, the majority of sites
have been subjected to relatively recent timbering and/or forest fires (the latter events
being indicated by occurrence of charcoal in soil litter samples). Both of these
disturbances are known to have highly negative impacts on land snail populations and
community diversity (Frest and Johannes 1995). It seems possible that the commonness
of these events in the region may have decreased diversity with only the most tolerant
forms surviving, leading to the curiously low regional diversity levels.
Conservation Priorities
At least 6 of the taxa located in this study should be listed as Endangered,
Threatened, or Special Concern species by the Minnesota Endangered Species Act. Of
these, the most imperiled appear to be Planogyra asteriscus, Striatura ferrea, Vertigo modesta
modesta, and Vertigo modesta parietalis, given the few number of populations combined with
site fragility and potential threats.
From these data, identification of the most important land snail sites in the region
is possible, based on the number of rare taxa plus overall species richness.
Five sites were found to harbor 3 or more rare taxa (Cascade River Cliff, Manitou
River Falls, Mt. Josephine Talus, Cascade River Cedars, and Skyline Drive West Talus).
These sites also harbored among the richest species assemblages, with 12, 11, 12, 14, and
14 taxa, respectively. Other sites with locally high richness levels (but fewer rare taxa)
include Mt. Josephine Cliff (14 taxa, 2 rare), Temperance River Upland (14, 2), Poplar
River (13, 2), Iceland Fen (11, 2), and South Fowl Lake (11, 2). These sites should be
afforded protection to ensure survival of the igneous outcrop land snail fauna.
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CONCLUSIONS AND RECOMMENDATIONS
Through this study a total of 70 terrestrial gastropod taxa are now known from
the state, with 32 of these being reported from Cook, Lake, and St. Louis counties. Of
these, 6 warrant ranking by the Minnesota Heritage Program, and listing for protection by
the Minnesota Endangered Species Act. For some of these taxa (Vertigo cristata, Vertigo
modesta) approximately half of known stations in the eastern U.S. are found in this region.
These findings also suggest additional lines of research which should be addressed
to help ensure the protection of these communities and the rare species found in them:
1. Surveys conducted elsewhere in the western Great Lakes have shown that the richest
land snail assemblages are confined to sites with high levels of available soil calcium
(Nekola, in press B). The lack of such habitats in the study region makes it impossible to
assess the composition and diversity pattern for such habitats in Minnesota. There are a
number of calcium-rich habitats throughout the state which warrant more thorough
investigation. Target habitats for such additional surveys should include:
(a) rich fens in southeastern Minnesota, as sites in adjacent Iowa have been shown to
support a diverse land snail assemblage which includes a number of rare and endemic
taxa including Catinella exile, Euconulus alderi, Hawaiia n.sp., Punctum n.sp., Vertigo elatior,
and Vertigo morsei (Frest 1990).
(b) calcareous wooded peatlands in northwestern Minnesota. Similar sites in the Upper
Peninsula and northeastern Wisconsin have been shown to harbor an important fauna
which includes the critically endangered Vertigo nylanderi, currently known from only 8
extant global sites. Before these discoveries, the last known collection of this taxon was
made in 1949 from Lake Itasca, and it is likely that appropriate habitat will be found from
there north to the Canadian border. It is also possible that such sites may serve as refugia
for some of the arctic-alpine or disjunct taxa which were originally expected in
northeastern Minnesota.
(c) calcareous aspen parkland in far northwestern Minnesota has been reported to harbor
at least one population of Vertigo arthuri, which is otherwise limited to less than 2 dozen
sites in the Black Hills (Frest and Johannes 1991). Based on reports on Oughton (1948)
and Hubricht (1995), other western Vertigo taxa, such as V binneyana and V. concinnula,
may also be found in these habitats.
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(d) calcareous glades in the Paleozoic Plateau in Wisconsin (Theler 1997) and Iowa
(Nekola, in press B) support diverse land snail communities harboring a number of
western and southern taxa at their range limits. Similar sites in Minnesota are currently
unsurveyed.
2. Morphometric, anatomical and genetic analysis should be conducted on the
populations of Vertigo cristata and Succinea ovalis (sensu latu) encountered in the study region.
Individuals of this latter taxon appeared smaller than 'normal' material. They also differed
by having more heavily calcified shells and by occurring on dry rock outcrops. These
populations could well represent a new species. However, races in this group are
notoriously plastic, making it unclear as to what the rules for distinction between species
should be. Enlisting of a specialist in these groups to assess the phylogenetic status of
these populations should be considered.
3. Surveys of additional igneous outcrop sites need to be conducted to better assess the
Minnesota range of both Vertigo modesta subspecies.
4. Long-term monitoring of the effect of various recreational and forestry management
practices on terrestrial gastropods diversity should be conducted. Preliminary
observations seems to indicate that these activities (especially rock climbing and clear
cutting) is detrimental to faunas. Additionally, it will be vital to know how much buffer is
required to ensure adequate protection of terrestrial gastropod faunas, and to assess the
impact of fire on community structure and diversity.
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