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Introduction
When buried soil layers were found among active

dunes with drifting sand and sparse vegetation cover at
Sandbanks Provincial Park on the shore of Lake On -
tario, it was assumed that they had been buried over the
last 200 years following a period of disturbance (tree
cutting, overgrazing, and fire), which created drifting
sand in early settlement times (Klugh 1912; Tovell 1972;
Carlisle et al. 1974; Neugebauer 1974). However, in 1
place the organic layer was 40 cm thick and composed
of at least 3 sublayers that had eroded at different rates,
forming shelves. This differential erosion appeared to
be the result of differing proportions of sand and or -
ganic matter in the sublayers. The deepest sublayer
contained charcoal. We speculated that the forest at
this site had burned, then been covered by a thin layer
of sand, and that forest had then redeveloped. As this
would likely have required more than a few hundred
years, the layer might substantially predate European
settlement, suggesting ecological processes of fire and
sandmovement atmuch earlier times. Embedded among
the vertical erosional layers were the exposed subfossil
shells of terrestrial snails, which we suggest occupied a
former deciduous forest, as coniferous forest and oth-
er successional vegetation on dunes in the region are
associated with a very limited terrestrial snail fauna.
Here, we establish the date of these buried soil layers

as pre-European and compare their terrestrial snail fau-
na with nearby contemporary snail faunas in woodland
on dunes. Such comparison may provide information on

historical changes and enable a better understanding of
the impact of foreign soil and litter organisms. These
in clude European earthworms and other introduced soil
fauna that may have had profound impacts on litter and
substrate in deciduous forest (Frelich et al. 2006; Migge-
Kleian 2006). We speculate that pre-European-settle-
ment snail faunas would have been more diverse, exist-
ed at higher densities, and differed in composition as a
result of the deeper and more complex surface litter that
existed at that time.

Study Area
Baymouth bar
The baymouth bar at Sandbanks Provincial Park is

one of the largest freshwater baymouth bars in the world
(Ainsworth et al. 2012). It extends from Wellington to
West Point, a distance of 8 km. Much of the area is a
mixture of grassland with American Beachgrass (Am -
mophila breviligulata Fernald), scrub including Bayber-
ry Willow (Salix myricoidesMuhl.), Riverbank Grape
(Vitis ripariaMichx.), and Sand Cherry (Prunus pumila
L.), and shallow pools with Smooth Twig-rush (Cla-
dium mariscoides (Muhl.) Torrey). The likely pre-set-
tlement sampling area, 43.9218°N, 77.2947°W (Fig-
ure 1) is part of a series of perched dunes (dunes that sit
on a plateau above the shore) that are 400 m from the
front dune on the Lake Ontario shore and approximate-
ly 20 m above the Lake Ontario shoreline. 
We believe that the pre-settlement site is not an as -

semblage resulting from deflation, i.e., erosion of ver-
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tical layers and transport to new horizontal layers,
where shells would be concentrated and overall repre-
sent relatively long average times. An allochthonous
(transported) assemblage would be less likely to in -
clude both light (organic material and small shells) and
heavy material (such as adult Neohelix shells 30 mm
across) juxtaposed but widespread. The assumption of
forest burial was a key element in this investigation, so
a literature search was undertaken to determine if this
was likely.
Comparison sites
The current open dunes and early successional com-

munities that include conifers are largely devoid of
snails. For this reason, in the past, terrestrial molluscs
must have occurred mostly in dunes vegetated with
deciduous woods, as they do today. Thus, the pre-set-
tlement snail assemblage under study here is assumed
to have occurred in the only dune community hosting
substantial terrestrial snail populations, that being de -
cid uous forest. 
Having decided this, the contemporary sites selected

for sampling were all deciduous forest on dunes. All
were within 4 km of our pre-European site: (1) approx-
imately 43.9038°N, 77.2663°W, mature woodland
dom i nated by Sugar Maple (Acer saccharum Mar-
shall), White Ash (Fraxinus americana L.), Basswood
(Tilia americana L.), and Trembling Aspen (Populus
tremuloides Michx.); (2) 43.8981°N, 77.2187°W,
ma ture woodland dominated by Sugar Maple, Black

Maple (Acer nigrum Michx.), Basswood, and White
Ash; (3) 43.8926°N, 77.2140°W, successional wood-
land of Eastern White Cedar (Thuja occidentalis L.),
Trembling Aspen, White Pine (Pinus strobus L.), Paper
Birch (Betula papyrifera Marshall), and poplars (Popu-
lus spp.); (4) 43.9043°N, 77.2313°W, same woodland
as site 3. 

Methods
Accelerator mass spectrometry
Because knowledge of the pre-settlement age is es -

sential to the concept presented here, we support it with
radiocarbon dating using accelerator mass spectrometry
(AMS). This process accelerates ions to high kinetic
energies before mass analysis, enabling separation of
rare carbon isotopes. The age of organic material can be
determined by relative abundance of isotopes (based on
rate of decay), such as radioactive carbon (14C). AMS
analysis was done by Beta Analytic Inc. (Miami, Flori-
da, USA) on a shell of Neohelix albolabris (Say, 1817),
Whitelip, and a fragment of charcoal, both from 37 cm
depth in the series of soil layers. The shell was pretreat-
ed with acid to reduce contamination. The charcoal was
pretreated with acid/alkali/acid wash to remove car-
bonates, remove organic acids, and neutralize alkali,
respectively. The measured radiocarbon ages were cor-
rected for total isotopic fractionation effects, resulting
in a conventional radiocarbon age and this was cali-
brated for past variance in 12C to 14C ratios using the

FIGURE 1. Buried soil layer sampled (the lower of 3 layers seen on the left) in dunes on the baymouth bar at Sandbanks
Provincial Park, Ontario. The vertical exposure of soil forms an irregular circle remaining after the top of a hill was
eroded. The sand erodes more readily than the soil, leaving a depression surrounded by a low ridge. Only part of this
is seen in the photo. Photo: Brenda Kostiuk.



IntCal 13 database (Talma and Vogel 1993; Reimer et
al. 2013). The results were calendar-calibrated and re -
ported as years before present (BP, i.e., before 1950
as is standard practice).
Collection and identification of samples
At the site of the buried soil layer, snails were sam-

pled in October 2014 and April 2015 on an exposed
vertical face of buried organic layers surrounding a
blowout (Figure 1). The sampling was carried out in 4
adjacent 3 m lengths, 35–40 cm below the uppermost
organic layer. This represented the 37-cm depth that
was dated. The total area of the face for the sampling
of the organic layer was 6000 cm2, as this was all that
was available at the time. Snails were apparent in the
face as a result of dark organic material being eroded
around them. Only shells visible on the face were col-
lected. 
Each of the 4 contemporary comparison sites includ-

ed a sampled area of 10 000 cm2 per quadrat × 10 quad -
rats for a total of 100 000 cm2. In each quadrat, 30 min-
utes was spent searching litter and the soil surface. Most
snails were found in the first 10 minutes of search in the
thin leaf litter, which was composed largely of leaves
and leaf fragments from the previous year. Following
this, the uppermost few millimetres of harder packed
organic soil was also searched for snails of all sizes
down to 1 mm diameter. Again, most snails were found
in the first 10 minutes. Very few, if any, snails were
found in the final 10 minutes of search, suggesting that
the search was complete. Only visual search techniques
were used; there was no collection or subsequent exam-
ination of litter samples. The survey was carried out in
late April and early May 2015 when snails were active.
Numbers of both living and dead species were record-
ed in each quadrat and tallied to provide a sample of
species and their numbers at each site. We collected all
snails in each area (quadrat or vertical face) so that sam-
ples would be quantitative and approximately compa-
rable.
Identifications were made using Pilsbry (1939, 1940,

1946, 1948), Burch (1962), and Grimm et al. (2010).
Specimens that were immature, broken, or too worn to
identify to species, but for which identification to genus
was possible, were designated “sp.” Specimens of Poly-
gyridae (Mesodon thyroidus or Neohelix albolabris),
consisting of small fragments and juveniles, for which
the genus and species were undeterminable, were re -
corded as “immature polygyrids.” Subfossil and con-
temporary specimens were deposited in the collections
of the Geology and Zoology sections, respectively, of
the New Brunswick Museum. 
Simple comparison and area correction
The numbers of species and individual snails at the

pre-settlement site and each of the comparison sites
were compared. Material not identified to species was
omitted to prevent potential double-counting of a tax-
on. This omission made little difference because such

instances were relatively few and generally involved
few individuals. 
The face of the pre-settlement sampling site was

1/16.7 the size of each of the sampled areas of the com-
parison sites; thus, it may be expected to be much poor-
er in diversity and smaller in population size. Beyond a
certain level, there may be limits to diversity regardless
of area size. However, the number of individuals may
be expected to increase linearly with sample area; thus,
a correction between number of individuals and size of
area sampled is not unreasonable. For the horizontal
surfaces of the comparison sites to be comparable to the
vertical pre-settlement sample the following assump-
tions were necessary.
(1) Snail densities are equally distributed throughout

the pre-settlement volume (as a result of an equal rate
of deposition). This pre-settlement volume may repre-
sent as much as 50 years (based on 1 year of horizontal
deposition per millimetre) or as little as 5 years. Regard-
less, if snail faunas vary in density, diversity, and com-
position over time, it must be assumed that the variation
is minimal. This assumption is necessary because the
comparison sites are snapshots of an instant in time
(i.e., a few years), and the pre-settlement assemblage
might appear more diverse and abundant simply by rep-
resenting specimens from a longer period of time (i.e.,
many decades).
(2) The vertical and horizontal situations are similar-

ly easy to sample. In fact the vertical subfossil-bearing
face was easier to sample because the size of the organ-
ic material was not as variable and the shells were white
and easily seen. However, the decline in new snails dis-
covered in the first 30 minutes in the horizontal com-
parison plots suggested that the inventory was nearly
complete.
(3) The surface areas are known. This was not entire-

ly the case because the horizontal comparison plots had
more surface area in terms of leaves and sticks and may
have contained more snails as a result. Nevertheless,
the excess surface area may be equivalent to less than
1 mm in the vertical sample and, if so, the comparison
is reasonable. 
(4) The current populations in the horizontal compar-

ison plots are all destined for preservation as occurred
in the pre-settlement sample, where calcium carbonate
in the sand may have aided shell preservation. In fact a
smaller number may reach the preservation stage be -
cause of predation and destruction by mammals and
birds. However, predation existed in the past as well.
Another associated concern is that living snails are
being compared with dead snails. It is true that the
horizontal comparison plots included living snails, but
these amounted to less than 5% of the samples. 
Although weighing these considerations does not

pro vide any definite way of correcting for area, we sug -
gest that a correction for area to create a range by mul-
tiplying the number of individuals at the pre-settlement
site by the factor by which the comparison sites are
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larger (16.7) is informative as long as the limitations
are understood. 

Results 
Likelihood of forest burial
Regardless of recent events that led to erosion, drift-

ing sand, and forest burial, there is reason to believe
that forest burial occurred in pre-settlement times. As
archaeological material is scarce at Sandbanks and be -
 cause of the location between historical warring Huron
and Iroquois peoples (Neugebauer 1974), strong evi-
dence that indigenous peoples played a significant role
in vegetation development in the area is lacking. Thus,
there is reason to believe that forest burial occurred
through natural processes. Buried soils in a perched
dune field serve as indicators of a late Holocene change
in lake level on the Lake Superior shore (Anderton and
Loope 1995). On Lake Michigan, high lake levels have
been shown to destabilize coastal bluffs making sand
available to leeward-perched dunes on a cycle of ap -
proximately 150 years. During high lake levels, forest
is buried, but lower levels and relative sand starvation
permit forestation and soil development on the dunes
(Chrzastowski et al. 1991; Loope and McEachern 1998;
Loope and Arbogast 2000). 
All that is required to bury forests on perched dunes

along the shore of Lake Ontario is fluctuating water lev-
els and the factors that cause them. Overall the level of
Lake Ontario has risen since 11 500 years BP when the
lake was formed in postglacial times (McCarthy and
McAndrews 1988). However, there is much evidence
for fluctuation superimposed on this general trend.
Fluc tuation occurred in the early postglacial time (Jack-
son et al. 2000), and, much later (3000–2100 years BP),
there were also periods of rapid rise in water level relat-
ed to episodes of relatively cool, wet climate (McCarthy
and McAndrews 1988). Also superimposed on the gen-
eral rising trend, Flint et al. (1988) reported oscillations
over the past 3300 years, with an amplitude in the order
of 1 m over several hundred years. These oscillations
have also been related to longer-term climate changes
(McCarthy 1986). More recently, small-scale fluctua-
tions in water level have occurred (Kunkel et al. 2013):
for example, a period of high levels between 1941 and
1954 following a period of low water level from 1930
to 1940. These fluctuations are also associated with cli-
mate, with cooler, wetter periods producing the higher
levels. Thus, the climatic variations responsible for fluc-
tuations in water level in Lake Ontario over the past
several thousand years and the fluctuations themselves
are evident. Consequently evidence for the periodic
burial of forests on perched dunes is to be expected. 
Dating 
Radiocarbon analysis of material in the organic layer

resulted in a date of 1190–1065 BP for the charcoal
(Beta 396269) and 1560–1410 BP for the partial shell
of Neohelix albolabris (Beta 396270). The “reservoir
effect” is the tendency for shells to appear older than

they are as a result of incorporating old limestone,
which is depleted of 14C. Although this effect may be
insignificant for smaller shells (Pigati et al. 2010), Neo-
helix is relatively large (about 30 mm in diameter) and,
thus, we consider the charcoal dates to be more reliable. 
Survey results 
All sites had unique species, and the numbers of spe -

cies varied among sites. The pre-settlement site had the
greatest snail diversity, with 23 species, including a
number that did not occur in the comparison sites: Cary -
chium exile, Euconulus fulvus, Gastrocopta armifera,
Gastrocopta corticaria, Vallonia parvula, and Vertigo
sp. (Table 1). Without correcting for area, the pre-settle-
ment sample had 161 individual snails and the compar-
ison sites had 27 to 352 (Table 1). Using the correction
factor, the pre-settlement sample had 2684 individuals.
Thus the pre-settlement sample not only had higher
diversity and distinct composition, but also the greatest
number of snails. 

Discussion
Periodic burial of forest on dunes is to be expected,

and dating of apparent burial in this case suggested that
the buried layer from which the snails were obtained
preceded the arrival and settlement of Europeans in the
Great Lakes region (i.e., after 1600 or 335 BP). Conse-
quently, the samples are appropriate for a comparison
of pre-settlement and post-settlement faunas. 
The variation in the snail assemblages at the compar-

ison sites suggests that none can be considered repre-
sentative of the snail fauna that existed in any larger
area at any particular time. This applies also to the pre-
settlement site, which is simply a snapshot of a past
fauna. This does not prevent comparisons; it simply
means that the comparison has limits in broad applica-
tion and the results can only be viewed as evidence of
a local phenomenon. 
The different composition, higher diversity, and

great er snail density of the pre-settlement sample sug-
gests that conditions may have been different at that
time. We speculate that the soil’s upper organic horizon
was much thicker and this hosted higher diversity, dif-
ferent species, and larger numbers of snails. A decline
(sometimes total elimination) of the O horizon has been
associated with invasion by European earthworms (e.g.,
Hale et al. 2005, 2008), and this affects a variety of
forest floor animals (e.g., Frelich et al. 2006; Migge-
Kleian et al. 2006; Schlaghamersky et al. 2014). Al -
though there are no studies that specifically point to
declines in terrestrial molluscs as a result of invasive
earthworms, this seems likely (Norden 2010); our own
casual observations in other deciduous woods in south-
ern Ontario seem to suggest this. Other foreign animals
were also frequent in the comparison sites, including
predacious ground beetles, pill bugs, and slugs, which
may also have negatively affected native snails, lead-
ing to lower diversity and density than before their
introduction from Europe. 
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The interpretation of results presented here rests on
many assumptions, making the comparison and expla-
nation little more than a partly supported hypothesis.
Regardless of the extent or cause of the difference, it
ap pears that major erosional and depositional events
occurred on Great Lakes shoreline dunes in the past and
that they can be used to study postglacial mollusc fau-
nas and past ecological processes with some possibly
significant results. The success of such an endeavour
will depend on the extent to which methods can be
de veloped to reduce assumptions and extend results. 
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