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This study investigates the impact ancient hunter-gatherers had on their 

environment by analyzing the changes observed in terrestrial snail assemblages 

recovered from archaeological sites in the middle Savannah River valley of Georgia and 

South Carolina.  Snails are a proxy for land alteration and temporal variations in the 

composition of snail assemblages provide useful data on changing land use.  If hunter-

gatherer populations in this region impacted their environment through the removal or 

alteration of ground cover, snail species sensitive to changes in ground cover would 

have been affected.  Changing snail assemblages have been used as a means to 

interpret past anthropogenic impact among agricultural societies, but rarely among 

hunter-gatherers, whose impact on environments is presumed to be minimal due to 

mobility, small populations, and simple technology.  However, some hunter-gatherer 

societies achieved levels of settlement permanence and land-use intensity that rival 

those of food-producing societies.  Among these “complex” hunter-gatherers was the 

Stallings Culture of the middle Savannah region, which spanned approximately 1000 

years and occurred over three time periods including the Classic Stallings (ca. 4100-
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3800 cal B.P.), Early Stallings (ca. 5100-4100 cal B.P.), and Late Archaic preceramic 

periods (ca. 5300-4100 B.P.).  The Late Archaic preceramic periods specifically include 

the Mill Branch and Paris Island phases.   

The archaeological sites in the study area include Stallings Island (9CB1), Ed 

Marshall (38ED5), and Mims Point (38ED9), which collectively span the Late Archaic 

preceramic, the Early Stallings, and the Classic Stallings periods.  Each of the sites 

contained large assemblages of snails in pit and midden contexts.  For comparison, 

modern snail samples were collected in known environmental conditions to model snail 

habitat preferences in the general locations of the archaeological sites.  The modern 

snail samples, along with previous accounts in the literature, were used to determine 

taxon preferences for either open or wooded habitats.  Based on the results of the 

modern snail collections and observed habitat tendencies, the snails identified from the 

samples at Stallings Island, Ed Marshall, and Mims Point were utilized to infer past 

habitats and environmental impacts. 

The samples from Stallings Island were located in the intact remnant of a looter’s 

pit, which was excavated in stratigraphic sequence and dated with a series of 

radiocarbon assays.  All of the samples were dated to the preceramic Mill Branch 

phase.  A total of 11,995 terrestrial snails were identified to 19 different taxa, out of 

which 5 taxa were considered as having open habitat tendencies (Euconulus chersinus, 

Gastrocopta sp., Gastrocopta contracta, Lucilla sp., and Pupillidae) and 5 taxa were 

considered as having wooded habitat tendencies (Discus patulus, Glyphyalinia sp., 

Haplotrema concavum, Helicodiscus parallelus, and Pupisoma sp.).  The results 

indicated the site was mainly wooded until a disturbance event occurred, which caused 
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a shift in the snail taxa to being dominated by more snails in the taxa with open habitat 

tendencies.   

The samples from Ed Marshall were located in several pit features, including 

shallow basins and large shell-filled pits associated with fired-clay floors.  Radiocarbon 

dating and/or diagnostic pottery dated one feature to the preceramic Mills Branch 

phase, four to the Early Stallings period, and three to the Classic Stallings period.  A 

total of 2,454 terrestrial snails were identified to 38 different taxa, out of which 3 taxa 

were considered as having open habitat tendencies (Gastrocopta rupicola, Lucilla sp., 

and Pupillidae) and 5 taxa were considered as having wooded habitat tendencies 

(Discus patulus, Glyphyalinia sp., Helicodiscus parallelus, Pupisoma sp., and 

Zonitidae).  The results indicated a shift in habitat between the preceramic Mill Branch 

phase and the Early Stallings period from a more open habitat to a more wooded 

habitat.   

The samples from Mims Point were located in several features including one 

burial, large storage pits, shallow basins, hearths, and occasional postholes that span a 

circular-village complex.  Radiocarbon dating and/or diagnostic pottery dated all of the 

features to the Classic Stallings period.  A total of 996 terrestrial snails were identified to 

32 different taxa, out of which 3 taxa were considered as having open habitat 

tendencies (Gastrocopta rupicola, Lucilla sp., and Pupillidae) and 5 taxa were 

considered as having wooded habitat tendencies (Discus patulus, Glyphyalinia sp., 

Glyphyalinia wheatleyi, Practicolella lawae, and Ventridens sp.).  The results supported 

the circular-village complex with a central plaza.  The feature located in the presumed 

central plaza contained more snails within the taxa with open habitat tendencies.  The 
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other features, which were located in the surrounding areas, among the presumed 

household clusters and edge of the village complex contained more snails within the 

taxa with wooded habitat tendencies. 

Due to the relatively close proximity of the three sites in this study, the samples 

were combined and compared over all three time periods in an attempt to show general 

trends in habitat over time.  The results indicate a change in habitat occurred in the 

middle of the preceramic Mill Branch phase which resulted in a shift from more snails in 

the taxa with wooded habitat tendencies to more snails in the taxa with open habitat 

tendencies.  Another shift occurred during the Early Stallings period, which was 

dominated by snails in taxa with wooded habitat tendencies.  Several fluctuations in 

habitat were evidence during the Classic Stallings period, but the trend was a gradual 

decrease in the number of snails of taxa with wooded habitat tendencies.  These results 

support an increase in population pressures and land clearing during the end of the 

preceramic Mill Branch phase, a period of limited impact during the Early Stallings 

period, and a return of intensive habitation and environmental impact during the Classic 

Stallings period. 

This research supports the use of terrestrial snails from archaeological sites to 

interpret past environmental impacts and habitat changes at a small scale (within a site, 

i.e.- Mims Point) and over time (over the three time periods noted within and among the 

sites).  
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CHAPTER 1 
BACKGROUND 

The Stallings Culture was one of North America’s premier Late Archaic forager 

societies (Sassaman 1993a) dating from ca. 5000-3500 cal B.P. and distributed 

throughout the Savannah River valley and portions of the coasts of Georgia and South 

Carolina (Figure 1-1) (Sassaman 2006; Sassaman et al. 2006).  Stallings Culture was a 

hunter-gatherer population whose members collected and ate shellfish and discarded 

the inedible remains in middens, mounds, and pits.  The Stallings Culture is best known 

for its namesake pottery series (Stallings fiber-tempered pottery), which is among the 

oldest pottery in North America (Sassaman et al. 2006).  It is also well known because 

of its general trend towards a more sedentary lifestyle, as indicated by smaller territories 

and more permanent villages in the later periods of the culture, which marked the 

beginning of less nomadic lifestyles.  The history of Stallings Culture extends well 

beyond the appearance of pottery to include ancestral and affiliated societies in the 

region dating back to at least 5800 cal B.P.  Two of the key ancestral phases in the 

vicinity of Stallings Island are the Paris Island phase of ca. 5300-4700 cal B.P., and the 

Mill Branch phase of 4700-4100 cal B.P.  The Stallings Culture itself is divided into two 

phases:  Early Stallings (ca. 5100-4100 cal B.P.), and Classic Stallings (ca. 4100-3800 

cal B.P.).  It was during the Classic Stallings phase that communities of the middle 

Savannah River valley achieved a level of settlement permanence and formality 

paralleling that of sedentary farmers. 

A central location of settlement for Classic Stallings Culture was Stallings Island 

(9CB1), a seven-hectare (16 acre) island in the Savannah River, about eight miles 

upstream from the city of Augusta, Georgia.  Stallings Island was first researched by 



 

20 

Charles C. Jones, a nineteenth-century antiquarian, in 1861 (Sassaman 2006).  Jones 

was interested in the human burials on Stallings Island and speculated that the site was 

a huge necropolis and a dedicated cemetery (Jones 1861).  Jones (1861) noted items 

of domestic refuse throughout the midden and pit fill of burials, but provided little detail 

on the types of evidence he uncovered (Jones 1861).  After Jones, William Claflin 

conducted several expeditions from 1908-1925 and collected a large number of artifacts 

and several human skeletons (Sassaman 2006; Sassaman et al. 2006).  Claflin (1931) 

suggested that habitation occurred on the island, but he did not record a sufficient body 

of evidence to support his conclusions.   

In 1929, Charles and Harriet Cosgrove conducted stratigraphic excavations at 

Stallings Island, which included the use of a grid (Claflin 1931).  The Cosgroves were 

the first to excavate features other than burials and concluded that the site was 

inhabited by one cultural group and they also noted remains of earlier people below the 

deposits of the main tribe (Sassaman 2006) (Figure 1-2).  Stallings Island was 

investigated repeatedly since the Cosgroves expedition in the mid-20th century.  

Investigations include those of Charles H. Fairbanks in 1942, H. Bruce Greene in 1961, 

and Donald Crusoe and Chester DePratter in 1976 (Sassaman 2006; Sassaman et al. 

2006).  Stallings Island was purchased by the Archaeological Conservancy in 1998 after 

which detailed archaeological research was conducted by the University of Florida (UF), 

which included the collection of the samples for this research project.  The UF 

expedition of 1999 mapped and tested Stallings Island in an attempt to reconstruct the 

site’s occupational history by locating and sampling sound contexts for radiometric 

dating (Sassaman et al. 2006) (Figure 1-3).  Fifty-six intact pit features and a 3-meter 
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deep sequence of stratified shell midden with good preservation were excavated at the 

site.  In total, over 4.25 cubic meters of 1/8-inch water-screened feature and midden 

matrix and nearly 100 flotation samples of at least 10 liters each were collected for 

analysis (Sassaman 2001).  

Besides Stallings Island, three other sites were investigated in the middle 

Savannah River valley by Sassaman and colleagues in the 1990s: Ed Marshall, Mims 

Point, and Victor Mills (Figure 1-4).  Ed Marshall (38ED5) is located 0.5 km east of 

Stallings Island and 1.6 km downstream from Mims Point between a levee and 

backwater slough of the Savannah River and is a multicomponent habitation site.  The 

site was excavated three times between 1995 and 1998, which resulted in the collection 

of 98 m2 of material and 67 pit features.  Horizontal separation of components allowed 

the clear delineation of Mill Branch, Early Stallings and Classic Stallings features.  

Domesticate architecture was observed in the Mill Branch and Early Stallings 

components and site-wide patterning indicated a circular village-plaza complex 

approximately 30 m in diameter (Sassaman 2001).  Ed Marshall is a lower elevation 

riverine site, which is prone to flooding and considered a floodplain. 

Mims Point (38ED9) is the most extensive excavation of a Stallings Culture village 

(Sassaman 1993b).  Mims Point is located on a ridge nose at the confluence of Stevens 

Creek and the Savannah River, about 1.2 km north of Stallings Island (Sassaman et al. 

2006).  It contained the remains of a 0.2-ha habitation complex, which dated to a few 

decades of Classic Stallings times (ca. 3950-3900 cal B.P.) (Sassaman n.d.).  Three 

field seasons resulted in the hand excavation of 364 m2, which exposed several 

household clusters that represented a complete and well-preserved circular village-
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plaza complex dated to the Classic Stallings phase.  This site is considered upland and 

is not prone to flooding. 

Victor Mills (9CB138) is located on a sloping ridge overlooking the Savannah River 

and is located approximately 1.25 km south of Stallings Island.  This is a small site that 

is dated to ca. 4450 cal B.P. and is the earliest known occupation of the middle 

Savannah by Early Stallings groups.  Two field expeditions in 1994 resulted in 63 m2 of 

hand excavation.  This site is believed to have been one of the first incursions of 

Coastal Plain Stallings groups into the middle Savannah when indigenous Mill Branch 

groups were seasonally using riverine sites, such as Stallings Island and Ed Marshall 

(Sassaman 2001). 

Each of these four sites has different microenvironments, including the slope, 

aspect and soil, which affected the type and proportion of local food resources 

(Sassaman 2001).  The four sites are considered well-preserved Late Archaic remains 

and span the Paris Island, Mill Branch, Early Stallings and Classic Stallings phases. 

The Paris Island phase dates from ca. 5350-4700 cal B.P. (Figure 1-1).  Most 

known Paris Island occupations were seasonal encampments and lacked larger and 

more permanent settlements (Sassaman 2006).   The Paris Island phase was followed 

by the Mill Branch phase of ca. 4700-4200 cal B.P., another preceramic culture (Figure 

1-1).  Mill Branch occupations were noted on Ed Marshall and on Stallings Island 

(Sassaman 2006).  The Mill Branch phase component at Stallings Island was dated to 

about ca. 4700-4600 cal B.P. (Figure 1-1). 

The Early Stallings phase was an early pottery phase, which occurred during the 

Paris Island, Early Stallings, and Classic Stallings phases and began in the Coastal 
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Plain around ca. 5100 cal B.P. (Figure 1-1).  During the initial first centuries of Early 

Stallings occupation in the Middle Savannah, Stallings Island was underutilized or 

abandoned and only transient use of Stallings Island was found from ca. 4450-4200 cal 

B.P. (Sassaman et al. 2006).  A single component deposit of Early Stallings phase was 

located at Victor Mills, which was dated to ca. 4450 cal B.P. and another component 

was located at Ed Marshall, which was dated to ca. 4200 cal B.P. (Sassaman et al. 

2006). 

A program of recent analysis with materials recovered from the four middle 

Savannah sites involved vertebrate fauna, freshwater mussels, human skeletal remains, 

plant remains, and subsistence technological innovations, including pottery.  In addition, 

spatial data from old and recent excavations have been used to infer patterns of 

community organization (Sassaman et al. 2006).  Evidence shows that the Classic 

Stallings occupations at Stallings Island, Mims Point, and perhaps Ed Marshall entailed 

circular arrangements of 6-8 houses with a central, open “plaza” some 15 m in diameter 

(Figures 1-5, 1-6 and 1-7).  At Stallings Island the central plaza held many of the Classic 

Stallings burials, a pattern that appears to be unique to this central site.  Compared to 

settlements of the Paris Island, Mill Branch, and Early Stallings phases, those of the 

Classic Stallings phase were apparently permanent and thus the most likely to entail 

environmental impacts attending fixed, intensive land use.  However, other evidence 

from Stallings Island suggest that shell fishing was most intensive during the earlier 

occupations, a practice that may have had a measurable effect of mollusk populations 

(O’Day 2002), but perhaps no associated changes in ground cover.  Irrespective of 

possible impacts, the multi-century abandonment at Stallings Island following the Mill 
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Branch occupation may have been sufficient to return the locale to its pre-occupation 

state.  Terrestrial snails in the assemblages from Stallings Island and related sites 

provide an independent means to monitor changes in vegetative cover. 

This study will determine if the archaeological sites were open habitats potentially 

created by cleared areas or plazas due to deforestation, increased population or 

consistent trampling, or forested habitats through natural or reforestation processes.  

The hypotheses are: 1) overall, an increase in open habitat species will be found 

through time as the intensity of the settlement increased; 2) variations in proportions of 

open habitat species will co-vary with periods of occupation and abandonment; and 3) 

open habitat species will tend to occur with greatest frequency in central plazas of 

permanent villages within the Classic Stallings phase. 
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Figure 1-1.  “Model of Late Archaic culture history for the Savannah River Valley, with 
radiocarbon assays from Stallings Island (+ 2 sigma)” (from Sassaman et al. 
2006) 
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Figure 1-2.  “Topographic map of the area of archaeological deposits at Stallings Island, 
showing pylons, locations of excavation units of most prior expeditions, and 
1999 units of the University of Florida expedition” (from Sassaman et al. 
2006) 
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Figure 1-3.  “West profile drawing of LP81 showing stratigraphic unconformity between 
upper and lower strata, outline of pedestal, and radiocarbon assays on 
samples from intact strata” (from Sassaman et al. 2006) 
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Figure 1-4.  “Map of Stallings Island (9CB1) with insets showing locations of other 
Stallings Culture Sites in the immediate area and the greater distribution of 
shell-bearing sites of Stallings age” (from Sassaman et al. 2006) 
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Figure 1-5.  “Plan distribution of excavation unit, midden, and features at Mims Point 
(38ED9), showing projected pit feature clusters of a circular domestic 
compound with a central area largely devoid of features” (from Sassaman et 
al. 2006) 
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Figure 1-6.  “Plan distribution of features excavated by the Cosgroves (a) showing 
feature types as published in Claflin 1931:Plate 7; and (b) showing only those 
features with diagnostic Stallings pottery” (from Sassaman et al. 2006) 
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Figure 1-7.  “Plan distribution of features excavated by the Cosgroves (a) showing Mims 
Point circular village model superimposed over projections of pit features by 
depth into clay; and (b) showing human interments coded for sex (after Claflin 
1931:Plate 7)” (from Sassaman et al. 2006) 
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CHAPTER 2 
TERRESTRIAL SNAILS IN ARCHAEOLOGY 

Humans are known to have affected their surrounding environment to the extent 

that they can be “considered an ecological factor, an ecological change agent or a 

keystone species” (Abrams and Nowacki 2008).  The activity of humans clearing land 

and creating more forest edges is believed to have changed the proportions of 

disturbance-based taxa (Abrams and Nowacki 2008).  Land snails have been used in 

the analysis of modern sites to determine current environmental impacts of agriculture, 

including fertilizers, grazing and pastures, in locations around the world due to their 

sensitivity to environmental changes (Suominen 1999; Greenwood and McKenzie 2001; 

Labaune and Magnin 2001; Labaune and Magnin 2002; Oliver et al. 2005; Hof and 

Bright 2010).  Land snails cannot only be used for modern environmental studies; they 

can also be used in studies involving environmental archaeology to provide robust 

contexts to understand past human behavior (Peacock and Gerber 2008). 

Terrestrial mollusks are believed to offer keys to understanding the organization of 

past biotas and to reconstruct the organization of past communities (Kohn and Arua 

1999).  Cowie and Grant-Mackie (2004) stated that land snail faunal composition from 

archaeological excavations can indicate habitat or microhabitat preferences and 

environmental change.  Ecology is often concerned with how environmental factors 

affect an organism, but the organisms can also be used as indicators of the 

environment (past or present).  Matteson (1960) considers this view as applied ecology 

rather than ecology itself.   Environmental archaeology allows the use of different types 

of data from different disciplines to research questions regarding long-term 

human/nature interactions (Peacock and Melsheimer 2003).  Using gastropod remains 
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is common where environmental archaeology is well established and is often used in 

Europe, Mesoamerica, and Polynesia (Peacock and Melsheimer 2003).  Land snails are 

used to establish overall environmental conditions because they are essentially site-

specific indicators that were rarely eaten or exploited and were not generally affected by 

cultural biases (Peacock and Melsheimer 2003; Peacock et al. 2005).  Land snails have 

also been found to have a great variety of regional patterns in species richness and 

differentiation (Stanisic et al. 2007).  They are often used to determine the nature and 

magnitude of prehistoric human environmental disturbances/impacts and to explore 

past environmental conditions (Peacock and Melsheimer 2003; Peacock et al. 2005). 

Bobrowsky (1984) noted four reasons why gastropods may occur in 

archaeological deposits: 1) the snails were used as a food source; 2) the snails 

represent natural populations once living at the site; 3) the snails were accidentally 

introduced into the assemblage; 4) the snail shells served as a cultural purpose rather 

than diet.  Most agree the gastropod assemblage should be considered a natural 

occurrence (Bobrowsky 1984).  Some believe that land snails represent one of the best 

preservation classes known among living animals and have fairly stable and accurate 

death assemblages (Bobrowsky 1984).  Few animals can withstand the ravages of time 

better than mollusk shells (Matteson 1960).  Meyrick and Karrow (2007) state four 

reasons why land snails are better paleoecological indicators than pollen: 1) the shells 

can survive in a range of conditions, including oxidized deposits that rarely preserve 

other fossil groups such as pollen; 2) land snail assemblages provide information about 

the local paleoenvironments, such as shade and moisture conditions, at the time of 

deposition; 3) most snail faunas can be used to detect small-scale disturbances 
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resulting from anthropogenic activity; and 4) most snail shells can be identified to 

species level.   Mollusk shells are often utilized in archaeological investigations (Evans 

1972) because they are known to retain the original color patterns and appear as if they 

had died more recently (Matteson 1959).  They and are also commonly used in Europe 

in conjunction with other disciplines such as sedimentology, vertebrate paleontology, 

archaeology and palynology (Meyrick and Karrow 2007). 

The first known attempt to use gastropods for environmental reconstruction in the 

United States occurred on Goose Island, Massachusetts in 1867 when Morse observed 

terrestrial snails and stated that they can exist in only hardwood growths (Bobrowsky 

1984; Martin 2000).  Martin (2000) reported that Morse excavated a shell midden and 

found land snail shells approximately 0.6 m down.  The shells were identified as 

Glyphyalinia indentata, Paravitrea multidentata and Appalachina sayan, which are 

common in hardwood forests and rare in Maine.  Based on this information, Morse 

concluded there were changes in vegetation (hardwoods to a spruce growth) and 

resident molluscan species. Casual notations of land snails at archaeological sites 

became common by the late nineteenth century and early twentieth century (Bobrowsky 

1984).  The first comment about gastropods being used as a food source occurred in 

1930 by Baker (Bobrowsky 1984).  Gastropods became relatively important in 

archaeology during the late 1930s and early 1940s and it was often noted when snails 

were not found (Bobrowsky 1984).  Gastropods continued to be mentioned in 

archaeological sites during the 1940s and early 1950s (Bobrowsky 1984).  The debate 

about whether or not snails were used as a food source became common in the 1950s 

and continues today (Bobrowsky 1984).  Morrison (1942) studied faunal changes in 
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prehistoric Indian middens over time in the Pickwick Basin of the Tennessee River in 

northwest Alabama.  Morrison concluded that the land snail fauna was representative of 

those living in the flood plain or river bottom forest and indicated a partial clearing of the 

surrounding forest, which implied an increase in agriculture and a more continuous 

habitation of the site. After Morrison’s analysis on gastropods in 1942 no outstanding 

reports appeared in the archaeological literature again until Baerreis’ species frequency 

distribution list and ecological synthesis in 1969 (Baerreis 1969; Bobrowsky 1984).   

The larger archaeological community began to take note of the use of gastropods 

in archaeology in the 1960s mainly due to Baerreis’ work that spanned from 1969 to 

1980 (Baerreis 1969; 1971; 1973; 1974; 1980).  Baerreis (1973) reviewed research in 

the eastern United States that focused on gastropods.  Baerreis critiqued Morrison’s 

(1942) research in Alabama and pointed out that Morrison’s interpretations were based 

upon the assumption that the gastropods lived at the site and were fossil assemblages 

rather than considering that they could have been drift shells and/or comprise a 

thanatocoenose (assemblage brought together after death).  Baerreis also reviewed 

Fowler’s (1959) research at the Modoc Rock Shelter, which is adjacent to the flood plain 

of the Mississippi River in southern Illinois.  Fowler concluded a change in 

environmental conditions based on the presence of a land snail, Allogona profunda, 

which was found in the basal zones but not in the top of the deposit and was only found 

in cool, damp wooded habitats.  Fowler also noted a shift in proportion from a high 

proportion of terrestrial snails to more aquatic snails and back to a high proportion of 

terrestrial snails.  Fowler interpreted the shift as an increased consumption of 

gastropods for food during the middle period rather than considering a shift in habitat 
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due to flooding in the valley.  Baerreis concluded that gastropods are reflections of 

environmental conditions when the site was occupied; however, the sampling 

techniques must be sufficient in order to interpret the results correctly. 

There are a limited number of studies using terrestrial snails to interpret the impact 

of hunter-gatherers on their environment.  Two studies include Klippel and Turner 

(1991) and Harms (2008).  However, multiple studies have used terrestrial snails to 

interpret the paleoenvironmental history of archaeological sites, which include Barber 

(1988), Peacock and Melsheimer (2003), Peacock et al. (2005), Meyrick and Karrow 

(2007), and Peacock and Gerber (2008).  Other research has used land snails as an 

indicator of environmental change due to the impact of human colonization on secluded 

islands in the Pacific.  Some of these include research in: the Pacific Islands (Solem 

1964), Hawai’i (Christensen and Kirch 1986, Dixon et al. 1997), the Solomon Islands 

(Christensen and Kirch 1981), the Cook Islands (Allen and Schubel 1990; Kirch et al. 

1991; Allen 1992, 1994, 1998), Mangaia Island in East Polynesia (Kirch and Ellison 

1994), the Pitcairn Islands (Preece 1998), New Caledonia (Cowie and Grant-Mackie 

2004) and Easter Island (Kirch et al. 2009).  The Pacific Islands have been well studied 

due to the high rate of extinctions and replacement of the natural biotas by exotic 

species since the beginning of European colonization (Cowie 2001a, 2001b; Cowie and 

Robinson 2003). 

Klippel and Turner (1991) researched gastropods from an Archaic period shell 

midden in middle Tennessee.  Based on a change in land snail density and species 

distributions, two possibilities were considered: 1) the hunter-gatherers may have 

modified the local environment of the shell midden to the extent that it was transformed 
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into a habitat suitable for land snails that are found in open habitats today or 2) climatic 

conditions may have supported a more open habitat during the late Middle Archaic 

Period rather than the mesophytic forest habitat presently in that area.  Klippel and 

Turner (1991) reject the idea that hunter-gatherers impacted their environment or 

cleared their camp sites of trees due to their mobile lifestyles and reject the idea that 

open-habitat land snails would have migrated into the “artificial” patches of forest if they 

had.  They lean more towards a climatic change that has been previously suggested 

between 8000 and 5000 years B.P. based on pollen and vertebrate faunal data from the 

mid-south. 

Harms (2008) used terrestrial and aquatic mollusks along with carbon dating from 

archaeological sites in Wisconsin dated to the Archaic period to show environmental 

change during approximate dates and concluded that mollusks could be used to 

indicate regional environmental change, specifically from warm and moist to cooler and 

drier conditions.  Harms (2008) found an extreme decrease in snail quantity, loss of 

species diversity and a decrease in snail density, which indicated a change to a harsher 

climate for those mollusks.   

Peacock and Melsheimer (2003), Peacock et al. (2005), and Peacock and Gerber 

(2008) compared land snail taxa from protohistoric, historic and modern assemblages 

from the Black Belt Province of Mississippi and found a shift in the dominant taxa, which 

may be attributed to climate change or human-induced erosion and soil loss that caused 

a drop in the soil moisture. Land snails and freshwater mussels were used to interpret 

human transformation of the landscape in northeastern Mississippi.  Land snails and 

other artifacts were also used to interpret site formation processes in Mississippi and 
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found land snails helpful when determining pit-fill episodes.  Based on the land snail 

assemblages from the archaeological sites and the analysis of the modern land snail 

ecological habitats, they were able to conclude that the landscape had transformed from 

hardwood to cedar-dominated mosaic due to land clearance and erosion over time. 

Peacock and Melsheimer’s (2003) research is similar to this study because they 

analyzed the presence of terrestrial snail taxa among sites, concentrating on those that 

were present in open habitat sites compared to wooded habitat sites.  The variation in 

snail taxa was compared to the snails’ historical habitat ranges in order to interpret 

environmental conditions.  Peacock and Melsheimer (2003) found the snail taxa 

changed with a shift from mesic to xeric conditions due to climate change and/or 

human-induced erosion and soil loss.  Evans (1972) also stated that archaeological 

snail faunas can be used to estimate their former abundance, which can be compared 

to their nearest present day analogue in order to surmise the past environment in which 

they lived.   

Barber (1988) was the first modern archaeologist to use land snails to interpret the 

environment in the northeastern U.S.  Barber (1988) promoted the use of land snail 

assemblages to interpret macroclimate and microenvironments using a variety of 

methods including the species spectrum approach (Evans 1972), environmental 

tolerance approach (Barber 1979; Barber 1980) and morph analysis (Baerreis 1974, 

1980).  Meyrick and Karrow (2007) also used molluscan data to reconstruct the 

paleoenvironmental history of southern Ontario and found a progression of species 

variation from exposed open habitats to closed woodland habitats.   
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Solem (1964) reviewed terrestrial snails from the Pacific Islands in the 19th century 

and found that endemic snails have been replaced by exotics and the majority of 

endemic snails are restricted to small patches of native forests, whereas the exotic 

snails are found in the cultivated and ecologically altered areas.  Christensen and Kirch 

(1981) studied archaeological terrestrial snails on Tikopia, southeastern Solomon 

Islands and found a shift from endemic to exotic land snails that corresponded to the 

colonization of humans and environmental impacts that occurred on the vegetation due 

to land clearing for agricultural purposes.  Kirch et al. (1991) studied human 

environmental impacts, such as deforestation and cultural stress from overpopulation 

and agricultural purposes, on Cook Island by analyzing archaeological vertebrates, 

invertebrates (including aquatic mollusks) and vegetation.  The study found 

relationships between the archaeological samples and the chronology of human 

habitation and environmental impacts on the island.  Allen (1992, 1994, 1998) and Allen 

and Schubel (1990) used an environmental archaeological approach to interpret and 

date human settlement on the Cook Islands in the Pacific.  Land snail assemblages 

were reviewed and found to include taxa associated with human habitation and 

gardens, which agreed with wood charcoal identifications and suggested an early 

settlement time frame for one site within the study area.  The snail fauna excavated in 

New Caledonia showed a change in faunal composition, including a decrease or 

elimination of native species and the introduction of exotic species, which indicated a 

change in habitat and vegetation due to human intrusion into the area since European 

colonization (Cowie and Grant-Mackie 2004).  Kirch et al. (2009) studied terrestrial 

snails on Easter Island and found a shift from endemic molluscan fauna to synanthropic 
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and anthropochoric (human-transported) fauna over time, which may be due to human-

induced habitat alteration including deforestation, vegetation clearing, increased erosion 

and the influx of human-related predators, all of which began when the island was 

initially colonized by prehistoric peoples and they began to use the land for agricultural 

purposes. 

 These studies indicate that terrestrial snails can be used successfully to interpret 

anthropogenic impact on the environment and to reconstruct the paleoenvironmental 

history of archaeological sites, including those of hunter-gatherers. 
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CHAPTER 3 
INTRODUCTION TO TERRESTRIAL SNAILS 

Terrestrial Snail Biology 

Soft-bodied land snails and slugs belong to the phylum Mollusca and the class 

Gastropoda.  The Latin word molluscus means soft and the class name, Gastropoda, 

originates from the Greek words gaster (belly) and podos (foot) (Martin 2000).   

Gastropods are the most diverse group in the phylum Mollusca and have been 

prospering since their appearance in the middle Cambrian (Tojo and Ohno 1999).  In 

terrestrial ecosystems, the number of terrestrial mollusk species is only outnumbered by 

arthropods (Alvarez and Willig 1993; Secrest et al. 1996).  Terrestrial gastropods are 

taxonomically diverse and well described (Nekola 2005).   Over 35,000 species of 

Gastropoda exist globally, including 3600 in Europe, 1600 in Australia, 1400 in New 

Zealand and 1200 in North America (Nekola 2005; Pigati et al. 2010).  There are at 

least 70,000 extant species found in terrestrial, marine and freshwater habitats (Pigati et 

al. 2010).  Land snails are ubiquitous in the eastern United States and include both 

shelled animals and slugs, which lack shells (Hotopp 2002).  There are at least 500 

native species of snails in the eastern United States (Hotopp 2002; Hotopp et al. 2010).   

The land snails are usually ubiquitous and abundant and play important ecosystem 

roles, which make them good indicators of site conditions (Hotopp et al. 2010).   

Land snail adult sizes range from 1mm to 208mm (Vagvolgyi 1975).  

Approximately 50% of all land snail species and roughly 90% of all individual land snails 

are less than 5mm in maximum dimension (Nekola 2009).  Most of these smaller snails 

are in the family Pupillidae (Vagvolgyi 1975; Nekola 2009).  Almost 10% of the entire 

United States and Canadian fauna (approximately 125 species) are in the family 
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Pupillidae and within the genera Bothriopupa, Chaenaxis, Columella, Gastrocopta, 

Pupilla, Pupisoma, Pupoides, Sterkia and Vertigo (Nekola 2009; Nekola and Coles 

2010).  The Pupillidae represent approximately 12% of the total fauna east of the 

continental divide and are the third most diverse family; the two most diverse are 

Polygyridae and Zonitidae, who respectively make up 30% and 22% of the total fauna. 

(Nekola 2009; Nekola and Coles 2010).  Pupillidae represent 25-75% of all species and 

individuals at a regional scale and at least 30% of the species diversity and 33% of all 

individuals within a site (Nekola and Coles 2010).  Pupillids may also represent 80-

100% of total molluscan diversity within sites in some regions (Nekola and Coles 2010).   

Most terrestrial snails feed on plant matter, including live vegetation, rotting leaves, 

rotting wood, sap, fungi and some even feed upon animal scats, animal carcasses, 

other snails, nematodes or other invertebrates (Boycott 1934; Evans 1972; Hotopp 

2002).  Many snails also ingest small soil particles and will rasp larger rocks or shells of 

dead mollusks to ingest the calcium carbonate essential for reproduction, shell 

development and other physiological needs (Martin 2000; Hotopp 2002).  During times 

of demand, such as egg laying, snails will mobilize calcium from their own internal 

organs and shells (Hotopp 2002).  The importance of available calcium to snails leads 

to them having a preference for the tree species composition of the habitat in which they 

prosper because tree species composition influences the calcium content of the upper 

soil horizons by the leaf litter (Hotopp 2002).  The nutrient concentrations in the upper 

soil dictate the nutrients available for snails because it contains the snail’s food (Hotopp 

2002).  Therefore, some believe that some land snails can live in areas with calcium-

poor soils if the local trees concentrate calcium in their leaves because the snails can 
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either absorb the dissolved calcium carbonate through their moist skin or drink it from 

the upper layers of the soil (Martin 2000).  Snail species have been associated with soil 

calcium, magnesium and acidity (pH) (Hotopp 2002).  The most important soil 

parameters are considered extractable calcium, water-soluble calcium (includes calcium 

citrate), pH, moisture and vegetation (Wareborn 1969; Martin 2000; Hotopp 2002).  

These soil parameters may influence snail distribution and abundance (Wareborn 1969; 

Martin 2000).   

Land snails have many natural enemies.  Snails may be consumed by a variety of 

predators, such as the larvae of lampyrid beetles, adult ground beetles, ants, 

salamanders, shrews, birds, millipedes, frogs, turtles, snakes, lizards, moles, rats, mice, 

chipmunks and squirrels (Martin 2000; Hotopp 2002). 

Most species have an annual life cycle (9-15 months), but some of the larger 

snails may live two or three years (Boycott 1934; Evans 1972).  Others consider their 

lifespan to be 1-10 years (Martin 2000).  Tojo and Ohno (1999) found that shells grow 

incrementally and form an alternating sequence of growth lines and growth increments, 

which is referred to as the growth pattern.  The growth pattern has been used 

successfully in aging several intertidal gastropods and some gastropods that exhibit 

coiling; however, coiling can make it more difficult (Tojo and Ohno 1999).   

Most snails are hermaphrodites and some are protandrous (function as males 

when first sexually mature and later as females) (Evans 1972).  Mating may involve 

courtship that can sometimes be elaborate and take many hours (Evans 1972).  Most 

species lay 50-300 eggs (oviparous) (Evans 1972).  Some of the larger snails lay 

between 100 to 200 eggs a year and the smaller ones may lay less than 50 a year 
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(Boycott 1934).  The eggs are deposited in loose damp soil and other locations that 

have suitable moisture retention properties (Evans 1972).  Most species breed in the 

spring, but some breed in the fall (Evans 1972).  Individually, small snails have a lower 

fecundity, but they have a higher reproductive output on a per volume basis (Nekola et 

al. n.d.).  Even though most snails are hermaphrodites, the pupillids can self-fertilize 

their eggs with their own sperm (Nekola 2009).  The ability to self-fertilize (and their 

small size) gives the pupillids an advantage in migration over other snails that cannot 

because only one individual is needed to start a new population (Nekola 2009).  Pupillid 

population densities often exceed hundreds if not thousands per square meter and are 

not highly endangered (Nekola 2009).   

Terrestrial mollusks have a coiled shell containing the visceral organs, which can 

be fully withdrawn for protection (Barker and Mayhill 1999).  Most gastropod locomotion 

is by means of a muscular foot, which contracts and facilitates movement (Bobrowsky 

1984).  The movement has been described as ‘creeping’, which occurs by progressive 

waves of contraction and expansion of a ventral muscular foot that secretes slimy 

mucus, which enables the snail to glide over rough surfaces (Martin 2000).  Terrestrial 

gastropod movement is often considered as “sliding on slime” (Martin 2000) because 

they walk on a film of thin mucus and use water in the process, which is restored when 

they eat or drink (Boycott 1934).  The amount of water lost from their skin depends on 

the humidity of the air (Boycott 1934) and the shells provide protection against water 

loss (Evans 1972). 

Terrestrial mollusk shells are useful in investigations of evolution and ecology and 

are usually species-specific, yet malleable in form and size by the environment with the 
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individuals’ ontogeny displayed on the shell of the mature snail (Barker and Mayhill 

1999). Snails are invertebrates that have a hard shell that is mainly composed of 

calcium carbonate (Evans 1972).  The shells are coated with the periostracum, which is 

a thin proteinaceous coat (Evans 1972).  The periostracum is normally destroyed within 

one year of death, which leaves the calcium carbonate exposed to physical weathering 

and other degradation (Evans 1972).  Once the periostracum is lost, ground waters 

have access to the crystal structure (Yates 1986).  The crystalline form of calcium 

carbonate in the shells is pure aragonite (in most species) or calcite (in a few 

exceptions) (Evans 1972).  Snails prefer calcareous soils because they need calcium 

for their shells (Boycott 1934).   

Terrestrial Snail Ecology 

Land snails are ecologically important for many reasons including their role in 

nutrient cycling (Hodder 1991; Alvarez and Willig 1993).  The ancient origin of terrestrial 

mollusks and slow evolution combined with low vagility and high rates of allopatric 

speciation and ectothermal regulation make them susceptible to disturbance and 

modification of the microclimate, which makes them superb biogeographic models 

(Barker and Mayhill 1999; Bloch and Willig 2006).  Most mollusks do not flourish in 

areas with intensive conditions of human occupation because humans destroy their 

characteristic habitats (Boycott 1934).  Regardless of their ecological importance, the 

ecology of most land snails is not well known (Secrest et al. 1996; Bloch and Willig 

2006).   

Archaeological snail faunas can be used to estimate their former abundance and 

this can be compared to their nearest present day analogue to surmise the past 

environment in which they lived (Evans 1972).  Land snails have limited dispersal 
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capabilities, low mobility, and small home ranges, which make them an excellent study 

organism for evolutionary and ecological studies and can be used to infer paleoclimates 

and habitats (Boycott 1934; Hodder 1991; Alvarez and Willig 1993; Waggoner et al. 

2006).  Active dispersal rates of individual land snails are very low and most cannot 

cross barriers of 102-103 m (Nekola et al. n.d.).  The landscape migration is solely 

related to passive dispersal methods that are aided by their adhesive mucus, which 

adheres to passing vertebrates (Nekola et al. n.d.; Nekola 2009).  Snails may be 

passively transported by locomotion, rafting during floods, migratory birds, aerial 

dispersal via wind, storms, birds, humans and large insects (Boycott 1934; Vagvolgyi 

1975; Martin 2000).  Darwin and others suggested that terrestrial gastropods disperse 

by attaching themselves to newts, other amphibians, birds, water beetles, mammals 

and floating timbers (Bobrowsky 1984).  Others favor chance dispersal by wind 

(Bobrowsky 1984).  Based on this, smaller snails have a greater ability to be passively 

transported over long distances both overseas and overland (Nekola et al. n.d.; 

Vagvolgyi 1975; Nekola 2009).   

Environmental change may affect the snail population by changing the abundance 

of certain species; some may increase, some may decrease, some may be eliminated 

or some may not be effected (Evans 1972). After the change occurs, other indigenous 

fauna may migrate into the area because they are now able to tolerate the new 

environment (Evans 1972).  The new colonization is limited due to several factors such 

as the abundance of the colonizing species, the distance and type of land over which 

they must travel and their rate of dispersal (Evans 1972).  Based on their low mobility, 

land snails may also be used to reflect patch dynamics (Alvarez and Willig 1993). 
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Land snails lack great horizontal mobility, which makes them ideal subjects for 

local macrogeography studies (Barber 1988).  Most land snails are more likely to move 

upward from the ground surface onto vegetation than down into the base of leaf litter 

(Barber 1988).  Evans (1972) stated that some snails may live up to 2 m below the soil 

surface and even though each species has an optimal habitat, they may live widely 

above or below it and some may even aestivate or hibernate within the soil.  However, 

Barber (1988) stated it is rare for snails to burrow from one level of a site to another.  

Therefore, archaeological snails are representative of their original location.  Bobrowsky 

(1984) also stated that post depositional effects on land snails are less significant than 

aquatic snails and the main source of transport or disturbance of the shells is due to 

earth-worm activity.  Other disturbance factors include burrowing mammals, tree throws, 

trampling and freeze/thaw cycles (Bobrowsky 1984).  Peacock et al. (2005) found that 

many of the very small species can be moved downward rather easily in the silt loam 

matrices, but not in the less porous, less permeable clays.  Snails in the middle 

Savannah research area would not travel a significant depth into the soil or a significant 

horizontal distance along the surface due to the soil density (e.g. less permeable clays), 

habitat and species behavior common in the research area (personal communication, 

Slapcinsky 2011).  Barber (1988) also confirmed that archaeologist’s fears of terrestrial 

snails burrowing from one site level to another is very rare and they are more likely to 

move above the ground onto vegetation than they are to burrow into the ground.  

Therefore, the location of the snails in this study should be indicative of their location in 

the soil strata (chronology) if they remained in their natural location as in life (primary 



 

48 

deposition).  However, some may be found in unnatural locations due to the 

depositional practices of humans (secondary deposition).   

Snails occupy a range of habitats above and within the soil including in the leaf 

litter, at the base of grasses, on the stalks of plants, beneath fallen branches or even on 

trees or stone walls (Evans 1972).  In forest habitats, snails usually live among low 

plants, in the leaf litter and woody debris in the upper soil horizons (Hotopp 2002).  They 

may also climb trees or follow crevices deeper underground (Hotopp 2002).  Most snails 

(almost 90%) live within 5 cm of the soil surface, mainly in the detritusphere (Nekola 

2003).  Most land snails’ ecological niche is that of an herbivore, scavenger and carrion 

feeder that lives close to the ground surface and is preyed upon (Evans 1972).  The 

litter on the ground surface is a complex, three-dimensional and horizontally stratified 

habitat, which can be subdivided into several different habitats: newly fallen leaves at 

the top of the litter, fragmented leaves, twigs and decomposed litter farther down and 

wet litter and fine humus above the ground level (Barker and Mayhill 1999).   The 

subunits of litter, bark, and logs allow niche partitioning within these microhabitats, 

which promotes high diversity of land snails (Barker and Mayhill 1999).  Litter or top soil 

species may choose these habitats due to the protection against water loss (Alvarez 

and Willig 1993).  Most land snails prefer moist and less disturbed habitats; however, 

some are adapted to live in arid environments (Evans 1972). The majority of snails 

move around at night when it is dark, cooler and the relative humidity is the highest or 

during wet weather (Boycott 1934; Evans 1972).  Soil moisture and sunlight levels 

influence land snail communities (Nekola 2003).  Therefore, humidity and temperature 

are controlling factors on the distribution and abundance of Mollusca (Evans 1972).  
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Density reductions may be apparent due to snails’ behavioral responses to avoid 

desiccation caused by gaps in the forest, which increase the light and create changes in 

the air temperature, soil temperature, relative humidity and soil moisture (Alvarez and 

Willig 1993).  Grasslands usually have drier, sunnier habitats compared to forests that 

are wet and shaded (Nekola 2003).  This may be a factor; however, woodlands are 

more diverse environments than grasslands because they have a larger number of 

ecological niches (Evans 1972). 

Characteristic terrestrial mollusk species assemblages have been correlated to 

differences in vegetation, which indicates a degree of habitat specialization (Barker and 

Mayhill 1999).  Barker and Mayhill (1999) found that species assemblages in scrublands 

and forests corresponded to canopy tree species, canopy height, floristic diversity, 

altitude, litter mass and litter pH.  Shell sizes have been found to increase with mollusk 

species richness and floristic diversity, which indicated small-shelled species dominate 

early successional and floristically poor sites and the addition of larger snail species into 

vacant niches that result in increased species richness (Barker and Mayhill 1999).  

Vegetation changes may also affect the temperature of the habitat, which can create 

micro-environmental temperature increases and potentially change the snail fauna that 

can survive (Baur and Baur 1993). 

The competition among different snail species for food and living space is not 

considered to be significant in determining their distribution or abundance in a habitat 

because they do not form specific associations with one another or with other animals 

or plants (Boycott 1934; Evans 1972).  Their presence is determined by environmental 

conditions, such as moisture and lime (Boycott 1934). 
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The occurrence of certain species may be governed by factors such as the 

physical and chemical properties of the soil and ground surface rather than the 

presence of grassland or woodland (Evans 1972).  Hence, similar habitats (such as 

grassland) may be occupied by different snail faunas, or dissimilar habitats (such as 

grassland and woodland) may be occupied by the same snail faunas because they are 

occupying the same niche within different habitats (Evans 1972).  This shows that 

factors, such as the moisture retention capacity of the soil, the rate of nitrogen turnover, 

shelter and lime, may be of higher importance than the gross structure of the vegetation 

(Evans 1972).  Barker and Mayhill (1999) found a weak or nonexistent correlation of 

mollusk diversity and abundance with pH among single vegetation sites.  Correlations 

are normally found between the vegetation, soil pH and litter pH and between the soil or 

litter calcium content and pH.  Significant correlations of snail abundance and low 

calcium content were found to be normal.  Different environmental niches may also be 

occupied by the same species (Evans 1972).  Land snail communities may be 

correlated with litter depth and may be impacted by the architecture of the organic litter 

and the underlying soil (Nekola 2003). 

Anthropogenic soil disturbance also influences snail community composition and 

will impact soil invertebrates (Nekola 2003).  Anthropogenic activity may increase soil 

compaction and decrease organic litter layers, which will limit the type of snail that can 

withstand that type of habitat (Nekola 2003).  Disturbances, such as clear cutting, may 

change the environment of the litter layer by reducing moisture, which changes the 

abundance and number of snails and taxa able to live in the altered habitat (Hodder 

1991; Hylander et al. 2004).  Some disturbances can impact some ecosystems to the 
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point that the communities are considered disturbance-mediated (Secrest et al. 1996).  

The survival rates of snails in these disturbed areas depend upon the variation of 

environmental variables within the snails’ microhabitats (Hodder 1991).  Clear cutting 

radically affects land-snails by decreasing species abundance and numbers (Hodder 

1991).  The pH of the organic litter may also be a strong influence on species richness 

and individual abundance (Nekola 2009).  Nekola (2009) found high and moderately 

acidic sites have significantly lower species richness compared to neutral/calcareous 

habitats, but the most acidic sites still supported 5-10 species.  Thus, anthropogenic 

and non-anthropogenic impacts effecting the environment can be gauged by changes in 

species composition (Waggoner et al. 2006).   

Terrestrial Snail Taphonomy 

Fossil assemblages can either be residual, transported or a mixed assemblage 

(Fagerstrom 1964).  Residual fossil assemblages consist of nearly all of the specimens 

that belonged to the same ecological community, but they are not present in the same 

numbers and sizes as they were during life due to moderate alteration by pre-burial 

factors, which have removed a portion of the original community (Fagerstrom 1964).  

Fagerstrom (1964) stated that the residual fossil community is the same as the life 

assemblage because most of the fossils are found in their original habitats and living 

positions.  Transported fossil assemblages occur when nearly all the specimens have 

been altered by preburial transportation and almost none of the fossils are found in their 

original habitats or living positions (Fagerstrom 1964).  Mixed fossil assemblages 

contain large numbers of specimens that belonged to the same ecological community, 

but also contain a large number of specimens from contemporaneous communities or 

from the erosion of preexisting rocks (Fagerstrom 1964).  The life assemblage is 
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different than the death assemblage.  The death assemblage is a representation of the 

specimens in the position they were at the time of death, which may be different than 

their original habitats and living positions (Fagerstrom 1964).   

Most nonmarine gastropods preserve well in many different deposits, however, the 

potential preservation of gastropod shells may vary based on the durability of the 

periostracum (proteinaceous shell cover) (Bobrowsky 1984).  Evans (1972) believed 

shells are readily preserved in lime-rich soils and sediments because they are 

composed mainly of calcium carbonate and are highly calcareous and are rarely 

preserved on neutral or acidic soils.  However, Coles and Walsh (1999) found that 

substantial land snail populations are often supported in acidic habitats in eastern North 

America.   The thickness of the shells may also determine the resistance to 

environmental conditions, i.e. thin shelled species will be destroyed more easily than 

more robust shells (Evans 1972).  Alvarez and Willig (1993) found that differences in 

shell aperture area, shell thickness and epiphragm thickness result in differences in 

water loss rates in xeric and mesic habitats.  Based on this, Alvarez and Willig (1993) 

were able to correlate smaller shell aperture, greater shell thickness and greater 

epiphragm thickness with species in xeric habitats.   

This research considers terrestrial snails as a proxy for land alteration and 

temporal variations due to the impact of hunter-gatherer populations on their 

environment resulting from the removal or alteration of ground cover.  Snails were 

collected from three archaeological sites and their corresponding modern sites.  The 

snail assemblages will be analyzed as a means of interpreting past anthropogenic 

impacts among hunter-gatherer societies. 
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CHAPTER 4 
MODERN SAMPLES 

Introduction 

As discussed in Chapter 3, terrestrial snails in temperate zones across the globe 

occupy a variety of niches, from closed canopy forests to grassy meadows to open, 

rocky terrain.  To establish the distribution of terrestrial snail taxa across different 

microhabitats in the study area, in 2002, Dr. Evan Peacock (Mississippi State 

University) and Peter Hallman (formerly with the University of Florida) collected modern 

snails from 20 sites, representing distinct microhabitats.  The methods and results of 

this aspect of the study are reported in this chapter with the goal of determining the 

expectations for terrestrial snail distributions across inferred microhabitats during the 

Late Archaic period in the middle Savannah River Valley.  The identification of taxa 

tolerant to open habitat is of particular interest in the analysis of the modern snail taxa in 

this study.  The results of the analysis will be used as a basis to infer instances of land-

clearing among prehistoric denizens in the study area.   

Details of habitat preferences and tolerance levels are not well known for many 

terrestrial snail taxa.  Even taxa that have been considerably studied are not always 

sufficiently sampled across multiple microhabitats or geographical areas at different 

times of the year, which limits the ability to determine their full distribution range with 

certainty.  Other problems with this type of analysis include accidental intrusion of a 

species into another habitat (Barber 1988), periodic burrowing, and postmortem 

displacement of shell through soil erosion.  Barber (1988) suggested that these issues 

can be addressed by assessing the total number of individuals recovered, historical 

data regarding known species’ tolerances, behavior of the species, including their ability 
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to burrow or intrude into a site, and the likelihood that the species could have been 

transported into the site. 

Similar to many types of biotic remains discovered at archaeological sites, modern 

land snail collections and records of the habitat conditions under which they lived are 

needed to interpret the archaeological data in this study (Peacock and Gerber 2008).  

As with historical records, modern analogues for biotic communities identified in the 

archaeological record cannot be assumed, which is a constant challenge in 

environmental archaeology (Peacock and Gerber 2008).   Furthermore, providing a 

robust context for archaeological interpretations enables proper data analysis and 

assumptions on which to base our interpretations of the environmental conditions at the 

archaeological sites (Peacock and Gerber 2008).  Therefore, the modern snail 

identifications will be used along with the documented vegetation data to find 

nonrandom associations between taxa and habitat type.  The taxa showing habitat 

tendencies will then be used to analyze each sample to determine if each sample is 

indicative of an open or wooded habitat.  The results of the modern samples will be 

used in the following chapters to infer the types of habitats over time and throughout the 

sites in an attempt to decipher population pressures and instances of land clearing 

within the study area.   

Collection Methods 

Occurrence data utilizes presence-only sampling data and does not consider the 

absence of species in the analysis of the results.  Occurrence data were used in this 

study to determine the tendencies of snail taxa to occur in certain habitats categorized 

as open or wooded.  Historically, occurrence data has been used to estimate species 

diversity and distribution within an area for ecological and conservation purposes 
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(Keating et al. 1998; Hellman and Fowler 1999; Plotkin and Muller-Landau 2002; Bailey 

et al. 2007).  Some consider presence-only data as biased due to sampling issues that 

may not record a species when it is in fact present and based on the inability to confirm 

a species’ absence (Tyre et al. 2003; MacKenzie 2005).  Sampling bias may be 

increased due to small sample areas, small sample sizes, short sampling durations 

(Fisher et al. 1943; Gotelli and Colwell 2001; White 2004; Fridley et al. 2006) or only 

sampling locations that are readily accessible, such as roadsides or urban areas (Reddy 

and Davalos 2003; Phillips et al. 2009).  To reduce bias, Fridley et al. (2006) and Bailey 

et al. (2007) recommend sampling multiple times over a variety of locations to increase 

the number of habitats and time periods sampled and to increase sample sizes. 

To reduce bias in this study, a large number of individuals were sampled (large 

sample sizes), a wide variety of microhabitats to represent variations found within open 

and wooded habitats were collected, the samples were collected within the same 

general location as the archaeological sites, and the modern live snail assemblages and 

the death assemblages within each microhabitat were collected to obtain a sufficient 

representation of the native fauna.  Despite efforts to alleviate biases, some still exist.  

These biases include the inability to collect multiple samples over time due to the 

remote location and the comparison of modern snail fauna with archaeological fauna.  

Field Procedures 

In August 2002, samples of soil litter and modern snails were collected by Dr. 

Evan Peacock (Mississippi State University) and Peter Hallman (formerly with the 

University of Florida) in an attempt to collect a representative sample of the terrestrial 

snail fauna composition from sites similar in geographical location as the archaeological 

sites of this study.  Paired samples of leaf/grass litter were collected at 20 different 
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locales surrounding the Stallings Island site (Table 4-1, Figure 4-1).  The locales were 

chosen to represent different microhabitats including mature hardwood forests, mixed-

hardwood floodplains, upland hardwoods, pine forests, early successional stands and 

human-created clearings.  Vegetation type and density were documented at each site.  

The paired samples included litter samples and hand collection of larger snails.  The 

litter samples were collected from 1-meter square sampling plots in an attempt to 

provide a constant volume among samples.  Visible larger snails were collected by hand 

within a 10-meter diameter circle surrounding each litter sampling locale.   

Site Descriptions 

The modern sample sites were chosen based on their locale in relation to the 

archaeological sites, soil moisture, ground coverage, vegetation type, and canopy 

coverage.  Only 14 of the 20 modern samples had sufficient sample sizes to warrant 

statistical comparisons of relative frequencies.  The remaining six samples were not 

considered due to the limited number of individual snails (less than 10) recovered within 

each sample.  The snails collected by hand were collected to bolster the paired soil 

samples by potentially collecting taxa from the immediate area that were not found in 

the soil samples.  Therefore, the hand collected snails were not used in the statistical 

comparisons in this study.  

Six of the 14 modern samples (14, 15, 16, 17, 19, and 20) sampled were collected 

on the northeast side of the Savannah River to the northeast of Stallings Island (Table 

4-1, Figure 4-2).  Four of the six samples were collected in open habitats (15, 16, 19, 

and 20) and two of the six samples were collected in wooded habitats (14 and 17) 

(Table 4-2, Figure 4-3).  Two of the open habitat samples and one of the wooded 

habitat samples were under 200’ elevation, with minimal sloping and a south/southwest 
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aspect (Table 4-1, Figure 4-2).  Two of the open/grassy habitat samples and one of the 

wooded habitat samples were between 200’ and 250’ elevation with a south/southwest 

aspect. (Table 4-1, Figure 4-2) 

Six of the 14 modern samples (7, 8, 9, 10, 11 and 12) utilized were collected on 

Stallings Island (Table 4-1, Figure 4-4).  Two of the six samples were collected in open 

habitats (8 and 12) and four of the six were collected in wooded habitats (7, 9, 10, and 

11) (Table 4-2, Figure 4-5).  All of the samples were between 166’ and 172’ elevation 

(Table 4-1, Figure 4-4).  Both of the open samples were located in areas with a minimal 

slope; one of which had a northeast aspect and the other had a southwest aspect 

(Table 4-1, Figure 4-4).  Three of the wooded samples had a southeast/east aspect and 

one of the wooded samples had a northwest aspect with a minimal slope. (Table 4-1, 

Figure 4-4) 

Two of the 14 modern samples (5 and 6) were collected on the east side of the 

Savannah River to the southeast of Stallings Island (Table 4-1, Figure 4-6).  Both of the 

samples were collected in wooded habitats (Table 4-2, Figure 4-7).  The two samples 

were at less than 200’ elevation on the east bank of the river with a southwest aspect 

(Table 4-1, Figure 4-6). 

Open habitats 

As shown in Figures 4-3 and 4-5, six of the fourteen sample areas chosen for this 

study were categorized as open canopy habitats (samples 8, 12, 15, 16, 19 and 20).  

The samples considered as open habitats supported various types of ground 

vegetation, including grasses, weeds and briars, but lacking tree cover.  The vegetation 

observed at the samples categorized as open habitats is described on Table 4-3.   
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The vegetation at sample 8 was described as having very dense grass, briars and 

thick cane approximately 6 ft tall with one small Sumac.  Sample 12 was 

complementary to sample 8 and was described as being cleared land densely covered 

with grasses, briars and cane approximately 7 ft tall with one small sumac.  Sample 15 

was described as being open grassland located under power lines with approximately 4 

ft tall dense grass and briars without any trees.  The soil was described as grey 

compact sandy loam and the site was located on the first terrace of the river.  Sample 

16 was complementary to sample 15 and located approximately 30 meters to the 

northwest of sample 15.  This sample was also on the first terrace of the river and 

consisted of open grassland with approximately 3 ft tall dense grass and briars without 

any trees.  The soil was also described as grey sandy loam.  Sample 19 was located on 

a ridge top under the power lines and was described as being open grassland 

approximately 25 meters southeast of the woods.  The site was void of trees and had 

been mowed recently, but high grass was present around the base of the power line 

poles.  The site was selected as a cleared upland habitat.  Sample 20 was 

complementary to sample 19, but was not mowed as recently.  It was also located on a 

ridge with a slight slope under the power lines and was described as grassland with 

thick grass cover approximately 10 inches high and void of trees.   

Wooded habitats 

As shown in Figures 4-3, 4-5 and 4-7, eight of the fourteen samples were collected 

from areas categorized as wooded (closed canopy) habitats (samples 5, 6, 7, 9, 10, 11, 

14 and 17).  The samples considered as wooded habitats consisted of hardwood to 

mixed hardwood forests (closed canopy) with ground coverage ranging from logs and 
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leaf litter to a small number of grass tufts.  The vegetation observed at the samples 

considered wooded habitats is described on Table 4-4. 

Sample 5 was described as a hardwood forest with large oaks, elms, sweet gums 

and a couple of palmettos on a natural levee beside the Savannah River.  Sample 6 

was complementary to sample 5 and had the same type of vegetation and description.  

Sample 7 was located in a hardwood forest with thick ground cover to the north of the 

power lines on Stallings Island.  Sample 9 was complementary to sample 7 and 

described as being in a hardwood forest with a large number of logs and debris on the 

ground.  Sample 10 was described as being on top of the main shell mound on Stallings 

Island and in a hardwood forest with a large number of logs and debris on the ground.  

Sample 11 was complementary to sample 10 and had the same type of vegetation and 

description.  Sample 14 was located on the first terrace of the Savannah River in a 

hardwood forest with limited ground vegetation/cover.  Sample 17 was located on a high 

ridge and described as upland mixed hardwood forest with ground coverage consisting 

of several clumps of grass approximately 10 in high. 

Laboratory Procedures 

The samples were returned to the laboratory at Mississippi State University with 

Dr. Peacock and weighed.  The litter was then washed through a series of nested 

screens measuring 5 mm, 1 mm, 500 micrometers and 250 micrometers.  Care was 

taken to wash all large pieces of detritus during this process.  Afterwards, the snails 

were separated from the litter by hand, with foil tweezers or with a small paint brush, 

depending upon the size of the shell.  The detritus was systematically sorted to ensure 

all snail shells were recovered from the samples. 
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The identifications were partially completed by Dr. Peacock and Dr. Jochen 

Gerber (The Field Museum, Chicago, Illinois) and used as a reference for the majority of 

the other identifications.  The remaining shells were observed on a white background 

and separated using a small paint brush or by hand, depending upon shell size, based 

upon observable shell characteristics.  Some of the shells were thoroughly cleaned in 

order to observe the internal structures within the aperture.  Identifiable shells were then 

classified by taxa using a strong light source and a microscope at 5X to 40X 

magnification, when necessary.  In almost all instances, the snails were counted using 

whole shells or the shell apices.  If individualizing characteristics were present on the 

shell aperture or other fragments, they were also counted.  If multiple fragments were 

present from one apparent species, then it would only be counted as one individual; 

only fragments from the same area were counted as multiple individuals.  Fragments 

that presented no individualizing characteristics were not counted and separated into 

containers labeled as unidentified.  The snails were identified based upon taxonomy 

guides and geographical ranges in Pilsbry (1939-1948), Hubricht (1985), and Nekola 

and Coles (2010).  In addition, snails previously identified by Evan Peacock and Jochen 

Gerber were used for reference.  Each container was clearly marked with the sample 

data and identified taxon information.  The total number of individual shells within each 

taxon identified per site was recorded.  Nomenclature follows that of Hubricht (1985) 

and Nekola and Coles (2010). 

Modern Snail Identifications 

Snail habitat preferences may vary based upon many different factors, including 

available moisture, acidity, shade, soil type, vegetation type, predators, and 

geographical location.  The variation in snail habitat preferences has been observed 
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throughout the literature and will be used to support the open and wooded habitat 

categories listed above (Table 4-5).   

Thirty-eight taxa were identified from the 14 modern soil samples, which included 

a total of 1247 individual snails that represented 9 families and 19 genera (Table 4-6).  

Only terrestrial snail taxa found in quantities greater than or equal to 15 individuals were 

utilized to find nonrandom associations between snail taxa and habitat types among the 

modern samples.  The taxa identified and the total number of individuals identified in the 

modern samples are listed on Table 4-6.    

A total of 52 individual snails were identified as Euconulus chersinus (Table 4-6).  

Euconulus chersinus has been previously found in moist leaf litter habitats (Table 4-5).  

In contrast, Archer (1939) found the taxa in a wider range of environments in Ann Arbor 

Michigan, including flood susceptible grass marsh habitats, swamp woods, forests, 

roadsides, and open fields.  However, this study found more Euconulus chersinus in 

wooded habitats (75%) than open habitats (25%) in the modern samples (Table 4-7).   

A total of 93 individual snails were identified as Gastrocopta contracta (Table 4-6).  

Gastrocopta contracta has previously been documented in a variety of habitats ranging 

from open to wooded (Table 4-5).  Several others have also recorded the taxa in 

habitats ranging from open to wooded in Livingston County, Michigan (Archer 1939), 

Ann Arbor, Michigan (Goodrich 1943), the Great Lakes region of North America (Nekola 

2003), northeastern Wisconsin (Nekola 2004), southern Ontario (Meyrick and Karrow 

2007), and throughout eastern North America (Nekola and Coles 2010).  Similarly, this 

study found Gastrocopta contracta equally divided between open (50.5%) and wooded 

(49.5%) habitats in the modern samples (Table 4-7).  The majority of the snails within 
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this taxon were found in samples 9, (n=13), 10 (n=16), 11 (n=17), and 12 (n=45) (Table 

4-8).  Samples 9, 10, and 11 are described as hardwood forests with a large amount of 

logs and debris on the ground (Table 4-4).  Sample 12 is described as cleared land that 

is covered with dense grasses, briars, 7 ft cane, and one Sumac (Table 4-3).  These 

samples indicate a variety of habitats and support the results recorded in previous 

literature (Table 4-5). 

A total of 65 individual snails were identified as Gastrocopta pentadon (Table 4-6).  

Gastrocopta pentadon has been previously documented in habitats ranging from 

wooded to open (Table 4-5).  Archer (1939) documented the species in several different 

habitats including Birch-Maple swamp woods habitats with fluctuations in water levels, 

on the richer slopes and upper dry zones of Oak-Hickory communities, roadsides, open 

fields and pastures.  In the modern samples, Gastrocopta pentadon was equally divided 

in open habitats (50.8%) and wooded habitats (49.2%) (Table 4-7). 

A total of 39 individual snails were identified as Gastrocopta rupicola (Table 4-6).  

Gastrocopta rupicola has been previously observed in wooded and roadside 

environments (Table 4-5).  Nekola and Coles (2010) recorded Gastrocopta rupicola in 

decomposed leaf litter mainly and often under dense shrub or vine thicket cover in 

lowland forest, scrub and disturbed habitats.  This study found Gastrocopta rupicola in 

more open habitats (94.9%) than wooded (5.1%) habitats in the modern samples (Table 

4-7).  The majority of the snails within this taxon were found in samples 8 (n=26), 19 

(n=5), and 20 (n=6) (Table 4-8).  Sample 8 was described as having very dense grass, 

briars, 6 ft tall cane and one small Sumac and samples 19 and 20 were described as 

being open grassland under power lines with recently mowed grass (Table 4-3).   
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Sample 8 may have provided the dense cover needed for this species to survive and 

samples 19 and 20 would be considered disturbed habitats as described by Nekola and 

Coles (2010), thus showing consistent habitat tendencies as recorded in the previous 

literature (Table 4-5). 

A total of 26 individual snails were identified as Glyphyalinia cryptomphala and a 

total of 150 individual snails were identified as Glyphyalinia species (Table 4-6).  

Glyphyalinia cryptomphala has previously been documented in moist leaf litter (Table 4-

5) and was found in only wooded habitats (100%) in the modern samples (Table 4-7).  

Individuals that were only able to be identified as Glyphyalinia species also showed a 

preference for wooded habitats (73.3%) rather than open habitats (26.7%) in the 

modern samples (Table 4-7). 

A total of 392 individual snails were identified as Hawaiia minuscula (Table 4-6).  

Historically, Hawaiia minuscula has been found in a variety of habitats including 

wooded, damp leaf litter, urban and open (Table 4-5).  Harms (2008) considered the 

taxon an opportunistic species that can tolerate a wide range of environmental 

conditions in Kentucky.  Leonard (1959) also found the species in a variety of habitats in 

Kentucky, which included under logs, sticks and stones and in clumps of grass in 

floodplains and upland areas.  Archer (1939) presented similar results from Livingston 

County Michigan and others have stated that Hawaiia minuscula prefers moist 

environments, regardless of the habitat (Solem 1978).  Nekola (2004) found the taxa in 

more lowland grasslands, but also in forested sites in the Great Lakes Region of North 

America.  Hubricht (1985) also found Hawaiia minuscula on bare ground habitats, 

including floodplains, meadows, roadsides, railroad tracks and urban waste grounds, 
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but never in leaf litter.  This study found more Hawaiia minuscula in wooded habitats 

(74.4%) than open habitats (25.3%) (Table 4-7). 

A total of 67 individual snails were identified as Helicodiscus parallelus (Table 4-6).  

Helicodiscus parallelus has been found in wooded, urban, and roadside habitats, and 

historically has been found to need some type of shade for its survival (Table 4-5).  

Nekola (2003, 2004) found the taxon in the trash of vacant lots in Ann Arbor, Michigan 

and in a variety of habitats in northeastern Wisconsin and southern Michigan, including 

only grassland sites in the Great Lakes region of North America.  Harms (2008) 

considered Helicodiscus parallelus a forest species that flourished in damp, shady 

places in Kentucky.  Meyrick and Karrow (2007) located the species in closed woodland 

habitats in southern Ontario.  In contrast, Archer (1939) reported it in a variety of 

habitats, including under rotten logs, in leaf mold, grass, mold, rock piles and bramble 

thickets in Livingston County Michigan.  Overall, most suggest that Helicodiscus 

parallelus prefers rotting wood or damp leaf litter in moist shaded environments (Table 

4-5).  The modern samples showed similar preferences and found a higher percentage 

of Helicodiscus parallelus in wooded habitats (61.2%) than open habitats (38.8%) 

(Table 4-7). 

A total of 54 individual snails were identified as Punctum minutissimum and 

Punctum smithi and combined into the genus Punctum (Table 4-6).  The two species 

were combined due to their similarities and common preferences to live in deep leaf 

litter (Table 4-5).  Punctum species were located in more wooded habitats (85.2%) than 

open habitats (14.8%) in the modern samples (Table 4-7). 
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A total of 46 individual snails were identified to the family Pupillidae (Table 4-6).  

Pupillidae is a family of snails that includes the genera Gastrocopta, Pupisoma and 

Vertigo.  Snails identified as Pupillidae were either fragmentary or juveniles and were 

unable to be identified to genus or species level.  The snails identified as Pupillidae 

were found in more open habitats (58.7%) than wooded habitats (41.3%) in the modern 

samples (Table 4-7). 

A total of 43 individual snails were identified to the genus Pupisoma (Table 4-6).  

Pupisoma species has been previously documented in wooded areas (Table 4-5).  

However, in this study, Pupisoma species was found in more open habitats (74.4%) 

than wooded habitats (25.6%) (Table 4-7).  The individuals were found in samples 9 

(n=11) and 12 (n=28) (Table 4-8).  Sample 9 is described as a hardwood forest (Table 

4-4) and sample 12 is described as cleared land with dense grass, briars, 7 ft tall cane, 

and one small Sumac (Table 4-3).  The dense ground cover in sample 12 may have 

created a more shaded and protected environment that permitted the snails within this 

taxon to survive and flourish in the habitat, unlike what has been previously recorded. 

A total of 29 individual snails were identified as Vertigo rugosula and a total of 15 

individual snails were identified as Vertigo tridentata (Table 4-6).  Vertigo rugosula and 

Vertigo tridentata have a history of being found in open, grassy and roadside habitats 

with V. rugosula being able to survive in dry environments (Table 4-5).  Vertigo 

tridentata has also been located in leaf litter (Table 4-5).  Vertigo rugosula and Vertigo 

tridentata were found in more open habitats (100%, 60% respectively) than wooded 

habitats (0%, 40% respectively) in the modern samples (Table 4-7).   
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A total of 100 individual snails were identified to the family Zonitidae (Table 4-6).  

Zonitidae is a family of snails that has been observed more often in wooded habitats 

(Table 4-5), and includes the genera Hawaiia and Glyphyalinia.  Snails identified as 

Zonitidae were usually juveniles that were unable to be identified to genus or species 

due to the lack of species specific adult shell characteristics.  The Zonitidae were only 

found in only wooded habitats (100%) in the modern samples (Table 4-7). 

Taxa with open habitat tendencies included Gastrocopta rupicola, Pupillidae, 

Pupisoma species, Vertigo rugosula, and Vertigo tridentata (Table 4-7).  The taxa with 

wooded habitat tendencies included Euconulus chersinus, Glyphyalinia species, 

Glyphyalinia cryptomphala, Hawaiia minuscula, Helicodiscus parallelus, Punctum 

species, and Zonitidae (Table 4-7).  However, Hawaiia minuscula was excluded from 

the taxa with wooded habitat tendencies due to the large number of individuals and 

because the taxon is historically not habitat specific (Table 4-5).  The total number of 

individuals with open habitat tendencies was compared to the total number of 

individuals with wooded habitat tendencies.  In the open habitat samples, a total of 134 

individuals (60.6%) with open habitat tendencies and a total of 87 individuals (39.4%) 

with wooded habitat tendencies were found (Table 4-9).  In the wooded habitat 

samples, a total of 38 individuals (9.5%) with open habitat tendencies and a total of 362 

individuals (90.5%) with wooded habitat tendencies were found (Table 4-9).  As 

expected, the results indicate that more taxa with open habitat tendencies are located in 

the open habitats and more taxa with wooded habitat tendencies are located in the 

wooded habitats.   
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The Chi-square test was used to determine the strength of associations between 

the habitat tendencies and habitat types.  The dependent sampling techniques used in 

the collection of the modern samples skewed the results of the Chi-square test to some 

degree, but the results clearly indicate a significant association.  The Chi-square test to 

evaluate nonrandom associations between habitat tendencies of the taxa and the 

habitat types of the samples resulted in a Chi-square p-value of <0.0001, which 

suggests an extremely significant association (Table 4-10).  Regardless of the 

dependent sampling method concerns, nonrandom associations among habitat 

tendencies and the habitat types of the samples are evident in the numerical data alone, 

which is verified by the Chi-square statistic even if its probability values cannot be 

accepted uncritically due to the biases of dependent data. 

To increase the number of individuals within taxa and to utilize data within the taxa 

with less than 15 individuals, all of the snail fauna within the families Pupillidae and 

Zonitidae were combined.  The family Pupillidae included all of the snails within the 

taxa: Gastrocopta species, Gastrocopta armifera, Gastrocopta contracta, Gastrocopta 

pentadon, Gastrocopta rupicola, Gastrocopta tappaniana, Pupillidae, Pupisoma 

species, Pupisoma discoricola, Vertigo species, Vertigo clappi, Vertigo oscariana, 

Vertigo pygmea, Vertigo rugosula, and Vertigo tridentata.  The family Zonitidae included 

all of the snails within the taxa: Glyphyalinia species, Glyphyalinia cryptomphala, 

Hawaiia minuscula, Mesomphix species, Mesomphix andrewsae, Mesomphix globosus, 

Striatura meridionalis, Zonitidae, and Zonitoides arboreus.  The two families were 

compared within open and wooded habitat samples to determine if there was a 

statistically significant association between taxa and habitat.  The taxa within the family 
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Pupillidae were more numerous in the open habitat samples (64.9%) than the wooded 

habitats (35.1%) and the taxa within the family Zonitidae were more numerous in the 

wooded habitat samples (76.7%) than open habitats (22.7%) (Table 4-11).   

The Chi-square test was used to determine the strength of associations between 

the habitat tendencies of the snails in the families Zonitidae and Pupillidae and the 

habitat types of the samples, which resulted in a Chi-square p-value of <0.0001, which 

suggests an extremely significant association (Table 4-12).  Nonrandom associations 

among habitat tendencies of the families Zonitidae and Pupillidae and the habitat types 

of the samples are evident in the numerical data alone, which is verified by the Chi-

square statistic even if its probability values cannot be accepted uncritically due to the 

biases of dependent data. 

The results support a significant association between the habitat tendencies of the 

snail taxa and the habitat type.  The change in percentages observed with the removal 

of Hawaiia minuscula indicated that Hawaiia minuscula may be a generalist species or 

be too numerous to include in the taxa with wooded habitat tendencies.  Each sample 

was analyzed further to determine if any site specific variations or microhabitat 

inclinations could explain the numbers and tendencies of the taxa found within each of 

the modern samples.  

Snails within Habitats 

The taxa indicating open habitat tendencies include: Gastrocopta rupicola, 

Pupillidae, Pupisoma species, Vertigo rugosula, and Vertigo tridentata and the taxa 

indicating wooded habitat tendencies included Euconulus chersinus, Glyphyalinia 

species, Glyphyalinia cryptomphala, Helicodiscus parallelus, Punctum species, and 

Zonitidae (Table 4-7).  The samples were compared to determine if taxa with open or 
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wooded habitat tendencies were found within the corresponding habitats.  The taxon 

Hawaiia minuscula was excluded from this comparison due to the reasons listed 

previously. 

Four of the six open habitat samples (8, 12, 19, and 20) were observed to have 

more individuals with open habitat tendencies (59.1%, 55.1%, 100%, and 100%, 

respectively) (Table 4-13).  In contrast, sample 15 was observed to have individuals 

with only wooded habitat tendencies (100%) and sample 16, which is complementary to 

sample 15, was observed to have slightly more individuals with wooded habitat 

tendencies (52.2%) (Table 4-13).   Samples 15 and 16 were located under power lines 

and had vegetation consisting of tall dense grass that was approximately 3 to 4 ft high 

(Table 4-3).  The tall dense grass may have provided sufficient shade and protection 

from the sun and weather to support snails with more generalist or wooded habitat 

tendencies.  Based on these results, samples 15 and 16 may represent intermediate 

habitats between open and wooded. 

In contrast to the open habitat samples, all eight of the wooded habitat samples (5, 

6, 7, 9, 10, 11, 14 and 17) were observed to have more individuals with wooded habitat 

tendencies (100%, 100%, 92.3%, 71.8%, 88.2%, 95.6%, 100%, and 100%, 

respectively) (Table 4-13).  The results support the associations between taxa with 

wooded habitat tendencies and the wooded habitat samples.  Snail density per liter of 

soil may also affect the overall results and associations between habitat tendencies and 

habitat type and will be discussed below.   

Snail Density  

Most studies comparing sites or communities standardize the sampling techniques 

by either collecting a fixed number of sample units or collecting a fixed amount of 
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sample (area or volume) (Cao et al. 2002).  This study standardized the area sampled 

and attempted to collect a similar amount of soil litter from each location.  However, 

without carrying a scale, the amount of soil collected varied slightly.  To correct the 

variation of volume among samples, the data was standardized through mathematical 

means, such as averaging (Hurlbert 1971).  The data was further analyzed to determine 

if the total number of individuals with open or wooded habitat tendencies was 

dependent upon the initial volume of soil collected or if it was based on the actual 

habitat preferences of the taxa.  It was also analyzed to determine if a larger number of 

individual snails were found within open or wooded habitats due to the possibility that 

the general environment or microhabitats could have created more preferable living 

conditions in either habitat.  

The open habitat samples ranged from 3.0 L to 5.9 L of soil with an average of 4.6 

L of soil (Table 4-14, Figure 4-8).  The wooded habitat samples ranged from 4.6 L to 6.6 

L of soil with an average of 5.5 L of soil (Table 4-14, Figure 4-8).  All of the open habitat 

samples contained a total of 420 individual snails within all taxa, ranging from 0 to 99 

individual snails in each taxon (Tables 4-7 and 4-14).  All of the wooded habitat samples 

contained a total of 827 individual snails within all taxa, ranging from 0 to 293 individual 

snails in each taxon (Tables 4-7 and 4-14).  Considering all of the identified snails, the 

open habitat samples had an average density of 15.4 snails per liter of soil (ranging 

from 2.1 to 35.4 snails per liter of soil) and the wooded habitat samples had an average 

density of 19.3 snails per liter of soil (ranging from 3.4 to 82.7 snails per liter of soil) 

(Table 4-15, Figure 4-9). 
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In the previous sections, only five snail taxa were determined to have a preference 

to live in the open habitat samples (Gastrocopta rupicola, Pupillidae, Pupisoma species, 

Vertigo rugosula, and Vertigo tridentata) and only six snail taxa were determined to 

have a preference to live in the wooded habitat samples (Euconulus chersinus, 

Glyphyalinia species, Glyphyalinia cryptomphala, Helicodiscus parallelus, Punctum 

species, and Zonitidae).  The density of snails with open habitat tendencies among the 

six open habitat samples ranged from 0.0 snails per liter of soil to 10.2 snails per liter of 

soil with an average of 4.7 snails per liter of soil (Table 4-15, Figure 4-10).  In 

comparison, the density of snails with wooded habitat tendencies among the six open 

habitat samples ranged from 0.00 snails per liter of soil to 3.1 snails per liter of soil with 

an average of 0.8 snails per liter of soil (Table 4-15, Figure 4-10).  The open habitat 

snail densities among the eight wooded habitat samples ranged from 0.0 snails per liter 

of soil to 8.3 snails per liter of soil with an average of 3.3 snails per liter of soil. (Table 4-

15, Figure 4-10)  In comparison, the density of snails with wooded habitat tendencies 

among the eight wooded habitat samples ranged from 2.6 snails per liter of soil to 29.8 

snails per liter of soil with an average of 8.6 snails per liter of soil (Table 4-15, Figure 4-

10). 

As expected, on average, snails with open habitat tendencies were found in 

greater densities in the open habitat samples than snails with wooded habitat 

tendencies.  Snails with wooded habitat tendencies were also found in greater densities 

in the wooded habitat samples than snails with open habitat tendencies. However, a 

larger difference was observed between the densities of open and wooded snail fauna 

in the wooded habitat samples than the open habitat samples. This may be due to 
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sampling error, the snail’s behavior, or microhabitat variations that allowed for a wider 

range of habitat tolerances within the open habitat samples. 

In general, more snails were found per liter of soil in the wooded habitats than the 

open habitats, which may indicate harsher environmental conditions in open habitats 

than in wooded habitats.  This could be due to lower moisture levels, higher 

temperatures, and/or less protection from the sun and environment. 

Discussion 

Modern soil litter and snail samples were collected to determine the tendencies of 

the snails to be found in open or wooded habitats.  Fourteen different robust samples 

were collected from three locales on and around Stallings Island.  The fourteen samples 

represented six open and eight wooded habitats.  Five snail taxa showed a tendency to 

be found in the open habitat samples.  The taxa with open habitat tendencies included: 

Gastrocopta rupicola, Pupillidae, Pupisoma species, Vertigo rugosula, and Vertigo 

tridentata (Table 4-7).  Seven snail taxa showed a tendency to be found in the wooded 

habitat samples.  The taxa with wooded habitat tendencies included: Euconulus 

chersinus, Glyphyalinia species, Glyphyalinia cryptomphala, Hawaiia minuscula, 

Helicodiscus parallelus, Punctum species, and Zonitidae (Table 4-7).  Due to the high 

number of individuals within the taxon Hawaiia minuscula and previous studies on this 

taxon indicating they are generalists, they were removed from the group categorized as 

having wooded habitat tendencies, which allowed the taxa with open habitat tendencies 

to be visualized within the samples (Table 4-5).  The Chi-square test also supported a 

significant association between the taxa with open and wooded habitat within the open 

and wooded habitat samples (Table 4-10).  The Chi-square test also supported a 

significant association between the taxa within the family Pupillidae and the open 
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habitat samples and a significant association between the taxa within the family 

Zonitidae and the wooded habitat samples (Table 4-12). The five taxa with open habitat 

tendencies (Gastrocopta rupicola, Pupillidae, Pupisoma species, Vertigo rugosula, and 

Vertigo tridentata) and the six taxa with wooded habitat tendencies (Euconulus 

chersinus, Glyphyalinia species, Glyphyalinia cryptomphala, Helicodiscus parallelus, 

Punctum species, and Zonitidae) will be used in the following chapters as a basis to 

infer the habitats at the Late Archaic sites and to infer changes in the habitats over time. 
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Table 4-1.  Location and aspect of the modern samples 

Modern 
Sample 

Stallings 
Island 

Northeast 
of 

Stallings 
Island 

Southeast 
of 

Stallings 
Island 

Aspect Elevation 
(feet) 

5   X SW <200 
6   X SW <200 
7 X   NW 166-172 
8 X   NE 166-172 
9 X   SE/E 166-172 

10 X   SE/E 166-172 
11 X   SE/E 166-172 
12 X   SW 166-172 
14  X  SW <200 
15  X  SW <200 
16  X  SW <200 
17  X  SW 200-250 
19  X  SW 200-250 
20  X  SW 200-250 

 
Table 4-2.  Habitat observations for the modern samples 

Modern 
Sample 

Open 
Habitat 

Wooded 
Habitat 

5  X 
6  X 
7  X 
8 X  
9  X 

10  X 
11  X 
12 X  
14  X 
15 X  
16 X  
17  X 
19 X  
20 X  
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Table 4-3.  Descriptions of each modern sample categorized as an open habitat 

Sample Location Description 

8 Stallings Island Very dense grass, briars, 6 ft tall thick cane, one 
small Sumac 

12 Stallings Island Cleared land, densely covered with grasses, briars 
and 7 ft tall cane, one small Sumac 

15 NE of Stallings Island Open grassland under power lines, dense 4 ft tall 
grass, briars, grey compact sandy loam soil, on the 
first terrace of the river 

16 NE of Stallings Island Open grassland, dense 3 ft tall grass, briars, grey 
sandy loam soil, on the first terrace of the river 

19 NE of Stallings Island Open grassland, on a ridge top under power lines, 
recently mowed with high grass around base of power 
line poles, approximately 25 meters southeast of the 
woods. Considered as cleared upland habitat. 

20 NE of Stallings Island Open grassland, on ridge with slight slope under the 
power lines, 10 inch high thick grass cover, not 
mowed as recently as sample 19. 

 
Table 4-4.  Descriptions of each modern sample categorized as a wooded habitat 

Sample Location Description 

5 SE of Stallings 
Island 

Hardwood forest with large oaks, elms, sweet gums and a 
couple of palmettos. Located on a natural levee beside the 
river. 

6 SE of Stallings 
Island 

Hardwood forest with large oaks, elms, sweet gums and a 
couple of palmettos. Located on a natural levee beside the 
river. 

7 Stallings Island Hardwood forest with thick ground cover. To the north of 
power lines. 

9 Stallings Island Hardwood forest with a large number of logs and debris on 
the ground.  

10 Stallings Island Hardwood forest with a large number of logs and debris on 
the ground. Located on the main shell mound. 

11 Stallings Island Hardwood forest with a large number of logs and debris on 
the ground. Located on the main shell mound. 

14 NE of Stallings 
Island 

Hardwood forest with limited ground vegetation/cover.  
Located on the first terrace of the river. 

17 NE of Stallings 
Island 

Upland mixed hardwood forest with several clumps of 10 
inch high grass on the ground.  Located on a high ridge. 
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Table 4-5.  Historical data on snail habitat among taxa from Hubricht (1985) (H), Pilsbry (1939-1948) (P), Nekola and 
Coles (2010) (N), and La Rocque (1970) (L) 

Snail All Dry Wet Wooded Leaf Litter Urban Open/ 
Sunny 

Grassy Roadsides 

Anguispira alternata HNL      L   
Anguispira fergusoni HN         
Carychium exile   L HL      
Carychium exiguum   HNX HN(logs)L      
Columella simplex P P HP HP   P   
Discus patulus    HN(logs)L HX     
Euconulus chersinus     H(moist)     
Gastrocopta armifera    HP   H  H 
G. contracta HX H H HP   HP  H 
G. corticaria    N       
G. pellucida  P     H P  
G. pentadon P HP XP HP   P   
G. riparia          
G. rupicola    HP     H 
G. tappaniana   H P      
Glyphyalinia 
cryptomphala 

    H(moist)     

G. indentata H         
G. wheatleyi    N H(moist)N     
Haplotrema 
concavum 

  N  H     

Hawaiia minuscula    N(decay) N(damp) H H   
Helicodiscus 
parallelus 

   HL L H   H 

Inflectarius inflectus H   H H H   H 
Lobosculum 
pustuloides 

   H(rocky)N H     

Lucilla sp.          
Mesodon clenchi          
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Table 4-5. Continued 

Snail All Dry Wet Wooded Leaf Litter Urban Open/ 
Sunny 

Grassy Roadsides 

Mesodon thyroidus HN  H H H H   H 
Mesomphix 
andrewsae 

    H(moist)     

Mesomphix globosus   H  H(wet)     
Mesomphix pilsbryi   H  H H    
Paravitrea capsella          
Patera appressus      H  N H(Rocky) 
Patera perigrapta    H  XN    
Practicolella jejuna    HN N    H 
Punctum 
minutissimum 

    H(deep)N     

Punctum smithi     H(deep)     
Pupisoma sp.    HP      
Pupoides albilabris     P  HL PL H 
Retinella electrina          
Stenotrema 
stenotrema 

H   H H  H  H 

Striatura meridionalis    H      
Strobilops 
labyrinthica 

   HN HN     

Triodopsis dentifera          
T. hopetonensis   H H(wet)   H(wet)   
T. vannostrandi    H(drier)  H   H 
Ventridens 
cerinoides 

  H      H(under) 

V. demissus     H     
V. gularis     HL    H 
V. inertextus    H(acidic) H     
Vertigo oscariana    P      
V. rugosula  H      HP P 
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Table 4-5. Continued 

Snail All Dry Wet Wooded Leaf Litter Urban Open/ 
Sunny 

Grassy Roadsides 

V. clappi    H      
V. tridentata     P  H PN  
Xolotrema 
caroliniense 

   H H     

Zonitidae    L      
Zonitoides arboreus 
Anywhere shaded 
(N) 

N  moist 
(N) 

 N   N  

Z. lateumbilicatus     H(cool)     
Z. patuloides     H(moist)     
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Table 4-6.  Descriptive statistics of each taxon identified in the modern samples across 
the samples 

Taxon N MEAN MEDIAN MIN MAX SD 

Anguispira alternata 1 - - - - - 
Carychium exiguum 14 14 14 14 14 - 
Discus patulus 1 - - - - - 
Euconulus chersinus 52 6.5 5.5 1 23 7 
Gastrocopta species 9 4.5 4.5 4 5 0.7 
Gastrocopta armifera 2 1 1 1 1 0.0 
Gastrocopta contracta 93 18.6 16 2 45 15.9 
Gastrocopta pentadon 65 9.3 6 1 25 9.3 
Gastrocopta rupicola 39 9.8 5.5 2 26 11 
Gastrocopta tappiania 1 - - - - - 
Glyphyalinia species 150 12.5 10 2 39 10 
Glyphyalinia 
cryptomphala 

26 8.7 9 6 11 2.5 

Haplotrema concavum 3 1 1 1 1 0 
Hawaiia minuscula 392 65.3 30.5 1 257 96.3 
Helicodiscus species 2 2 2 2 2 - 
Helicodiscus parallelus 67 8.4 7 1 15 4.9 
Inflectarius inflectarus 5 5 5 5 5 - 
Mesodon thyroidus 5 5 5 5 5 - 
Mesomphix species 3 1.5 1.5 1 2 0.7 
Mesomphix andrewsae 1 - - - - - 
Mesomphix globosus 4 1.3 1 1 2 0.6 
Polygyra pustuloides 2 2 2 2 2 - 
Practicolella jejuna 1 - - - - - 
Punctum species 54 9 4 2 29 10.4 
Pupillidae 46 9.2 11 4 13 4 
Pupisoma species 43 14.3 11 4 28 12.3 
Pupisoma discoricola 1 - - - - - 
Striatura meridionalis 9 9 9 9 9 - 
Ventridens species 1 - - - - - 
Ventridens demissus 2 2 2 2 2 - 
Vertigo species 1 - - - - - 
Vertigo clappi 4 4 4 4 4 - 
Vertigo oscariana 1 - - - - - 
Vertigo pygmea 1 - - - - - 
Vertigo rugosula 29 9.7 1 1 27 15 
Vertigo tridentata 15 3.8 3 1 8 3 
Zonitidae 100 100 100 100 100 - 
Zonitoides arboreus 2 1 1 1 1 0 
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Table 4-7.  List of total individual snails and percentages within open and wooded 
habitat samples in the modern samples 

Species Open 
Habitat 

Samples 
(n) 

Percent  Wooded 
Habitat 

Samples 
(n) 

Percent  

Anguispira alternata 0 0% 1 100% 
Carychium exiguum 0 0% 14 100% 

Discus patulus 0 0% 1 100% 

Euconulus chersinus 13 25% 39 75% 
Gastrocopta species 5 55.6% 4 44.4% 
Gastrocopta armifera 2 100% 0 0% 
Gastrocopta contracta 47 50.5% 46 49.5% 
Gastrocopta pentadon 33 50.8% 32 49.2% 
Gastrocopta rupicola 37 94.9% 2 5.1% 
Gastrocopta tappaniana 1 100% 0 0% 
Glyphyalinia species 40 26.7% 110 73.3% 
Glyphyalinia cryptomphala 0 0% 26 100% 
Haplotrema concavum 0 0% 3 100% 
Hawaiia minuscula 99 25.3% 293 74.7% 
Helicodiscus species 2 100% 0 0% 
Helicodiscus parallelus 26 38.8% 41 61.2% 
Inflectarius inflectus 0 0% 5 100% 
Mesodon thyroidus 0 0% 5 100% 
Mesomphix species 0 0% 9 100% 
Mesomphix andrewsae 0 0% 1 100% 
Mesomphix globosus 0 0% 4 100% 
Polygyra pustuloides 2 100% 0 0% 
Practicolella jejuna 0 0% 1 100% 
Punctum species 8 14.8% 46 85.2% 
Pupillidae 27 58.7% 19 41.3% 
Pupisoma species 32 74.4% 11 25.6% 
Pupisoma discoricola 0 0% 1 100% 
Striatura meridionalis 0 0% 9 100% 
Ventridens species 1 100% 0 0% 
Ventridens demissus 0 0% 2 100% 
Vertigo species 0 0% 1 100% 
Vertigo clappi 4 100% 0 0% 
Vertigo oscariana 0 0% 1 100% 
Vertigo pygmea 1 100% 0 0% 
Vertigo rugosula 29 100% 0 0% 
Vertigo tridentata 9 60% 6 40% 
Zonitidae 0 0% 100 100% 
Zonitoides arboreus 2 100% 0 0% 
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Table 4-8.  Total number of individuals of the snails (n=>15) within taxa in each of the modern samples 

 Taxon (n) 
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Open 
Habitats: 

              

8 6 2 6 26 0 2 0 6 4 0 0 0 0 0 
12 7 45 25 0 0 14 10 15 4 12 28 1 8 0 
15 0 0 0 0 0 12 0 5 0 0 0 0 0 0 
16 0 0 1 0 0 12 26 0 0 11 0 0 0 0 
19 0 0 0 5 0 0 0 0 0 0 0 1 0 0 
20 0 0 1 6 0 0 63 0 0 4 4 27 1 0 
Wooded 
Habitats: 

              

5 0 0 2 0 0 5 1 11 12 0 0 0 0 0 
6 1 0 0 0 0 8 0 7 0 0 0 0 0 0 
7 5 0 0 0 0 14 257 7 29 13 0 0 0 100 
9 2 13 17 0 11 23 35 15 0 6 11 0 3 0 
10 6 16 0 2 0 6 0 0 3 0 0 0 0 0 
11 23 17 13 0 0 39 0 1 2 0 0 0 3 0 
14 2 0 0 0 6 7 0 0 0 0 0 0 0 0 
17 0 0 0 0 9 8 0 0 0 0 0 0 0 0 
Total (n): 52 93 65 39 26 150 392 67 54 46 43 29 15 100 
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Table 4-9.  Total number and percentages of snail taxa with open and wooded habitat 
tendencies, excluding Hawaiia minuscula, in the modern samples 

 Open 
Taxa (n) 

Percent Wooded 
Taxa (n) 

Percent 

Open 
Habitats 

134 60.6% 87 39.4% 

Wooded 
Habitats 

38 9.5% 362 90.5% 

 
Table 4-10.  Chi-square results comparing the association of open and wooded taxa 

found within open or wooded habitats, excluding Hawaiia minuscula, in the 
modern samples 

 Open 
Taxa (n) 

Wooded 
Taxa (n) 

Total DF X2 
(Yates) 

X2 
(Pearson) 

P-Value 

Open 
Habitats 

134 87 221 1 183.3 185.9 <0.0001 

Wooded 
Habitats 

38 362 400     

Total 172 449 621     

 
Table 4-11.  Total number and percentages of snails within the families Pupillidae and 

Zonitidae with open and wooded habitat tendencies in the modern samples 

Species Open 
Habitat 

Samples (n) 

Percent Wooded 
Habitat 

Samples (n) 

Percent 

Pupillidae 227 64.9% 123 35.1% 
Zonitidae 142 22.7% 483 76.7% 

 
Table 4-12.  Chi-square results comparing the association of snail taxa in the families 

Pupillidae and Zonitidae within open or wooded habitats in the modern 
samples 

 Pupillidae 
(n) 

Zonitidae 
(n) 

Total DF X2 
(Yates) 

X2 
(Pearson) 

P-Value 

Open 
Habitats 

227 142 369 1 167.6 169.4 <0.0001 

Wooded 
Habitats 

123 483 606     

Total 350 625 975     
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Table 4-13.  Total number and percentages of snails with open and wooded habitat 
tendencies, excluding Hawaiia minuscula, among the modern samples  

Modern Samples Open Taxa 
(n) 

Percent  Wooded 
Taxa (n) 

Percent  

Open Habitats:     
8 26 59.1% 18 40.9% 
12 49 55.1% 40 44.9% 
15 0 0.0% 17 100% 
16 11 47.8% 12 52.2% 
19 6 100% 0 0.0% 
20 42 100% 0 0.0% 
Wooded Habitats:     
5 0 0.0% 28 100% 
6 0 0.0% 16 100% 
7 13 7.7% 155 92.3% 
9 20 28.2% 51 71.8% 
10 2 11.8% 15 88.2% 
11 3 4.4% 65 95.6% 
14 0 0.0% 15 100% 
17 0 0.0% 17 100% 

 
Table 4-14.  Soil volume and total number of snails in each of the modern samples 

Modern Samples Soil Volume (L) Total Number (n) 

Open Habitats: Average: 4.6 Total: 420 
8 5.9 61 
12 4.8 171 
15 4.1 17 
16 3.0 53 
19 5.2 11 
20 4.8 107 
Wooded Habitats: Average: 5.5 Total: 827 
5 5.2 42 
6 5.4 19 
7 5.2 430 
9 6.5 139 
10 5.5 55 
11 4.6 100 
14 5.0 17 
17 6.6 25 
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Table 4-15.  Snail density per liter of soil in each of the modern samples and in the taxa 
with open and wooded habitat tendencies 

Modern Samples Total Snail 
Density Per Liter 

of Soil 

Total Open Taxa 
Snail Density Per 

Liter of Soil 

Total Wooded Taxa 
Snail Density Per Liter 

of Soil 

Open Habitats:    
8 10.3 4.4 3.1 
12 35.4 10.2 8.3 
15 4.2 0.0 4.1 
16 17.7 3.7 4.0 
19 2.1 1.2 0.0 
20 22.3 8.8 0.0 
Average: 15.4 4.7 3.3 
Wooded Habitats:    
5 8.1 0.0 5.4 
6 3.5 0.0 3.0 
7 82.7 2.5 29.8 
9 21.4 3.1 7.8 
10 10.0 0.4 2.7 
11 21.7 0.7 14.1 
14 3.4 0.0 3.0 
17 3.8 0.0 2.6 
Average: 19.3 0.8 8.6 
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Figure 4-1.  Google Earth image showing the collection sites for 16 of the 20 modern 
samples (5 to 20) 
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Figure 4-2.  Contour map of the Savannah River bank to the northeast of Stallings 
Island showing the locations of modern samples 14, 15, 16, 17, 19 and 20 
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Figure 4-3.  Google Earth image of Savannah River bank to northeast of Stallings Island 
showing the locations of modern samples 14, 15, 16, 17, 19 and 20 
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Figure 4-4.  Contour map of Stallings Island site showing the locations of modern 
samples 7, 8, 9, 10, 11 and 12 
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Figure 4-5.  Google Earth image of Stallings Island site showing the locations of modern 
samples 7, 8, 9, 10, 11 and 12 
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Figure 4-6.  Contour map of Savannah River bank to southeast of Stallings Island 
showing the locations of modern samples 5 and 6 
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Figure 4-7.  Google Earth image of Savannah River bank to southeast of Stallings 
Island showing the locations of modern samples 5 and 6   
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Figure 4-8.  Average soil volume among the modern samples within the open and 
wooded habitat samples 
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Figure 4-9.  The average total snail density per liter of soil within the open and wooded 
habitat samples 
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Figure 4-10.  The average snail density per liter of soil between snails with open or 
wooded habitat tendencies within the open and wooded habitat samples
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CHAPTER 5 
COLLECTION METHODS FOR THE ARCHAEOLOGICAL SAMPLES 

Field Procedures 

Stallings Island 

As discussed in Chapter 1, Stallings Island has been excavated on numerous 

occasions beginning in the 1850s.  In addition to previous scientific excavations, the site 

was damaged by pot-hunting and illicit digging until the Archaeological Conservancy 

acquired it in 1999 and began to protect the site from further damage (Sassaman 2002).  

In 1999, funding from the National Geographic Society along with permission from the 

Archaeological Conservancy provided the opportunity for a team from the University of 

Florida to clear, map and test Stallings Island in an attempt to reconstruct the site’s 

occupational history through radiometric dating (Sassaman 2002).  A total of 195 

looters’ pits were mapped on Stallings Island.  Test excavations were conducted in 

several of the looters’ pits, which were mostly located in the area of occupation at the 

crest of the island, as well as along the northern sideslope of the site, where secondary 

midden accumulated.  As a result, over 50 square meters of test excavations revealed 

56 intact pit features and stratified shell midden with a three-meter deep sequence 

(Sassaman 2002).   

The latter deposit was exposed in the excavation of Looter Pit 81 (LP81), a 2 x 2-

m unit sited to maximize the vertical profile of the midden.  The Cosgroves dug a trench 

through this area during their 1929 expedition, but concluded that shell midden in this 

downslope portion of the site was redeposited by historic-era flood events (Claflin 

1931).  However, recent looting had exposed what appeared to be intact, stratified 

deposits.  In 1991, testing in LP81 revealed that the Cosgroves were only partially 
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correct; the upper 0.7-1.3 m of deposition in this location was indeed redeposited by 

alluvial forces, but the lower 2+ meters was fully intact and all dated to the prepottery 

era (late Paris Island and early Mill Branch phases, ca. 4400-4200 B.P., or ca. 4900-

4700 cal B.P.) (Sassaman et al. 2006).  The lower 2 m of shell midden exposed in LP81 

provides the best opportunity to examine changes in ground cover via changing 

frequencies of terrestrial snails.  Bulk soil samples taken from the lower meter of intact 

midden contained an abundance of snail shells with a wide range of diversity. 

The grid-west profile of LP81 is illustrated in Figure 5-1.  The upper 0.7-1.3 m of 

this profile is characterized by cross-bedded and contorted strata with alternating sandy 

clay, silty loam, and shell.  Evidently, this was the result of recent erosion and 

redeposition, which contrasts sharply with the strata below.  At approximately 70 cm 

below the surface at the south corner, the upper unit transitions to alternating layers of 

crushed and whole shell with occasional clay stringers and charcoal lenses, all with a 

consistent dip and strike that follows the surface contours of the side slope.  It appeared 

the lower 2.3 m of stratified midden was unaffected by the erosional forces (flooding) 

that removed an unknown amount of near-surface midden and left a scoured surface at 

70 cm, upon which midden eroded from upstream was redeposited.  Once it was 

established that the lower portion of the profile was unaffected by erosion, a one-meter-

wide pedestal was left unexcavated.  Upon completion of the excavation, sediment from 

this pedestal was removed entirely by stratigraphic units and transported to the 

University of Florida for water-screening and flotation processing.  Material suited to 

radiometric dating (shell and charcoal), artifacts, plant remains, vertebrate fauna, and 

invertebrates, including massive quantities of terrestrial snail shells, were recovered and 
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comprise one of the best assemblages of prepottery-era materials at Stallings Island.  

Because the deposits of LP81 accumulated on the margins of habitation space at 

Stallings Island, they are assumed to consist of secondary midden, that is, refuse that 

was collected from throughout the habitation area and deposited “off-site”.  Thus, 

terrestrial snails in the strata of LP81 include not only those that colonized an ever-

accumulating midden of shell and other material, but also those that were “swept up” 

with other refuse and deposited along the sideslope.  In short, the terrestrial snail shells 

of LP81 arguably consist of an assemblage indicative of ambient conditions across the 

site. 

Excavations in the habitation area atop Stallings Island provided additional 

contexts for the prepottery components of the site and all of the contexts of the 

Classical Stallings phase (ca. 4100-3800 cal B.P.) (Sassaman et al. 2006).  All contexts 

of recovery in the habitation area consist of pit features, some with complex stratified 

sequences.  Like the deposits of LP81, the fill of pits likely includes secondary refuse 

that was collected from the general habitation area and buried, but also primary 

deposits that were emplaced directly from nearby activities, such as food processing 

and consumption.  In either case, terrestrial snails also likely entered pits incidentally 

from the immediate area. 

Pits were typically cross-sectioned in the field, with fill from the first half processed 

by 1/8-inch water-screening, and fill from the second half retrieved for flotation 

processing.  Most features contained abundant freshwater shell, wood charcoal, 

vertebrate fauna, artifacts, and the shells of a variety of terrestrial snails. 
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Seven radiocarbon assays were obtained from the lower strata of LP81 and 

published by Sassaman et al. (2006).  These confirm that the intact midden of LP81 

predates the local inception of pottery by several centuries.  An additional 15 assays 

from pit features enable a reasonably sound reconstruction of the occupational 

sequence for Stallings Island through the mid-fourth millennium B.P. Thirteen of the 

assays were obtained from freshwater shell, one from unidentified charred material and 

the remainder from wood charcoal and/or charred hickory nutshell.  All assays, except 

one, fall in the Late Archaic period and all but two other assays cluster into two discrete 

groups: 1) thirteen assays ranging ca. 4600-4000 B.P. or 5300-4500 cal B.P.; and 2) six 

assays ranging ca. 3800-3400 B.P. or 4200-3600 cal B.P. (Sassaman et al. 2006).  The 

dates coincide with Classic Stallings, Early Stallings, and Pre-Ceramic cultures and are 

listed with the corresponding strata on Table 5-1.   

The location of the strata and the corresponding radiocarbon dates within LP81 

are illustrated on Figure 5-1.  The assays ranging from 4600-4000 B.P. (5300-4500 cal 

B.P.) reflect a relatively continuous deposition of the materials sampled and are evenly 

divided between pit features and the strata of LP81 (Sassaman et al. 2006).  Stratum VI 

and the overlying Stratum V were located at the base of the LP81 column and the 

assays provided a date of 4550-4450 B.P., which establishes the onset of shell-midden 

formation shortly after 4500 B.P. (Sassaman et al. 2006).  A second assay from Stratum 

VI suggests the midden formation may have started a few centuries earlier.  However, 

the layer was a saprolitic clay of sterile substrate, which is typically exposed in the 

slopes of landforms eroded by the river and its tributaries.  This suggests the surface of 
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this stratum may have been exposed to a number of organic inputs before the shell 

began to accumulate. 

Four assays collected from the overlying strata of LP81 center on ca. 4200 B.P. 

and represent the rapid accumulation of 1.5 m of shell-rich midden (Sassaman et al. 

2006).  No pottery was observed in this undisturbed context.  A series of four pit 

features in the habitation area have assays ranging from ca. 4300 to 4000 B.P. 

(Sassaman et al. 2006).  All but one of the features lacked pottery.  The presence of the 

pottery in the one pit is indicative of an intrusion from an older occupation, if the 

radiometric assay is taken at face value. 

Six assays from five pit features of the habitation area range from 3800 to 3400 

B.P., which occurred during the well-dated interval of Classic Stallings times (Sassaman 

et al. 2006).  The dates correspond to numerous examples of drag-and-jab fiber-

tempered pottery and food remains.  The Classic Stallings features reflect a more 

intensive use of large and deep pits over the earlier occupations. 

An approximately 200-year occupational hiatus occurred between ca. 4000 and 

3800 B.P. and the early and late components at Stallings Island (Sassaman et al. 

2006).  The hiatus corresponds with the latter half of the Mill Branch and the Early 

Stallings.  Components of the latter phase were found at Victor Mills and Ed Marshall in 

the middle Savannah area and at numerous sites downstream from Stallings Island in 

the Coastal Plain and on the coast.  Sassaman (2008) has argued that the presence of 

Early Stallings components in the middle Savannah area signifies a movement of some 

Coastal Plain communities into the middle Savannah region after ca. 4200 B.P.   
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Ed Marshall 

Ed Marshall (38ED5) is a small shell-bearing site located to the east of Stallings 

Island on the South Carolina side of the Savannah River floodplain.   Of the three sites 

used in this study, Ed Marshall is the only one to contain components of each of the 

three time periods in question (preceramic Late Archaic, specifically the Mill Branch 

phase; Early Stallings; and Classic Stallings) (Sassaman n.d.).  It is also the only site to 

be situated at low elevation in the floodplain and is only one to two meters above the 

high water level of the impounded river.  Water levels before the Stevens Creek dam 

was constructed were considerably lower than today and the site itself is elevated about 

one meter above the “natural” terrain by the accumulation of shell and other 

anthropogenic deposits.  Judging from the large number of artifacts, features, and food 

remains that accumulated, Ed Marshall was clearly a locus of intensive habitation 

throughout the Late Archaic period, but it was also likely to be abandoned during 

periods of excessive rainfall that would have caused the river to spill out over its 

relatively low-lying, natural levees.  Even with damming and modern water controls, Ed 

Marshall is subject to periodic flooding; a flood chute, which cut through the site 

sometime in the middle part of the last century, is still visible on the surface in the 

southeastern end of the site.  In addition to flood damage, Ed Marshall has been 

subjected to moderate looting in recent decades. 

In 1994, archaeologists of the Savannah River Archaeological Research Program 

(SRARP) excavated two small test units in response to looting at Ed Marshall 

(Sassaman 1996).  The excavation unearthed features including post holes, shell-filled 

pits and a hearth.  Additional funds were secured in August 1995 and the SRARP team 

returned to excavate two stratigraphic trenches, a 5 by 5 m block and several isolated 
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tests, which totaled 41 square meters (Sassaman 1996).  The following year, a field 

school administered through Augusta State University partnered with SRARP staff to 

expand operations with another small block excavation and several additional test units.  

A final report of the combined three seasons of work at Ed Marshall has not yet been 

issued, but collections and field records curated at the Laboratory of Southeastern 

Archaeology, University of Florida are available for study. 

For the present research, several of the pit features excavated at Ed Marshall 

were analyzed for terrestrial snails.  Features of the preceramic Mill Branch phase 

consisted of shallow basins filled with very dark organic soil, occasional shell, vertebrate 

fauna, charcoal, and abundant artifacts.  One such feature, Feature 30, provided 

charcoal that returned a radiocarbon assay of 4140+90 B.P. (Table 5-2) (Sassaman 

n.d.).  Another such feature, Feature 25, returned a radiocarbon assay of 4090+80 B.P. 

(Table 5-2) (Sassaman n.d.).  Associated post holes and other features indicative of 

architecture suggest that Ed Marshall was a habitation location during the Mill Branch 

phase.  Unfortunately, only Feature 30 provided an adequate sample of terrestrial snails 

for analysis.   

Features of the succeeding Early Stallings phase consisted of a wider array of 

types compared to the preceramic period, which included one, or possibly two, fired-

clay floors of presumed habitat structures.  Features sampled for terrestrial snails 

consisted of relatively large shell-filled pits in association with fired-clay floors.  Two 

such features were sampled for radiocarbon dating: Feature 22, which returned an 

assay of 3840+90 B.P., and Feature 24, with an age estimate of 3800+60 B.P. (Table 5-

2) (Sassaman n.d.).  Both of these features, along with two features lacking radiocarbon 
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assays and containing diagnostic pottery, Features 8 and 17, provided adequate 

samples of snails to include in this analysis. 

Features dating to the Classic Stallings period were likewise diverse, but generally 

smaller than those of the Early Stallings period.  One such feature provided charcoal for 

radiocarbon dating, Feature 37b, which returned an age estimate of 3560+60 B.P. 

(Table 5-2) (Sassaman n.d.).  This feature provided a good sample of terrestrial snails, 

as did two other features (Features 55 and 56), which contained diagnostic Classic 

Stallings pottery, but no radiocarbon assays.  The site-wide distribution of Classic 

Stallings pottery at Ed Marshall suggests strongly that the site was the locus of a 

circular village-plaza complex similar to the ones observed at Mims Point (Figure 5-2) 

and inferred at Stallings Island. 

Mims Point 

Mims Point (38ED9) is a multicomponent site on a ridge nose at the confluence of 

Stevens Creek and the Savannah River, approximately one kilometer north of Stallings 

Island (Sassaman 1993b).  Although Mims Point has a Late Woodland component 

dating to the 14th millennium B.P., as well as a Middle Archaic component dating to ca. 

5700 B.P., its primary component dates to the Classic Stallings phase, ca. 3700-3500 

B.P. (Table 5-3) (Sassaman n.d.).  Mims Point has expressed the greatest clarity of 

internal site structure observed in the three sites of this study, owing in large measure, 

to the lack of Early Stallings and preceramic Late Archaic components.  Inferred from an 

assemblage of dozens of pit features and hearths is a pattern of feature clusters 

indicative of houses arranged in a circular fashion around a relative feature-free interior 

zone, all about 30 m in diameter (Figure 5-2).  The Classic Stallings settlement at Mims 

Point has been heralded as the best example of a circular village-plaza complex in the 
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region and has been used to infer similar arrangements at both Stallings Island and Ed 

Marshall (Sassaman 1996; Sassaman et al. 1996). 

Excavations at Mims Point were undertaken in three phases from 1992-1995 by 

staff of the Savannah River Archaeological Research Program (SRARP), in cooperation 

with the U.S. Forest Service, which owns the site.  The initial field efforts in 1992 

included site mapping, extensive subsurface coring, limited testing of undisturbed areas 

of the site, and a 68 m2 block excavation of disturbed midden (Sassaman 1993b).  

Sassaman (1993b) uncovered over two dozen prehistoric features, including human 

burials, refuse-filled pits, postholes, rock clusters, and a possible hearth during the 1992 

block excavation.  Subsequent excavations expanded the initial block to open up an 

additional 298 m2 to reveal a large portion of the circular village, which was mostly 

undisturbed. 

A plan map of Mims Point showing all of the features excavated is shown in Figure 

5-3.  As noted, features tend to cluster into groups believed to be indicative of 

households arranged in a circle around a central, open plaza, some 15-16 m in 

diameter.  Pit clusters include large storage pits, shallow basins, hearths, and 

occasional postholes, although the lowest of the site precludes preservation of features 

less than ~30 cm in depth.  Despite the lack of definitive architectural features, the 

overall plan of pits, hearths, and other features provides strong indirect evidence of a 

circular community plan of contemporaneous households. 

Eight radiocarbon assays were obtained on wood charcoal or charred hickory 

nutshell from six of the Classic Stallings features.  With one exception, the assays fall in 

a two-century span of 3700-3570 B.P. (Sassaman n.d.).  The exception is Feature 1, a 
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human burial containing Classic Stallings pottery, but dating to 4025+65 B.P. 

(Sassaman n.d.).  This somewhat early age estimate may be either a product of “old 

wood” or indicative of an especially earlier expression of drag-and-drop punctate, the 

hallmark of Classic Stallings culture.  An age estimate this early is not unusual for the 

coast of South Carolina and Georgia, the ultimate heart of Stallings Culture, although 

not widely expressed in the middle Savannah until after ca. 3750 B.P. (Sassaman n.d.).  

Nonetheless, the presence of drag-and-jab pottery places Feature 1 in the Classic 

Stallings milieu, and thus, is included in this study.  The other features included in this 

study involve pits (Features 51 and 52) and hearths (Feature 66) of the household 

clusters, plus one pit feature (Feature 50) located in the presumed central plaza.  For 

the purpose of this study, the features from Mims Point analyzed for terrestrial snails are 

considered to be contemporaneous, with the exception of the burial (Feature 1) which is 

likely to be on the early end of the sequence and thus indicative of early or pre-village 

configuration. 

Laboratory Procedures 

The samples were collected and transported to the University of Florida for further 

analysis.  The samples were measured for volume and then processed through a 

waterscreen or a flotation machine, fractionated into three size grades (>1/4-in, >1/8-in, 

and <1/8-in), and sorted into their constituent components.  All mollusks shells were 

removed with the aid of magnification, strong light and forceps or small paint brushes.  

The shells were then stored in either glass vials or plastic zip top bags.  Each container 

was clearly labeled with the sample information, screening method and initial weight.   

As a portion of this research, the snails were observed on a white background and 

separated by hand or with a small paint brush based on observable characteristics.  
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Some of the snails were thoroughly cleaned in order to visualize the internal structures 

within the aperture.  Identifiable snails were then analyzed using a strong light source 

and a microscope at 5X to 40X magnification, when necessary.  The snails were 

counted using whole shells or fragments bearing individualizing characteristics.  If 

multiple fragments were present from one apparent species, then it would only be 

counted as one individual; only fragments from the same area were counted as multiple 

individuals.  Fragments that presented no individualizing characteristics were not 

counted and separated into container labeled as unidentified.  The snails were identified 

based upon taxonomy guides and geographical ranges in Pilsbry (1939-1948), Nekola 

and Coles (2010), and Hubricht (1985).  In addition, snails previously identified by Evan 

Peacock and Jochen Gerber were used for reference.  Each container was clearly 

marked with the sample data and identified taxon information.  The total number of 

individual shells within each taxon identified per site was recorded.  Nomenclature 

follows that of Hubricht (1985) and Nekola and Coles (2010). 
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Table 5-1.  Radiocarbon dates for the strata in LP81 at Stallings Island(Sassaman et al. 
2006) 

Stratum Measured C14 Age 
(B.P.) 

Calibrated C14 Age 
(cal B.P.) 

IA 4210 + 60 ca. 4700 
IB / IC 4140 + 70 - 
IIIB 4210 + 60 - 
IV 4260 + 70 ca. 4900 
V 4370 + 70 - 
VI 4360 + 70; 4830 + 70 - 

 
Table 5-2.  Features from Ed Marshall and the corresponding radiocarbon dates and 

periods at Ed Marshall (38ED5) (Sassaman n.d.) 

Period 38ED5 Feature C14 Dates 

PC 30 4140+90 
ES 8 - 
ES 17 - 
ES 22 3840+90 
ES 24 3800+60 
CS 37b 3560+60 
CS 55 - 
CS 56 - 

 
Table 5-3.  Radiocarbon dates for the features from Mims Point (38ED9) (Sassaman 
n.d.) 

Period 38ED9 Feature C14 Dates (B.P.) 

CS 1 4025 + 65 
CS 50 - 
CS 66   3700 + 150 
CS 51 3580 + 60 
CS 52 - 
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Figure 5-1.  West profile of LP81 showing the strata and corresponding radiocarbon 
dates (Sassaman n.d.) 
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Figure 5-2.  “Plan distribution of excavation unit, midden, and features at Mims Point 
(38ED9), showing projected pit feature clusters of a circular domestic 
compound with a central area largely devoid of features” (from Sassaman et 
al. 2006) 
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Figure 5-3.  Plan distribution showing the pit features excavated at Mims Point (38ED9), 
which specifies the location of Features 1, 50, 51, 52 and 66 (Sassaman n.d.) 
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CHAPTER 6 
RESULTS OF THE ANALYSIS OF ARCHAEOLOGICAL SNAIL SAMPLES 

A total of 31,163 terrestrial snails and 3,027 aquatic snails were identified from the 

archaeological samples in this study.  To compare snails collected from similar 

collection techniques, all of the samples without snails collected in the light and heavy 

fractions were eliminated for the final analysis.  These were removed in order to only 

consider the samples with a definitive representation of all the snails present in order to 

reduce the bias associated with only locating snails in one fraction.  Samples with 

ambiguous ages were also eliminated for the final analysis.   

Stallings Island 

A total of 11,932 terrestrial snails were identified into 19 taxa from the samples 

recovered from LP81 (Table 6-1).  The taxa include two families (Discidae and 

Pupillidae), seven genera (Anguispira sp., Discus sp., Gastrocopta sp., Glyphyalinia sp., 

Lucilla sp., Mesodon sp., and Pupisoma sp.), and ten species (Anguispira alternata, 

Discus patulus, Euconulus chersinus, Gastrocopta contracta, Gastrocopta rupicola, 

Glyphyalinia indentata, Haplotrema concavum, Hawaiia minuscula, Helicodiscus 

parallelus, and Xolotrema caroliniense).  Descriptive statistics for each taxon within the 

strata are shown on Table 6-2.  The total number of snails within a taxon range from 11 

individuals (mean = 1.4) (Anguispira sp.) to 2166 individuals (mean = 270.8) (Discus 

patulus).  The minimum number of individuals range from 0 (multiple taxa) to 117 

(Discus patulus) and the maximum number of individuals range from 4 (Xolotrema 

caroliniense) to 595 (Glyphyalinia sp.).  The standard deviations range from 1.8 

(Mesodon sp. and Xolotrema concavum) to 209.5 (Glyphyalinia sp.). 
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The taxa found in LP81 were compared to the results of the modern snail analyses 

in Chapter 4 and previous research (Table 4-5).  A total of five taxa were considered as 

having open habitat tendencies and a total of five taxa were considered as having 

wooded habitat tendencies (Table 6-3).  The remaining taxa did not show a tendency for 

either habitat or were considered generalists (Table 6-3).  The taxa designated as 

having open habitat tendencies include: Euconulus chersinus, Gastrocopta sp., 

Gastrocopta contracta, Lucilla sp., and Pupillidae (Table 6-3).  The taxa designated as 

having wooded habitat tendencies include: Discus patulus, Glyphyalinia sp., Haplotrema 

concavum, Helicodiscus parallelus, and Pupisoma sp. (Table 6-3).   

The total number of individual snails and percentages of snails within the taxa with 

open and wooded habitat tendencies within each stratum are listed on Table 6-4 and 

illustrated on Figure 6-1.  Strata VI, IV, IIID, IIIC, and IIIA were found to have more 

snails with wooded habitat tendencies (83.8%, 93.1%, 67.5%, 64.0%, and 98.5%, 

respectively) than snails with open habitat tendencies.  Stratum ID had approximately 

the same percentage of snails with open and wooded habitat tendencies (44.1% and 

55.9%, respectively).  In contrast, Strata IC and IB had more snails with open habitat 

tendencies (69.9% and 72.1%, respectively) than snails with wooded habitat 

tendencies.  The percentages show a shift in habitat tendencies among the taxa 

between Strata ID and IC (Figure 6-1). 

An observable disturbance (Stratum II) between Stratum IIIA and Stratum ID can 

be observed in Figure 5-1.  Due to the disturbance and smaller layer, Stratum IIIA was 

removed.  Once Stratum IIIA was removed, a linear relationship was observed in the 

percentages of taxa with open and wooded habitat tendencies from Stratum IV to 
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Stratum IB (Figure 6-2).  The linear relationship clearly indicates a shift from taxa with 

more wooded habitat tendencies to taxa with more open habitat tendencies over time 

(Figure 6-2). 

The habitat tendencies were analyzed further for the strata in LP81.  Summary 

statistics (total number, means, and standard deviations) for the taxa with open and 

wooded habitat tendencies for each stratum are listed on Table 6-5 and illustrated on 

Figure 6-3.   

The statistical assessment of nonrandom tendencies in archaeological data is 

intrinsically difficult due to common archaeological excavation methods in both the in-

field collection of snail assemblages in sample plots and the recovery of archaeological 

samples in bulk, which result in dependent data.  Regardless of the dependent 

collection methods, the associations of particular taxa within the spatial units of 

collection are considered meaningful when they are distributed across sample units 

nonrandomly.  Therefore, Chi-square tests were used to determine the strength of 

associations between the habitat tendencies and habitat types.  The dependent 

sampling techniques certainly skewed the results of the Chi-square test to some 

degree, but the results clearly indicate a significant association.  The Chi-square test 

was used to evaluate nonrandom associations between habitat tendencies of the taxa 

and the strata in LP81 and resulted in a Chi-square value of 1405.973 (df=7) and a p-

value of <0.0001 (Table 6-6), which suggests an extremely significant association.  

Regardless of the dependent sampling method concerns, nonrandom associations 

among habitat tendencies, habitat types, and ultimately strata (a measure of time and 

change) are evident in the numerical data alone, which is verified by the Chi-square 
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statistic even if its probability values cannot be accepted uncritically due to the biases of 

dependent data. 

To further analyze the samples from LP81, the taxa within the Strata IIIA, IIIC and 

IIID were combined into Stratum III and the taxa within the Strata IB, IC and ID were 

combined into Stratum I.  Strata III and I were compared to determine if larger scale 

changes in the taxa could be observed.  Descriptive statistics for the taxa identified 

within Stratum III and Stratum I are listed in Tables 6-7 and 6-8, respectively.  More 

snails were found in the taxa with wooded habitat tendencies in Strata VI (83.8%), IV 

(93.1%), and III (67%) (Table 6-9, Figure 6-4).  In contrast, more snails were found in 

the taxa with open habitat tendencies in Stratum I (64.3%) (Table 6-9, Figure 6-4).  The 

shift in taxa from Stratum III to stratum I is also illustrated in Figure 6-5.  Summary 

statistics (total number, means, and standard deviations) for the taxa with open and 

wooded habitat tendencies for Strata VI, IV, III, and I are listed on Table 6-10 and 

illustrated on Figure 6-6.   

The Chi-square test was used to evaluate nonrandom associations between 

habitat tendencies of the taxa and Strata VI, IV, III, and I in LP81 and resulted in a Chi-

square value of 1113.46 (df=3) and a p-value of <0.0001 (Table 6-11), which suggests 

an extremely significant association.  The Chi-square test to evaluate nonrandom 

associations between habitat tendencies of the taxa and Strata III and I in LP81 resulted 

in a Chi-square value of 745.6 (df=1) and a p-value of <0.0001 (Table 6-12), which 

suggests an extremely significant association.  Nonrandom associations among habitat 

tendencies, habitat types, and ultimately strata (a measure of time and change) are 

evident in the numerical data alone, which is verified by the Chi-square statistic even if 
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its probability values cannot be accepted uncritically due to the biases of dependent 

data. 

Ed Marshall 

A total of 2454 individual snail shells were identified from 8 of the 30 features (8, 

17, 22, 24, 30, 37b, 55, and 56) (Table 6-13).  The snails were identified as 38 different 

taxa, which included 3 families, 10 genera, and 25 species (Table 6-13).  Only 15 of the 

38 taxa contained 14 or more individuals.  The taxa included 3 families (Discidae, 

Pupillidae, and Zonitidae), 5 genera (Anguispira, Gastrocopta, Glyphyalinia, Lucilla, and 

Pupisoma), and 7 species (Anguispira alternata, Carychium exile, Discus patulus, 

Gastrocopta contracta, Gastrocopta pellucida, Hawaiia minuscula, and Helicodiscus 

parallelus).  Descriptive statistics for the taxa containing 14 or more individuals are 

shown on Table 6-14.  The total number of snails within a taxon range from 14 

(Carychium exile and Pupisoma sp.) to 751 (Discus patulus) and the mean ranges from 

1.8 (Carychium exile and Pupisoma sp.) to 93.9 (Discus patulus).  The minimum 

number of individuals ranges from 0 (multiple taxa) to 8 (Discus patulus) and the 

maximum number of individuals ranges from 9 (Gastrocopta sp.) to 298 (Discus 

patulus).  The standard deviation ranges from 3.8 (Pupisoma sp.) to 110.7 (Discus 

patulus). 

Based upon the results of the modern snails in Chapter 4 and previous records 

(Table 4-5), three taxa from Ed Marshall were considered as having open habitat 

tendencies (Gastrocopta rupicola, Lucilla sp., and Pupillidae) and five taxa were 

considered as having wooded habitat tendencies (Discus patulus, Glyphyalinia sp., 

Helicodiscus parallelus, Pupisoma sp., and Zonitidae) (Table 6-15).  The taxa with open 

and wooded habitat tendencies were compared among the features within the 
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Preceramic Mill Branch, Early Stallings and Classic Stallings phases (Table 6-16).  

Even though the Preceramic Mill Branch phase only contained one feature (Feature 30), 

a total of 147 snails with open or wooded habitat tendencies were identified.  Feature 30 

had an almost equal number of snails in taxa with open and wooded habitat tendencies 

(55.8% and 44.3%, respectively) (Table 6-16, Figure 6-7).  All of the features in the 

Early Stallings phase had more snails in taxa with wooded habitat tendencies than taxa 

with open habitat tendencies (100%, 81.5%, 97%, and 73.5%) (Table 6-16, Figure 6-8).  

Similarly, Features 37b and 56 in the Classic Stallings phase also had more snails in 

taxa with wooded habitat tendencies than taxa with open habitat tendencies (84.2% and 

62.5%) (Table 6-16, Figure 6-9).  However, Feature 55 in the Classic Stallings phase 

had more snails in taxa with open habitat tendencies than taxa with wooded habitat 

tendencies (63.1%) (Table 6-16, Figure 6-9).  Summary statistics (total number, mean, 

and standard deviation) for the taxa with open and wooded habitat tendencies in each 

feature from Ed Marshall are listed on Table 6-17 and shown on Figure 6-10.   

The Chi-square test was used to evaluate nonrandom associations between 

habitat tendencies of the taxa and the features resulted in a Chi-square value of 270.33 

(df=7) and a p-value of <0.0001 (Table 6-18), which suggests an extremely significant 

association.  Nonrandom associations among habitat tendencies, habitat types, and the 

features (a measure of time and change) are evident in the numerical data alone, which 

is verified by the Chi-square statistic even if its probability values cannot be accepted 

uncritically due to the biases of dependent data. 

The features within each period were combined and compared over time.  The 

results of the preceramic Mill Branch phase are the same as above because it is only 
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comprised of one feature, Feature 30.  An increase in the taxa with wooded habitat 

tendencies was observed from the preceramic Mills Branch phase (44.2%) to the Early 

Stallings period (86.2%) (Table 6-19, Figure 6-11).  A slight decrease in the taxa with 

wooded habitat tendencies was observed from the Early Stallings period (86.2%) to the 

Classic Stallings phase (74.3%) (Table 6-19, Figure 6-11).  Summary statistics (total 

number, mean, and standard deviation) for the taxa with open and wooded habitat 

tendencies from the three time periods from Ed Marshall are listed on Table 6-20 and 

shown on Figure 6-12.   

The Chi-square test was used to evaluate nonrandom associations between 

habitat tendencies of the taxa and the Preceramic Mill Branch and Early Stallings 

periods and resulted in a Yates-corrected Chi-square value of 220.52 (df=1) and a p-

value of <0.0001 (Table 6-21), which suggests an extremely significant association.  

The Chi-square test was used to evaluate nonrandom associations between habitat 

tendencies of the taxa and the Early Stallings and Classic Stallings periods and resulted 

in a Yates-corrected Chi-square value of 27.59 (df=1)  and a p-value of <0.0001 (Table 

6-22), which suggests an extremely significant association.  The Chi-square test was 

used to evaluate nonrandom associations between habitat tendencies of the taxa and 

the three time periods and resulted in a Chi-square value of 128.642 (df=2) and a p-

value of <0.0001 (Table 6-23), which suggests an extremely significant association.  

Nonrandom associations among habitat tendencies, habitat types, and ultimately the 

time periods are evident in the numerical data alone, which is verified by the Chi-square 

statistic even if its probability values cannot be accepted uncritically due to the biases of 

dependent data. 
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Mims Point 

A total of 996 individual snails were identified from five features at Mims Point 

(Features 1, 50, 51, 52, and 66) (Table 6-24).  The snails were identified as 32 different 

taxa, which included 3 families, 7 genera, and 22 species (Table 6-24).  Only 14 of the 

32 taxa included 14 or more individual snails within each taxon.  The 14 taxa included 1 

family (Pupillidae), 3 genera (Glyphyalinia, Lucilla, and Ventridens), and 9 species 

(Anguispira alternata, Discus patulus, Gastrocopta contracta, Gastrocopta rupicola, 

Glyphyalinia indentata, Glyphyalinia wheatleyi, Hawaiia minuscula, Practicolella lawae, 

and Triodopsis vannostrandi) (Table 6-24).  Descriptive statistics for the taxa containing 

more than 14 individuals are shown on Table 6-25.  The total number of snails within a 

taxon range from 16 (mean = 3.2) (Gastrocopta contracta) to 282 (mean = 56.4) 

(Hawaiia minuscula).  The minimum number of individuals ranges from 0 (multiple taxa) 

to 7 (Hawaiia minuscula) and the maximum number of individuals ranges from 9 (SD = 

4.4) (Gastrocopta contracta) to 163 (SD = 70.6) (Discus patulus).   

The taxa containing more than 14 individuals were compared to the results in 

Chapter 4 and previous research (Table 4-5).  A total of three taxa (Gastrocopta 

rupicola, Lucilla sp., and Pupillidae) were considered as having open habitat tendencies 

and a total of five taxa (Discus patulus, Glyphyalinia sp., Glyphyalinia wheatleyi, 

Practicolella lawae, and Ventridens sp.) were considered as having wooded habitat 

preferences (Table 6-26).   

The percentages of the individual snails within the taxa with open and wooded 

habitat tendencies were compared among the features (Table 6-27).  Due to the limited 

number of snails recovered from feature 52 (n=30), no snails with either habitat 

tendency were identified (Table 6-27, Figure 6-13).  Features 1, 51, and 66 had more 
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individual snails in taxa with wooded habitat tendencies (92.3%, 90.5%, and 68.0%, 

respectively) (Table 6-27, Figure 6-13).  In contrast, Feature 50 had more individual 

snails in taxa with open habitat tendencies (80.5%) (Table 6-27, Figure 6-13).  

Summary statistics (total number, mean, and standard deviation) for the total number of 

snails within the taxa with open and wooded habitat tendencies in the features from 

Mims Point are listed on Table 6-28 and shown on Figure 6-14.   

The Chi-square test was used to evaluate nonrandom associations between 

habitat tendencies of the taxa and the features and resulted in a Chi-square value of 

248.31 (df=3) and a p-value of <0.0001 (Table 6-29), which suggests an extremely 

significant association.  Nonrandom associations among habitat tendencies, habitat 

types, and ultimately the features (across the site) are evident in the numerical data 

alone, which is verified by the Chi-square statistic even if its probability values cannot 

be accepted uncritically due to the biases of dependent data. 

Discussion 

Stallings Island 

The terrestrial snails were compared before the disturbance event and through 

time in an attempt to interpret hunter-gatherer environmental impact and the habitat 

types surrounding the midden (LP81).  Based on the radiocarbon dating and 

stratigraphic contexts of the strata in LP81, it was concluded that the contents were 

deposited through time by the hunter-gatherers and are representative of the ambient 

snail fauna.  The ambient snail fauna could have accumulated by either accidentally 

being transferred into the midden with other debris or through colonization of the 

midden through natural means.  The results indicate a shift in habitat throughout time 

and among the strata in LP81 (Figures 6-1, 6-2, 6-4, and 6-5).  Strata VI, IV, and III 
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were found to have more snails in the taxa with wooded habitat tendencies.  The shift in 

snail preferences occurs between Strata III and I, with an intermediate habitat occurring 

in Stratum ID, and more snails with open habitat tendencies in Strata IC and IB (Figures 

6-1 and 6-2).   

The results of the snails collected from LP81 suggest a change occurred in the 

habitat in between Strata ID and IC.  This corresponds to the disturbance visible in the 

west profile of LP81 on Figure 5-1.  Whatever the disturbance was, it apparently 

resulted in a more open canopy environment, which allowed an increase in the number 

of snails that prefer or are able to withstand higher temperatures and less protected 

conditions.  The shift in snail taxa supports evidence of a change in the ambient 

environment from more wooded conditions to open habitat conditions between Strata 

IIIA and IC possibly due to the disturbance evident in Stratum II. 

Ed Marshall 

The results of the archaeological snail faunas from Ed Marshall (38ED5) indicate a 

shift in habitat between the Preceramic Mill Branch phase and the Early Stallings 

period.  The shift to a more wooded habitat in the Early Stallings period supports 

previous evidence that the site may have had a decrease in human occupation during 

this time, possibly due to flooding which commonly occurred at the site due to its lower 

elevation.  The decrease of snails in taxa with wooded habitat tendencies from the Early 

Stallings period to the Classic Stallings period supports a change in land use at the site 

that led to more open habitat conditions.  The indication of a decrease in shaded 

conditions, based on the results of the snail fauna, supports Sassaman’s hypothesis of 

greater permanence during the Classic Stallings period (as shown by terrestrial land 

snail evidence of increased land clearance for settlement) and thus his hypothesis of a 
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formal circular village-plaza complex similar to those observed at Mims Point (see 

Chapter 5) and inferred at Stallings Island (Sassaman 1996; Sassaman et al. 1996). 

Mims Point 

As shown on Figure 6-15, Feature 1 was located in a burial along the edge of the 

block and Features 51, 52, and 66 were located along the edges of the block adjacent 

to houses within the circular ring.  In comparison, Feature 50 was located in a central pit 

near the center of the circular village (Figure 6-15).  The archaeological snail fauna 

supported the interpretation of a central plaza village complex previously observed at 

Mims Point (Figure 6-15).  A larger number of snails in taxa with open habitat 

tendencies were found in Feature 50 than in Features 1, 51, 52, and 66 (Table 6-27, 

Figure 6-13).  The open habitat in the central plaza area may have been created by 

deforestation due to the creation of an open plaza for cultural practices or living 

structures and further cleared by trampling and use.  The results support more 

wooded/covered habitat conditions surrounding the central plaza as observed at 

Features 1, 51, 52, and 66 (Figure 6-15).  These results also support the circular village-

plaza complex concept because the areas surrounding the central plazas are projected 

to have a more shaded and protected environment due to an increase in the vegetation 

and the presence of living structures (Figure 6-15). 
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Table 6-1.  Total number of individual snails in each taxon within the strata of LP81 at 
Stallings Island 

Taxon IB  
(n) 

IC 
(n) 

ID 
(n) 

IIIA 
(n) 

IIIC 
(n) 

IIID 
(n) 

IV  
(n) 

VI  
(n) 

Total 

Anguispira alternata 88 46 78 43 67 106 100 53 581 
Anguispira species 0 0 0 0 0 8 0 3 11 
Discidae 511 278 129 0 367 360 59 54 1758 
Discus patulus 345 198 244 131 443 464 224 117 2166 
Discus species 81 0 0 0 1 51 0 0 133 
Euconulus chersinus 0 1 16 0 0 1 0 3 21 
Gastrocopta contracta 420 374 228 1 394 331 11 26 1785 
Gastrocopta rupicola 0 3 4 0 3 10 7 2 29 
Gastrocopta species 414 2 5 0 0 0 0 2 423 
Glyphyalinia indentata 1 0 1 0 0 2 8 1 13 
Glyphyalinia species 172 144 315 0 496 595 75 133 1930 
Haplotrema concavum 0 3 3 0 9 16 0 0 31 
Hawaiia minuscula 6 58 252 0 263 123 102 258 1062 
Helicodiscus parallelus 10 18 27 0 59 28 9 24 175 
Lucilla species 58 0 0 0 8 0 0 0 66 
Mesodon species 2 0 0 1 2 5 3 4 17 
Pupillidae 468 466 216 1 200 221 12 22 1606 
Pupisoma species 0 0 0 0 63 44 0 0 107 
Xolotrema caroliniense 4 2 4 3 4 1 0 0 18 
Total 2580 1593 1522 180 2379 2366 610 702 11932 
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Table 6-2.  Descriptive statistics for each taxon within the strata of LP81 at Stallings 
Island 

Taxon N Mean Median MIN MAX SD 

Anguispira alternata 581 72.6 72.5 43 106 24.3 
Anguispira species 11 1.4 0 0 8 2.9 
Discidae 1758 219.8 203.5 0 511 184.9 
Discus patulus 2166 270.8 234 117 464 133 
Discus species 133 16.6 0 0 81 31.5 
Euconulus chersinus 21 2.6 0.5 0 16 5.5 
Gastrocopta contracta 1785 223.1 279.5 1 420 183.4 
Gastrocopta rupicola 29 3.6 3 0 10 3.4 
Gastrocopta species 423 52.9 1 0 414 145.9 
Glyphyalinia indentata 13 1.6 1 0 8 2.7 
Glyphyalinia species 1930 241.3 158 0 595 209.5 
Haplotrema concavum 31 3.9 1.5 0 16 5.5 
Hawaiia minuscula 1062 132.8 112.5 0 263 111.6 
Helicodiscus parallelus 175 21.9 21 0 59 17.9 
Lucilla species 66 8.2 0 0 58 20.3 
Mesodon species 17 2.1 2 0 5 1.8 
Pupillidae 1606 200.8 208 1 468 188.9 
Pupisoma species 107 13.4 0 0 63 25.3 
Xolotrema caroliniense 18 2.3 2.5 0 4 1.8 

 
Table 6-3.  Habitat preferences for the taxa found in LP81 at Stallings Island 

Taxon Open Habitat 
Preferences 

Wooded Habitat 
Preferences 

N/A 

Anguispira sp.   X 
Anguispira alternata   X 
Discidae   X 
Discus sp.   X 
Discus patulus  X  
Euconulus chersinus X   
Gastrocopta sp. X   
Gastrocopta contracta X   
Gastrocopta rupicola   X 
Glyphyalinia sp.  X  
Glyphyalinia indentata   X 
Haplotrema concavum  X  
Hawaiia minuscula   X 
Helicodiscus parallelus  X  
Lucilla sp. X   
Mesodon sp.   X 
Pupillidae X   
Pupisoma sp.  X  
Xolotrema caroliniense   X 
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Table 6-4.  Total number and percentages of the snails in the taxa with open and 

wooded habitat tendencies in each stratum in LP81 at Stallings Island 

Stratum 
 

Open Habitat 
Taxa 
(n) 

Open Habitat 
Taxa 
(%) 

Wooded 
Habitat Taxa 

(n) 

Wooded 
Habitat Taxa 

(%) 

VI 53 16.2% 274 83.8% 
IV 23 6.9% 308 93.1% 

IIID 553 32.5% 1147 67.5% 
IIIC 602 36.0% 1070 64.0% 
IIIA 2 1.5% 131 98.5% 
ID 465 44.1% 589 55.9% 
IC 843 69.9% 363 30.1% 
IB 1360 72.1% 527 27.9% 

 
Table 6-5.  Summary statistics of the taxa with open and wooded habitat tendencies 

each stratum in LP81 at Stallings Island 

Stratum Open 
Habitat 
Taxa (n) 

Open 
Habitat 
Taxa 

(mean) 

Open 
Habitat 
Taxa 
(SD) 

Wooded 
Habitat 
Taxa (n) 

Wooded 
Habitat 
Taxa 

(mean) 

Wooded 
Habitat 
Taxa 
(SD) 

Total 

VI 53 10.6 12.4 274 54.8 65.1 327 
IV 23 4.6 6.3 308 61.6 96.1 331 

IIID 553 110.6 155.9 1147 229.4 278.0 1700 
IIIC 602 120.4 175.2 1070 214 235.0 1672 
IIIA 2 0.4 0.5 131 26.2 58.6 133 
ID 465 93 118.0 589 117.8 150.1 1054 
IC 843 168.6 231.8 363 72.6 92.1 1206 
IB 1360 272 223.8 527 105.4 152.6 1887 

 
Table 6-6.  Chi-square results comparing the association of taxa with open and wooded 

habitat tendencies across the strata in LP81 at Stallings Island 

 VI IV IIID IIIC IIIA ID IC IB Total 

Open 
Habitat 
Taxa 

53 23 553 602 2 465 843 1360 3901 

Wooded 
Habitat 
Taxa 

274 308 1147 1070 131 589 363 527 4409 

Total 327 331 1700 1672 133 1054 1206 1887 8310 
X2= 1405.97         
df= 7         

p-value= <0.0001         
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Table 6-7.  Descriptive statistics for each taxon within Stratum III (A, C and D) in LP81 
at Stallings Island 

Taxon N Mean Median MIN MAX SD 

Anguispira alternata 216 72.0 67.0 43 106 31.8 
Anguispira species 8 2.7 0.0 0 8 4.6 
Discidae 727 242.3 360.0 0 367 209.9 
Discus patulus 1038 346.0 443.0 131 464 186.5 
Discus species 52 17.3 1.0 0 51 29.2 
Euconulus chersinus 1 0.3 0 0 1 0.6 
Gastrocopta contracta 726 242.0 331.0 1 394 211.1 
Gastrocopta rupicola 13 4.3 3.0 0 10 5.1 
Gastrocopta species 0 - - - - - 
Glyphyalinia indentata 2 0.7 0 0 2 1.2 
Glyphyalinia species 1091 363.7 496.0 0 595 318.8 
Haplotrema concavum 25 8.3 9.0 0 16 8.0 
Hawaiia minuscula 386 128.7 123.0 0 263 131.6 
Helicodiscus parallelus 87 29.0 28.0 0 59 29.5 
Lucilla species 8 2.7 0.0 0 8 4.6 
Mesodon species 8 2.7 2.0 1 5 2.1 
Pupillidae 422 140.7 200.0 1 221 121.4 
Pupisoma species 107 35.7 44.0 0 63 32.3 
Xolotrema caroliniense 8 2.7 3.0 1 4 1.5 

 
Table 6-8.  Descriptive statistics for each taxon within Stratum I (B, C and D) in LP81 at 

Stallings Island 

Taxon N Mean Median MIN MAX SD 

Anguispira alternata 212 70.7 78.0 46 88 21.9 
Anguispira species 0 - - - - - 
Discidae 918 306.0 278.0 129 511 192.5 
Discus patulus 787 262.3 244.0 198 345 75.2 
Discus species 81 27.0 0 0 81 46.8 
Euconulus chersinus 17 5.7 1.0 0 16 9.0 
Gastrocopta contracta 1022 340.7 374.0 228 420 100.2 
Gastrocopta rupicola 7 2.3 3.0 0 4 2.1 
Gastrocopta species 421 140.3 5.0 2 414 237.0 
Glyphyalinia indentata 2 0.7 1.0 0 1 0.6 
Glyphyalinia species 631 210.3 172.0 144 315 91.7 
Haplotrema concavum 6 2.0 3.0 0 3 1.7 
Hawaiia minuscula 316 105.3 58.0 6 252 129.7 
Helicodiscus parallelus 55 18.3 18.0 10 27 8.5 
Lucilla species 58 19.3 0 0 58 33.5 
Mesodon species 2 0.7 0 0 2 1.2 
Pupillidae 1150 383.3 466.0 216 468 144.9 
Pupisoma species 0 - - - - - 
Xolotrema caroliniense 10 3.3 4.0 2 4 1.2 
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Table 6-9.  Total number and percentages of the snails in the taxa with open and 
wooded habitat tendencies among Strata VI, IV, III and I in LP81 at Stallings 
Island 

Stratum Open 
Habitat 

Taxa (n) 

Open 
Habitat Taxa 

(%) 

Wooded 
Habitat 

Taxa (n) 

Wooded 
Habitat 

Taxa (%) 

VI 53 16.2% 274 83.8% 
IV 23 6.9% 308 93.1% 
III 1157 33.0% 2348 67.0% 
I 2668 64.3% 1479 35.7% 

 
Table 6-10.  Summary statistics of the taxa with open and wooded habitat tendencies in 

Strata VI, IV, III, and I in LP81 at Stallings Island 

Stratum Open 
Habitat 
Taxa  
(n) 

Open 
Habitat 
Taxa 

(mean) 

Open 
Habitat 
Taxa 
(SD) 

Wooded 
Habitat 
Taxa  
(n) 

Wooded 
Habitat 
Taxa 

(mean) 

Wooded 
Habitat 
Taxa 
(SD) 

Total 

VI 53 10.6 12.4 274 54.8 65.1 327 
IV 23 4.6 6.3 308 61.6 96.1 331 
III 1157 231.4 330.7 2348 469.6 544.2 3505 
I 2668 533.6 530.1 1479 295.8 381.8 4147 

 
Table 6-11.  Chi-square results comparing the association of taxa with open and 

wooded habitat tendencies in Strata VI, IV, III and I in LP81 at Stallings Island 

 VI IV III I Total 

Open Habitat Taxa 53 23 1157 2668 3901 
Wooded Habitat Taxa 274 308 2348 1479 4409 
Total 327 331 3505 4147 8310 

X2= 1113.46     
df= 3     

p-value= <0.0001     

 
Table 6-12.  Chi-square results comparing the association of the taxa with open and 

wooded habitat tendencies in Strata III and I in LP81 at Stallings Island 

 Open 
Taxa 

Wooded 
Taxa 

Total DF X2 
(Yates) 

P-Value 

I 2668 1479 4147 1 745.6 <0.0001 
III 1157 2348 3505    
Total 3825 3827 7652    
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Table 6-13.  Total number of individual snails identified in each feature at Ed Marshall 
(38ED5) 

Taxon 30 8 17 22 24 37b 55 56 Total 

Anguispira sp. 0 7 0 7 22 5 13 0 54 
Anguispira alternata 10 11 19 8 16 14 4 5 87 
Carychium sp. 0 0 0 0 0 1 0 0 1 
Carychium exile 0 0 0 0 13 1 0 0 14 
Discidae 0 2 7 20 22 0 8 4 63 
Discus sp. 0 0 2 0 0 1 2 0 5 
Discus patulus 8 34 64 238 68 298 25 16 751 
Euconulus chersinus 1 0 0 0 1 0 0 0 2 
Gastrocopta sp. 0 0 0 8 9 0 1 0 18 
Gastrocopta contracta 8 3 10 40 71 2 28 5 167 
Gastrocopta pellucida 0 0 0 1 0 0 6 0 7 
Gastrocopta pentadon 0 0 0 0 8 0 1 0 9 
Gastrocopta rupicola 0 0 7 0 32 4 10 4 57 
Glyphyalinia sp. 57 11 17 19 103 0 4 9 220 
Glyphyalinia indentata 4 0 0 0 0 3 4 0 11 
Glyphyalinia wheatleyi 0 0 0 0 0 2 0 0 2 
Haplotrema concavum 0 0 0 1 0 0 0 0 1 
Hawaiia minuscula 24 62 71 81 132 12 82 96 560 
Helicodiscus parallelus 0 3 35 33 0 0 1 0 72 
Lucilla sp. 81 0 0 0 0 0 21 0 102 
Mesodon sp. 1 2 1 0 1 2 2 0 9 
Mesodon inflectus 0 2 0 0 0 0 0 0 2 
Mesodon thyroidus 1 2 0 0 6 0 2 0 11 
Mesomphix sp. 0 2 0 0 0 0 0 0 2 
Mesomphix globosus 0 0 0 0 4 0 0 0 4 
Mesomphix pilsbryi 0 0 0 0 0 6 0 0 6 
Polygyra pustuloides 0 0 0 0 1 0 0 0 1 
Pupillidae 1 0 20 9 35 54 22 11 152 
Pupisoma sp. 0 0 0 0 2 11 1 0 14 
Pupoides albilabris 0 0 0 0 4 0 1 1 6 
Strobilops labyrinthica 1 0 0 0 0 0 0 0 1 
Triodopsis vannostrandi 0 1 0 0 0 0 0 0 1 
Ventridens sp. 0 0 0 0 2 5 0 0 7 
Ventridens cerinoides 0 1 1 1 0 1 3 0 7 
Ventridens gularis 0 0 0 0 0 3 0 0 3 
Vertigo tridentata 1 0 0 4 0 0 3 0 8 
Xolotrema caroliniense 0 1 0 0 0 0 0 0 1 
Zonitidae 0 0 3 0 13 0 0 0 16 
Total 198 144 257 470 565 425 244 151 2454 
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Table 6-14.  Descriptive statistics for the snails identified in each taxon (n=>14) at Ed 
Marshall (38ED5) 

Taxon N Mean Median MIN MAX SD 

Anguispira sp. 54 6.8 6 0 22 7.7 
Anguispira alternata 87 10.9 10.5 4 19 5.2 
Carychium exile 14 1.8 0 0 13 4.6 
Discidae 63 7.9 5.5 0 22 8.6 
Discus patulus 751 93.9 49 8 298 110.7 
Gastrocopta sp. 18 2.3 0 0 9 3.9 
Gastrocopta contracta 167 20.9 9 2 71 24.3 
Gastrocopta pellucida 57 7.1 4 0 32 10.7 
Glyphyalinia sp. 220 27.5 14 0 103 10.7 
Hawaiia minuscula 560 70.0 11 0 26 8.1 
Helicodiscus parallelus 72 9.0 0.5 0 35 15.5 
Lucilla sp. 102 12.8 0 0 81 28.5 
Pupillidae 152 19.0 15.5 0 54 18.3 
Pupisoma sp. 14 1.8 0 0 11 3.8 
Zonitidae 16 2.0 0 0 13 4.6 

 
Table 6-15.  Habitat preferences for the taxa (n=>14) individual snails at Ed Marshall 

(38ED5) 

Taxon Open Habitat 
Preferences 

Wooded Habitat 
Preferences 

N/A 

Anguispira sp.   X 
Anguispira alternata   X 
Carychium exile   X 
Discidae   X 
Discus patulus  X  
Gastrocopta sp.   X 
Gastrocopta contracta   X 
Gastrocopta rupicola X   
Glyphyalinia sp.  X  
Hawaiia minuscula   X 
Helicodiscus parallelus  X  
Lucilla sp. X   
Pupillidae X   
Pupisoma sp.  X  
Zonitidae  X  
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Table 6-16.  The total number and percentages of snails within the taxa with open and 
wooded habitat tendencies in each feature at Ed Marshall (38ED5) 

Period Feature Open 
Habitat Taxa 

(n) 

Open 
Habitat Taxa 

Wooded 
Habitat Taxa 

(n) 

Wooded 
Habitat Taxa 

PC 30 82 55.8% 65 44.3% 
ES 

 
8 0 0% 48 100% 

17 27 18.5% 119 81.5% 
22 9 3.0% 290 97.0% 
24 67 26.5% 186 73.5% 

CS 
 

37b 58 15.8% 309 84.2% 
55 53 63.1% 31 36.9% 
56 15 37.5% 25 62.5% 

 
Table 6-17.  Summary statistics for the taxa with open and wooded habitat tendencies 

in each feature at Ed Marshall (38ED5) 

Feature Open 
Habitat 
Taxa  
(n) 

Open 
Habitat 
Taxa 

(mean) 

Open 
Habitat 
Taxa 
(SD) 

Wooded 
Habitat 
Taxa  
(n) 

Wooded 
Habitat 
Taxa 

(mean) 

Wooded 
Habitat 
Taxa 
(SD) 

30 82 27.3 46.5 65 13 24.8 
8 0 0.0 0.0 48 9.6 14.4 

17 27 9.0 10.1 119 23.8 26.4 
22 9 3.0 5.2 290 58 101.6 
24 67 22.3 19.4 186 37.2 46.1 
37b 58 19.3 30.1 309 61.8 132.1 
55 53 17.7 6.7 31 6.2 10.6 
56 15 5.0 5.6 25 5 7.3 

 
Table 6-18.  Chi-square results comparing the association of the taxa with open and 

wooded habitat tendencies across the features at Ed Marshall (38ED5) 

 30 8 17 22 24 37b 55 56 Total 

Open Habitat Taxa 82 0 27 9 67 58 53 15 311 
Wooded Habitat Taxa 65 48 119 290 186 309 31 25 1073 

Total 147 48 146 299 253 367 84 40 1384 
X2= 270.33         
df= 7         

p-value= <0.0001         
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Table 6-19.  The total number and percentages of snails within the taxa with open and 
wooded habitat tendencies in Preceramic Mill Branch (PC), Early Stallings 
(ES), and Classic Stallings (CS) periods at Ed Marshall (38ED5) 

Period Open Taxa 
(n) 

Open Taxa Wooded Taxa 
(n) 

Wooded Taxa  

PC 82 55.8% 65 44.2% 
ES 103 13.8% 643 86.2% 
CS 126 25.7% 365 74.3% 

 
Table 6-20.  Summary statistics for the taxa with open and wooded habitat tendencies 

from the Preceramic Mill Branch (PC), Early Stallings (ES), and Classic 
Stallings (CS) periods at Ed Marshall (38ED5) 

Period Open 
Habitat 
Taxa  
(n) 

Open 
Habitat 
Taxa 

(mean) 

Open 
Habitat 
Taxa 
(SD) 

Wooded 
Habitat 
Taxa  
(n) 

Wooded 
Habitat 
Taxa 

(mean) 

Wooded 
Habitat 
Taxa 
(SD) 

Total 

PC 82 27.3 46.5 65 13 24.8 147 
ES 103 34.3 32.3 643 128.6 164.6 746 
CS 126 42.0 39.0 365 73 148.8 491 

 
Table 6-21.  Chi-square results comparing the association of taxa with open and 

wooded habitat tendencies found within the Preceramic Mill Branch phase 
(PC) and Early Stallings period (ES) at Ed Marshall (38ED5) 

Period Open 
Habitat 
Taxa 

Wooded 
Habitat 
Taxa 

Total DF Yates X2 P-Value 

PC 82 65 147 1 220.52 <0.0001 
ES 103 643 746    

Total 185      

 
Table 6-22.  Chi-square results comparing the association of the taxa with open and 

wooded habitat tendencies found within Early Stallings (ES) and Classic 
Stallings (CS) periods at Ed Marshall (38ED5) 

Period Open 
Habitat 
Taxa 

Wooded 
Habitat 
Taxa 

Total DF Yates X2 P-Value 

ES 103 643 746 1 27.59 <0.0001 
CS 126 365 491    

Total 229 1008 1237    
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Table 6-23.  Chi-square results comparing the association of the taxa with open and 
wooded habitat tendencies found in the Preceramic Mill Branch phase (PC), 
Early Stallings period (ES), and Classic Stallings period (CS) at Ed Marshall 
(38ED5) 

Period PC ES CS Total 

Open Habitat Taxa 82 103 126 311 
Wooded Habitat Taxa 65 643 365 1073 

Total 147 746 491 1384 
X2= 128.642    
df= 2    

p-value= <0.0001    
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Table 6-24.  Total number of individual snails identified in each feature from Mims Point 
(38ED9) 

Taxon 1 50 66 51 52 Total 

Anguispira sp. 3 0 0 0 0 3 
Anguispira alternata 29 6 5 25 2 67 
Carychium exile 1 2 1 0 0 4 
Discidae 4 0 8 0 0 12 
Discus patulus 163 0 5 19 0 187 
Gastrocopta sp. 0 4 1 0 0 5 
Gastrocopta contracta 0 7 9 0 0 16 
Gastrocopta pellucida 2 0 2 0 0 4 
Gastrocopta pentadon 0 0 1 0 0 1 
Gastrocopta rupicola 0 34 1 0 0 35 
Glyphyalinia sp. 12 22 12 0 0 46 
Glyphyalinia indentata 9 13 0 0 0 22 
Glyphyalinia wheatleyi 19 0 0 0 0 19 
Haplotrema concavum 1 0 0 0 0 1 
Hawaiia minuscula 7 118 90 40 27 282 
Helicodiscus parallelus 0 0 0 1 0 1 
Lucilla sp. 27 35 0 2 0 64 
Mesodon thyroidus 1 0 0 0 0 1 
Mesomphix sp. 2 0 0 0 0 2 
Polygyra pustuloides 1 0 0 0 0 1 
Practicolella lawae 17 0 0 0 0 17 
Pupillidae 1 22 7 0 0 30 
Pupoides albilabris 0 0 1 0 0 1 
Stenotrema stenotrema 1 0 0 0 0 1 
Strobilops labyrinthica 0 0 2 0 0 2 
Triodopsis sp. 1 1 0 0 0 2 
Triodopsis 
hopetonensis 

1 1 0 0 0 2 

Triodopsis vannostrandi 23 0 0 0 0 23 
Ventridens sp. 123 0 0 0 0 123 
Ventridens cerinoides 10 1 0 0 0 11 
Xolotrema caroliniense 4 0 0 0 0 4 
Zonitidae 1 0 3 1 0 5 
Total 465 265 148 88 30 996 
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Table 6-25.  Descriptive statistics for each taxon (n=>14) individual snails at Mims Point 
(38ED9) 

Taxon N Mean Median MIN MAX SD 

Anguispira alternata 67 13.4 6 2 29 12.6 
Discus patulus 187 37.4 5 0 163 70.6 
Gastrocopta contracta 16 3.2 0 0 9 4.4 
Gastrocopta rupicola 35 7 0 0 34 15.1 
Glyphyalinia sp. 46 9.2 12 0 22 9.3 
Glyphyalinia indentata 22 4.4 0 0 13 6.2 
Glyphyalinia wheatleyi 19 3.8 0 0 19 8.5 
Hawaiia minuscula 282 56.4 40 7 118 46.1 
Lucilla sp. 64 12.8 2 0 35 16.9 
Practicolella lawae 17 3.4 0 0 17 7.6 
Pupillidae 30 6 1 0 22 9.4 
Triodopsis vannostrandi 23 4.6 0 0 23 10.3 
Ventridens sp. 123 24.6 0 0 123 55.0 

 
Table 6-26.  Habitat preferences for the taxa (n=>14) individual snails at Mims Point 

(38ED9) 

Taxon Open Habitat 
Preferences 

Wooded Habitat 
Preferences 

N/A 

Anguispira alternata   X 
Discus patulus  X  
Gastrocopta contracta   X 
Gastrocopta rupicola X   
Glyphyalinia sp.  X  
Glyphyalinia indentata   X 
Glyphyalinia wheatleyi  X  
Hawaiia minuscula   X 
Lucilla sp. X   
Practicolella lawae  X  
Pupillidae X   
Triodopsis vannostrandi   X 
Ventridens sp.  X  

 
Table 6-27.  The total number and percentages of snails within the taxa with open and 

wooded habitat tendencies found in each feature at Mims Point (38ED9) 

Feature Open Habitat 
Taxa (n) 

Open Habitat 
Taxa 

Wooded Habitat 
Taxa (n) 

Wooded 
Habitat Taxa 

1 28 7.7% 334 92.3% 
50 91 80.5% 22 19.5% 
66 8 32.0% 17 68.0% 
51 2 9.5% 19 90.5% 
52 0 0.0% 0 0.0% 
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Table 6-28.  Summary statistics for the total number of snails within the taxa with open 
and wooded habitat tendencies in the features from Mims Point (38ED9) 

Feature Open 
Habitat 
Taxa  
(n) 

Open 
Habitat 
Taxa 

(mean) 

Open 
Habitat 
Taxa 
(SD) 

Wooded 
Habitat 
Taxa  
(n) 

Wooded 
Habitat 
Taxa 

(mean) 

Wooded 
Habitat 
Taxa 
(SD) 

Total 

1 28 9.3 15.3 334 66.8 71.0 362 
50 91 30.3 7.2 22 4.4 9.8 113 
66 8 2.7 3.8 17 3.4 5.3 25 
51 2 0.7 1.2 19 3.8 8.5 21 
52 0 0.0 0.0 0 0 0.0 0 

 
Table 6-29.  Chi-square results comparing the association of the taxa with open and 

wooded habitat tendencies within the features from Mims Point (38ED9) 

 1 50 66 51 52 Total 

Open Habitat Taxa 28 91 8 2 0 129 
Wooded Habitat Taxa 334 22 17 19 0 392 

Total 362 113 25 21 0 521 
X2= 248.31      
df= 3      

p-value= <0.0001      

 
 
 

 

Figure 6-1.  Percentages of the snails within the taxa with open and wooded habitat 
tendencies across the strata within LP81 at Stallings Island 



 

133 

 

Figure 6-2.  Percentages of the snails within the taxa with open and wooded habitat 
tendencies across the strata (excluding Stratum IIIA) within LP81 at Stallings 
Island  

 

 

Figure 6-3.  Means and standard deviations of the total number of snails in the taxa with 
open and wooded habitat tendencies across the strata within LP81 at 
Stallings Island 
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Figure 6-4.  Percentages of the snails within the taxa with open and wooded habitat 
tendencies across Strata VI, IV, III, and I within LP81 at Stallings Island 

 

 

Figure 6-5.  Percentages of the snails within the taxa with open and wooded habitat 
tendencies between Strata III and I within LP81 at Stallings Island 
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Figure 6-6.  Means and standard deviations of the total number of snails in the taxa with 
open and wooded habitat tendencies among the four main strata within LP81 
at Stallings Island 
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Figure 6-7.  Percentages of the snails within the taxa with open and wooded habitat 
tendencies among Feature 30, which dates to the preceramic Mill Branch 
phase at Ed Marshall (38ED5) 
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Figure 6-8.  Percentages of the snails within the taxa with open and wooded habitat 
tendencies among the features dating to the Early Stallings period at Ed 
Marshall (38ED5) 
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Figure 6-9.  Percentages of the snails within the taxa with open and wooded habitat 
tendencies among the features dating to the Classic Stallings period at Ed 
Marshall (38ED5) 
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Figure 6-10.  Means and standard deviations for the total number of snails within the 
taxa with open and wooded habitat tendencies among the features from Ed 
Marshall (38ED5) 

 

 

Figure 6-11.  Percentages of the snails within the taxa with open and wooded habitat 
tendencies during the Preceramic Mill Branch (PC), Early Stallings (ES), and 
Classic Stallings (CS) periods at Ed Marshall (38ED5) 
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Figure 6-12.  Means and standard deviations for the total number of snails within the 
taxa with open and wooded habitat tendencies among the Preceramic Mill 
Branch (PC), Early Stallings (ES), and Classic Stallings (CS) periods at Ed 
Marshall (38ED5) 
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Figure 6-13.  Percentages of the snails within the taxa with open and wooded habitat 
tendencies among the features at Mims Point (38ED9) 
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Figure 6-14.  Means and standard deviations of the total number of snails within the 
taxa with open and wooded habitat tendencies among the features from Mims 
Point (38ED9) 
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Figure 6-15.  Plan distribution of features at Mims Point (38ED9), showing projected pit 
feature clusters of a circular domestic compound with a central area largely 
devoid of features (Sassaman n.d.)
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CHAPTER 7 
CHANGES OVER TIME 

During the analysis, several samples within each site were dated utilizing pottery 

artifacts and radiocarbon assays from mainly wood charcoal, some hickory nutshell, and 

diagnostic.  The radiocarbon assays resulted in the establishment of three main time 

periods represented within the three sites.  The time periods include the Preceramic 

phase (including Mill Branch and Paris Island), the Early Stallings period, and the 

Classic Stallings period (Table 7-1).  All of the strata from the Looters’ Pit (LP81) at 

Stallings Island and one of the features, Feature 30, from Ed Marshall (38ED5) were 

dated to the Preceramic Late Archaic, specifically the Mill Branch and Paris Island 

phases.  Radiocarbon assays dated LP81 from 3860+70 B.P. to 4840+70 B.P. and 

Feature 30 at 4140+90 B.P. (Sassaman et al. 2006).  Four features, Features 8, 17, 22, 

and 24, from Ed Marshall (38ED5) were dated to the Early Stallings period (ranging 

from 3840+90 B.P. to 3800+60 B.P.) (Sassaman n.d.).  Three features, Features 37b, 

55, and 56, from Ed Marshall (38ED5) and all of the features from Mims Point (38ED9), 

Features 1, 50, 66, 51, and 52, were dated to the Classic Stallings period (ranging from 

4025+70 B.P. to 3580+60 B.P.) (Sassaman n.d.).  Based on the chronological 

sequence of the strata and features from Stallings Island, Ed Marshall, and Mims Point 

the taxa with open habitat tendencies and the taxa with wooded habitat tendencies were 

compared over time among the three time periods in an attempt to detect regional 

changes in the environment and the archaeological snails’ habitats. 

Results 

The total number and percentages of individuals within the taxa with open habitat 

tendencies and wooded habitat tendencies were compared among the samples in 
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chronological order and are listed on Table 7-2.  The total number of individuals in the 

taxa with open habitat tendencies within the samples from the Preceramic Mills Branch 

phase range from 2 to 1360 (1.5% to 72.1%).  The total number of individuals in the 

taxa with wooded habitat tendencies within the samples from the Preceramic Mills 

Branch phase range from 65 to 1147 (44.2% to 67.5%).  The total number of individuals 

in the taxa with open habitat tendencies within the samples from the Early Stallings 

period range from 0 to 67 (0% to 26.5%).  The total number of individuals in the taxa 

with wooded habitat tendencies within the samples from the Early Stallings period range 

from 48 to 290 (73.5% to 100%).  The total number of individuals in the taxa with open 

habitat tendencies within the samples from the Classic Stallings period range from 0 to 

91 (0% to 80.5%).  The total number of individuals in the taxa with wooded habitat 

tendencies within the samples from the Classic Stallings period range from 0 to 334 (0% 

to 92.3%).   

A shift in the percentages throughout all of the samples is illustrated on Figure 7-1.  

More snails were found to have wooded habitat tendencies in the samples from 

Stallings Island (LP81), including Strata VI, IV, IIID, IIIC, IIID, and ID.  A shift occurs in 

the next three samples from Stallings Island (LP81), Strata IC and IB, and Ed Marshall 

(38ED5), Feature 30, where more snails were observed to have open habitat 

tendencies.  The next six samples from Ed Marshall, Features 8, 17, 22, 24, and 37b, 

and Mims Point, Feature 1, were observed to have more individual snails with wooded 

habitat tendencies.  The next three samples continue to alternate from more individual 

snails with open habitat tendencies (Ed Marshall, Feature 55, and Mims Point, Feature 

50) and wooded habitat tendencies (Ed Marshall, Feature 56).  The next two samples 
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were observed to have more individual snails with wooded habitat tendencies (Mims 

Point, Features 66 and 51).  The most recent sample, Mims Point, Feature 52, did not 

have any snails with open or wooded habitat tendencies. 

To compare the different time periods, the samples within each period were 

combined and the results are listed on Table 7-3.  In the preceramic Mill Branch phase, 

a total of 3983 (47.1%) individual snails were found within the taxa with open habitat 

tendencies and a total of 4474 (52.9%) individual snails were found within the taxa with 

wooded habitat tendencies.  In the Early Stallings period, a total of 103 (13.8%) 

individual snails were found within the taxa with open habitat tendencies and a total of 

643 (86.2%) individual snails were found within the taxa with wooded habitat 

tendencies.  In the Classic Stallings period, a total of 255 (25.2%) individual snails were 

found within the taxa with open habitat tendencies and a total of 757 (74.8%) individual 

snails were found within the taxa with wooded habitat tendencies. 

The percentages of snails with open and wooded habitat tendencies within the 

three time periods are illustrated on Figure 7-2.  It is apparent that more snails with 

wooded habitat tendencies were present in all three time periods; however, an increase 

in the percentage of snails with wooded habitat tendencies occurred during the Early 

Stallings period (Figure 7-2).   

The Chi-square test was used to determine the strength of associations between 

the habitat tendencies and habitat types among the three time periods, Preceramic, 

Early Stallings, and Classic Stallings and resulted in a Chi-square value of 448.44 (df=2) 

and a p-value of <0.0001 (Table 7-4), which suggests an extremely significant 

association.  Regardless of the dependent sampling method concerns, nonrandom 
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associations among habitat tendencies, habitat types, and ultimately the three time 

periods (samples over time) are evident in the numerical data alone, which is verified by 

the Chi-square statistic even if its probability values cannot be accepted uncritically due 

to the biases of dependent data. 

Discussion 

The results of the analysis indicate that the three time periods were comprised of 

more wooded habitats than open habitats based on the percentages of snails within the 

taxa previously identified as having open or wooded habitat tendencies.  However, upon 

analyzing the sites separately, variations in the taxa with open and wooded habitat 

tendencies were apparent, which indicated several shifts in open and wooded habitats 

over time, with more variations in the Classic Stallings period, possibly due to spatial 

variations (Figure 7-1).  An increase in the taxa with wooded habitat tendencies was 

observed during the Early Stallings period (Figure 7-2).  However, all of the samples 

within the Early Stallings period were from the Ed Marshall site.  This may indicate a 

time of limited use at Ed Marshall due to unfavorable conditions possibly due to 

flooding.  The shift in taxa with open and wooded habitat tendencies over time also 

indicates more intensive occupation of the sites during the preceramic Mill Branch 

phase, less occupation during the Early Stallings period, and a return of habitation 

during the Classic Stallings period (Figure 7-2).  The changes in habitation, suggested 

by the shift in environmental conditions apparent by the variations in the snail fauna at 

the sites, support previous evidence of the habitation fluctuations at the sites over the 

three time periods present in this research. 
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Table 7-1.  Radiocarbon dates associated with samples from Stallings Island (LP81), Ed 
Marshall (38ED5), and Mims Point (38ED9) and the corresponding periods: 
Preceramic (PC), Early Stallings (ES), and Classic Stallings (CS) (Sassaman 
n.d.; Sassaman et al. 2006) 

Period Site Stratum/Feature C14 Dates (B.P.) 

PC LP81 VI 4360 + 70; 4830 + 70 
PC LP81 V 4370 + 70 
PC LP81 IV 4260 + 70 
PC LP81 IIIB 4210 + 60 
PC LP81 IB / IC 4140 + 70 
PC LP81 IA 4210 + 60 
PC 38ED5 30 4140 + 90 
ES 38ED5 8 - 
ES 38ED5 17 - 
ES 38ED5 22 3840 + 90 
ES 38ED5 24 3800 + 60 
CS 38ED9 1 4025 + 65 
CS 38ED5 37b 3560 + 60 
CS 38ED5 55 - 
CS 38ED5 56 - 
CS 38ED9 50 - 
CS 38ED9 66   3700 + 150 

CS 38ED9 51 3580 + 60 
CS 38ED9 52 - 
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Table 7-2.  Total number and percentages of the snails within the taxa with open and 
wooded habitat tendencies in the samples from Stallings Island (LP81), Ed 
Marshall (38ED5), and Mims Point (38ED9) in chronological order 

Period Site Stratum/ 
Feature 

Open 
Habitat 
Taxa (n) 

Open 
Habitat 

Taxa (%) 

Wooded 
Habitat 
Taxa (n) 

Wooded 
Habitat 

Taxa (%) 

PC LP81 VI 53 16.2% 274 83.8% 
PC LP81 IV 23 6.9% 308 93.1% 
PC LP81 IIID 553 32.5% 1147 67.5% 
PC LP81 IIIC 602 36.0% 1070 64.0% 
PC LP81 IIIA 2 1.5% 131 98.5% 
PC LP81 ID 465 44.1% 589 55.9% 
PC LP81 IC 843 69.9% 363 30.1% 
PC LP81 IB 1360 72.1% 527 27.9% 
PC 38ED5 30 82 55.8% 65 44.2% 
ES 38ED5 8 0 0.0% 48 100.0% 
ES 38ED5 17 27 18.5% 119 81.5% 
ES 38ED5 22 9 3.0% 290 97.0% 
ES 38ED5 24 67 26.5% 186 73.5% 
CS 38ED9 1 28 7.7% 334 92.3% 
CS 38ED5 37b 58 15.8% 309 84.2% 
CS 38ED5 55 53 63.1% 31 36.9% 
CS 38ED5 56 15 37.5% 25 62.5% 
CS 38ED9 50 91 80.5% 22 19.5% 
CS 38ED9 66 8 32.0% 17 68.0% 
CS 38ED9 51 2 9.5% 19 90.5% 
CS 38ED9 52 0 0.0% 0 0.0% 

 
Table 7-3.  Total number and percentages of the snails within the taxa with open and 

wooded habitat tendencies in the samples from the Preceramic Mills Branch 
(PC), Early Stallings (ES), and Classic Stallings (CS) periods 

Period Open 
Habitat 
Taxa (n) 

Open 
Habitat 

Taxa (%) 

Wooded 
Habitat 
Taxa (n) 

Wooded 
Habitat 

Taxa (%) 

PC 3983 47.1% 4474 52.9% 
ES 103 13.8% 643 86.2% 
CS 255 25.2% 757 74.8% 
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Table 7-4.  Chi-square test results comparing the association of the snails within the 
taxa with open and wooded habitat tendencies and the three time periods: 
Preceramic Mills Branch (PC), Early Stallings (ES), and Classic Stallings (CS) 

Period Open 
Habitat 
Taxa (n) 

Wooded 
Habitat 
Taxa (n) 

Total df Chi-
square 

p-value 

PC 3983 4474 8457 2 448.44 <0.0001 
ES 103 643 746    
CS 255 757 1012    

Total 4341 5874 10215    

 
 
 
 

 

Figure 7-1.  Percentages of snails within the taxa with open and wooded habitat 
tendencies in chronological order across the samples from Stallings Island 
(LP81), Ed Marshall (38ED5), and Mims Point (38ED9) 
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Figure 7-2.  Percentages of snails within the taxa with open and wooded habitat 
tendencies in chronological order in the samples from the three time periods: 
Preceramic Mills Branch, Early Stallings, and Classic Stallings periods



 

149 

CHAPTER 8 
CONCLUSION 

This study was enabled by the collection of modern snails from known habitats.  

The interpretations of the archaeological snails were based upon the modern land snail 

collections and records of the ecological conditions under which they lived.  In addition 

to the modern land snail data and habitat tendencies observed through the analysis of 

the modern snail samples, referencing historical records was also an essential part of 

this research to conclude habitat tendencies within the taxa. 

Previous literature has utilized terrestrial gastropods to interpret past 

environmental/climate conditions at archaeological and modern sites (Peacock and 

Gerber 2008).  This research concluded that properly collected and processed 

archaeological soil samples, in combination with a modern representative collection for 

comparison, can provide adequate numbers of terrestrial gastropods that can ultimately 

be used to interpret past habitat conditions.  The presumed habitat conditions of the 

snail taxa can then be used along with other data, including organic materials, 

vertebrate fauna, charcoal, and other artifacts, to suggest the location of habitat 

structures and anthropogenic land use.  It must be noted that proper collection 

techniques, i.e. bulk soil samples, and proper soil processing techniques, such as fine 

screening and water screening, are essential to the proper recovery of terrestrial snails 

due to the variation in shell sizes from less than 1mm to several centimeters.  Recovery 

of minute snails is crucial to gathering a full representation of the snail fauna to use as 

indicators for past environmental conditions.  Nekola and Coles (2010) specifically state 

that snails in the family Pupillidae must be adequately sampled and correctly identified 

to properly quantify diversity within snail populations, which ultimately may show habitat 
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preferences.  Without the proper sampling techniques and correct identifications of all 

the snail taxa present at the site, the results may be skewed and void due to the missing 

data (Nekola and Coles 2010).   

In addition to proper sampling techniques, the collection of modern comparative 

samples from the same geographical area is an essential part of this type of research.  

Due to the variation in habitat preferences based on geographical locations, modern 

samples collected in the same area from known habitats is necessary for the proper 

analysis of the snails when interpreting the taxa’s habitat preferences due to species 

variations (Peacock and Gerber 2008).   

The archaeological terrestrial snails, along with the modern samples, permitted the 

interpretation of the habitats at the three sites within this study: Stallings Island, Ed 

Marshall, and Mims Point.  The archaeological snails from the midden (LP81) at 

Stallings Island allowed a comparison of the ambient habitat conditions over time and 

indicated a disturbance event that created more open habitat conditions in the upper 

strata.  The archaeological snails from Ed Marshall indicated more wooded conditions 

during the Early Stallings period, which supported a decrease in habitation.  The 

archaeological snails from Mims Point supported the central village plaza concept 

previously observed through the analysis of other artifacts and remains at the site by 

indicating more of an open habitat in the central plaza of the village (Sassaman et al. 

2006).   

Three main time periods, preceramic Mill Branch phase, Early Stallings period, 

and Classic Stallings period, were represented at the three sites.  The archaeological 

snails were compared over the three time periods and showed fluctuations in the 
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habitats over time with an overall shift in habitat type from wooded to open habitat 

conditions in the preceramic Mill Branch phase to an increase in wooded habitat 

conditions during the Early Stallings phase (as seen at Ed Marshall) and a decrease in 

wooded habitat conditions during the Classic Stalling phase.  The shift over time 

indicates a period of land clearance (more snails in taxa with open habitat tendencies).  

This is possibly the result of intensive habitation during the preceramic Mill Branch 

phase, to a period of forest regrowth (more snails with wooded habitat tendencies) 

possibly associated with inhabitation during the Early Stallings period to an increase in 

land clearance.  The results suggest increased occupation or land use and possibly a 

shift to more permanently and extensively cleared central plaza village complexes 

throughout the Classic Stallings period. 

In conclusion, the hypotheses of this study were supported through the analyses 

of the terrestrial snails: 1) overall, an increase in open habitat species was found 

through time as the intensity of the settlement increased through the Classic Stallings 

period, with a possible break in habitation during the Early Stallings period; 2) variations 

in proportions of open habitat species co-varied with known periods of occupation and 

abandonment at the sites and over time; and 3) within the Classic Stallings phase, open 

habitat species occurred with greatest frequency in central plazas of the permanent 

village at Mims Point. 

Future Research 

This study could have been optimized by additional collections of the modern 

samples.  Research has shown that collecting samples multiple times throughout 

different seasons result in a more holistic representation of the population.  Multiple 
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samples over time allow snails with seasonal or rainfall preferences to be collected and 

gives a better representation of the snail fauna at the sample sites.  

Climatic changes are well known and accepted in archaeology and are often the 

topic of research projects.  Large-scale disturbances have also been found to effect 

terrestrial snail populations (Bloch and Willig 2006).  The results of this study may 

indicate an overall geographical or climatic change or natural large-scale disturbance, 

which created a shift in the snail taxa present at the sites over time rather than local 

habitat changes due to human impacts.  Further research into the climatic conditions 

and shifts occurring during the time periods in question may result in an alternative 

explanation for the shift in snail taxa rather than site-specific environmental impacts due 

to habitat pressures or environmental changes due to the creation of central plaza 

village complexes. 

The death and life assemblages of the modern snails could have been analyzed 

as a portion of this study to determine the actual population being sampled at the 

modern sites.  This could have been done by documenting the number of snail shells 

containing the soft body of the mollusk near the time of collection.  Due to the length of 

time from the original collection and final identifications, this was not possible in this 

study; however, future studies conducted in a similar fashion may want to consider 

incorporating this type of analysis to differentiate what taxa were actually alive at the 

time of collection compared to what taxa were a part of the death assemblage at the 

time of collection.  The age of the shells may identify sampling bias associated with 

mixing the taxonomic data of live and dead assemblages and could be compared for 

additional research interests.  Thurman et al. (2008) determined that dead shell surveys 
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can be used as a predictor of live snail density and are a useful tool for studying the 

ecology of certain species, but are not a perfect numerical predictor due to variation 

differences found between the live and dead snail abundances.  Depending upon the 

species, the life assemblages will be more indicative of the present environmental 

conditions and comparing the two assemblages may alert the researcher that additional 

collections are needed in order to get a better sample for that particular habitat or 

environmental condition (Thurman et al. 2008). 

Several taxa were identified in the archaeological samples that were either not 

found in the modern samples or only found in very small numbers.  Some of the taxa 

include Anguispira alternata, Discus patulus, Haplotrema concavum, Triodopsis 

species, and Xolotrema caroliniense.  Others were identified in the modern samples but 

not in the archaeological samples or were found in very limited numbers.  Some of 

these taxa include Paravitrea capsella, Patera species, Polygyra pustuloides, Striatura 

meridionalis, Strobilops labyrinthica, and Zonitoides arboreus.  Some of the taxon have 

certain habitat preferences; however, others are considered generalists (Table 4-5).  

The shift in the presence/absence or increase/decrease in numbers of the snails within 

each taxon may indicate a shift in climatic conditions creating temperature or rainfall 

changes or other environmental constraints.  The change could be related to the 

increase of human activity and/or increases in environmental contaminants such as 

pesticides, herbicides or other pollutants.  Trace metals and polycyclic aromatic 

hydrocarbons have successfully been measured in terrestrial snails to interpret the 

biological impact of atmospheric pollutants on the environment in urban areas (Regoli et 

al. 2006).  Harms (2008) used snail assemblages to study changes to the regional 
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environment in combination with radiocarbon dating.  In addition, analyzing the 

archaeological and modern soil samples for pollutants could be combined with the 

taxonomic data, and possibly radiocarbon dating, to interpret the changes that may 

have occurred and impacted the snails that are present or absent today. 

Morphometric analysis could also be conducted on the snails identified in this 

study to interpret environmental impacts and changes over time.  Pressures from 

population density have been negatively associated with body size within species due to 

intraspecific competition (Perry and Arthur 1991).  The associations between population 

density and body size have also been studied in single and mixed colonies to locate 

interspecific competition effects (Cameron and Carter 1979; Perry and Arthur 1991).  

Intraspecific variation in shell morphology, including shell size, relative shell height, and 

whorl number have been used in combination with heavy metal concentrations from the 

soil, plants, and soft bodies of snails to interpret heavy metal bioaccumulation in an 

attempt to discover increased anthropogenic pressures leading to increased pollution 

(Nica et al. 2012).  Soil acidification may also be altered from increases in pollution and 

other human activities; therefore, soil pH, which is correlated to the concentration of 

calcium, may affect some terrestrial snails and can be studied by analyzing the 

correlations of shell chemical composition, soil composition, and species richness and 

density (Gӓrdenfors et al. 1995).    

The change in morphological features may also be used to indicate increased 

population pressures in addition to environmental changes (Williamson, et al. 1976; 

Tattersfield 1981; Goodfriend 1986; Baur 1988).  Analyzing the variations in the sizes 

between the taxa with open habitat tendencies and the taxa with wooded habitat 
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tendencies may also give strong indications for shell size, shape, and thickness as it 

relates to the habitat preferences of the taxon.  Baur (1988) determined that shell height 

and number of whorls was not influenced by habitat and concluded it was negatively 

correlated with population density and positively correlated with the degree of plant 

cover within the habitat.  Tattersfield (1981) also determined that shell size was not 

influenced by environmental factors; however, mean shell size was negatively 

associated with population density.  Larger snails are often associated with moister 

conditions and smaller adult snail sizes may be related to higher population densities 

(Goodfriend 1986).  In contrast, smaller relative aperture areas and whorl cross-

sectional areas are often related to drier conditions (Goodfriend 1986).  Shell 

dimensions including the thickness and width of the apertural lip, the shape, size and 

placement of the internal lamellae, and the general shell form can also be used to 

identify certain species (Nekola and Barthel 2002).  Shell size, genetic variations, and 

marks of predation have also been used to study microgeographic adaptation to biotic 

aspects of the environment (Schilthuizen et al. 2006).  Backeljau et al. (2009) attempted 

to determine if large clearcuts and reforested areas within a known forest taxon could 

be associated with morphometric variability (e.g. aperture size) in addition to altered 

genetic composition in neutral genetic markers.  These types of analyses could also be 

conducted with the modern or archaeological samples or in future research from these 

sites. 

Other research has shown that past cultural groups relied heavily on snails for 

human consumption.  The use of the snails located in this study should also be 

considered; however, most snails known to be used for human consumption were larger 
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sized taxa and easily provided a source of meat for consumption.  The majority of snails 

in this study were minute species and were approximately 1 to 5 mm long/in diameter.  

Only a few taxa in the genus Mesodon would have provided a large source of meat for 

consumption.  These were identified at several of the sites, but none of the individuals 

had any indications on the shell that they had been used for consumption.  Some 

indicators would have been soot from charcoal or certain portions of the shell would 

have been broken to release the soft body of the mollusk.  Due to the smaller sizes and 

lack of indicators for past consumption of the snails in this study, human consumption 

was not considered as a reason for the snail assemblages being found in the 

archaeological samples.  

Future research involving snail assemblages, archaeological or modern, should 

also consider analyzing the surrounding soil matrix for extractable calcium, water-

soluble calcium and pH (Hotopp 2002; Nekola 2010).  These three soil parameters have 

been shown to be related to land snail communities and cause changes in the 

ecosystems due to the role of land snails in cycling calcium to higher trophic levels 

(Hotopp 2002).  The soil chemistry measurements can also be correlated with snail 

abundance and species richness to test the associations (Hotopp 2002; Nekola 2010).  

Due to the bulk soil sampling methods commonly utilized in archaeological excavations, 

and litter sampling methods used in modern sampling, soil analysis could easily be 

utilized for additional data regarding the land snail abundance and richness at the sites.  

Soils collected from modern sites could also be used to determine snail preferences for 

calcium and pH and compared to the corresponding archaeological samples.  

Unfortunately, the soil samples in this study were not available for chemical analysis. 
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Summary 

Terrestrial snails from archaeological and modern sites have the potential to assist 

in a variety of research areas involving the environment, which was supported in the 

results of this research and the prior research mentioned above.  The potential research 

areas include environmental archaeology, anthropology, paleoecology, ecology, 

climatology, and environmental science, including anthropogenic impacts on the 

environment and studies involving pollution.  This study only involved a sites in the 

southeastern United States; however, terrestrial snails can be utilized in virtually any 

research area due to their large geographical ranges and their sensitivity to the 

surrounding environment.  Terrestrial snails are an invaluable resource to scientists and 

should be considered for future research projects involving past or present 

environmental conditions and environmental impacts.
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