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Finally, the cultural resource review of the WHPD indicated that no designated historic structures have been
recorded within one mile of the Study Area.

Other historical structures and archaeological sites may be present in or near the study area but have not
been discovered or reported to the State Historical Preservation Office and the Office of State Archaeologist
of Wisconsin.
Wisconsin Statute § 44.40 states that archaeological sites and above-ground architectural/historic
resources can be protected during the course of state agency activities (grants, funding, permits, ground
disturbing projects) if the sites have been recorded with the State Historic Preservation Office and the
Office of the State Archaeologist. Under Wisconsin Statute §157.70, all burials on non-federal public
lands and private lands in the state are protected from disturbance.
This review determined that previously recorded archaeological or cemetery/burial sites or inventoried
above-ground architectural/historic resources are not present within the Project Study Area. Typically, in
accordance with Wisconsin Statutes §44.40 and §157.70, archaeological and above-ground
architectural/historic surveys would not be required for the Project. However, previous guidance from
WDNR Office of Energy has included recommendations for utility scale solar developers to perform
additional investigations beyond the database review.
Based on the prior experiences of other solar developers applying for a Certificate of Public Convenience
and Necessity through the Wisconsin Public Service Commission, we recommend GSD Farming engage
a consultant to perform probabilistic modeling to determine areas within the Project which have the
highest potential for field identification of cultural resources and then have field investigations performed
in those limited areas.
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ABSTRACT
Commonwealth Heritage Group, Inc. (Commonwealth) was contracted by Stantec Consulting
Services Inc. (Stantec) to conduct archaeological survey on behalf of Wood County Solar Project,
LLC (WCSP) for the proposed WCSP Wood County Solar Project (the Project) in Wood County,
Wisconsin. Archaeological survey was conducted in support of WCSP’s Application to the Public
Service Commission of Wisconsin for a Certificate of Public Convenience and Necessity (CPCN)
in accordance with Wisconsin Statute § 196.491(3) and Wisconsin Administrative Code § PSC
111.53. The Project Area was defined to include all areas of potential ground disturbance,
encompassing 1,645 acres (ac) (665 hectares [ha]). Because the Project will require a CPCN, it
must comply with the regulations of Wisconsin Statutes §44.40 and §157.70. Wisconsin Statutes
§ 44.40 states that archaeological sites and above-ground architectural/historic resources can be
protected during the course of state agency activities (grants, funding, permits, ground disturbing
projects) if the sites have been recorded with the State Historic Preservation Office and the Office
of the State Archaeologist. Under Wisconsin Statute §157.70, all burials on non-federal public
lands and private lands in the state are protected from disturbance.
Background research indicates that there are no previously recorded archaeological or
cemetery/burial sites or inventoried above-ground architectural/historic resources within the
Project Area. Therefore, archaeological and above-ground architectural/historic surveys are not
required by Wisconsin Statutes §44.40 and §157.70. Although cultural resource investigations are
not required by state statutes, limited archaeological investigations were proactively conducted in
portions of the Project Area identified by a predictive model as having a high priority for
archaeological survey based on their potential for archaeological resources. The modeling and
subsequent 119 ac (48 ha) survey were part of a due diligence effort to identify archaeological
resources within the Project Area and provide Stantec and WCSP with information regarding
potentially significant historic properties. No archaeological survey was conducted along the
generation-tie line routes because they did not contain any areas identified as high priority by the
model. No new archaeological sites were identified as a result of the due diligence efforts. Based
on the results of survey, Commonwealth concludes that the project will have no effect on historic
properties.
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1.0

INTRODUCTION

Commonwealth Heritage Group, Inc. (Commonwealth) was contracted by Stantec Consulting
Services Inc. (Stantec) to conduct archaeological survey on behalf of Wood County Solar Project
LLC (WCSP) for the proposed WCSP Wood County Solar Project (the Project) in Wood County,
Wisconsin. Archaeological survey was conducted in support of WCSP’s Application to the Public
Service Commission of Wisconsin for a Certificate of Public Convenience and Necessity (CPCN)
in accordance with Wisconsin Statute § 196.491(3) and Wisconsin Administrative Code § PSC
111.53. The Project Area was defined to include all areas of potential ground disturbance,
encompassing 1,645 acres (ac) (665 hectares [ha]). Because the Project will require a CPCN, it
must comply with the regulations of Wisconsin Statutes §44.40 and §157.70. Wisconsin Statutes
§ 44.40 states that archaeological sites and above-ground architectural/historic resources can be
protected during the course of state agency activities (grants, funding, permits, ground disturbing
projects) if the sites have been recorded with the State Historic Preservation Office and the Office
of the State Archaeologist. Under Wisconsin Statute §157.70, all burials on non-federal public
lands and private lands in the state are protected from disturbance.
Background research indicates that there are no previously recorded archaeological or
cemetery/burial sites or inventoried above-ground architectural/historic resources within the
Project Area (Figure 1.0-1). Therefore, archaeological and above-ground architectural/historic
surveys are not required by Wisconsin Statutes §44.40 and §157.70. Although cultural resource
investigations were not required by state statutes, limited archaeological investigations were
proactively conducted in portions of the Project Area identified by a predictive model as having a
high priority for survey based on their potential for archaeological resources. Archaeological
survey of the 119 ac (48 ha) of high priority areas within the Project Area was conducted in October
and November 2019.
The predictive modeling and archaeological survey were part of a due diligence effort in support
of the CPCN and to provide Stantec and WCSP with information regarding potentially significant
historic properties within the Project Area. It is Commonwealth's understanding that at the present
time, the Project will not require federal assistance or authorization, and therefore is not an
undertaking subject to Section 106 review.
1.1

PROJECT DESCRIPTION

The Project Area encompasses 1,645 acres (665 hectares) of potential ground disturbance
associated with the development of the proposed solar farm. A subset of the Project Area identified
by a predictive model as having a high potential for archaeological resources was subjected to
archaeological survey
Commonwealth field crews conducted the archaeological survey of the Project Area between
October 28 and November 1, 2019. Survey was conducted in accordance with the Guide for Public
Archeology in Wisconsin (Dudzik et al. 2012) and the Secretary of the Interior’s Standards and
Guidelines for Archaeology and Historic Preservation (National Park Service 1983).
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This report is organized into seven sections. Following this introductory section, the environmental
setting of the Project Area is presented in Section 2. Section 3 contains a concise regional culture
history, as well as the archaeological literature and records review, including a discussion of
previously recorded sites in the vicinity of the Project Area, and reviews of historic maps and aerial
photographs. Section 4 discusses the specific methods employed during the course of
investigations. The results of the field investigations are presented in Section 5, and Section 6
provides a summary and recommendations. References are listed in Section 7. The report is
supplemented by appendices containing complete survey coverage maps (Appendix A) and the
Archaeological Report Inventory (ARI) form (Appendix B).
Archaeological survey was conducted by a crew consisting of Jenee Gesler, Preston Beecher, Dave
Carr, and David Strange under the direction of Principal Investigator Dr. Richard W. Edwards, IV.
This report was authored by Dr. Edwards and Elissa Hulit. Megan Harding, Elissa Hulit, and Dr.
Edwards prepared the graphics. Dr. Robert J. Watson edited the report and provided overall project
management.
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2.0

ENVIRONMENTAL BACKGROUND

Ecologically, the Project Area falls primarily within the Central Sand Plains Ecological Landscape
of the Ecological Landscapes of Wisconsin classificatory system (Wisconsin Department of
Natural Resources [WDNR] 2015). The Ecological Landscapes of Wisconsin are part of a
hierarchical system developed by an interdisciplinary WDNR team to classify the state into
ecoregions, or ecological landscapes with similar ecology and management opportunities. The
Ecological Landscapes of Wisconsin are based substantially on the National Hierarchical
Framework of Ecological Units (NHFEU) developed by the United States Forest Service (Cleland
et al. 2007) and encompass the Land Type Associations (LTAs) of the NHFEU (WDNR 2015).
LTAs are ecological areas that are much smaller than Ecological Landscapes, ranging in size from
10,000 and 300,000 acres. In Wisconsin, they are usually based on glacial features like individual
moraines or outwash plains (WDNR 2015).
2.1.1 Central Sand Plains Ecological Landscape
The Central Sand Plains Ecological Landscape is comprised of 24 LTAs encompassing 2,188,861
ac (8,858,001 ha), or 6.1 percent of the total land area of Wisconsin (WDNR 2015). The landscape
of the Central Sand Plains was primarily formed by outwash of Glacial Lake Wisconsin and
melting glaciers to the north. The topography is generally flat, except for buttes, mounds,
pinnacles, and cliffs along the Wisconsin River and its tributaries. The hydrology is dominated by
wetlands, small cold-water streams and large warm water rivers. Major waterways include the
Wisconsin, Black, Yellow, and Lemonweir rivers. Subsoils developed from deep sand deposits
originating from glacial or lacustrine deposits (WDNR 2015).
Currently, forested uplands are the dominant land cover (forested uplands 42%, forested wetlands
10%). Agriculture (16%), non-forested wetlands (13%) and grasslands (12%) account for the bulk
of the remaining land. Forest cover includes jack pine, oak, white pine, and swamp conifers
(WDNR 2015).
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3.0

3.1

OCCUPATIONAL HISTORY AND LITERATURE AND RECORDS REVIEW

OCCUPATIONAL HISTORY

Paleoindian Tradition (12,000 BC to 10,000 BC)
The Paleoindian tradition (12,000 BC to 10,000 BC) in Wisconsin began by the end of the
Pleistocene Glacial Epoch, if not before, as people began to populate what is now the American
Midwest (Overstreet 1993). By 14,000 years ago, the glacial ice mass that surrounded the region
had withdrawn creating a landscape very different from today. The post-glacial landscape was
open parkland with tundra-like vegetation and was home to a variety of animals including
mammoths and mastodons, as well as an extinct species of bison. Paleoindian populations were
highly nomadic hunter-gatherers, moving in small bands in search of food and other subsistence
resources. Therefore, Paleoindians sites are small, relatively ephemeral, and are commonly
identified based on the recovery of distinctive spear tips that occur across much of North America
(Mason 1997). During the Paleoindian tradition, Great Lakes water levels varied significantly from
modern-day elevations. The distribution of early sites reflects these differences in lake level
elevation (Larsen 1987). Paleoindian sites are commonly found at higher elevations and landward
of the beaches associated with the Lake Algonquin high-water stage and the early stages of its
recession (Mason 1986:187, 1997).
Archaic Tradition (8,000 BC to 500 BC)
The Archaic tradition, dating from sometime after 8000 BC to 500 BC, overlaps and follows the
Paleoindian Tradition. At the end of the Ice Age around 12,000 BC, the climate began to warm
and became drier, which led to major changes in the plant and animal communities of Wisconsin.
Over time, many large-game species became extinct, and prairie and hardwood forests came to
dominate much of Wisconsin. Archaic tradition hunters-gatherers adapted to this new
environment, shifting their focus to game such as deer and elk, the abundant fish in the Mississippi
River, and wild plants such as nuts and berries. Archaic peoples lived in small household groups,
often camping in rock shelters during the winter and along streams during the summer. Regional
spear point styles developed during the Archaic, and smaller, well-defined territories for hunting
and harvesting wild plants were established (Stoltman 1997).
Archaeologists divide the Archaic tradition into three stages: Early, Middle, and Late. Early
Archaic (8,000 BC to 6,000 BC) sites from the peak of the dry Altithermal are extremely rare in
Wisconsin. It is unclear if this is due to low population densities or subsequent inundation of these
sites following the drought (Stoltman 1997). Early Archaic sites have been identified primarily
from surface finds of diagnostic points (Flick and Goldstein 1993; Stoltman 1991; Boszhardt 1990;
Barth 1985; Harrison 1991). Both Early and Middle Archaic (6,000 BC to 1,200 BC) sites are
typically found near small secondary streams at higher elevations than later sites (Flick and
Goldstein 1993:189; Benchley et al. 1997:78). In general, Middle Archaic sites are more
commonly identified than Early Archaic sites. Middle Archaic sites are distinguished by the
manufacture of distinctive, large side-notched projectile points and/or knives of chert. Copper tools
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and ornaments, as well as groundstone items, are also associated with this period. This includes
the Old Copper Culture, which is primarily identified as a mortuary complex (Ritzenthaler 1957;
Wittry 1957; Brown and Vierra 1983). Copper artifacts are most frequently found in eastern
Wisconsin and commonly include tubular and spherical beads, C-shaped bracelets, spear points,
celts, and knives (Stoltman 1997:127).
The Late Archaic (1,200 BC to 500 BC) is marked by a shift in lithic technology, from notched to
stemmed points, and a sudden decline in the manufacturing of copper tools (Wittry 1959). At this
time, the environment had become more temperate and Late Archaic bands began to settle into
regional niches, moving seasonally from winter rock shelters to summer camps along rivers
(Benchley et al. 1997; Stoltman 1997). Late Archaic sites are more archaeologically visible than
earlier sites, however, most habitation sites are unstratified and are mixed with Early Woodland
materials (Flick 1994). Artifact assemblages suggest a wider subsistence base, and the density of
sites suggests a larger population with a greater occupational intensity (i.e., more permanent
settlements) (Fitting 1975; Stoltman 1973)
By the end of the Archaic tradition, the Red Ochre burial program was used widely in southeastern
Wisconsin. The Red Ochre burial program is characterized by the use of powdered hematite (red
ocher) in graves. Burials often include grave goods, many of which are made from rare and exotic
materials (Overstreet 1980; Ritzenthaler and Quimby 1962; Stoltman 1986). The burial program
is likely associated with Glacial Kame Burial Complex to the east and exemplifies the regional
interconnectedness of the Great Lakes region. It continues into the early Woodland tradition in
parts of Wisconsin and Illinois (Benchley et al. 1997; Stevenson et al. 1997).
Woodland Tradition (500 BC to AD 1200)
The Woodland tradition (500 BC to AD 1200) is characterized by the first appearance of pottery
vessels, burial mounds, and full-scale plant domestication, though the transition is not clearly
demarcated in Wisconsin (Stevenson et al. 1997). Woodland peoples continued to hunt and gather
and supplemented their diet with indigenous crops such as sunflower, goosefoot, squash, corn and
maygrass. By the Late Woodland stage, corn was added to their diet and became more important
through time (Arzigian 1987; Bender et al. 1981). Like Archaic peoples, Woodland peoples
continued to pursue a seasonal round that included occupation of summer residential camps along
the rivers and wintering in the protected interior (Theler and Boszhardt 2000, 2003).
The Woodland tradition is also divided into three stages, Early, Middle, and Late. The Early
Woodland stage (500 BC to 100 BC) is distinguished by the first appearance of ceramics (Baerreis
1953; Salkin 1986; Stevenson et al. 1997). Large game animals including elk and deer were
exploited, as well as a wide range of other smaller game animals, birds, fish, shellfish, and wild
plant resources (Stevenson et al. 1997:156). The Early Woodland is best viewed as a transitional
stage between the Late Archaic hunting and gathering adaptation and the Woodland horticultural
adaptation (Boszhardt et al.1986; Stevenson et al. 1997; Flick 1995).
The Middle Woodland stage (100 BC to AD 500) appears to be a continuation of many patterns
from the Early Woodland. Local populations continued to live in small, seasonally occupied
communities, hunting and gathering in seasonal rounds while growing a variety of plants,
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including squash, sunflower and goosefoot, in small garden plots around the village. Groups
continue to rely heavily on wild resources, with domesticated plants supplementing the diet
(Birmingham and Eisenberg 2000; Stevenson et al. 1997).
Unique to the Middle Woodland, sites often reflect elements of the Hopewell Phenomenon. The
Hopewell Phenomenon is generally thought to represent a ceremonial aspect of life during the
Middle Woodland; evidence of this phenomenon has been recovered from throughout much of the
Midwest and Southeast. Most manifestations include ceremonial earthworks and the use of exotic
trade goods in mortuary and ceremonial contexts (e.g., non-local ceramics, mica, copper, Gulf
Coast shell, obsidian). Where most aspects of Middle Woodland material culture are highly
localized, there is a degree of uniformity in Hopewell assemblages. However, the contexts in which
they are deposited varies regionally. The two best known and most elaborate regional
manifestations are found in Ohio and Illinois. The Illinois variant is known as Havana (Bolnick
and Smith 2007; Brown 1979; Byers 2004; Carr and Case 2006; Charles and Buikstra 2002;
Charles et al. 2004; Van Gilder and Charles 2003). Engagement in the Hopewell Phenomenon was
more common and elaborated in western than eastern Wisconsin (Stevenson et al. 1997). For
unknown reasons, Hopewell mortuary activities ended about AD 400. Burial mound construction
continued after AD 400, although interments lacked the exotic grave goods of Hopewell times
(Birmingham and Eisenberg 2000).
The Late Woodland stage in southern Wisconsin (circa AD 500-1300) exhibits significant regional
variation. Three major developments that occurred during the Late Woodland include the
construction of effigy mounds, introduction of the bow and arrow, and the establishment of a maize
based agricultural economy. The timeframe of AD 400-600 is often described as a transitional
Period between Middle and Late Woodland. By AD 750 effigy mounds, usually shaped as animals,
were constructed by groups using Madison ware ceramics. In eastern Wisconsin, most sites with
Madison ware vessels appear to be small seasonal base camps and are often referred to as Horicon
Phase or non-collared ware sites (Birmingham and Eisenberg 2000; Clauter 2012; Rosebrough
2010; Hurley 1975; Salkin 1987; Stevenson et al. 1997). Little is known about subsistence at noncollared ware sites in southeastern Wisconsin, but it is thought that maize was not an element of
their diet, or at least not a significant one. The role of other domesticated plants is also unclear
(e.g., Salkin 1987; Stoltman 1997). Limited recent carbon isotopes (δ13C) from dog remains
indicate that maize was not a measurable component of the diet (Edwards et al. 2017). In western
Wisconsin, Late Woodland groups appear to have been more sedentary and agricultural (Arzigian
1993; Boszhardt and Goetz 2000).
Circa AD 900, a new ceramic tradition arrived in Wisconsin, and was concentrated in the east half
of the state. These vessels have unique rim forms, known as collars (Kelly 2002; Salkin 1987,
2000). Sites with collared ceramics, often referred to as Keskoskee Phase, are generally larger than
other contemporaneous sites, and exhibit some evidence of maize consumption. Some of the sites
were surrounded by palisades. The inhabitants usually buried the dead in village contexts, rather
than mounds (Salkin 2000; Stevenson et al. 1997). Based on the cultural differences and the
temporal and geographic overlap, collared ware producing groups are often seen as ethnically
distinct and may be a group that migrated from the south or east (Kelly 2002; Salkin 1987, 2000).
However, neither collared ware nor non-collared ware producing groups were homogenous.
Rather, there were likely two broadly different groups made up of multiple independent
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communities with distinct identities (Clauter 2012; Rosebrough 2010). Both groups appear to
occupy southern and central Wisconsin, including the region near the Project Area until
approximately AD 1200-1300 (Stevenson et al. 1997). In western Wisconsin, collared ceramics
are rare, but many Late Woodland sites exhibit a similar pattern of larger, defensive, and more
agriculturally reliant villages (Arzigian 1993; Boszhardt and Goetz 2000).
Late Prehistoric (AD 1000 to AD 1650)
At approximately AD 1050, major shifts in subsistence, settlement systems, and political
organization occurred in many parts of the Eastern Woodlands (Brown 1965; Fowler 1978; Griffin
1937, 1967; Hall 1962; McKern 1945; Overstreet 1981; Pauketat 1994). In Wisconsin, particularly
in the southern half of the state, the Woodland tradition closes in a complex interplay of four
cultural populations. Two of these have been defined as the coeval Late Woodland collared and
non-collared producing groups. Another is the Middle Mississippian culture whose origin lies far
to the south. The fourth is the Oneota (or Upper Mississippian) culture that could represent either
an in situ development or another intrusive population in the area.
Middle Mississippian cultures are associated with large settlements (e.g., Cahokia, East St. Louis),
monumental earthen architecture, and a complex hierarchical social organizations centered on
hereditary rulers (Fowler 1978; Pauketat 1994). Middle Mississippian polities had significant
influence throughout much of the Midcontinent, and established several settlements in Wisconsin,
such as at Fred Edwards (Finney 2013) and Trempealeau (Pauketat et al. 2015) in western
Wisconsin, and Aztalan in eastern Wisconsin (Barrett 1933; Birmingham and Goldstein 2005;
Goldstein and Freeman 1997; Goldstein and Richards 1991). Aztalan has clear connections to the
American Bottom and was likely settled, in part, by Middle Mississippians from Cahokia and the
surrounding regions. The site also had a preexisting Late Woodland population, and the two groups
appear to have politically merged. However, interaction with Cahokia after the migration was
limited, and the site did not remain long occupied (Picard 2013; Richards and Jeske 2002; Zych
2013).
Contemporaneous with the Mississippian cultural expansion is the development of the Oneota
cultural tradition. Some archaeologists (e.g., Theler and Boszhardt 2000) believe that the
development of the Oneota is a result of Late Woodland populations responding to and adopting
Mississippian influence, while others (e.g., Overstreet 1997) argue that the Oneota culture evolved
from the Woodfordian cultural tradition, which was originally rooted in northeastern Illinois. The
Oneota tradition is distinguished by its shell-tempered ceramic jars, triangular points, and
numerous end scrapers (Overstreet 1997; Hall 1962).
Oneota groups in southeastern Wisconsin were agricultural, relying heavily on corn and other
cultivated resources. Acorn, deer, and fish were important buffer resources and were an important
aspect to the diet. Oneota sites are generally clustered close together; subsistence and settlement
data indicate that residents generally stayed near defended village sites whenever practical
(Edwards 2017; McTavish 2019; Olsen 2003).
Major Wisconsin Oneota settlements were located near La Crosse, Lake Koshkonong in Jefferson
County, the Grand Marsh in Green Lake County, the Tomorrow and Waupaca rivers in Waupaca
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County, and in the counties surrounding Lake Michigan (Gibbon 1969, 1986; Hamilton et al. 2010;
Overstreet 1981, 1997). By AD 1250, Aztalan and most contemporaneous Woodland sites appear
to have been abandoned, leaving Oneota groups as the sole inhabitants of southern Wisconsin
(Richards and Jeske 2002). Excepting for Lake Winnebago and La Crosse, Oneota sites in
Wisconsin are abandoned by AD 1400. These later sites continue to roughly AD 1600-1650
(Boszhardt 1998; Overstreet 1997; Richards and Jeske 2002).
Historic Era (Post-AD 1650)
The historic era begins with the first written accounts of Native peoples. The arrival of Europeans
resulted in dramatic changes in Indian cultures. Europeans expanded into this new environment,
adapted to it, and introduced capitalism, industrialism, and urbanism to Wisconsin.
Before Europeans ever entered the region now known as Wisconsin, Native American peoples had
already suffered dramatic decreases in their population due to disease. In turn, there were
significant changes in the social and political structure of Native cultures, including changes in the
settlement and political control of the Upper Great Lakes as eastern populations expanded into this
region. Immediately before European contact, Mesquakie groups are known to have occupied sites
along the shores of Lake Michigan preceding the influx of French trade into the area. During the
early historic period, 1610 to 1670, the Miami and Kickapoo resided in south-central Wisconsin.
The Fox were located northwest of Lake Winnebago in Shawano, Waupaca, and Outagamie
counties (Wyatt 1986:1–15). Finally, the Menominee occupied the eastern shore of Lake Michigan
north of Green Bay, and the Ho Chunk lived in southern Wisconsin (Quimby 1966; Wyatt 1986:1–
15).
The influx of Yankee settlers from the East Coast began early in the nineteenth century. The
immediate concern of the settlers was the milling of two commodities, wheat for flour and lumber
for construction (Birmingham et al. 1997). Almost all of the communities within southeastern and
east-central Wisconsin were founded around milling operations since supplies from back east were
expensive and difficult to obtain until the latter half of the nineteenth century.
Agriculture continued to be a main focus of income through the founding and later periods of the
state. In addition to wheat, a variety of crops were raised throughout the region. Agricultural crops
included corn and oats, and fodder crops such as hay and alfalfa. Specialty crops such as hops,
tobacco, and sorghum were cultivated as early as the 1850s. Dane and Rock counties were heavily
involved in tobacco production (Birmingham et al. 1997; Smith 1985). Between 1840 and 1850,
butter and cheese production increased dramatically with the influx of Native New Yorkers already
experienced in the trade (Smith 1985:525).
3.2

LITERATURE AND RECORDS REVIEW

Prior to archaeological field investigations, a literature and archival review of the Project Area was
conducted. The pre-field research consisted of a review of the Wisconsin Historic Preservation
Database (WHPD) maintained by the Wisconsin State Historic Preservation Office (SHPO) (WHS
2019). Review of the WHPD provided a list of sites within and adjacent to the Project Area; copies
of the site documentation and associated reports were acquired from the SHPO. In addition,
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4.0

METHODS

Survey of the Project Area was conducted in accordance with the Guidelines for Public Archeology
in Wisconsin (Dudzik et al. 2012). Except for previously surveyed areas, all of the high potential
areas within the Project Area were shovel tested due to low surface visibility.
4.1

PRE-FIELD RESEARCH

Prior to fieldwork, Commonwealth personnel conducted pre-field research, including a literature
review of the historic and environmental context of the Project Area, and prepared a predictive
model for survey priority based on probability of archaeological site formation and preservation.
The results of the background research are discussed in Sections 2 and 3. The predictive model is
discussed below.
4.2

SPATIAL MODELING

In order to direct field survey in unsurveyed areas within the Project Area, Commonwealth
prepared a predictive model from archaeological site and survey data and environmental studies
of the region in order to identify high priority areas where the probability of archaeological sites
is highest.
4.2.1 Purpose of Predictive Modeling
Geospatial models are data-intensive, cross-disciplinary, and complex frameworks for organizing
data collected from the past to predict missing or future data (Waters 2002: 37). Creating a
comprehensive environmental model requires a working knowledge of potential environmental
factors for the region of interest, as well as a familiarity with the study subjects (Hengl et al.
2009:3499; Shekhar et al. 2002: 175). In the broadest terms, geographical phenomena are best
conceptualized as closed systems that produce predictable results given a series of known
environmental variables (Waters 2002:38). However, since researchers cannot know every
environmental variable present in a given system, the model must represent an open microworld
in which many variables are known, but some cannot be identified. Such a model has four defining
elements: entities within it; the spatial and temporal structure of the geographic area; the physics
which define interactions between the entities; and a series of logical rules which allows for the
creation of new patterns to be deduced from the first three elements (Waters 2002:39). In spatial
modeling, entities can be divided into independent and dependent variables. The independent
variables are those environmental characteristics that should be assumed to predict the occurrence
of the dependent variables, the prehistoric sites.
There are a variety of ways to go about creating a spatial model ranging from relatively simple
Boolean queries and Weighted Overlay Analysis to the more statistically intensive Linear
Regression and Ecological Niche Factor Analysis. A Boolean query relies on blanket assumptions
about prehistoric site locations, such as “High Probability is any area on flat ground within 500
feet of a permanent waterbody”. This kind of statement is problematic because it forces the
researcher to impose hard limits on environmental phenomena with vague or gradual boundaries.
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It also assumes that current environmental phenomena, such as the location of riverbanks, have
not changed over time. Weighted Overlay Analysis is similar but uses site location data to add
weight to different variables to mimic decision making in that certain variables may be more
important than others, for example, flat ground may be considered much more important than
proximity to water.
Moving into more advanced statistical modeling, traditional logistic regression assumes that the
predictor variables will vary independently of each other, and this assumption cannot be
maintained with geographical phenomena (Hengl 2007:103; O'Sullivan and Unwin 2010:34;
Pawlowsky-Glahn and Olea 2004:1; Shekhar et al. 2002:177). A more appropriate approach is to
use a multivariate statistical technique, such as Principal Components Analysis (PCA), that
converts an unspecified number of possibly related variables into a set of relationships or
components arranged in order of decreasing explanatory power. The principal components can
then be run through a linear regression model to predict the likelihood of existence of sites at a
given location (Hengl 2007:103; Shekhar et al. 2002:177). However, it is important to note that
the results of this kind of analysis can vary as the availability of preferable environmental variables
may differ across the landscape. For example, the results of Mn/Model, a statewide linear
regression model developed for the state of Minnesota, predicted between 55.5 – 95 percent of the
known prehistoric sites across the state (Hudak et. al, 2002:1.6).
Rather than treating prehistoric sites as regular phenomena based on presence/absence of certain
environmental traits this analysis will treat site location as the result of compromises in human
habitat selection. While the literature on ecological modeling tends to treat the terms “habitat” and
“niche” interchangeably, their definitions are based on the level of specificity in defining the study
parameters. Habitat is the combination of resources and conditions that produce a presence by the
test subject and is the appropriate level of study when the availability of resources is equal for all
individuals in the population (Calenge et. al, 2005:144; Calenge and Basille 2008: 674; Thomas
and Taylor 1991:324). In contrast, niche is that area containing a combination of environmental
variables that allows the species to survive and maintain a viable population and that the subject
will choose even when alternatives are present. This requires knowing the relative availability of
various combinations of resources and is the more appropriate level of study when relocations are
coded by animal and availabilities are known for all locations (Calenge et. al, 2005:144-145;
Thomas and Taylor 1990:326). The debate between habitat and niche study regarding prehistoric
cultural groups, as well as study of site selection and site preference is beyond the scope of the
current analysis, so for the purposes of this Project, archaeological sites are considered a niche
location for extraction of resources that contribute to the population survival within the overall
habitat. This study is meant to identify those areas within the Project Area of potential effects
where cultural resource survey is likely to encounter prehistoric sites of any type or duration.
The basis of habitat selection modeling is the comparison of the resource units used by an
individual or group of individuals to the resource units available across the landscape (Calenge et
al. 2005:144; Calenge 2007:1; Thomas and Taylor 1990: 322). Following Thomas and Taylor
(1990:324), there are three general levels of habitat selection design:
•

Stantec/WR-1667

Type I: where each point is an individual animal, landscape use and
availability are considered uniform for the entire population

4-2

•
•

Type II: where individual animals may have multiple points, such that use is
measured for each animal, but availability is considered uniform for the
entire population
Type III: where use is measured for each animal, and availability is allowed
to vary by individual

In all three types of design, the data is collected as point data at the level of the individual and then
aggregated to a population level. Commonwealth’s analysis is modeled after a Type II study
design, where each individual site may have multiple points based on area and availability is
considered uniform. Multi-component sites are not given more weight than single component sites
because it has not been demonstrated that site preservation is correlated with intensity of
occupation. This poses an issue of scale for the modeling of archaeological sites. If the statistical
analysis is based on the point pattern, the researcher needs a way to convert a site polygon into a
reasonable point pattern that will be representative of the overall site area. Using a single point for
a large site would ignore variation in environmental factors within the site. For the purposes of this
analysis, it was decided that the best way to produce a point pattern, representative of sites, would
be to use the acreage of the site boundaries within the study area to determine how many points
each site would receive. These points were then placed randomly within the site boundaries using
the ArcGIS random points tool. Each site was given one randomly placed point for each acre and
one additional point to ensure that sites less than 0.5 acres (ac) (0.2 hectares [ha]) in size were still
represented.
An additional concern in environmental modeling is survey bias. Ecological modeling frequently
deals with presence-only data that can introduce significant bias in predictive modeling unless
additional steps are taken to evaluate the spatial autocorrelation of the data (Calenge et al.
2005:144; Hengl et al. 2009:3500). A traditional problem in archaeological modeling in cultural
resource management context is that survey is rarely random, or it covers so little area that it cannot
produce an adequate picture of where sites are not found. If the survey locations are skewed, then
archaeological modeling must take additional precautions developed specifically for presenceonly data. Environmental characteristics of the area surrounding the Project Area were fed through
several variations of General Niche Environment System Factor Analysis to examine how
relationships between environmental factors relate to site placement. The Mahalanobis Distance
Factor Analysis (MADIFA) was used to compare the environment available to the environmental
factors favored by known sites and to produce a map of areas most similar to those in which sites
are known to have existed.
For this Project, data was processed through two main programs. First, data on habitat variables
were acquired and stored in ESRI ArcGIS formats including shapefiles, geodatabases, and raster
datasets. The second main program used for this process is the R Statistical Software, version 3.6.1
(R Development Core Team 2019). Unlike ESRI ArcGIS, the R Statistics program is open-source,
command-line based, freely available software that provides a flexible and powerful platform for
advanced statistical analysis. It is based around a core group of functions that are downloaded with
the program and is expanded through access to thousands of additional packages offered through
various scholastic institutions. It is also an extremely powerful and versatile program that is
continuously growing and has shown superior processing times for running various statistical
processes when compared to ESRI platforms. Many researchers at the forefront of statistical
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research are active contributors to the R community and frequently release R packages to
accompany journal articles detailing new applications of their statistical methods. However,
graphic capabilities in the R platform are not as visually appealing as in ArcGIS. Initial data
processing is performed in ArcGIS. Statistical analysis is performed in R, and the results are turned
back into ESRI format for final visualization and reporting.
4.2.2 Setting up the Variables
The first step in setting up a spatial model is defining the modeling extent that will be used for data
collection. The Project area in which work will take place consists of 1,645 acres (665 ha) in Wood
County, Wisconsin. The modeling extent is a two-mile buffer around the leased acres and
generation-tie lines (Gen-tie) associated with the Project. This modeling extent contains 26,588
acres (10,760 ha) (Figure 4.2-1). After setting up the modeling extent Commonwealth staff began
preparing the independent and dependent variables.
The dependent variables, known prehistoric sites within the modeling extent, were created from
the Wisconsin Historic Preservation Database (WHPD), last accessed on 10/07/2019. At the time
of the analysis, there were 25 previously identified archaeological sites with prehistoric
components intersecting the modeling extent (Figure 4.2-1). Of these, three were excluded for
being isolated finds, which are not generally eligible for inclusion on the National Register of
Historic Places and provide little explanatory power for predicting sites that may be eligible. The
remaining 22 prehistoric sites were digitized according to their current WHPD site boundaries and
the layer was then clipped to the modeling extent for a total area of 133 acres (54 ha). The sites
were assigned random points within the remaining site boundary equal to the site acreage plus (+)
1, resulting in a final dataset of 137 points.
Independent variables are those environmental variables that predict the occurrence of the object
of study (Hengl 2007:103; Hengl et al. 2009:3500). These environmental variables were generated
from pre-existing datasets by projecting to a standard projected coordinate system, NAD 1983
UTM Zone 16N, then converting to raster datasets of 10m (32.8 ft) cell resolution and clipping to
identical spatial extents using the modeling extent. To achieve layers of matching extents, the
clipped elevation dataset was set as the standard and used as the template for processing of all
other datasets (Table 4.2-1). They were then exported to ASCII files to be imported into the R
workspace and bound together in a Spatial Pixels Data Frame for analysis.
4.2.3 Multivariate Analyses
Predictive modeling of site locations must consider the multivariate nature of habitat development
and selection processes. Not all datasets are likely to be equally valuable in predicting habitat
selection (Thomas and Taylor 1990:328). Principal Components Analysis (PCA) takes the
information contained in n variables and describes it in terms of n-1 relationships between
variables. Thus, the first principal component (PC1) contains the most important relationship, the
second principal component (PC2) contains the next most important relationships after the
relationships in PC1 are held constant, and so on to the last principal component. When added
together, the full information of the dataset should be contained within the complete set of principal
components, but a sufficient amount of interpretive information is contained within the first several
PCs which may be used for analysis. PCA is the most favored method of ranking relationships
within multivariate data; however, PCA is not able to handle categorical or discrete multi-state
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Table 4.2-1. Predictive Model Independent Variables
Additional Processing Steps

* All layers Projected to NAD UTM 16N and

Environmental Factor

clipped to Modeling Extent

Source

Elevation

Projected to NAD UTM 16N, Resampled
to 10m cell size

Wisconsin Department of Natural
Resources 2015

Slope

Calculated from Elevation layer

Wisconsin Department of Natural
Resources 2015

Aspect

Calculated from Elevation layer

Wisconsin Department of Natural
Resources 2015

Soil Drainage
(Dominant)

Converted to raster based on drclassdcd
attribute

U.S.D.A. Soil Survey Staff 2018

Hydric Percentage

Converted to raster based on hydclprs
attribute

U.S.D.A. Soil Survey Staff 2018

Flood Frequency

Converted to raster based on flodfreqdcd
attribute

U.S.D.A. Soil Survey Staff 2018

Surface Deposits

Projected to NAD UTM 16N, converted
to raster

Wisconsin Department of Natural
Resources 2017

Distance to Waterbody

Calculated from NHD Waterbody
Boundary

U.S. Geological Survey, National
Geospatial Program 2018

Distance to Major River

Calculated from NHD Water Area
Boundary

U.S. Geological Survey, National
Geospatial Program 2018

Distance to Flowline

Calculated from NHD Flowline

Historic Vegetation Type

Converted to raster and clipped to
modeling extent

Distance to Historic
Vegetation Break

Calculated from Historic Vegetation Type
boundaries

U.S. Geological Survey, National
Geospatial Program 2018
Forest Landscape Ecology Lab,
Department of Forest Ecology and
Management 2001
Forest Landscape Ecology Lab,
Department of Forest Ecology and
Management 2001

variables such as surface deposits or historic vegetation types (Hill and Smith 1976:249). The
counterpart of PCA for categorical variables is Correspondence Analysis (CA), but just as PCA
cannot accept categorical variables, CA cannot accept quantitative variables, so what is needed is
a method that can convert categorical variables into a form that the PCA can accept (Hill and Smith
1976:251). Categorical variables need to be coded such that the levels of the categorical variables
are converted to dummy variables where 0 indicates absence of that level, and 1 indicates presence,
while a weight matrix based on the variable correlations is computed to keep the categorical
variables from dominating the analysis (Calenge 2007:8; Dray and Dufour 2007:15; Hill and Smith
1976:251). In R, this function is performed through the duality diagram (Chessel et al. 2004:5;
Dray and Dufour 2007:2). The Hill-Smith duality diagram function in R performs a normed PCA
on datasets including both numeric and categorical data following the theory for PCA on a
correlation matrix laid out by Hill and Smith (1976) (Calenge 2007:8; Chessel et al. 2004:5). The
products of the duality diagram PCA can then be used in various iterations of General NicheEnvironment System Factor Analysis (GNESFA) using either the availability or the utilization as
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the point of reference. The GNEFSA takes the reference data and forces it into a spherical shape
in multidimensional space; it then highlights the direction in which the focus distribution differs
from the reference (Calenge 2011:10; Calenge and Basille 2008:675). Either the utilization weights
or the availability weights may be used as the reference and both are useful because they provide
different ways to visualize the relationship of site location to environmental variables.
First, Factor Analysis of the Niche, Taking the Environment as the Reference (FANTER) takes
the availability as the reference. Here site locations are evaluated for marginality, the difference
between the center of the availability distribution and the center of the utilization distribution, and
specialization, the ratio of the variance of availability to the variance in utilization (Calenge
2011:7). The combination of environmental variables utilized shows low marginality, being fairly
common throughout the modeling extent, but high specificity suggests that the allowable range of
values in each combination is small. Changing the analysis to take the utilization as a reference,
known as the Mahalanobis Distances Factor Analysis (MADIFA), gives a clear picture of the
combinations typical of sites in the modeling extent. Examination of the correlation between
variables in the MADIFA shows which combinations exert the most influence within site
locations. In the first component, which explains the most variation, there is an opposition of
distance to all forms of waterbodies and elevation on the positive side to jack pine/oak forest/
barrens vegetation and lake sand & silt surficial deposits on the negative side. On the second axis,
variation when the first axis is held constant, there is an opposition of high elevation, oak opening
vegetation, outwash sand and gravel surficial deposits, and excessively drained soils on the
positive side to distances to historic vegetation breaks, distances to waterbodies and presence of
lake sand & silt surficial deposits on the negative side. Overall, this translates to a preference for
living near the Wisconsin River, or its major tributaries, and with that being met, a secondary
preference for a low-lying vegetation break on well drained soils.
The MADIFA also calculates the Mahalanobis distance of each cell within the modeling extent
to the statistical center of the site data. Cells with lower Mahalanobis distances are more similar
to the idealized site location than cells with higher distances. These distances range from a value
of nearly 0 up to 25.8764. This can then be exported back to a raster dataset for use in ArcGIS
for survey planning purposes. The desired result of this modeling effort was a reproducible
system of classification to assign values of “High” and “Low Probability” to the Project Area
and then survey the “High” probability areas. However, the process used here is not a predictive
technique, thus probability is difficult to quantify. Instead, this technique defines those areas
containing combinations of environmental variables most suitable for site formation and
preservation and considers these areas of High Priority for survey. To find the range of values
that should be considered “High” priority the values at previously known sites were calculated
and values within 2 standard deviations of the observed values were chosen to ensure that 95%
of the modeled extent that matches the site ‘ideal’ should be selected as high priority. For the
modeling extent, those cells with a Mahalanobis Distance within two standard deviations of the
site mean are considered “High Priority” and everything else was considered “Low Priority”.
The layer of Mahalanobis Distances was reclassified by standard deviations and converted to
polygons for comparison with the leased acres for survey. This model identified 3,927 acres
(1,589 hectares) or 15% of the total modeling extent as high priority. Of the 22 previously known
prehistoric archaeological sites, 21 (95%) would have been found using this high priority area.
Within the Project Area, there are 119 ac (48 ha) of high priority (Figure 4.2-2).
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4.3

FIELD METHODS

Field Survey consisted of shovel testing and visual inspection of areas that were previously
surveyed, disturbed, wet, or excessively sloped (greater than 15 degrees). The Project Area was
identified in the field through use of Project plans and design files that had been downloaded into
global positioning system (GPS) units (Trimble Geo-XH 6000) to assist the field crews in
accurately delineating the survey areas. Notes regarding dates of the survey, surface visibility,
presence of utilities and other ground disturbance, survey coverage, and results of the survey were
recorded on the Project plans and in daily field logs.
4.3.1 Surface Reconnaissance
Archaeological surface reconnaissance is employed in situations where surface visibility is good
(greater than 10 percent), such as in a plowed agricultural field. Even when surface visibility is
poor, some surface features, such as pits, foundations, refuse scatters, or other human
modifications to the landscape, will be apparent. Surface reconnaissance was employed throughout
the Project Area to check for such features, as well as to examine exposed surfaces (e.g.,
unimproved road/trail surfaces, tree falls) for artifacts.
4.3.2 Shovel Testing
Where surface visibility was poor (less than 15 to 20 percent), shovel tests were excavated. Each
shovel test measured at least 35 centimeters (cm) (14 inches [in]) in diameter and extended at least
10 cm (4 in) into subsoil devoid of any cultural materials. The excavated soil matrix was screened
through 0.25-in (0.6-cm) mesh hardware cloth. All shovel tests were numbered, and observations
were recorded in field notes and on project forms. The standard interval between shovel tests was
15 meters (m) (49 feet [ft]). Profiles of shovel tests were recorded on standard forms; observations
included the depth, texture, and Munsell color of the exposed soils or sediments. Once completed,
each shovel test was immediately backfilled. Shovel tests were not excavated in hydric soil
contexts, in obviously disturbed areas, or on steep slopes in excess of approximately 15 degrees.
4.3.3 Site Recordation
When archaeological materials are identified in the field, the location of each site is recorded on
Project maps, and a compass and pace map is produced to tie the site into the surrounding
landscape. All sites are referenced to the nearest permanent landmark. The site boundary is based
on the surface distribution of artifacts within the survey area; sites boundaries are not pursued
outside of the Project Area. All prehistoric artifacts identified within the Project Area are collected
for analysis; collection of historic artifacts is limited to temporally diagnostic items. All identified
sites are photographed in color, plotted using GPS technology, and recorded on Project maps.
4.4

LABORATORY ANALYSIS

Upon the completion of fieldwork, all field notes and recovered materials are returned to
Commonwealth’s laboratory facilities in Milwaukee, Wisconsin, for processing. Standard
analytical procedures are implemented in the washing, sorting, and cataloging of these materials.
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4.5

EVALUATION CRITERIA

The purpose of these investigations was to identify and assess the significance of archaeological
sites within the Project Area. Sites and properties considered to be significant are those that satisfy
the National Register of Historic Places (NRHP) criteria for evaluation, as established by the
Secretary of the Interior and set forth in 36 CFR 60.4:
The quality of significance in American history, architecture, archaeology,
engineering, and culture is present in districts, sites, buildings, structures, and
objects that possess integrity of location, design, setting, materials, workmanship,
feeling, and association, and
A.
that are associated with events that have made a significant
contribution to the broad patterns of our history; or
B.
that are associated with the lives of persons significant in
our past; or
C.
that embody the distinctive characteristics of a type, period,
or method of construction, or that represent the work of a master,
or that possess high artistic values, or that represent a significant
and distinguishable entity whose components may lack individual
distinction; or
D.
that have yielded, or may be likely to yield, information
important in history or prehistory.
Integrity of the resource is a key concern in the evaluation of all sites, regardless of their age.
Without site integrity, there is little to no value in preserving the historic and cultural remains of
the nation’s past.
Most archaeological sites determined eligible for listing in the NRHP, whether prehistoric or
historic, satisfy Criterion D. The research potential of a site is partially dependent on the specific
regional context with which the site is associated; therefore, sites that may be considered
unimportant or marginally significant elsewhere, such as small, single-component lithic scatters,
might be considered significant in an area where the archaeological record consists mainly of
loosely provenienced private artifact collections and undated, small, surface scatters of debitage
and fire-cracked rock. Any stratified prehistoric site would likely be significant. Surface finds
datable on typological grounds could be significant, particularly if a single temporal-cultural
component were represented. In the opinion of the investigators, isolated prehistoric artifacts are
not significant, although they are assigned their own unique numbers.
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5.0

RESULTS

Commonwealth’s crews conducted archaeological survey of high priority areas within the Project
Area. The Project Area is primarily used as pine plantations. At the time of survey, surface
visibility within the survey areas was less than 10 percent; therefore, all high priority areas within
the Project Area were shovel tested.
5.1

DUE DILIGENCE SURVEY OF HIGH PRIORITY AREAS

Commonwealth conducted survey within 119 ac (48 ha) identified as high priority for survey by
the predictive model developed for the Project. High priority areas are those where the probability
of archaeological sites is highest. No archaeological survey was conducted along the Gen-tie routes
because they did not contain any areas identified as high priority by the model. Shovel testing of
these areas was conducted between October and November 2019. Field conditions were generally
consistent, with ground surface visibility ranging from 0% to 5% (Figures 5.1-1 and 5.1-2). A total
of 0.2 ac (0.01 ha) were previously surveyed. The remaining 119 ac (48 ha) were shovel tested
because the surface visibility was below the threshold for surface survey (less than 10%) (Dudzik
et al. 2012) (Appendix A). Soil profiles were consistent throughout the entire high priority areas
and consisted of a 25 cm (9.8 in) thick, very dark brown (10YR2/2), sandy loam Ap horizon, over
a dark yellowish brown (10YR4/6) sand B horizon. Evidence of disturbance from past logging
activities and pine plantation development was evident throughout most of the survey areas. No
cultural materials, artifacts, features, or new archaeological sites were identified during survey of
high priority areas. However, given the low density of previously identified sites in the region and
past disturbance from logging activities, the lack of new sites is not unexpected.
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WCSP Wood County Solar Project
Wood County, Wisconsin

Figure 5.1-1. Overview of High Priority Area, Shovel Tested Area in
Northeast Corner of the Project Area, View South

Figure 5.1-2. Overview of High Priority Area, Shovel Tested Area in
Southwest Corner of the Project Area, View East

6.0

SUMMARY AND RECOMMENDATIONS

In October and November 2019, Commonwealth conducted due diligence archaeological survey
on behalf of WCSP Farming Company for the proposed WCSP Solar Project in Wood County,
Wisconsin. Archaeological survey was conducted in support of WCSP’s CPCN application for the
Project. Projects requiring a CPCN are subject to the regulations of Wisconsin Statutes §44.40 and
§157.70, which provide protections to previously recorded archaeological sites and above-ground
architectural/historic resources and human burial sites on non-federal public lands and private
lands.
Background research indicates that there are no previously recorded archaeological or
cemetery/burial sites or inventoried above-ground architectural/historic resources within the
Project Area. Therefore, archaeological and above-ground architectural/historic surveys are not
required by Wisconsin Statutes §44.40 and §157.70. Although cultural resource investigations are
not required by state statutes, limited archaeological investigations were proactively conducted in
portions of the Project Area identified by a predictive model as having a high priority for
archaeological survey based on their potential for archaeological resources. The modeling and
subsequent 119 ac (48 ha) survey were part of a due diligence effort to identify archaeological
resources within the Project Area and provide WCSP with information regarding potentially
significant historic properties. No archaeological survey was conducted along the Gen-tie routes
because they did not contain any areas identified as high priority by the model. No new
archaeological sites were identified as a result of the due diligence efforts. Based on the results of
survey, Commonwealth concludes that the Project will have no effect on historic properties.
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