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I. INTRODUCTION

It is rare that archaeologists can examine 100% of anything in the field and this is
especially true of reconnaissance surveys of extensive project or geographic areas. Sampling and
the use of models that predict potential site locations or sensitive environmental zones typically
are employed in these situations. In what follows I examine the use of predictive models for
Native American sites in the Delaware Valley focusing on their use in the upper portions of the
drainage basin. The effort is part of an alternative mitigation project supported by the New Jersey
Historic Preservation Office. The overarching goal of the mitigation is to craft reports and essays
that update and synthesize aspects of archaeological practice and the record of Pre-Contact and
Contact Native American life in the Upper Delaware Valley, and understand them in the context
of broader regional trends. The documents created provide contexts and highlight research issues
to aid future academic and cultural resource investigations that involve this portion of the greater
Delaware Valley.

The purpose of the modeling endeavor is to review the variety of approaches that have
been used, highlight what appear to be best practices, and provide recommendations for how
future modeling might be more effectively employed. The goal is not to establish a one-size-fits-
all predictive model. Rather, it is to increase practitioners’ awareness of the variables that can
impact how native peoples distribute their activities across landscapes, how these variables might
be integrated into models and related field methods, point out approaches that are not working or
over-simplified, and recommend some field, analysis and reporting practices that should become
standards in cultural resource management (CRM) investigations. A review of trends in the use
of predictive models in the broader Middle Atlantic region provides contextual background for
the examination of practices in the Delaware Valley and especially the Upper Delaware. As
Harris (2013:1) notes “modeling is by its nature an exercise in trial and error, and by studying the
history of modeling in the region, hopefully we may learn from the successes and avoid the
pitfalls”.

The types of models that have been employed are summarized and common themes to
approaches identified, including the variables and associations that are considered to have the
most predictive value. This is followed by a critique and discussion that considers how sites are
defined, and existing state guidance on the use of models and related field methods. Biases
inherent in the generation of models based on known site distributions and settings are addressed
as is the quality of the environmental data employed, the impact of artifact collectors on the
visibility of archaeological resources, and the nonrandom location of survey tracts defined by
CRM projects.

What do we want to find in an archaeological survey? What are we supposed to find from
a regulatory perspective? What types of archaeological resources are likely to be missed or
under-represented? Are inductive models, those that are based on the settings of known sites, as
effective as or more effective than explanatory models which take as their base current
understandings of native lifeways through time? How sensitive are models to cultural and
environmental changes over the past 13,000+ years? To what degree are factors other than those
related to ecology and native economic practices considered in predictive models? How might
insights from ethnohistory and ethnography be incorporated? Can settings where fine grained



stratification and buried landscapes are likely to occur be incorporated effectively into site
prediction models, or do they need to be modelled separately? These are questions raised in
discussions below and reflected in recommendations made throughout the report.

For the purposes of this project the Upper Delaware Valley is defined by portions of
the drainage basin that exist in the following states and counties (Figure 1): Warren and Sussex
counties, New Jersey; Orange, Sullivan, Delaware, and Broome counties, New York; and
Northampton, Monroe, Pike, and Wayne counties, Pennsylvania. The defined area is much larger
than what has often been considered as the Upper Delaware by archaeologists in the past. For
example, past definitions of the Upper Delaware have bounded it by the Delaware Water Gap on
the south and Port Jervis to the north (cf. Custer 1996, Kinsey 1972; Kraft 2001). The
Pennsylvania State Historic Preservation Office includes Northampton County in what it
considers to be the Upper Delaware Valley, which extends the geographic boundary well south
of the Water Gap. I have included Northampton County here to complement the downriver
extent of Warren County in New Jersey. The degree to which all, or portions of the larger area
used in this project correspond with Pre-Contact cultural or group territories remains an open
question contingent on a variety of diachronic analyses.

Environmental scientists have used the designation, Upper Delaware Valley, in very
different ways. From a hydrological perspective the Upper Delaware watershed refers to portions
of the drainage basin from roughly the Port Jervis/Narrowsburg area of Pennsylvania/New York
upstream through the East and West branches of the Delaware River in New York (e.g.,
Delaware River Basin Commission 2018; Goetz et al 2011:18; Pennsylvania Fish and Boat
Commission 2011:37; USGS National Water Information System 2018). In 1978 Congress
designated the Upper Delaware River as part of the National Wild and Scenic Rivers System.
This encompasses portions of the river beginning at the confluence of the east and west branches
of the river at Hancock, New York continuing downstream to the vicinity of Mill Rift,
Pennsylvania, a few miles upstream from Matamoras/Port Jervis (Conference of Upper Delaware
Townships and the National Park Service 1986). The area encompassed by the Delaware Water
Gap National Recreation Area, long embedded in the consciousness of Middle Atlantic
archaeologists as the Upper Delaware Valley, is considered as part of the Middle Delaware
watershed (e.g., Delaware River Basin Commission 2018; Stinchcomb et al 2012). Defined as
Water Management Area 1 in New Jersey, the Upper Delaware extends downriver to the mouth
of the Musconetcong with the Delaware River in southwestern Warren County (Kelly and
McGinnis 2001:Figure 1).

The project area encompasses portions of a number of physiographic provinces and
related sections: the Reading Prong section of the New England Province, corresponding with
the Highlands in New Jersey; the Ridge and Valley which includes the Great Valley and
Appalachian Mountain (Blue Mountain, PA and Kittatinny Mountain, NJ) sections; and the
Appalachian/Allegheny Plateau which includes the glaciated Low Plateau and Pocono Plateau
sections in Pennsylvania, and the glaciated Low/Allegheny Plateau and Catskill sections in New
York (Figure 2; Briggs 1999; New Jersey Geological Survey 2018; Perles et al 2007; Sevon
2000; Wolfe 1977:204-243).
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FIGURE 1. Upper Delaware Valley Project Area Showing Relevant Counties of New Jersey,
Pennsylvania, and New York. Not labelled is Otsego County situated to the north of Delaware
County, New York. The boundary of the Delaware River Basin is shown in red. Modified from a
map available from the Delaware River Basin Commission at
http://www.state.nj.us/drbc/library/documents/maps/counties.pdf.
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The New England Province/Reading Prong separates the Great Valley from the
Piedmont. The Reading Prong is characterized by discontinuous circular to linear rounded hills
and ridges with rugged terrain of moderate relief and dendritic drainage patterns. For
archaeologists it is most famously known as the area in which the Hardyston Formation and
associated jasper deposits and related Native American quarries occur (e.g., Anthony and
Roberts 1988; Boulanger and Stewart 2018; Stewart 2016). Sources of chert also are known
(e.g., Bayley 1941:86; Tomaso and Eshelman 2014, 2015).

The Great Valley section is a broad valley with low to moderate relief and karstic
terrain in portions relevant to the project area. The Appalachian Mountain section consists of
long narrow ridges and broad to narrow valleys. It is an area of moderate to high relief with
trellis, angulate and some karstic drainage patterns. The Blue Mountain to Kittatinny Mountain
section (Pennsylvania and New Jersey) is a linear ridge to the south with shallow valleys to the
north and east exhibiting moderate to high relief and a trellis drainage pattern. The Ridge and
Valley Province is an area rich in potential lithic sources for use in a chipped stone technology.
The carbonate geology of Warren and Sussex counties, New Jersey and Northampton and
Monroe counties in Pennsylvania possess sources of cherts for potential use as toolstone (e.g.,
Drake 1965; LaPorta 1994a, b, 2009; Pevarnik and Blondino 2010; Stinchcomb et al 2009;
Willard 1938:13-14, 16, 30). Potential sources of steatite/talc also are known (Bachor
2017:Table 2.3; Bayley 1941:12, 94; Geyer et al 1976:193-198; Gordon 1922:152; Greene
1995:100-102; Miller 1939:6, 42; Schrabisch 1917:47) in addition to a variety of lithic materials
suitable for the fashioning of ground stone tools and implements.

Formerly glaciated areas of the Ridge and Valley Province support lakes, ponds,
swamps and bogs, and wetlands formed in depressions created by glacial scouring (e.g., Sevon
and Braun 2000; Wolfe 1977:217-224). Notable among these are the Great Meadow and “black
dirt” areas of New Jersey. The Great Meadows wetland formed following the draining of glacial
lakes in the Pequest and other watersheds (Wolfe 1977:218, 234). The black dirt area is the
remnant of extensive wetlands and peat deposits that developed in the former basins of glacial
lakes in the Wallkill River Valley of portions of Sussex County, New Jersey and Orange County,
New York (Connally and Sirkin 1970; Freedman 2009; Funk 1992:28; Gramly et al 2017;
Pretola and Freedman 2009:128-171; Witte 2011). A variety of Pleistocene megafauna have
been documented in the area (e.g., Pretola and Freedman 2009:Table 2). Vesper and Gramly
(2016) report 66 finds of proboscideans from Orange County, New York.

The glaciated Low Plateau is characterized by rounded hills and valleys with low to
moderate relief and dendritic drainage patterns. Valleys are relatively straight separated by
irregular intervening ridges with moderate and variable relief and numerous small water bodies.
The glaciated Pocono Plateau section is a broad undulating upland with dissected margins and
exhibiting low to moderate relief. The drainage is characterized as deranged with swamps and
beat bogs in depressions created by glacial scouring. The Appalachian/Allegheny Plateau in the
New York portion of the Delaware watershed is largely made up of the Catskill section.

Devonian-aged bedrock occurs in Pennsylvania and New York plateau areas of the
project area. In the Ridge and Valley Province of Pennsylvania and New Jersey Devonian
formations include sources of chert (e.g., Harper 1999; LaPorta 2009). However, the Devonian



Catskill Formation and its members mapped for the plateau areas of Pennsylvania and New York
are comprised of mudstone, claystones, siltstones, sandstones and conglomerates with no
knappable toolstone (Berg and Dodge 1981:269, 324, 408, 418, 538; Briggs 1999:Table 30-2;
Harper 1999:Table 7-1; Perazio and Presler 2005:3; Ver Straeten 2013). In New York
Helderberg cherts outcrop west of the Hudson River along the Allegheny Plateau between the
Normanskill and Onondaga formations (Cassedy 1992). It is possible that useful toolstone is
represented to some degree in glacially transported gravels or tills in the plateau areas.

The variability in topography, elevations, geology, and edaphic factors throughout the
project area influences the nature of forest and plant communities, and ultimately the faunal
species that occur now, and during the environmental changes of the past. Today notable
differences can be noted between the Ridge and Valley and glaciated Plateau provinces with the
area from the Water Gap to the New York line transitional between the vegetation to the south
and to the north (cf., Davis and Edinger et al 1991; Davis, Edinger and Smith et al 1991; Kudrle
2011:Table 2, Figures 8, 25; Rhoads and Klein 1993; Robichaud and Buell 1973:262).

These brief summaries of aspects of the environment are meant to convey some sense of
the variability that is encountered across space. In that predictive models of archaeological site
locations are intrinsically tied to understandings of the environment, we should not expect a
single model to be broadly applicable. This issue is explored in greater detail throughout the
discussions below.

Models employ observable and measurable aspects of the environment, in conjunction
with varying assumptions about human ecology and behavior (economic, social, religious, etc.),
to predict where on a given landscape material evidence of activity might be found. That early
regional attempts at modeling highlight connections between the environment, human ecology,
and economic activities is not unexpected given the variables and associations employed in their
construction (e.g., Beckerman 1978). Thinking of culture and environment as coupled systems an
observation by Salmon (1978:179) is worth repeating.

Modeling always ignores some, often fundamental, aspects of a
system in order to focus on others. No one model should or does
model every feature of a system. Whether a model is good or bad
depends partly on our purposes in constructing the model.

An implication of this position is that even the best economically-oriented models need not
account for sites whose locations are due to other factors. Examples of such factors include the
season of occupation, the location of previously occupied camps and settlements, population size
and density, travel routes, culturally significant landscapes, and political or territorial
relationships.

Modeling by archaeologists is of two types, inductive, and explanatory or deductive.
Inductive models are those that are based on the analysis of known site locations and their
environmental associations and are often atemporal in nature. The inductive approach accounts
for the majority of models used in the Middle Atlantic Region, now and in the past. Explanatory
predictive models, or models that are deductively derived, attempt to predict how particular



patterns of human land-use and assumptions about human behavior and decision making will be
reflected in the archaeological record (cf. Bettinger 1980; Church et al 2000:135 citing Sebastian
and Judge 1988:4). Such models predict human responses and their archaeological fingerprints to
specific environmental/socio-cultural/demographic contexts based on the postulated causal
relationships of these variables (e.g., Bettinger 1980:203). Explanatory models are time sensitive.
There is, of course, an inductive aspect to explanatory models in that the analysis of known
archaeological deposits are the basis for understanding the environments and socio-cultural
systems of the past and deriving patterns in human behavior through time. Explanatory models
are represented in the literature of the Middle Atlantic. Both inductive and explanatory models
may focus on the archaeological sensitivity of very specific locations or small landscapes, or on
broader landscapes or environmental zones.

Data marshalled for this report were derived from a review of all cultural resource
management (CRM) reports for Warren and Sussex counties on file at the New Jersey Historic
Preservation Office as of 2016. Select Phase I and all Phase II and Phase III CRM reports for
New York and Pennsylvania portions of the Upper Delaware Valley also were reviewed,
including significant Phase II and Phase III reports for Pennsylvania and New York areas
adjacent to the Upper Delaware Valley. Relevant published literature also was consulted for the
project area in addition to select CRM reports and the published literature for the broader Middle
Atlantic Region.



II. BACKGROUND: REGIONAL
A. Early Trends in the Middle Atlantic Region

In the Middle Atlantic region heightened concern with sampling strategies and the
development of predictive models took off during the 1970s paralleling national and
international concerns with these issues (e.g., Hodder and Orton 1976; Jochim 1976; Mueller
1974, 1975; Plog 1978; Wood 1978), their utility in cultural resource management
investigations, and the proliferation of settlement pattern studies to which models are often
linked (see Wall 2018 for review). Examples of early work in the region include Beckerman
(1978), Cavallo and Mounier (1980), Custer (1979), Custer and Wallace (1982), Dekin et al
(1983), Eveleigh (1984a, b), Eveleigh et al (1983), Gardner (1978, 1983, 1987), Gardner and
Custer (1978), Grossman and Cavallo (1982), Hasenstab (1983, 1984, 1991), Hatch et al (1982),
Hay and Hatch (1980), Hughes and Weissman (1982), Kavanagh (1980, 1982), Lantz et al
(1982), LeeDecker (1984), Peck (1979), Stewart (1980), Tolley (1983),Wall (1981), and Wilke
and Thompson (1977). Details regarding the environmental associations of sites are more
incidental to other settlement patterns studies (e.g., Ritchie and Funk 1973).

Table 1 lists the variety of variables employed in early modeling efforts from the Middle
Atlantic region, including examples from the greater Delaware Valley. Projects specifically
related to the Upper Delaware are reviewed in a later section of this report. Listed variables are
interrelated to various degrees in the models referenced. The dynamic relationships that a given
model proposes are impossible to capture in a table. A number reflect the uniqueness of a given
environmental zone and are time transgressive, reflecting current understandings of
environmental change, settlement and subsistence patterns, and suppositions regarding
population size and density.

Variable states and relationships are not always quantified in early models making the
ranking of site potential for a particular landscape a fairly subjective exercise. It is a tacit
assumption that a variety of factors impact the data used to fashion models including: the
activities of artifact collectors, the accuracy of data dealing with known sites (including mapped
locations), site size, site function, season of site use, the degree to which documented sites
represent the topographic and environmental settings of an area, geomorphology, survey field
methods and conditions, and sampling strategies.

It is clear that some variables and associations are more relevant to specific
physiographic provinces or micro-geographic areas than others, and that the utility of some
variables changes through time and with site function. For example, Wall’s (1981) analysis of
site locations in the Allegheny Plateau of western Maryland details the shifting importance of
variables depending on local environmental zones such as floodplains, foothills, and uplands
(also see Hughes and Weissman 1982:15-19). Early Archaic hunting stations in the Blue Ridge
province of Maryland occur at greater distances from surface water than other types of sites
(Stewart 1983:52). The intensity of the use of mountainous zones in general reflects
environmental change and associated resource potentials, the nature of adaptive systems and the
role of transhumance within them (e.g., Gardner 1983). In the Ridge and Valley of Maryland a



TABLE 1

Variables Highlighted in a Sample Of Early Settlement and Site Location Models

for the Middle Atlantic Region

VARIABLES*

REFERENCES

stream confluences

Custer (1983a, 1986a); Custer et al (1986); Custer and Wallace (1982); Gardner
(1978, 1983, 1987); Gardner and Boyer (1978); Gardner and Custer (1978);
Hasenstab (1983, 1984, 1991); Hay and Hatch (1980); Hughes and Weissman (1982);
Lantz et al (1982); Stewart (1980, 1983); Tolley (1983); Wall (1981)

springs/spring heads/drainage heads

Custer and Wallace (1982); Gardner (1978, 1983, 1987); Gardner and Boyer
(1978);Lantz et al (1982); Snethkamp (1981); Stewart (1980, 1983); Tolley (1983);
Wall (1981)

floodplain swamp/wetland/floodchute

Cavallo and Mounier (1980); Custer and Wallace (1982); Eveleigh (1984); Eveleigh
et al (1983); Gardner (1978, 1987); Wall (1981)

sinkholes

Custer (1983a, 1986a); Custer and Wallace (1982); Gardner and Custer (1978); Wells
(1981)

bogs, marshes, swamps, ponds, wetlands
in general, including periglacial features

Bonfiglio and Cresson (1978, 1982); Cresson (1978); Custer (1983a, 1986a); Cavallo
and Mounier (1980); Custer et al (1986); Custer and Wallace (1982); Eveleigh
(1984); Eveleigh et al (1983); Gardner (1983); Gardner and Boyer (1978); Gardner
and Custer (1978); Hasenstab (1983, 1984, 1991); Lantz et al (1982); Stewart (1980,
1983); Tolley (1983); Wall (1981); Wells (1981)

stream order

Custer (1983a, 1986); Custer et al (1986); Eveleigh (1984); Eveleigh et al (1983);
Gardner (1978, 1987); Gardner and Custer (1978); Hay and Hatch (1980); Stewart
(1980); Wells (1981)

distance from surface water

Cavallo and Mounier (1980); Custer et al (1986); Eveleigh (1984); Eveleigh et al
(1983); Hasenstab (1983, 1984, 1991); Hughes and Weissman (1982); Kavanagh
(1980, 1982, 1983); Peck 1979; Gardner (1978, 1987); Snethkamp (1981); Stewart
(1980); Wells (1981)

distance from high order streams

Custer (1983a, 1986); Gardner (1978, 1987); Hasenstab (1983, 1984, 1991); Stewart
(1980); Wells (1981)

height above surface water

Hughes and Weissman (1982); Kavanagh (1980, 1982, 1983); Peck (1979);
Snethkamp (1981)

soil drainage/permeability

Custer et al (1986); Eveleigh (1984); Eveleigh et al (1983); Hasenstab (1983, 1984,
1991); Hughes and Weissman (1982); Kavanagh (1980, 1982, 1983); Peck (1979);
Wells (1981)

soil associations

Gardner and Custer (1978)

soil productivity

Hay and Hatch (1980)

aspect/maximum sunlight exposure

Custer (1983a, 1986a); Gardner (1978, 1987); Snethkamp (1981)

slope/gradient

Peck (1979); Wells (1981)

lithic resources

Custer (1983a, 1986a); Gardner (1978, 1987); Wall (1981); Hay and Hatch (1980)

zones of maximum habitat overlap

Custer (1983a, 1986); Gardner (1978, 1987); Gardner and Custer (1978); Hay and
Hatch (1980); Stewart (1980)

alluvial fans

Gardner (1978, 1987); Gardner and Custer (1978); Wall (1981)

high order stream levee

Gardner (1978, 1987); Gardner and Custer (1978); Wells (1981)

floodplain/terrace margins

Custer (1983a, 1986a); Cavallo and Mounier (1980); Gardner (1978, 1987);
Snethkamp (1981); Wall (1981)

hilltops

Kavanagh (1980, 1982, 1983); Wall (1981)

geomorphic setting

Gardner and Custer (1978)

upland saddles, ridges, flats at the heads
of hollows

Gardner (1983); Tolley 1983

*Well drained ground with minimal slope in proximity to many of the variables listed is frequently assumed.

wide variety of stream orders and topographic settings is associated with Early Archaic sites, a
trend that was initially envisioned to begin during Middle Archaic times (Stewart 1980). Cobble
deposits that include useful lithic materials do not seem to influence site locations in this area
(Stewart 1980) in contrast to patterns in other physiographic zones (e.g., Gardner 1978, 1987;




Wall 1981). The critical importance of lithic sources in Paleoindian settlement patterns in the
region has long been recognized (e.g., Custer et al 1983; Gardner 1974, 1977, 1989).

A number of early projects in the region outside of the Delaware Valley are notable in
representing quantitative approaches (Gardner and Custer 1978; Custer 1979; Kavanagh 1980,
1982, 1983; Hughes and Weissman 1982). Analyzing the results of informant interviews and a
previous survey of environmental transects oriented across the major drainages of a portion of
the Shenandoah Valley in Augusta County, Virginia, Gardner and Custer (1978) distinguished
culturally significant zones used to partition an enlarged survey. Chi-square and difference-of-
proportion tests were used to examine whether a dependent relationship exists between the
temporal-cultural affiliation of sites and the specific features of their environmental settings.
Environmental variables included landform type (a variety of floodplain, terrace, and hilltop
settings), soils associations, and surface water associations (stream rank, confluences). Proximity
to lithic resources was not considered because no specific project area possessed a favorable
position in relation to potential sources. Dependent relations were demonstrated for cultural
temporal affiliation, individual environmental variables, and combinations of variables. The
environmental partitions were then used to craft a proportionately stratified sampling scheme to
guide archaeological survey (Gardner and Custer 1978:30-40,Tables 4-16). Following the survey
the results were used to project the density of sites by environmental strata for the entire project
area. The highest probability environmental strata included specific combinations of soil
associations, stream rank and landform (Gardner and Custer 1978:Table 22). Custer’s (1979)
subsequent dissertation expands upon this work, but with an emphasis on demonstrating the most
effective sampling strategies for use in archaeological survey.

Working in the Monocacy River basin (the Piedmont of Maryland) Kavanagh (1980,
1982, 1983) combined the results of three different approaches to site survey to assess the
predictive value of a variety of environmental variables. Site data was derived and analyzed from
three different approaches: the re-examination of previously recorded sites; a survey of
arbitrarily selected transects; and a survey of randomly selected quadrats. A variety of
environmental variables were examined including distance to and height above water, stream
order, landform types, different degrees of slope, and soil drainage. From an atemporal
perspective, survey areas that included a combination of short distance from water (200 meters
or less), 15 meters or less above water level, slopes of 0-15%, and well drained to excessively
drained soils consistently accounted for the majority of sites (77%) irrespective of approach
(Kavangh1982:35, 1983:42).

She significantly concludes that “the power of these ‘predictors’ will depend on the
proportion of the of the study area possessing the predictive characteristics alone, and in
combination” (Kavanagh 1982:35). The predictor variables could be noted for 36% of landforms
in the Monocacy Valley study area with the implication being that as this percentage increases
predictive power decreases. This mirrors to a degree the conclusions and methodologies
promoted in later publications by Kvamme (1985, 1989) which are frequently cited by those
constructing and revising predictive models. The value of the other variables used in the
Monocacy study changed when a cultural historical perspective was taken. For example, stream
order was not significant from an atemporal perspective but was important when considering
Paleoindian and Early Archaic sites which exhibited a riverine orientation.
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Hughes and Weissman (1982) evaluated the previous work of Kavanagh (1980, 1982),
Peck (1979), Stewart (1980), and Wall (1981) and the utility of the variables embedded in their
models for the Allegheny Plateau, Ridge and Valley, and Piedmont zones of Maryland. Focusing
on those most common and said to possess the highest predictive potential they isolated the
following for testing with a sample of 539 known sites: proximity to nearest watercourse; height
above watercourse, distance to nearest watercourse confluence; soil drainage characteristics;
degree of land surface slope; landform; and site aspect. Frequency tabulations, principal
components analysis, principal factors analysis, and multiple regression analysis were used to
examine the relationship of the variables and their ability to account for the variation in site
locations (Hughes and Weissman 1982:85-94, Appendix 1). Distances to water of 200 meters
(656 feet) or less account for the greatest percentage (70% and greater) of sites in all three
physiographic provinces (Hughes and Weissman 1982:Table VLI). Equally significant is height
above watercourses of 18 meters (59 feet) or less (75% and greater of sites). Distances to stream
confluences of 500 meters (1640 feet) or less account for a slim majority of sites (51-65%).
Well-drained to excessively drained soils are associated with roughly 81-87% of sites in the
Piedmont and Ridge and Valley but account for less than 50% of sites on the Allegheny Plateau.

Beckerman (1978) modelled the intensity of use of a given area (sampling unit) based
upon measures of environmental productivity, rather than specific site locations. This parallels to
a degree the notion of site-less survey (e.g., Dunnell and Dancey 1983; Ebert 1992) and
landscape approaches in archaeology (e.g., David and Thomas 2008), as well as the synoptic
approach to modeling represented by the work of Wells (1981), Eveleigh et al (1983), Eveleigh
(1984a, b) and Custer et al (1986) in coastal Delaware (see below).

A similar type of approach was employed by Hay and Hatch (1980) in a survey of the
Bald Eagle Creek watershed in Pennsylvania wherein environmental factors related to the
economic desirability of a survey square (one mile on a side) were ranked in order to predict the
distribution and density of archaeological sites rather than their exact locations on a landscape.
Variable states of environmental features (access to water, topography, availability of lithic
resources, and access to two or more ecozones) in each square were assigned points with the
total points for a square an indication of its economic/resource desirability. The modeled
desirability of areas was then compared with the known distribution of sites. A distinct increase
in site density with increased habitat desirability was demonstrated. Late Woodland sites also
tended to be located on landscapes with high yield soils, or those highly rated for corn
production. This contrasted with trends in the nature of soils associated with sites of earlier
periods (Hay and Hatch 1980:88).

An implicitly economic behavioral model was tested by Curtin (1981) in an upland area
in central New York. The initial development of the model was led by Albert Dekin, Jr. and
archaeologists at SUNY Binghamton. Dekin and colleagues would employ a similar model in a
survey of portions of the Upper Delaware Valley (Dekin et al 1983). The core of the model is the
assumption that sites are more likely to occur in areas that are more varied environmentally; the
greater the degree of environmental heterogeneity of an area, the greater the probability of site
occurrence. The range and size of topographic and geomorphic features, types of surface water,
stream order, stream confluences, wetland habitats, and slope were used to derive a score of the
environmental diversity of individual hexagonal grid units overlaid on the area to be surveyed.
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Hexagons measuring 1 kilometer from side-to-side were chosen because they pack evenly and
measure space more efficiently than squares or rectangles. Circles provide a more precise
measure of variability around the point, but circles lack the requirement of even packing (Curtin
1981:89). A random sample of hexagonal units was drawn for site survey.

Statistical analysis of survey results revealed the utility of the model. The model predicts
the probability of encountering one or more sites within a hexagonal area, not the actual location
of a site. An examination of the frequency with which individual variables were associated with
site occurrences indicated that:

...there is a nested hierarchical relationship between locational factors, with larger
scale environmental heterogeneity being initially important, and more specific,
smaller scale geomorphological variables becoming important next. Since
geomorphological variables are distributed in high frequency in many low
sensitivity hexagons, where sites tend not to occur, it is difficult to imagine how a
specific geomorphological variable could predict site locations effectively by
itself (Curtin 1981:96).

This conclusion emphasizes that the predictive value of individual variables is impacted or varies
by their representation in the broader environment; the greater their representation in the
background environment the less significant their predictive value (cf. Kavanagh 1982:35;
Kvamme 1985, 1989). The range of variables employed in the model can be modified depending
on the nature of the area being surveyed, as can the size of the hexagonal units used to grid and
characterize survey area environments (Curtin 1981:97).

The work of Stevenson (1982) in upland areas of the Allegheny Front in Pennsylvania
represents another type of behavioral or deductive/explanatory model. The spatial distribution
and seasonal productivity of mast producing tree species and the seasonal behavior of deer
populations were modeled for different types of upland hollows. In conjunction with
assumptions about hunter gatherer behavior drawn from ethnographic and archaeological studies
the location of camps and foray-related sites was proposed following the work of Jochim (1976).
The model was found to be appropriate on a general level (Stevenson (1982:15).

B. Early Trends in the Delaware Valley and New Jersey

Perhaps unique in regional archaeology is the early assessment of factors responsible for
the location of Indian camps or villages in New Jersey by Skinner in 1913, working in
conjunction with Max Schrabisch. “These are generally situated near fresh water, often on a
sandy, well drained bluff or knoll, on the north side of a stream or lake, where the southern
exposure gives added warmth in the coldest weather” (Skinner 1913:10). Rockshelters, caves,
and the concave sides of huge detached masses of bedrock are used when near fresh water and
where there is a southern exposure (Skinner 1913:13). Schrabisch (1913a) revisits this topic for
northern New Jersey and areas that are part of the current project. While acknowledging the
practical impossibility of locating burials except by accident, it is noted that the typical
graveyard is “on a warm, sandy hillock near the village” (Skinner and Schrabisch 1913:12).
Other likely locations include lowland fields adjoining a village and under a shell heap, or “in
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and among the hearths of the village itself” (Skinner 1913:12). Schrabisch complements
Skinner’s observations noting that a relevant source of water could be a river, brook, spring,
lake, or swamp. “Forks of brooks” or stream confluences were favored locations “provided the
lay of the land and, above all, the opportunities for hunting were such as to promise an easy
sustenance (Schrabisch 1913a:35).

Later “early” work in the Delaware Valley and adjacent areas parallels many of the
efforts summarized above, in addition to some distinctive innovations. Periglacial and
thermokarst features in the New Jersey Coastal Plain that supported wetland habitats were
identified as a significant locus of Paleoindian and some Archaic sites (Bonfiglio and Cresson
1978, 1982; Cresson 1978; Kraft and Mounier 1982a:74, 76). Concurrently, Eisenberg
(1978:Figure 23) evaluated the environmental associations of six well known Paleoindian sites in
the Delaware and Hudson valleys. The majority are associated with surface water, productive
plant and animal habitats, well drained ground, and overlook positions.

Cavallo and Mounier (1980) focused on an analysis of existing site data for the New
Jersey Pinelands (Coastal Plain) supplementing it with information derived from interviews with
artifact collectors and avocational archaeologists. Site age, content, physical condition, and
setting were recorded in as much detail as possible. Patterns in associations of site locations and
environmental factors were searched for in the process of developing a predictive model for
future testing. Four environmental categories account for all known site locations in the study
area: tidal wetlands, riverine settings, drainage divides, and thermo-karst basins or areas with
internal drainage (Cavallo and Mounier 1980:73). How activities representing specific cultural
historical periods are spatially and functionally associated with each of these environmental
categories resulted in the definition of study units for future research (Cavallo and Mounier
1980:77-98):

Paleoindian, Archaic, Woodland and sites of unspecified cultural affiliation — wetlands
with focus on islands or eminences within a salt meadow or on the edge of the
wetland/meadow;

Paleoindian, Archaic, Woodland, and sites of unspecified cultural affiliation — riverine
setting: focus on uplands directly abutting stream margins;

Archaic and sites of unspecified cultural affiliation — drainage divides; and

Paleoindian, Archaic, and sites of unspecified cultural affiliation — basin-like areas with
internal drainage: focus on margins of basins.

In order to develop a more precise predictive model a preliminary series of variables was
compiled to be used to characterize gridded units, 1,000 meters on a side, within a potential
survey area (Cavallo and Mounier 1980:126). Following systematic survey the utility of these
variables for predicting site occurrences would be statistically examined. This next step was
never taken.
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As part of Snethkamp’s (1981:194-209, 223-225) study of Late Archaic adaptive
processes in portions of the Great Valley of the Delaware and Susquehanna River basins in
Pennsylvania the settings of 305 sites were examined. Considered were: general topographic
setting; elevation above the nearest water source; distance to closest water source; order of
closest stream; distance to second closest water source; order of second closest stream; and
aspect/direction of slope. Inadequate representation of springs on USGS maps required the use of
supplemental sources of data. Only 25% of sites are located on floodplains with over 50%
situated on adjoining terraces and knolls. Slope appears to be an important variable with over
62% of sites having a southern, southeastern, or southwestern aspect. The distance to the nearest
water source is less than 150 meters for 83% of sites which represent settings associated with
first and second order streams. The height above a water source ranges up to 30 feet (meters) for
71% of sites (Snethkamp 1981:210).

In 1982 Grossman and Cavallo addressed the potential for predictive surveys in New
Jersey, suggested how models might be developed, and outlined the biases associated with using
existing site data. They cite laudatory examples of model development and use from North
America and briefly describe the Cavallo and Mounier approach (Grossman and Cavallo
1982:262-265). Little use is made of the modest number of other endeavors from the Middle
Atlantic region in print at that time (e.g., Wells 1981).

Three observations in their work are worthy of emphasis given their intrinsic importance
to the development of any model. No matter the environmental variables selected for use they
must be represented in mapped, documentary, or photographic form prior to the initiation of field
work in a given area. The quality of predictions is thus contingent to a degree on the quality of
this pre-existing record. The environmental variables used should exhibit significant spatial
variation in the area in which the model will be used. For example, monotonous topography in an
area obviates the importance of landform, as a dense drainage net would for distance to surface
water. Finally, available environmental data reflects relatively modern conditions so models may
not be as relevant for early time periods as they would be for those of the past few thousand
years owing to environmental changes.

Marshall (1982:Tables IV-VIII) generated predictions about the frequency of Paleoindian
sites expected to occur in New Jersey by physiographic province and what she identified as focal
environmental features. Her predictions were based on an analysis of known site distributions
and the settlement models in use by others in the Middle Atlantic region. Marshall’s work is
notable in being both period and function specific while illustrating the variation in predictive
variables across geographic space. However, a number of the focal environmental features used
in her predictions are somewhat generalized and overlapping to be useful in targeting specific
areas within a landscape. For example, in the Ridge and Valley province sites of varying
functions are associated with floodplains and river valleys.

A statewide (New Jersey) synthesis of Archaic and Late Woodland archaeology was
prepared by Kraft and Mounier in 1982. High ground adjacent to marshlands related to former
glacial lakes are noted as favored locations for Archaic settlement in the Piedmont (Kraft and
Mounier 1982a:62). Landscapes associated with now extinct springs may be related to earlier
Archaic sites (Kraft and Mounier 1982a:71). Thermokarst features appear to be a special draw to
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Paleoindian and Early Archaic groups. Of 100 such features examined in the Coastal Plain of
Burlington County 95% had site associations (Kraft and Mounier 1982a:74, 76). Springs and the
divides between drainage basins are settings attracting Late Archaic activity (Kraft and Mounier
1982a:80). The Archaic and Late Woodland syntheses advocate for the development and testing
of predictive models based on surveys that sample all portions of a region, regardless of their
anticipated potential for the occurrence of archaeological deposits (Kraft and Mounier 1982a:89;
Kraft and Mounier 1982b:173).

In a contemporaneous review of Early and Middle Woodland archaeology in New Jersey
Williams and Thomas (1982:124) suggest that in the Coastal Plain the most advantageous
locations for riverine-oriented groups “are near the middle to upper reaches of tidal streams at
shallow points in the water course and where natural constrictions occur.” For the Outer Coastal
Plain high site densities should be associated with areas in with multiple habitats and resource
diversity (Williams and Thomas 1982:126). Wetland/upland interfaces and potential sources of
lithic resources are especially recommended for targeting in future site surveys (Williams and
Thomas 1982:132).

The work of Hasenstab (1983, 1984, 1991) represents an early use of GIS to demonstrate
associations between environmental data and known site locations in the Passaic River basin of
New Jersey. The work was initially part of a CRM project, subsequently developed into a MA
thesis (1984), and still later used as the basis of a journal article (1991). The study area was
divided up into cells each representing approximately 1.15 acres. Environmental data coded for
each cell included: soil type, landform type, slope, soil drainage, agricultural potential, distance
to nearest river, distance to nearest river confluence, , distance to nearest tributary, wetland zone
class, and current land use and degree of disturbance (Hasenstab 1991:45-51; also see summary
of the 1983 work in Kvamme 1989:165). Using existing site locations as a training set univariate
statistical tests were used for each variable to determine whether their association with sites was
random or non-random (Hasenstab 1991:43). Landform, slope, agricultural potential, and
proximity to wetlands were not deemed to be significant predictors. Field testing of the model
resulted in the recognition of the importance of wetlands in association with sites.

His study led to the conclusion that existing site inventories can be biased and “should
not be relied upon as the basis of archaeological sensitivity models (Hasenstab 1991:40). The
bias in this case stemmed from an over-emphasis on the survey of plowed fields and settings near
stream confluences. Hasenstab also found that the resolution of USGS 7.5° quadrangles is
inadequate for delineating archaeological sensitive areas around wetlands; more precise maps of
wetlands are needed for accurate modeling. He also argued that given the uniqueness of the
Passaic Basin existing models borrowed from other parts of the region could not be effectively
employed (Hasenstab 1991:43).

Modeling by Eveleigh et al (1983; also see Eveleigh 1984a, b) represents the pioneering
use of LANDSAT imagery in the region. In conjunction with a logistical regression analysis of
combinations of environmental variables associated with known sites, archaeologically sensitive
zones were identified (rather than specific site locations) for coastal areas of the Lower Delaware
Valley. The work builds on the synoptic approach of Wells (1981) in the Lower Delaware
Valley and uses variables similar to those shown to be significant by Wells: distance to closest
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minor stream; distance to major stream or river; distance to well-drained soil; local gradient;
convexity of the landscape; topography related to features such as sinkholes, bay/basins, and
river levees; and distance to marsh or wetlands (Custer et al 1986:573; Eveleigh et al 1983:21-
22). The use of LANDSAT imagery allows for the mapping and environmental characterization
of large areas very quickly and inexpensively, with a resolution of approximately 80 meters
(Custer et al 1986:573). Logistical regression was used to analyze the relationship between the
locations of known archaeological sites, locations known not to contain archaeological sites, and
environmental variables associated with each. The model was then tested in another, larger
survey area resulting in the production of a contour map representing three probability classes for
archaeological sensitivity: high (>.75), medium (.50 -.75), and low (<.50).

The model and use of LANDSAT data in Delaware was used in subsequent CRM
projects (e.g., Custer et al 1984). The approach was brought to a national audience in 1986
(Custer et al 1986). High and medium probability areas that were tested were most closely
associated with sites of the Woodland I period (Custer et al 1986:581), circa 3000 BC to 1000
AD (Custer 1984:76-77), and may reflect the impact of sea level rise on the shifting extent of
tides, the boundary between fresh and brackish reaches of streams, and the creation of wetlands
(see Custer 2018 for review).While some notable ceremonial or ritual sites fell within high and
medium probability areas, the Island Field cemetery associated with the time from 500 AD to
1000 AD did not, suggesting that factors other than environmental variables account for the
site’s location (Custer et al 1986:582-583). The site may be centrally located between habitation
sites in nearby high and medium probability zones.

Coincident with the LANDSAT-related projects was the development of a series of
management plans for Delaware that utilized existing site data, paleoenvironmental
reconstructions, and previous syntheses to model settlement patterns and site settings for
individual cultural historical periods (e.g., Custer 1983a, 1986a; Custer and