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= \\1 EXECUTIVE SUMMARY

The text of this study has been structured around three basic themes:
1) the presentation of substantive findings that resulted from a review of the
cultural-historical and environmental literature; 2) recommendations based on
3 federal and state regulatory controls concerning the management of cultural
. resources in the Lake Erie Basin; and 3) the use of a conceptual framework--
L the cultural-ecological approach--to structure the collection and presentation

! of substantive findings and to provide a scientific basis for cultural re-
source management.

. The cultural, environmental, and conceptual data used in the descriptive

- and analytical sections of the study are organized into eight chapters.

o Chapter 1 establishes the purpose and conceptual approach selected for meeting
the study objectives. The environmental setting of the study area is discussed
in Chapter 2; the characterizatic of the major environmental factors are

- reconstructed back into time for e cultural periods studied in later chapters.

Chapters 3, 4, and 5 review the cultural history of the Lake Erie Basin
region from prehistoric times through the ethnohistoric and historic periods,
with emphasis on recognizing developmental trends in regional settlement
patterns. Chapter 6 focuses on establishing guidelines as to where prehis-

" toric archeological sites are more or less likely to be found in the study
; area. Emphasis is placed on developing a predictive model for recognizing
9 types of physiographic settings attractive to local inhabitants for certain
; kinds of settlements and associated subsistence activities.

Terrestrial and submerged locations with a high probability for contain-

- ing cultural resource sites are assigned a high sensitivity rating requiring

intensive survey to locate unknown sites. Locations with fewer expected sites
are rated as having a medium to low sensitivity, requiring less intensive
survey efforts. Based on this rating system, all areas within the one-mile
lakeshore corridor would require an intensive survey. Surveys of varying
intensities would be needed for submerged locations depending on each location's
potential for containing sites and sunken ships. A survey of the geologic

history would also be conducive to the preservation of the cultural resource
in question.

Major state-of-the-art field methods for site discovery, both on land and
under water, are discussed in Chapter 7. Methods are evaluated as they relate
to use in the Lake Erie setting; comparative costs for land versus underwater
work are determined. Chapter 8 summarizes the conclusions and major points

reached in the preceding chapters. Study findings are related to project
objectives.

The overall objective of the study was the assessment of the cultural
resource potential of the Lake Erie Basin and the formulation of guidelines
|
|
|
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for managing these resources should natural gas development take place. From
the data gathered, it was determined that both the one-mile-wide lakeshore
corridor and the lake bottom have a significant potential for yielding cultural
resources of scientific and historical importance. These resources may span
some 13,000 years of human settlement in the area and may include prehistoric
and ethnohistoric archeological sites as well as historic structures and
shipwrecks.

While the lakeshore, taken as a whole, was found to have a high potential
for yielding prehistoric and historic cultural resources, the lake bottom
presented a more variable picture. Nevertheless the overall cultural resource
importance of the study area was found to be sufficiently high to warrant the
conclusions that: 1) a well-designed cultural resource management program
must be made an integral part of environmental lease conditions and 2) such
programs are both feasible and compatible with natural gas development proced-
ures as outlined in the "Draft Programmatic Environmental Impact Statement:
U.S. Lake Erie Natural Gas Resource Development."

In order for industry to execute well-planned cultural resource surveys
and to anticipate the kinds of construction and/or operational contingencies
that may be necessary to avoid impacts to sites, prospective lessees must be
informed. The regulatory agency responsible for lease management can establish
useful guidelines for survey requirements and a research design needed for
meeting these requirements in a technically acceptable manner. Such guide-
lines and their implementation can be made part of the lease condition.
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CHAPTER 1
INTRODUCTION

Sue Ann Curtis and James W. Hatch

1.1 GENERAL STATEMENT

There has been increasing interest in developing the natural gas resources
in the central and eastern basins of Lake Erie. In 1977, New York and Penn-
slyvania removed existing bans on offshore drilling, and Ohio permitted its
ban on drilling to expire in 1978. Although developmental interests in natural
gas production are evident, the concerns about improving the environmental
quality of the lake continue to remain strong. Because the lake has so many
uses, including fishing, transportation, recreation, and water supply, any new
development must be evaluated in terms of its environmerital compatibility with
these other uses.

In anticipation of application for federal permits for various kinds of
natural gas development actions, the U.S. Army Corps of Engineers (Corps) and
the U.S. Environmental Protection Agency (USEPA) have entered into an Inter-
agency Agreement. Through their combined effort, an environmental impact
statement has been prepared on a programmatic level to evaluate the environ-
mental acceptability of natural gas resource development in Lake Erie. The
results of this study will be used at the federal level to determine if natural
gas development in Lake Erie can be accomplished in an environmentally accept~
able manner. If the determination favors development, the study will also be
used to establish the circumstance, in the form of minimum federal guidelines,
under which this development could be permitted.

The scope of the programmatic study is broad and considers many aspects
of the natural and human environments. One of these aspects involves assess-
ment of the cultural resources on the lake bottom and along the shore. This
report attempts to fill this need and at the same time lay the groundwork for
a cultural resource management program should natural gas development take
place. This report is a separate support document to the "Draft Programmatic
Environmental Impact Statement: U.S. Lake Erie Natural Gas Resource Develop-
ment" prepared by the Argonne National Laboratory, Division of Environmental
Impact Studies. This supplement has been prepared as a separate document
because of the lengthy treatment required for such a study and because of the
sensitive nature of the information on site locations included.

Cultural resource management is included in this environmental impact
study in order to comply with the spirit and letter of a number of federal
laws. These laws include the Coastal Zone Management Act of 1972, the National
Environmental Policy Act of 1969, the Historic Preservation Act of 1966, the
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Archeological and Historic Preservation Act of 1974, the Indian Religious Act
of 1978, and Executive Order 11593. Taken in combination, the direction
indicated by these laws is for the development of a program to protect and
preserve cultural resources that may remain in an area to be developed as part
of a federal action.

These laws have been instituted to protect a part of our nation's heri-
tage that is disappearing at an ever-increasing rate. Because cultural
resources are nonrenewable, their disturbance or destruction by land develop-
ment, erosion, unauthorized collecting, and vandalism is an irreversible and
irretrievable loss. The individual sites and groups of sites that still

remain are a critical laboratory for understanding changing patterns of human
use and adaptation to the natural environment over time.

The term "cultural resources" has appeared in the published literature
rather recently and has been variably defined. For the purpose of this study,
a "cultural resource" is defined as a structure or object that has historic,
prehistoric, ethnohistoric, architectural, and/or scientific importance.

While structures are entirely human-made, obje~ts may be natural as well as
human-made. For example, a clay source, herbs, or a boulder in a specific
("sacred") place may be among the known objects of importance to ethmohistoric
peoples and Native Americans. Depending on the context in which some objects

are found, natural objects of importance may also be recognized for prehis-
toric peoples.

The term "cultural resource site" will also be used throughout this
report. A "site" denotes the location where a structure and/or object was
used by members of a specific sociocultural group. Sites are defined by
spatial boundaries that enclose an area where human activities associated with
the individual cultural resource took place. Material debris and modifica-
tions of the associated soil, rocks, etc., generally occur within this bound-
ary but may be redeposited elsewhere due to natural processes. It should be
noted that definition of site boundaries can be a technical problem that must
be evaluated for specific sites, chronologies, and cultural affiliations.

1.2 STATEMENT OF PURPOSE

The primary objective of this document is to provide a generic assessment
of the cultural resources of the Lake Erie Basin and to provide guidelines for
managing these resources. Emphasis is placed on identifying the kinds of pre-
historic, ethnohistoric, and historic cultural resources that may remain on
the bottom of Lake Erie and on the adjacent lakeshore. Moreover, an assess-
ment of the probabilities for finding resources within the basin is presented.
These two types of information are important for effective management of the
natural gas development of the lake for essentially three reasons.

First, the information can be used to structure the research design and
ald in the selection of survey methods used to investigate specific lake
bottom and lakeshore locations. Generalizations provided in this study about
the physical nature of the cultural resource remains and geological contexts

that are likely to be found in various areas of the basin should prove useful
in developing effective survey strategies.

A




Second, this information can be used by planners to help assess diffcr-
ential time and effort expenditures that may be necessary for managing the
cultural resources of select lease tracts. Generalized statements about the
probability for finding sites, in particular topographic settings, contributes
to more accurate cost and time estimates for lease development. Areas having
higher site densities and a greater frequency of sites with complex or fragile
structures would be more expensive to survey and mitigate. Moreover, longer

lead times would be necessary for developing tracts that contain these more
sengsitive areas.

Third, the data presented on site types and the probabilities for finding
sites of different temporal and cultural affiliations contribute to a better
definition of cultural historical problems. Recognition of these problems and
the kinds of data that may contribute to their solution will also help estab-
lish criteria for evaluating individual sites and districts that may be eli-
gible for local, state, and federal registers. Should locations of such sites

and districts eventually lead to their nomination, this could be construed as
an important spin-off benefit of development.

Once specific lease tracts are defined, this study can be used in two
ways: 1) to aid a regulatory agency in developing effective guidelines for
leasees on how cultural resource impact studies are to be conducted and 2) to
assist leasees in identifying, evaluating, and mitigating cultural resources
impacted by this development project.

1.3 SCIENTIFIC CONTRIBUTIONS

In addition to contributing information that can be used for management
decisions, a generic evaluation of the cultural resources of this area will
also provide an opportunity to contribute to the methodological, theoretical,
and cultural-historical problems specific to the prehistory, ethnohistory, and

history of the Lake Erie Basin. Therefore, two secondary research objectives
were identified as a part of this study.

The first focuses on the integration of various kinds of published site-
specific cultural and environmental data for several natural areas within the
Lake Erie Basin. Synthesis of these separate studies is essential for 1) iden-
tifying subsistence-settlement patterns for various time periods; 2) under-
standing the function of certain types of sites; and 3) determining the past
and present natural settings in which sites are found.

The information about subsistence-settlement patterns can be used to
construct predictive models about where, or at least under what conditions,
sites are most likely to be found. These models can then be tested against
extant studies not used in their generation, or these models can be used as a
basis for structuring future survey investigations.

The second objective focuses on developing a methodological approach to
integrate various kinds of cultural and environmental data through time and
across space. The approach used in this study is based on the conceptual
framework of cultural ecology first advanced by Julian Steward (1955) and
later elaborated by Willey (1953), Sanders (1965), and Curtis (1971). This
approach has been successfully applied in a variety of widely separated natu-

ral environments and should prove useful for future studies in the Lake Erie
Basin.
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1.4 STATEMENT OF THEORETICAI. APPROACH

The conceptual framework used in this study is a cultural-ecological
approach in which humans are viewed as an integral part of the total eco-
logical system. The creation of cultural objects, structure, sites, and
settlement systems is viewed in part as an adaptive response to specific
micro-macro environmental conditions, i.e., as an adaptation to the natural
environment. They may also reflect the interaction of sociocultural systems
and subsystems. Together, these natural and sociocultural systems and sub-
systems constitute the total adaptive milieu in which people function.

Cultural systems interact with the natural environment most directly
through their techno-economic subsystems. The acquisition of food, shelter,
and raw materials are basic human needs that can be fulfilled in a variety of
ways strongly structured by the spatial and temporal distribution of these
resources in the natural environment. Humanity's spatial and temporal dis-
tribution is thus directly linked to the always uneven availability of the
resources required.

A key methodological problem confronting archeological investigations of
any area is the identification of appropriate units of observation. Both
cultural and natural envirommental systems present almost endless variety.

The choice of variables to study and the limiting of their numbers to a manage-
able level are therefore necessary methodlogical tasks.

Measurement units used to make these studies are also variable. Since
the literature used to prepare this study employed both English and metric
units, conversion factors have been providad in Appendix A.

The site and the settlement systems have long been recognized as funda-
mental cultural units of archeological study. They reflect the segmentation
of human society into social units that can optimally exploit natural resources
while maintaining other essential cultural functions. From a cultural resource
management perspective, the site is also the basic unit of study.

Insofar as the natural environment is concerned, cultural ecologists have
come to recognize five major variables for understanding the structure of
settlement systems and the distribution of sites that comprise them. These
variables include 1) geology (geology and hydrography), 2) climate, 3) soils
and soil productivity, 4) vegetation, and 5) terrestrial and aquatic fauna.
These variables largely determine the spatial and temporal distributions and
the abundance of subsistence resources. They also affect the suitability of
the landscape for human settlement patterns in and around the natural resources
being exploited.

Linking site functions and distribution to sociocultural and natural
environmental factors is vital to understanding how and why settlement systems
change over time. Insofar as this study is concerned, the discovery of rela-
tionships among these variables is of fundamental importance for predicting
where, or at least under what circumstances, cultural resource sites are
likely to be found. In a still broader context, such findings prove of value

in developing hypothetic-deductive models of human adaptation in the Lake Erie
Basin.
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CHAPTER 2
PALEO-ENVIRONMENT

Ira C. Beckerman

2.1 INTRODUCTION AND STATEMENT OF PURPOSE

This chapter provides a description of the prehistoric natural environ-
ment. Emphasis is placed on discussing those factors that may have been
directly important to the subsistence strategies of the prehistoric inhabi-
tants who utilized this area as well as on other environmental variables that
indirectly affected the nature of the local environment. By understanding
how, why, and where prehistoric peoples exploited parts of their environments
over time, better predictions can be made about an area's potential for having
certain kinds and numbers of cultural resource sites.

The project area is defined as the U.S. side of Lake Erie plus a one-mile-
wide corridor stretching from Toledo, Ohio, to Buffalo, New York. This area
includes almost 14,000 km? (Carter 1977:7). The area of water surface on the
U.S. side of Lake Erie covers approximately 12,900 km?; the shoreline from
Toledo to Buffalo is some 584 km long, thus the one-mile wide land corridor
contains an additional 940 km2.

The boundaries of this area do not correspond with natural environmental
boundaries and are probably too small to contain the settlement-subsistence
system of any one cultural group at any one point in time. For this reason,
the paleo-environmental study should be expanded somewhat but not to the
extent that the area is unworkably large or redundant. A compromise survey
area of one U.S. Geological Survey (USGS) 7%-minute quadrangle in from the
lakeshore would probably give more settlement information and allow a system-
atic interpretation without adding unduly to the workload. This is the unit
of observation from which the literature search for prehistoric sites was
conducted (see Chapter 3). At this latitude, 7% minutes represents about
14 km, or more than 8 mi. The USGS 7%-minute quadrangles encompassing the
area are listed in Appendix B. While this list represents more than 9,000 km?,
the total drainage basin into Lake Erie encompasses more than 46,000 km? on
the U.S. side of the lake. Although the drainage basin may represent a "natu-
ral" unit of analysis for prehistoric settlement systems, it is far too unwieldy
to be included in this study.

2.1.1 Study Areas: Water

Lake Erie, the fourth largest Great Lake, covers a total of 25,670 km2?
and is 390 km long and 90 km wide (Eichenlaub 1979). The average lake level
is 173.9 m ASL, with a maximum depth of 64 m and an average depth of 19 m; the
total volume of water is 484 km3. The lake is divided into three basins: a
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deep Eastern Basin, a Central Basin, and a shallow Western Basin. One author
specifies a fourth basin north of Sandusky, the Sandusky Basin (Sly 1976).

The Western and Central basins are separated by a series of islands of which
Bass and Pelee are the largest. Although the lake level is set at 173.9 m ASL,
there are both annual and seasonal fluctuations; the lake is at a low level
from November to March and at a high level from June to July. The lake level
varies from 0.3 to 0.6 m per year (Langlois 1954; Herdendorf and Bradeich 1972).
The level of the lake is determined by two factors: 1) inflow from its own
drainage and drainage of the other Great Lakes (except Ontario) by way of the
Detroit River and 2) the outflow into Lake Ontario, which is solely conirolled
by the elevation of the outlet at Niagara. Since 1860, the level of the lake
has fluctuated between 173.0 and 174.7 m ASL (Sly 1976).

2.1.2 Study Area: Land

The land portion of the survey area encompasses three distinct physio-
graphic provinces: the Eastern Lake section of the Central Lowlands; the
glaciated Allegheny Plateau section of the Appalachian Plateau Province; and
the Glacial Till Plain (Fenneman 1938). From Cleveland to the east, an escarp-
ment separates the Allegheny Plateau from the Lake section. West of Sandusky,
the Eastern Lake section widens rapidly to include the old Lake Warren lake-
bed. In essence, much of the environmental variability within the survey area
is based on physiographic differences. The upland-lowland dichotomy is useful
in distinguishing between different forest types, animal habitats, and soil
characteristics important to prehistoric inhabitants. There are, however,
several subtle environmental differences within these provinces that also have
internal integrity with respect to flora and fauna. Because of these differ-
ences, the survey region has been divided into seven zones, which will be
presumed to be internally consistent (Table 2.1 and Fig. 2.1). The initial
division was based on geologic, edaphic, and glacial-historical factors that
reflected the important variability in the survey area.

Several major streams drain into Lake Erie on the U.S. side. In Ohio,
the Maumee River (at Toledo) is one of the most important and largest
(17,000 km? drainage area) of these streams (Langlois 1954). The Portage,
Sandusky, Huron, Black, Cuyahoga, and Grand rivers are also important in Ohio;
each has a drainage area of more than 1,000 km?. Further east, large streams

are few and far between, with the notable exception of Cattaraugus Creek in
Western New York (Fig. 2.2).
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Because of the complexity of characterizing the paleo-environments of the
land and water areas, discussions have been subdivided into five major chapter
subdivisions: geomorphology, climate, soils, vegetation, and fauna. Each
subdivision corresponds to a major parameter of the natural environment.

These environmental parameters are important for the analysis of a particular
area for several reasons: 1) they are functionally interrelated and operate
within the energy-nutrient framework; 2) they are easily recognized within the

environmental system; and 3) they make data collection methodologically fea-
gible for archeologists.
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A section that qualitatively discusses the environmental productivity of
the study area for prehistoric hunters and gatherers and agriculturalists fol-
lows the characterization of the five environmental components.
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Table 2.1. The Seven Zones of the Project Study Area

Zone

Extent

Description

1 Glacial Lake Plain

2 WVestern Ohio Lowlands

3 Eastern Ohio Lowlands

& Southwestern New York Lowlands

5 Western New York Lowlands

6 Glacial Till Uplands

Allegheny Plateau Uplands

From Toledo to Pipe
Creek, near Sandusky

From Pipe Creek to
the Cuyahogs River

From the Cuyahoga
River to Mill
Creek, at Erie,
Pennsylvania

From Mill Creek to
Silver Creek

From Silver Creek
to Buffalo

From Sandusky to the
Cuyshoga River

From the Cuyahoga
River to Buffalo

Consists of the old
glacial Lake Maumee
lakebed and is
currently above
water. There is no
upland ares associ-
ated with this zone.

Corresponds to
Fenneman's (1938)
Central Lowlands
Province; the
Glacial Till Plaia
is its associated
upland area.

Is distinct from
the two lowland
zones further east
in that it is
extremely narrow and
has a sublinear
pattern of stream
drainage (Strandberg
1967); the glaciated
Allegheny Plateau

is its associated
upland zone.

Is wider than the
Eastern Ohio Low-
lands and has a
subdendritic stream
pattern.

Is much wider than
Zone 4; the asso-

ciated uplands for
this zone are not

found on the topo-
graphic sheets for
the survey area.

Is the same as that
defined in Fenneman
(1938).

Is the glaciated
portion of the
Allegheny Plateau as
defined in Fenneman
(1938).
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Fig. 2.2. Lake Erie and Its Tributaries. Source: Van Meter and
Trautman 1970, p. 66.

2.2 GEOMORPHOLOGY

This section presents a description of the physical factors that created
the lake and the landforms of the study area. Processes, such as glaciation,
are described as they relate to the characterization of the lake bottom and
lakeshore during the time periods when prehistoric and historic inhabitants
would have utilized this area. Processes identified for the study area are
also reviewed as they relate to burying and exposing cultural resource sites.

A

rrT,
s 'y %acs

3 0 G

2.2.1 Preglacial Geology

o

Although most of the important influences on the topography and soil for-
' mation resulted from Pleistocene events, prior geologic history did play a
" role. Consequently, a discussion of the preglacial geology is presented here.

TS ey
.

Most of the Lake Erie Basin is underlain by glacial till and/or lacustrine
sediments from the classic lake stages of the late Quaternary. Under these
layers, however, are Paleozoic sediments. In the eastern part of the Basin
one finds Niagaran Dolomite, composed of Silurian dolomitic limestones and
. shales (Fig. 2.3). These resistant dolomites form the Niagara Escarpment,
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Fig. 2.3. Geologic Map of the Great Lakes Region.
Source: Hough, Jack L., Geology of the
Great Lakes, University of Illinois Press,
Urbana, 1958, p. 1l4. Copyright 1958 by
the Board of Trustees of the University
of Illinois.
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which, to a large extent, controls the outlet for modern Lake Erie. Upper and
Lower Devonian formations underlie much of the northern part of the Basin; in
the southern part, Lower Devonian limestones give way to Upper Devonian shales
(Fig. 2.4). These shales are particularly soft and have a strong dip; this
accounts for the depth of the Eastern Basin of the lake (Herdendorf 1972). In
the Central Basin, these shales are wider but have a lesser dip; this explains
the shallower and broader topography (Herdendorf 1972:338). The northeast-
southwest direction of Lake Erie is controlled by the Appalachian Geosyncline's
orientation on the shales. To the south and east of the shales are the sand-
stones and shales of Pennsylvanian and Mississippian age; their resistance to
weathering led to the formation of the escarpment of the Appalachian Plateau.
Western Basin topography is largely controlled by the presence of the Findlay
Arch (Fig. 2.5). The occurrence of resistant dolomitic rocks in this region
resulted in the islands of the Western Basin. The Sister and Bass islands
derive from Lower Bass Island Dolomite, while Pelee and Kelleys islands were
formed from Columbus Limestone (Figs. 2.5 and 2.6).

If the Paleozoic is characterized as an era of deposition, the succeeding
eras were ones of erosion (with the exception of the Pleistocene). The ear-
liest record of these erosion and uplift cycles can be found in late Tertiary
materials; tracing these cycles into the Great Lakes Basin is problematic due
to subsequent glacial action (Hough 1958:86). Despite this, the effects of
those cycles on the landscape is important to the topographic history of the
Basin. During the advance of an ice sheet, the gross topography of the surface
would have directed the movement along existing drainage patterns. Several
authors have attempted to reconstruct the preglacial drainage for the Great
Lakes. One reconstruction for the Western Basin was done by Hobson, Herdendorf,
and Lewis (1969) (Fig. 2.7). Any attempted reconstruction of the Early Lake
Erie land surface, which is presently under water, should include the pre-
glacial drainage pattern since it would have very roughly resembled the pre-
glacial pattern.

NORTH SOUTH

Pennsyivaman
sandstones

Mississippian sandsiones
and shales

LAKE  EMmE

Fig. 2.4. Cross-Section of Bedrock Stratigraphy for the
Lake Erie Basin. Source: Sly 1976, p. 357.
Reproduced by permission of the Minister of
Supply and Services Canada.
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University of Illinois Press, Urbana, p. 28.
Copyright 1958 by the Board of Trustees of
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Fig. 2.6. Geologic Cross-Section of South Bass and
Kelleys Islands in Western Lake Erie.
Source: Hough 1958, p. 28.
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Fig. 2.7. Reconstructed Preglacial Drainage Pattern for
the Western Basin. Source: Hobson, Herdendorf,
and Lewis 1969, p. 219.
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2.2.2 Glacial Geology

A o
.1 I'

. Although there have been four glacial stages in North America--Nebraskan,

o Kansan, Illinoian, and Wisconsin--only the effects of the Wisconsin are visi-

!J ble in the Lake Erie Basin. Pre-Wisconsin stages undoubtedly worked the land

L surface, deposited till, created moraines, and fostered lake-laid sediments, .-
- but the record has been largely obliterated in the Basin by the last ice ~i&
S advance. The Wisconsin glaciation was the most recent and best preserved of

B the stages. Beginning around 70,000 B.P.*, the Wisconsin has been divided

= into as many as seven substages: Farmdale, Shelbyville-Iowan, Bloomington,

Cary, Port Huron, Valders, and Cochrane (Hough 1958:94). The modifying power

of glacial scouring on the landscape was so strong that, within the survey

area, all deposits prior to the Cary substage have been reworked or altered

out of their original contexts. Consequently, there is virtually no expecta-

tion that archeological remains, had there been any prior to Cary, are pre-
served in situ.

The Cary substage dates from about 16,000-13,500 B.P. (Dorr and Eschman
1970:161) or 14,000-18,000 B.P. {(Lewis 1966). At its maximum extent, it
covered the area from northern Indiana through central Ohio and into southwest-
ern New York (Hough 1958) (Fig. 2.8). The first ice-free areas in the region
were established after 14,000 B.P., when the Erie ice lobe of the Cary substage
retreated north and east from the Fort Wayne Moraine (Sly 1976:359). The
glacial meltwaters formed Lake Maumee I (highest Lake Maumee) in northwestern
Ohio at an elevation of about 800 ft. (Hough 1963). What has become known as
the classic lake stages followed in the next 1000 to 1500 years, culminating
in Early Lake Erie, at 12,500 B.P. The lake stages and elevations are listed
in Table 2.2. Hough's (1958) lake reconstructions of these stages are pre-
sented in Appendix C, Figures 1-16.

Lake Maumee I, formed by the retreating Erie lobe, discharged to the
west, over the Fort Wayne Moraine, to the Wabash River. The ice lobe stopped
in the middle of the Lake Erie Basin, forming the Long Point-Erie Moraine
(Norfolk) and probably the Erieau and Pelee moraines, too (Fig. 2.9). With
the continued retreat of the Huron lobe, the lake gained a new discharge to
. the Michigan Basin via the Imlay ice margin channel to Lake Saginaw. This
4 Lake Maumee II formed beaches as far east as Pennsylvania. Lake Maumee III
- was formed when an advance in the Huron lobe cut off the Imlay channel, restor-
E;j ing discharge to the Wabash River. There was also a small advance in the Erie

lobe, probably halted at the Pelee Moraine.

*Archeological time is customarily expressed in one of two ways: 1) as
calendrical time related to the Christian era (A.D. or B.C.) or 2) as
years before the present (B.P.). After the advent of radiocarbon dating,

E. the present was defined as A.D. 1950; all B.P. dates are calculated from
[ - that base date. Most of the dates used in this report are based on radio-

carbon dates, which can deviate by as much as several hundred years from R
true solar time. Such errors/deviations are inherent in archeological o
time. For this reason, the dates given must be regarded as approximations

of true solar time; they should not be treated as absolutes.
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Fig. 2.8. Glacial Map of Michigan Showing the Cary Substage.
Source: Dorr and Eschman 1970, p. 160. Modified
from Glacial Map of the U.S. East of the Rocky
Mountains, Geological Society of America, 1959.
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Table 2.2. Classic Lake Stages in the Erie Basin®

Name Elevationb (ft)
Maumee 1 800
Maumee 11 760
Maumee III 790
Arkona I 710
Arkona II 700
Arkona III 695
Ypsilanti© 543°¢
Whittlesey 738
Warren 1 690
Warren 11 680
Wayne 658
Warren III 675
Grassmere 640
Lundy 620
Early Algonquin 605
Early Lake Erie 470

aFollowing Lewis 1966. .
bElevation is original altitude above sea level.

a suggested low-level lake stage.

2 Sacauwy Buw
3 Contim Bewn

4 Eastere Bewn

-~ = Baan Bouwnds s
19 ADDIoRMMaN

Deptn [uritrs i netees OROW mear

ke v 71 7m asl Ilernatonm
Great Lanes Datum 1958+

Fig. 2.9. Inferred Bathymetry of Lake Erie. Contours
were drawn on top of glacial deposits rela-
tive to the present lake level. Source:

Sly 1976, p. 360. Reproduced by permission
of the Minister of Supply and Services Canada.
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With the retreat of both the Huron and Erie lobes, most of the Erie area
was inundated, forming Lake Arkona I; drainage was again into the Michigan
Basin by way of the Grand River. Lakes Arkona II and III differed only in
that the outlet was gradually cut down by the Grand River. Lake Arkona III is
dated at 13,600 B.P. (Lewis 1966:57).

Several authors have suggested that a low-level lake stage, Lake Ypsilanti,
followed Lake Arkona III (Hough 1958; Lewis 1966; Kunkle 1963; Dorr and Eschman
1970). Much of the evidence for Lake Ypsilanti comes from the location of
shallow-water deposits well below the lowest Arkona level (695 ft.) just south
of Cleveland (Hough 1958:147); this lake would have been made possible by the
further retreat of the ice front. Around 13,000 B.P., a strong readvance by
the Huron and Erie lobes led to the formation of Lake Whittlesey. The Erie
lobe established the Lake Escarpment moraines in New York and the Ashtabula
moraines in Pennsylvania and Ohio. The Long Point-Erie Moraine was also, in
large part, built at this time. Lake Whittlesey discharged into Lake Saginaw.
Three radiocarbon dates from Whittlesey deposits bracket it between 12,660 and
12,920 B.P. (Lewis 1966:Table 3).

For the remaining 200 to 500 years before early Lake Erie, a sequence of
lakes are documented (see Appendix C). Although each lake was the result of
retreating ice, the margin remained at or near the Ontario Basin, blocking
drainage to the east. Around 12,500 B.P., the Erie lobe retreated to the
point where the Mohawk Valley Outlet was exposed (Sly 1976:359). The last
level of Early Lake Algonquin was 605 ft.; the elevation of the Niagara Escarp-
ment was approximately 130 ft. lower (Fairchild 1932). Once this outlet was
opened, Early Lake Algonquin literally drained into the newly formed Lake
Iroquois. In approximately two weeks, lake levels went from 605 to 470 ft.
(Forsyth 1973).

The beginning of Early Lake Erie was contemporaneous with the formation
of Lake Iroquois. Until recently, it was thought that the classic lake
sequence took place from before 14,000 B.P. to 9,000 B.P., implying a longer
, and more gradual sequence of events (Hough 1958:282). Two dates for Lake
»h Iroquois, 12,080 and 12,660 B.P. (Karrow et al. 1961), and a date of 12,650 %

- 170 B.P. for swamp forest material in the Pelee Basin (Lewis 1969) cast doubt
b: on that view. It is now thought that the entire sequence took at most
N 1500 years (Forsyth 1973).

2.2.3 Hydrology of Early Lake Erie

A
i
. .

Once the Niagara Outlet had opened, the level of Lake Erie was controlled
by the elevation of that outlet and not by the presence of glacial ice. The
weight of the ice had, however, depressed the elevation of the outlet some 115
to 150 ft. below the present height (Lewis 1966, 1969; Sly 1976). Following
deglaciation from the area, isostatic rebound raised the elevation of the

outlet to approximately 55 ft. below the present level by 11,000 B.P. (Lewis
1969).

vy
2 2

"l e

Events north of the Lake Erie Basin continued to affect the flow of water
into the lake. In about 12,500 B.P., Lake Erie received outflow from Early
Lake Algonquin (Hough 1958:293). During the Two Creeks Interstadial, dated at
11,800 B.P. (Broecker and Farrand 1963), retreating ice allowed the Trent
Valley Route to open for the direct discharge of Huron Basin waters (the
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Kirkfield Stage of Lake Algonquin) into Lake Iroquois, bypassing Lake Erie
entirely (Lewis 1966:59). With the advance of Valders ice in 11,400 B.P.,
Main Lake Algonquin was formed in the Huron Basin. Again, the discharge from
that lake was diverted into Lake Erie via the St. Clair and Detroit rivers.
Final retreat of the ice, past North Bay, Ontario, permitted discharge of the
Huron Basin to the sea via the Mattawa-Ottawa Valley. This situation remained
stable until isostatic rebound in the Huron Basin returned discharge to Lake
Erie via the St. Clair and Detroit rivers during the Nipissing Great Lake

Stage. Since then, some 6000 to 4000 years ago, the drainage has remained the
same.

Within the Lake Erie Basin, Lake Erie waters have taken several distinct
forms due to variations in topography, isostatic rebound, and discharge into
the lake. At the time of the Great Flood (12,500 B.P.) the Western and Central
basins were drained, with only a small lake left in the Eastern Basin and
possibly small lakes in the other two basins (Forsyth 1973). The exact con-
figuration of the "lake" at this time is uncertain, due to the presence of the
Long Point-Erie Moraine which separated the Central and Eastern basins. Thus,
the elevation of any distinct lake in the Central Basin was controlled by that
moraine, rather than by the Niagara Outlet. There is a breach in the moraine
ten miles northwest of Erie, Pennsylvania, which could have been the outlet
into the Eastern Basin (Wall 1968).

Complicating this picture are the effects of rebound. Apparently all of
the glacial rebound after 12,500 B.P. occurred east of the Lake Grassmere
hinge line, which lies east of the Port Huron Moraine (Long Point-Erie Moraine)
(Lewis 1966). Thus, only the Eastern Basin would have been affected by the
rebound. Although the exact elevation of the first lake in Lake Erie at this
time is not known, an archeologically conservative estimate of 420 ft. ASL
will be used; this is 150 ft. below current lake level (Forsyth 1973). Using
this elevation, along with the correction for isostatic rebound to the east of
the hinge line, a reconstructed map of Early Lake Erie can be drawn (Fig. 2.10).
This map resembles the one presented in Lewis (1966). The elevation of the
eastern outlet of Early Lake Erie was controlled by the Niagara Outlet; the
Central Basin outlet is conservatively presumed to have veen no higher than

the Niagara Outlet. This is in accord with seismic information for that area
(Wall 1968).

At that time, the Central Basin was much shallower than the Eastern
Basin. This, along with a constant water level and heavy inputs of sediments
from the Portage and Maumee rivers, led to a clogging of the basin with sedi-
ment (Wall 1968). This eutrophication led to marsh-like conditions in the
Central Basin, a point that becomes important in discussing the food produc-
tivity of the region for prehistoric inhabitants as well as for local fauna.
The argument for a shallow central basin lake is strengthened by trace-element
oxygen and carbon data from carbonate shells. In a site 14 mi. southeast of
Erieau, Ontario, at a depth of 80 ft., higher 0!8 conten: in shells showed
either climatic improvement, higher evaporation rates from a rather shallow
lake, or both (Fritz, Anderson, and Lewis 1975).

The shallow-water period in the Central Basin ended either when the
elevation of the Niagara Outlet reached the elevation of the top of the Long
Point-Erie Moraine, inundating the basin from the east, or when the return of
drainage waters from the Huron Basin during the Kirkfield stage led to an
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increased water level (Wall 1968). Fairly stable conditions prevailed for the

next 6000 years, as the only rises were from rebound of the Niagara Outlet

(Fig. 2.11 and Table 2.3). Even in 8800 B.P., the Central Basin was much

lower than it is today. Fluvial scouring of the Cuyahoga River at that time

suggests that the river was graded to lower water levels (Barry Miller, per-

sonal communication). .

3
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Points are keyed numerically to entries in
Table 2.3. Source: Lewis 1969, p. 267.
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The Western Basin, when drained, was transformed into a swamp forest,
with several small lakes in topographic depressions. Encroaching water from
the Central Basin did not exert a strong influence in the Western Basin until
after 5000 B.P. Plant detritus at a depth of 43 ft. below the present lake
level has been dated at both 5097 * 175 and 4335 * 133 B.P. (Lewis 1969). )
Between that time and 3500 B.P., the lake rose to 11.5 ft. below its present J;q
level. This rise was presumably due to the change in drainage of the Huron o
Basin. From that time, the lake level rose slowly to its present level.
Material in Terwilliger's Pond in the Western Basin dated at 2500 B.P. puts
the lake level at about 10 ft. below the present level (Ogden and Hay 1968).
Historically, Lake Erie has been known to fluctuate as much as 5 ft. in depth
(Langlois 1954). These short-term changes correlate with precipitation; the
lowest levels in recent history occurred during the great drought of the early
nineteen thirties.
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2.2.4 Transformations of the Natural Landscape

W
o

e

In order to understand how the archeological record may have been obscured
from view or destroyed, it is important to look at the natural processes on
the landscape that would have been most likely to alter our recognition of
such sites. The two primary types of processes were glacial and lacustrine.
Not only did these have an impact on archeological site location, but they
also effected changes in soil conditions and microtopography, which, in turn,
affected the vegetational cover.

.

2.2.4.1 Process

Glacial action can be broadly divided into erosional and depositional.
Glacial erosion is accomplished by either plucking or abrasion (Dorr and
Eschman 1970:147). Plucking occurs when water under an advancing glacier
seeps into the cracks of the bedrock and, upon freezing, forces the bedrock
loose; abrasion occurs when rock material on the bottom of a glacier scours
the topographic surface as the glacier advances. The Great Lakes were, to a
large extent, excavated by glacial scouring over pre-existing drainage systems
(Hough 1958:113).

Glacial deposition occurs in two basic forms: unsorted and sorted sedi-
ments. Unsorted sediments, or till, are left when melting glaciers deposit
the material they pick up in transit directly upon the landscape; most common
of these are morainal deposits (Fig. 2.12). Terminal moraines, which mark the
furthest advance of glacial ice, leave larger amounts of material in one place
than do ground moraines, which are produced by steadily retreating ice. The
amount of material deposited at any one place is largely determined by the
amount of time the edge of the glacier spends there.

Unlike glacial till, which is made up of unsorted sediments of from clay
to boulder size, glacial outwash consists of well-sorted sediments (largely
coarse sizes, usually sands and gravels). Examples of outwash deposits include
outwash plains, kames, kame terraces, and eskers. Outwash deposits are formed
by the transport of glacial sediments by glacial meltwater to another location.
Sorting is accomplished by water action. Occasionally, blocks of ice become ?
separated from the main glacial body, and outwash deposits surround this ice. i
When the ice melts, it leaves a depression, known as a kettle hole. In the
Lake Erie Basin, these low areas often became swamps or marshes.
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Fig. 2.12. Diagrams of Glacial Deposits. These generalized diagrams
show the "before'" and "after" relationships between glacial
ice and deposits and landforms found in glacial drift.
Source: Modified drawing based on Dorr and Eschman 1970, p. 147.

o Lacustrine deposits also dominate the Lake Erie Basin topography, due

Bottom deposits, those occurring on the

v bottom of lakes, can derive from shore, inland, or other bottom sediments
(Hartley 1961b). The texture of these sediments ranges from fine clays to
coarse gravels, but their size is limited by the energy that the waves or

\ currents in the lake and in contributing streams have to transport them.
1 Waves have enough energy to stir fine sand at a depth equal to one half the
.. wavelength (Dorr and Eschman 1970:205). Although useful energy exists below
X that depth, it is much m2re limited in strength (Hough 1958:34). Thus, wave
;i energy is usually confined to nearshore effects (Hartley 1961b). 1In Lake
p- Erie, the shallowest of the Great Lakes, the wave effects are m .. greater

: than in the other Great Lakes, especially in the Western Basin. econd

major determinant of sediment location is bottom topography. Sediment thick-

F{ nesses tend to correlate well with lake bathymetry (Herdendorf 1972:339;
Thomas, Jacqueth, and Kemp 1976:339).

Near the shore, wave action tends to transport material according to both
the height of the wave and the degree of slope of the offshore area. Wave
energy is translatable into wave height, and waves deform and lose energy when
the depth of water is from one to two times the wave height. Therefore, a
gentler offshore slope breaks the waves further offshore and has less effect
on the shore (Carter 1976). Accretion of sand deposits can occur when the
lake level is lower than normal. Fluctuating lake levels can lead to the
development of dune sands (Dorr and Eschman 1970:227). Erosion of the shore
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line occurs through wave action or mass wasting (Carter 1976). During periods

of storms, shore erosion can occur much more dramatically and quickly (Hough
1958:32).

2.2.4.2 Archeological Considerations

Given the facts that 1) the bottom topography of present-day Lake Erie
has undergone considerable modification by glacial and lacustrine forces and
2) that much of the lakebed was exposed and habitable for long periods in
prehistory, it is important to try to assess how these physical forces influ-
enced archeological materials. Three specific questions must be addressed:

1) Under what conditions could archeological materials have been preserved

in situ on the lake bottom? 2) Where might these in situ materials be located
in the lake? 3) How accessible are these materials to the archeologist for
research purposes, or, with a different emphasis, how accessible are they to
destruction by drilling and related operations?

Looking at the map of Early Lake Erie (see Fig. 2.10) one can see that
much of the surface now under water was exposed at 12,500 B.P. It must thus
be assumed that all of the land surface now inundated by the lake may have
been utilized in prehistoric times. A hypothetical scenario would show the
following: an archeological site could have been formed if artifacts depos-
ited near an older lakeshore were inundated by water and sediment at some
later date. Sedimentation would have effectively sealed the site, and, if the
site was not disturbed, would have provided an archeological context as valid
as those found on land. The kind of sediment would be important in diagnosing
the possibility that such a scenario could have occurred at a particular spot.
If no lake sediment were found over exposed bedrock, glacial till, or glacio-
lacustrine clay, the implication would be either that there has been an equi-
librium between transport and depositional forces over time or that transpor-
tational forces have been stronger, such as in a high-energy wave action
(Thomas, Jacquet, and Kemp 1976). Since the possibility of the former is
small, it may be presumed that the archeological record has been removed from
context and has been secondarily deposited.

Sediments reflecting high-energy wave action, such as those showing high
positive skewness and high positive kurtosis, would also indicate disturbed
contexts spatially mapped as high-energy zones (Fig. 2.13). Since sufficient
information on earlier historic and prehistoric wave patterns was not avail-
able, no maps could be produced. The presence of a high-energy zone (Zone A)
also implies extensive mixing of sediments by suspension and reworking.
Low-energy zones, as defined by low positive kurtosis and negative skewness,
would provide the least possibility of mixing and reworking of sediments.
These areas would be stable and would reflect the best chances for in situ
preservation of materials. One problem with the argument just developed is
that it does not take into full account the effect of rising lake levels.
High-energy zones are caused by wave action; thus, in shallow areas, waves of
a certain height have far greater i.pact on the bottom surface than they would e
in deeper water. In general, the energy of a wave is released when the depth '
of water is 4/3 times the height of the wave (Eichenlaub 1979). Because the
level of Lake Erie kept rising over a long period of time, most areas were
exposed to high-energy wave action at some time, even if only briefly. Pos-
sible exceptions could include topographic situations in which wave action
J- would not be found, such as in protected coves. Also, areas already capped by
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Fig. 2.13. Distribution of High-Energy Wave Zones in Lake Erie.
Source: Thomas, Jacquet, and Kemp 1976, p. 398.
Reproduced by permission of the Minister of Supply
and Services Canada.

eroded land sediments would be less exposed to high-energy zones for much
longer periods than others. The area between the 12,500 and 10,000 B.P.
shorelines (Fig. 2.14) and between the 5,000 and 3,500 B.P. shorelines would
have been less affected since the lake edge moved relatively rapidly through
- these areas. Conversely, the greatest damage from wave action probably
occurred between the 10,000 to 5,000 B.P. and the post-3,500 B.P. shorelines
areas, due to the relative stability of these shorelines.

’.

F! The determination of the topography of the Early Lake Erie land surface
has been made by several researchers; to make their determinations, they
relied primarily on echosounding and corings data (Hartley 196la and b; Lewis
1966; Wall 1958; Hobson, Herdendorf, and Lewis 1969; Thomas, Jacquet, and Kemp

A b4 A il acaiD
T

1976). Although bathymetric maps have been used in analyses, modern bathy-
metric maps of the lake bottom are not adequate for reconstructing the Early
Lake Erie topography since the modern lakebed contains, in places, very deep
and recent clays (Graves 1977). Lewis (1966) used the technique of echo-
A soundings to differentiate various unconsolidated sediment materials as well
o o as consolidated sediments such as bedrock below the current lake bottom. In
- addition, depths of these various horizons were recorded for up to 20 m below
E‘ the water-mud interface. The topography of glacial till deposits were mapped

along with the thicknesses of recent deposits, and an areal map of surficial
sediments was developed (Lewis 1966) (Figs. 2.15-2.17).
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In a sub-bottom reflection survey of the Central Basin, Wall (1968:101)
noted four distinct reflector horizons which he designated a, b, ¢, and d.
These were interpreted as being the surfaces of shallow-water deposits; com-
pact, glaciolacustrine clays; glacial till; and bedrock. These horizons were
not necessarily continuous over the area. The interpretation for prehistoric
occupation would be that horizon b would be the post-12,500 B.P. land surface
where it was not covered by water by the early lake. Where horizon b is not
found, the horizon c glacial till would have been the surface. If neither b
nor ¢ were found, horizon d bedrock would have been exposed (Figs. 2.18-2.20).
A seismic survey of the Western Basin of Lake Erie was also conducted, result-
ing in a map of the elevations of the top of glacial till (Hobson, Herdendorf,
and Lewis 1969:215) (Fig. 2.21). Sediment sampling and acoustic profiling of
the entire lake was carried out, resulting in the distinction of three major
units within the lake: till and bedrock; glaciolacustrine clay; and post-
glacial muds (Thomas, Jacquet, and Kemp 1976). The spatial distribution of
each of these units on the lake bottom was mapped (Fig. 2.22).

Using a combination of a map of the postulated lake level at ‘2,500 B.P.,
Lewis's (1966) isopatchyte map showing sediment thicknesses for recent sediment,
and the distribution of surficial sediments in Thomas, Jacquet, and Kemp's
(1976) map, it should be possible to derive the areas of highest archeological
sensitivity within the current Lake Erie shoreline border. For the period
from 12,500 to 10,000 B.P., the area with the highest sensitivity should
possess three attributes: 1) have been above water in 12,500 B.P.; 2) be
covered by less than 5 m of recent sediment; and 3) have either postglacial
mud, or possibly soft gray mud and sand, over glacial clay as the surficial
material (see Fig. 2.17). These sensitive zones, which are the ones most
likely to contain preserved materials, are most accessible to the bottom
surface. The intersection of these three zones, as well as those for later
lake levels, will be discussed in' Chapter 6.

Sedimentation rates for postglacial deposition have been measured using
various techniques for the three basins. In the Islands area of the Western
Basin, Hartley (1961b) calculated an average rate of 10.2 cm/century based on
an age of 4000 years for inundation of the Western Basin. Lewis (1966:36)
estimated an average rate of 6 cm/century for the Central Basin. Between
12,500 and 5,700 B.P., sedimentation rates were very low in the Central Basin
(Kemp, MacInnes, and Harper 1977). Modern rates, since 1850, appear to have
been much greater, ranging from 35 to 166 cm/century in the Western Basin to
125 cm/century in the Central Basin and.to 240 cm/century in the Eastern Basin
(Kemp et al. 1974). Since 1935, rates have jumped to three times the previous
levels. Based on estimates of the rates of erosion from the shoreline, an
average uniform thickness of 2.5 cm/century was estimated to have been deposi-
ted, although this estimate assumed that all areas receive the same amount of
sediment (Herdendorf 1972).

Aside from development, shoreline erosion constitutes the greatest threat
to existing archeological resources on land. Because of the threat of shoreline
erosion to homes and businesses, much quantitative work has been done. As
early as the 1840s, it was recognized that the shoreline around Cleveland was
rapidly receding (Williams 1949:16). It was estimated that 218 ft. from the
city front were lost between 1796 and 1842. Studies of maps and aerial photo-
graphs (1876-1973) show major changes in the shoreline of Lake County, Ohio
(Carter 1976). Early in the period, the rate of recession ranged from 1 to
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Fig. 2.18. Elevation Contours on Reflecting Horizon b.
Area of occurrence of horizon a is outlined by
heavy dashed line. Source: Wall 1968, p. 96.
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3 ft. per year, dropping to less than 1 ft. per year after 1937. Offsetting
this drop was an increase in variability in the rates, going from very slow
(<1 ft./yr.) to rapid (5 to 7 ft./yr.) early in the period to very slow to
very rapid (7 to 9 ft./yr.) later in the period. It is estimated that approxi-
mately 2 million tons of sediment are eroded out of the shoreline in the
survey area each year (Carter 1977). This translates loosely into a recession
rate of very slow (less than 1 ft./yr.) to slow (1 to 3 ft./yr.), although
some areas, notably Lake County, Upper Sandusky Bay, and Maumee Bay, have
rates of up to 13 to 15 ft. per year. If these rates are constant with time,
there would be nothing unusual about a shoreside village dating from AD 1000
now being 1500 to 2000 ft. into the lake from the current shoreline. The
preservation of these sites would depend on micro-environmental conditions.

It is possible that some sites have been preserved under circumstances where
perishable remains may still exist.

2.2.5 Summary and Conclusion

The survey area, both within the current lake and along the shoreline,
has been greatly modified in topography since the end of the last glacial
advance. Preglacial geology has provided some of the important features of
the landscape, such as the resistant sandstones that form the Appalachian
Plateau and the Findlay Arch, which controls the Western Basin topography.
The most important effects of the preglacial geology are related to how
geologic surfaces reacted to glacial scouring. The deep parts in the Eastern
and Central basins were largely the result of the presence of soft shales,
which were scoured by glacial advance.

Of the Pleistocene's four glacial stages, only the Wisconsin was important
to the survey area. Glacial advances during the late Wisconsin formed the
morainal ridges that divide the lake basins. The final Cary substage advance
eradicated any small landforms, and its retreat at 14,000 B.P. left a new
series of moraines, eskers, and outwash plains. Retreat of the glacier north
of the deep trenches scoured in the soft shale left the first of the pro-glacial
lakes. The subsequent classic lake stages (over the next 1500 years) resulted
in water levels ranging from 45 m below to 70 m above the present lake level.
Final retreat of the glacier north of the outlet at Niagara resulted in a
cataclysmic flood that literally drained the lake, resulting in a series of
three interconnected smaller lakes. At this point, the lake level was 45 m
below the present lake level of 174 m. Isostatic rebound at the Niagara
Outlet resulted in a rapidly rising lake level, so that by 10,000 B.P., the
level of Early Lake Erie was only 13 m below the present level. From 10,000 B.P.
to 4,500 B.P., the lake remained relatively stable, but in 4,500 B.P. a change
in the drainage of the Huron Basin into Lake Erie resulted in a rise in the
lake level to 3 m below the present level. This particular change resulted in
the inundation of the Western Basin, which had previously been a low marsh.

From 4,500 B.P. to the present, the lake level has been rising gradually;
current variations in lake level are on the order of £ 1.5 m a year.

The transformations effected on the land surface during its recent his-
tory have been through glacial or lacustrine actions. Glacial actions either
removed or deposited unsorted (till) materials or well-sorted (outwash) mate-
rials. Lacustrine deposits have ranged in texture from coarse sand and gravel
to fine mud. The texture of the deposited materials is controlled by the
bottom topography of the lake and the degree of wave action. Lacustrine
scouring has also been through wave action.
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Archeologically, areas with the highest probability of preservation
depend on their location with respect to old lakeshores. Sites created between
12,500 and 10,000 B.P. may have the best chance for preservation if they are
located in an area that was above water during that period, covered by less
than 5 m of sediment, and if that sediment is postglacial mud or soft gray mud
and sand, indicating a situation of low wave energy. Sites adjacent to the
fairly stable shoreline found between 10,005 and 4,500 B.P. had little chance
of preservation due to the long-standing beach activity. Along the current
shoreline, sites formed during the last 2000 years suffer potential destruction
in that the shoreline of Lake Erie is receding at a rate of from 13 to 15 ft.
per year in some places. The effect of this recession is that a village along
the shore of Lake Erie in 2000 B.P. could conceivably be located 2000 ft.
offshore today, or it could have been destroyed by wave action. Wave action
is most severe between Sandusky and Erie, Pennsylvania.

2.3 CLIMATE

This section briefly describes the climatic characterization of the study
area, and compares these specific characteristics to those in the surrounding
region. The baseline is modern.

2.3.1 Modern Climate

Four major controls exert influence over the climate of the survey area:
latitude; continentality; air masses and atmospheric disturbances; and the
modifying effects from Lake Erie (Eichenlaub 1979). Latitude differences in
the survey zrea are relatively unimportant.

Lake effects are those "weather and climatic features which primarily
result from modifications imposed by the Great Lakes" (Eichenlaub 1979:81).
Lake Erie affects temperatures on the surrounding land largely by ameliorating
the differences in extrema. The land warms more rapidly than the lake and the
lake cools more slowly than the land. Generally speaking, the influence of
the Great Lakes raises the January average temperature by about 5 degrees
Fahrenheit, the absolute minima by 10 degrees, and the annual minima by
15 degrees (Visher 1943). Along the lake shorelines, the effects are less
visible. In the summer, the lakes depress the average July temperature by
3 degrees and the annual absolute maximum by 5 degrees. One of the most
important results of the temperature effects is the increased length of the
frost-free period. :

The effects of the warmwater temperature on the lower air layers causes
pronounced instability in the air (Remick 1942). A direct result of this is
severe snow-flurry conditions in the fall. The overall annual precipitation
for the Lake Erie area is 34.5 in./yr. (Herdendorf 1972). As most of the
prevailing winds come from the north and west, moisture is picked up over the
lake and added to the atmosphere; this shows up as an increase in the mean
number of days with measurable precipitation from the windward side to the
leeward (Eichenlaub 1979:88). In spite of the increased number of days with
measurable precipitation, the average daily rainfall decreases (Visher 1943).
In the summer, lake effects decrease precipitation in the area, and in the
late autumn and winter they increase precipitation (Fig. 2.23).
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Fig. 2.23. Average Precipitation for New York, Pennsylvania, and
Ohio. Averages, given in inches, are for the months
of April to September, inclusive. Source: USDA 1941.
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2.3.2 Prehistoric Climate

The previous section presented a brief description of current climatic
I' conditions and regional trends in temperature and moisture. The information
discussed reflects only the trends observed since meteorological data have
C been collected for this area; it is not expected to be applicable for describ-
e o ing conditions for the last 10,000 years. Major climatic trends must, there-
3o fore, be reconstructed on the basis of several kinds of data derived from
= other environmental disciplines such as the study of micro- and macro-
II vegetation, fauna, and pollen. For this reason, the reconstruction of the
b climate has been included in Section 2.5 of this chapter and will be discussed
as a part of the vegetational reconstruction made for the study area over
time.

' 2.3.3 Conclusions

The lake is an important local influence on the climate. Land close to
the lake is moderated in temperature, being cooler in summer by 3 degrees
Fahrenheit, and warmer in winter by 5 degrees, compared to inland areas. The
lake also exerts strong effects on precipitation. The prevailing winds, which
usually come from the west, pick up moisture over the lake and deposit it on
the shore. This means that some areas, especially from Erie, Pennsylvania, to
Buffalo, New York, receive greater than average amounts of rainfall and snow-
fall. This effect carries inland for a few miles. Winds also intensify on

the leeward side of the lake, concentrating their effects at Buffalo and to
the south.

2.4 SOIL

Much of the physical, climatic, and topographic variability of the survey
area is reflected in its soils. "Soil" is defined as "the collection of
natural bodies occupying portions of the earth's surface that support plants
and that have properties due to the integrated effect of climate and living
matter, acting upon parent material, as conditioned by relief, over periods of
time" (USDA 1951:8). Soils reflect many of the micro-environmental differences
that will be used later to reconstruct presettlement forest vegetation, and
this information is used for prehistoric site analysis. Soil-survey informa-
tion is the central thread that ties together the paleo-ecological reconstruc-
tion of the study area. This information is important to the analysis of
spatial distributions of sites and, therefore, to settlement pattern analysis
for two reasons. First, the entire survey area has been mapped spatially by
either soil phase or soil type. This means that the information from soils is
spatially complete; there are no spatial data deficiencies in the onshore
region. Second, the soils information for any given location is qualitatively
comparable to that for any other location. In many cases, quantitative dis-
tinctions can be made between locations. Soil terms used in this section are
defined in Appendix D.
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2.4.1 Soil Surveys

Conducting soil surveys is a time-consuming activity; it takes a number
of years to complete each soil survey. Although the modern U.S. soils survey
was begun around the turn of the century, not all the counties in the country
have been mapped. Fortunately all the counties in the survey area that border
Lake Erie have been mapped at least once. Unfortunat-~ly, not all surveys are
"modern" in the sense that they follow the conventions noted in the Soil
Survey Manual (USDA 1951). From the west, there are recent published survey
reports for Erie, Lorain, Lake, and Ashtabula counties, Ohio, and for Erie
County, Pennsylvania. Reports for Lucas, Ottawa, and Sandusky counties, Ohio,
and for Cattaraugus, Chautauqua, and Erie counties, New York, were published
prior to 1945. Lucas, Ottawa, Sandusky, and Cuyahoga counties, Ohio, and
Cattaraugus, Chautauqua, and Erie counties, New York, are in various stages of
survey. Airphoto mappings for Cuyahoga, Lucas, and Erie counties, New York,
have been completed for the survey area; copies for relevant portions of the
survey area were obtained from the respective county soil conservation services.
Airphoto maps for portions of Chautauqua County were also obtained. Ottawa
and Sandusky counties had just begun airphoto mapping and maps were not in
existence for the survey area. The soils analysis for this part of the survey
region was therefore based on a combination of recent and older published and
unpublished soils survey reports (Table 2.4).

Because of the large number of soil series in the survey area (156 from
the modern group and 79 from the older group), each with up to several soil
types and each type with possibly several soil phases, it was necessary to
reduce the variety for the purposes of simple description and for later analy-
sis. This was accomplished through the consideration of the factors important
to soil formation and to determining original vegetational cover.

Soil formation can be thought of as occurring in two steps: the accumu-
lation of parent materials (their interaction with climate, fauna, flora,
topography, and underlying unconformities) and the differentiation (with time)
of horizons in the profile (Simonson 1959). Horizonation can be thought of as
the combination of one or more of four kinds of changes: additions; removals;
transfers; and transformations. Classically, it has been thought that five
major soil-forming factors act to create the soil body through the above-
mentioned mechanisms.

2.4.1.1 Parent Material

The various kinds of parent material in the survey area that are dominant
in the soil-formation process depend on the topography. In the Central Low-
lands, lacustrine deposits are important. Many of these lake-laid deposits
date from the glacial lake stages. When areas were under deep water, fine-
grained sediments were deposited at the same time that coarse-grained sands
and gravels were formed into beaches along the shorelines of these lakes.
Lacustrine deposits range in texture from very heavy clays to gravels, with
all grades in between. Distance from the shoreline largely determined how
fine a sediment was deposited. In addition to lacustrine deposits, portions
of the Lake Plain were covered in glacial till and, where rivers empty into
the lake, parent material is largely alluvial. There may be outwash at the
intersection of till deposits and lakebed. The parent material of the Glacial
Till Uplands is mainly glacial till and alluvium; there is some bedrock where

2-36




Table 2.4. Status of Soil Survey Information in
Counties Bordering Lake Erie

Bl County Published Report Progress Report Reference
wo oHIO
. Lucas Series 1934, No. 24 1977 (USDA 1943,
. 1977)
Ottawa Series 1928, No. 26 None (USDA 1928)
Sandusky Series 1917, pp. 1079-1138 None (USDA 1923)
Erie 1971 (USDA 1971)
Lorain 1976 (USDA 1976)
Cuyahoga None 1978 (USDA 1978a)
Lake 1979 (USDA 1979)
Ashtabula 1973 (USDA 1973)
PENNSYLVANIA
Erie Series 1957, No. 9 19722 (USDA 1960,
1972)
NEW YORK
Cattaraugus " Series 1935, No. 12 (USDA 1940)
Chautauqua Series 1914, pp. 271-326 (USDA 1919)
Erie Series 1929, No. 14 (USDA 1929)

%Erie County, Pennsylvania Soil Interpretations, an update.

high outcrops were covered by glacial ice. The glaciated Appalachian Plateau,
which also contains glacial till as a parent material, has a large portion of
sandstone, limestone, and shale bedrock. Notable along the Portage Escarpment
are Pennsylvanian-aged formations. Alluvial material can be found where
streams wind through the plateau. Throughout the region, in both upland and
lowland contexts, organic matter from bogs and marshes provides parent mate-~

rial for soils; these soils are not mineral soils in the process of being
formed.

]

2.6.1.2 Relijef

VEEEY,
1

ST

As a soil-forming factor, relief has a large effect on soil drainage in
the survey area. Much of the area is low-lying and level, so that either a
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small gradient or a short but rapid rise in elevation can radically improve
the soil drainage characteristics. In the glacial lake plain from Lake Maumee,
a rise of from 20 to 50 ft./mi. could have had important consequences for site
quality of tree species and, presumably, for soil water characteristics.
Another reason relief is so important in the survey area is the impermeable
nature of the till. Where till is impermeable, groundwater does not seep into
the water table but rides along the top of the till, forming a perched water
table (Meinzer 1923). Any relief in this situation will prevent poor soil
drainage. Elevation differences on the lake plain, even in coarse-textured
materials, can cause a shift in drainage classes (e.g., Colonie to Elnora).

2.4.1.3 Climate and Time

Climate does not appear to have been a major factor in creating differ-
ences in soils in the survey area; most of the survey area shares the same
climatic regime. It is possible that microclimatic differences could have

played a part on the lake plain between beach ridge and lakebed situations;
this is conjectural.

Nor does time seem to have been a major factor in the soil formation of
this area. In general, all soils in the survey region are younger than 15,000
years. Alluvial soils are much younger. Still the time since the last glacia-
tion is very short for soil formation processes. Many of the soils reflect
their young age and imperfect drainage in their classification as entisols and
inceptisols. None of the soils considered were classified as oxisols and only
a few as ultisols (USDA 1975).

2.4.1.4 Biological Activity

The final soil-forming factor is biological activity. Forest vegetation
undeniably acts to improve the aeration of a soil by adding organic matter and
in other ways altering the soil's properties (Buol, Hole, and McCracken 1973).
The effects of swamp forest succession on drainage characteristics have been
demonstrated in western Ohio (Sampson 1930a). Still, it is one of the desires
of the analysis to be able to, in some sense, predict vegetation from soil,
and, for this purpose, the effects of vegetation on soil must be held constant.
Although such an assumption may not be entirely correct, it is necessary. The
logical circumlocution around vegetational effects on soils focuses on the
overriding effects of parent material and topography on soil formation and
original forest vegetation. In 15,000 B.P., with the retreat of the glacier,
the landscape was denuded of vegetation. Those species best suited to certain
sites would slowly colonize some areas, while other species would be estab-
lished in other areas. Thus each area would follow an independent trajectory,
and some of the trajectories could be grouped. It would be expected that most
of the trajectories could be reduced in number to a few major trends and that

X the overriding factor in these trends would be physical, i.e., geologic, and
FT topographic. Variation in tree species would not be significant in creating
v different soil series.

éf 2.4.2 Soil Characterization: Catena Construction

[

”!! What is the best way to address more than two hundred soil series, to
I reduce the variety to the most important variables? The method chosen was to

construct a soil catena, a model that identifies differences in soil series
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based on the same parent material but varying in drainage classes. Soil
parent material consists of the mass from which the soil solum develops

(USDA 1951:147). Usually, but not always, the parent material lies directly
below the solum and is designated as horizon ¢. Parent material has its
greatest effect on the nature of the soil early in the formation sequence.
Very old soils tend to be distinguished not by parent material but by other
pedogenic factors (Buol, Hole, and McCracken 1973). In the relatively young
soils of the survey area (less than 15,000 years old), however, differences in
parent material do control much of the differences in various soil attributes.
Parent material and drainage probably account for more of the variation between
different soils than do any two other attributes; thus, the catena appears to
be the best method to describe soils in the survey area.

The procedure followed in constructing the catena began with an examina-
tion of the published survey reports. A list of all soil series found in the
survey-area counties bordering Lake Erie was compiled. For each soil series,
where noted, the parent material and drainage class were listed. Most of the
statements on parent material could be reduced to a few basic types. A few
statements, were clearly intergrades between two previously stated types. To
facilitate interpretation and use of the catena, a schematic cross section of
the shore area, from the lake to the uplands, was constructed; this schematic
followed the style used in the Lucas County report (USDA 1977:10). The cross
section was created to include all possible parent material situations found
between Toledo and Buffalo (Fig. 2.24). Each situation was assigned a number.
Situations varied by parent material and drainage class. All soil series were
then recoded to fit one or more situations. Although the older soil surveys
were pnot used to construct the table, each soil type in the old surveys was
coded to fit one or more of the situations and was used in the same way as the
new-survey soil series. This schematic formed the basis for distinctions in
the catena parent material classes (Table 2.5).

In some cases, two situations were reduced to one parent-material class,
e.g., the case of soils formed from underlying rock and soils formed from a
thin layer of glacial till over underlying rock. In this example, in which it
was often impossible to distinguish one sitvwation from the other in the survey
reports and in which the resulting soil series were close enough in the impor-

tant characteristics (for vegetational reconstruction), a further division was
not warranted.

The parent-material categories fall into five general subdivisions:
residuum; glacial till; lacustrine deposits (glaciolacustrine); terrace and
glacial outwash (glaciofluvial); and alluvium (USDA 1951:150). Organic soils
are not included in the catenas. Subdivisions within these parent-material
categories were made primarily on the basis of differences in texture of the
material. Glacial till can range from coarse sandstones and shales to very
heavy silty clays. Glaciolacustrine deposits again vary from clays deposited
on the bottom of the lake to sandy and gravelly beach ridges. The variations
in the lacustrine deposits were largely a function of the local wave energy,
so that, in reality, these are artificially imposed divisions on a continuum.
In certain circumstances, a change in lake level resulted in deposition of a
different size of sediment. Loamy material over sands, such as those in Chili
and Braceville, represent a movement from high energy to lower energy, while
sands over silts, such as those found in Berrien and Ottawa, represent a low
to high energy transformation. Sand and gravel beaches ultimately lie on top
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of glacial till or lake-laid clays, but are too thick to have the lower sedi-
ments affect the soil-formation processes.

Drainage classes follow the conventions set by the U.S. Department of
Agriculture (1951) and are summarized in Table 2.6. With construction of the
catena, each soil series was evaluated by the criteria set and entered into a
group. In a few cases, a single soil series was entered into two groups; this
occurs with well-drained and moderately well-drained, coarse-textured, lacus-
trine deposits and terraces and outwash. Among modern series, two kinds of
information were uged to assign soil series to a particular group. When
avajlable, data from USDA Form 5s (on file at the Pennsylvania State Univer-
sity's Department of Agronomy, Soil Survey Office, 310 Tyson Building), were
used; these forms are unified for the United States and form the basis of
modern soil survey descriptions. When these forms were not available, the
most recent soil surveys were used to assess the series. In some cases, two
surveys would list one series as having two different drainage classes. When
this occurred, the more recent, or more complete survey, was accepted.

Table 2.6. Definitions of Drainage Classes®

Drainage
Class Definition

Excessively drained Water is removed from the soil very rap-
idly. Excessively-drained soils are com-
monly very coarse-textured, rocky, or
shallow. Some are steep. All are free of
mottling related to wetness.

Somewhat excessively drained Water is removed from the soil rapidly.

Soils are free of mottling related to
wetness.

Well drained Water is removed from the soil readily, but
pot rapidly. Water is available to plants
throughout most of the growing season, and
wetness does not inhibit growth of roots
for significant periods during most growing
seasons. These soils are mainly free of
mottling.

Moderately well drained Water is removed from the soil somewhat
slowly during some periods. Moderately
well-drained soils are wet for only a short
time during the growing season, but peri-
odically for long enough that most meso-
phytic crops are affected. They commonly
have a slowly pervious layer within or
directly below the solum and/or periodically
receive high rainfall.
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2.6. Continued

Drainage
Class

Definition

Somewhat poorly drained

Poorly drained

Very poorly drained

Water is removed so slowly that the

soil is saturated periodically during
the growing season or remains wet for
longer periods of time. Free water is
commonly at or near the surface for long
enough during the growing season so that
most mesophytic crops cannot be grown
unless the soil is artificially drained.
The soil is not continuously saturated
in the layers below piow depth. Poor
drainage is the result of a high water
table, a slowly pervious layer within
the profile, seepage, nearly continuous
rainfall, or a combination of these
factors.

Water is removed so slowly that the soil is
saturated for long periods. Free water is
commonly at or near the surface for long
enough during the growing season that most
mesophytic crops cannot be grown unless the
soil is artificially drained. The soil is
not continuously saturated in layers
directly below plow depth. Poor drainage
results from a high water table, a slowly
pervious layer within the profile, seepage,
or nearly continuous rainfall, or a com-
bination of these.

Water is removed from the soil so slowly
that free water remains at or on the surface
during most of the growing season. Unless
the soil is artificially drained, most
mesophytic crops cannot be grewn. Very-
poorly-drained soils are commonly level or
depressed and are frequently ponded.

a . , . .
"Drainage class" refers to the frequency and duration of periods of saturation

or partial saturation during soil formation, as opposed to altered drainage,
which is commonly the result of artificial drainage or irrigation but may be
caused by the sudden deepening of channels or the blocking of drainage outlets.
Seven classes of natural soil drainage are recognized.

Source: USDA 1978b.

05 LRGN P )
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The soil series from the earlier surveys were also assigned to a topo-
graphic situation on the basis of descriptions within the reports. In the
earliest reports, a soil type seemed to be equivalent to a present-day soil
series. Drainage class information did not conform to modern taxa; drainage

- classes were usually divided into good, imperfect, or poor. An attempt was
Sl made to place these drainage classes into the modern groups. The results are
shown in Table 2.7 as an equivalent soil catena, although the groups are
filled by soil types instead of soil series.

Soils in the United States are currently classified according to a hier-
archical taxonomic system known as the Seventh Approximation (USDA 1975).
This system of classification allows for standardization and flexibility in
adding new information. One of the most useful characteristics of the system
is the ability to slide up and down a hierarchy of categories from soil order
to soil series, depending on the level of specificity desired. At the top,
soil orders were conceived to show distinctions of the "dominant forces in
shaping the character of the soil” (USDA 1975:71).

In the survey area, the vast majority of soil series are in the alfisol
or inceptisol soil orders. In addition, there are a few entisols, histosols,
fj and mollisols, and very few ultisols. No vertisols or oxisols were noted in

the survey. The sequence from entisol through oxisol represents, in general,
a developmental sequence reflecting time, drainage, parent material, or slope.
- Because all soils within the survey are similar in chronological age (i.e.,
postglacial), differences in the orders are mostly due to parent material and
drainage.

i' Most glacial till series are alfisols, indicating high base saturation

) and an argillic horizon, and, in most cases, the maximum soil development.

-l Many of the fine-grained lake-laid sediments are also alfisols, although in

X the poorly-drained areas many mollisols appear. The diagnostic mollic epipedon
: for this order indicates a grassland condition, probably a wet prairie, although
many areas that had better drainage at one time are now very poorly drained

due to the rising lake level. In the marshy areas, most soils are organic
histosols. Among the more coarse-textured parent-material derived soils,

there is a tendency toward less profile development, due both to the sandiness
of the material and to low moisture. This is demonstrated by the presence of
more soils in the entisol and inceptisol soil orders. Most of the alluvial
sorts are also inceptisols, indicative of the continuous addition of parent
material in the form of alluvial sediment.

2.4.3 Conclusions

Soil-survey information forms the basis of the reconstruction of the
prehistoric vegetation in the survey area. Soil-survey information is useful
in this regard because it provides one hundred percent coverage of the area
and because soil-mapping units are in different locations. Information is
available for some counties bordering the lake. For some counties, there are
modern surveys that record soil information at the phase level; for the others,
there are older surveys (completed before 1945) that have information mapped
at the soil-type level.

Five soil-forming factors account for the differences in soils: parent
material, relief, climate, biotic factors, and time. Time is held constant in
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these considerations in that all these soils date to after the end of the
Pleistocene. Thus, time is not an important factor in determining the soil
differences. Since climatic variations around the lake are negligible, climate
is not an important factor in the differences. Biotic factors, from plants

and animals, were held constant because these were effects we wished to study
under variation of differing soil types and other soil-forming factors. .
Parent material and relief were thus the two most important soil-forming S
factors under consideration. Parent material directly relates to topography

in that lowland versus upland distinctions are caused by glacial or preglacial
effects. Where applicable, alluvial deposits were taken under consideration.

In addition, the distance from the current lakeshore is a function of lacus-

trine processes associated with the sequence of lake stages. Relief is par-

ticularly important in that the drainage around the lake is generally poor;

any rises in elevation, including gradual slopes, can drastically improve the

drainage characteristics of a soil.

There are many defined soil series throughout the lakeshore area--too
many to consider individually. A soil catena has, therefore, been constructed
to reduce the variability in the series to a manageable size. All series
listed in the newer soil reports are grouped by the two-dimensional technique
of the catena. The series from the older soil reports were first interpreted
for parent material and drainage, then fit into the same catena created for
the newer series. Organic soils were not included in the analysis because

they would have had no 1mpact on any of the three types of vegetation studied
in Section 2.7.

The use of the soil taxonomic scheme (USDA 1975) to evaluate and organize
series into higher taxonomic orders made possible very broad comparisons of
the series. The majority of the soil series in the lake area are alfisols and
inceptisols. The remainder are mostly entisols, histosols, and mollisols. No
vertisols or oxisols were found. Differences in the soil taxonomic orders
were due largely to parent material and drainage. Glacial till soils and
well-drained lake-laid sediments of fine texture tended to be alfisols.

Poorly drained, fine-textured lake-laid sediments were mostly mollisols.
Very-poorly-drained, marshy soils were histosols. Coarse-textured lake-laid
soils were either entisols or inceptisols. Most of the alluvial soils were
inceptisols.

2.5 VEGETATION

This section presents a qualitative description of the forest conditions
of the three-state project area for the year A.D. 1800. It is important to
present a description of conditions that closely paraliel the natural setting
at the time it was utilized by historic, ethnohistoric, and prehistoric peoples.
Although a descriptive baseline for this time period does not exactly charac-
terize the natural setting for earlier occupations, forests of this period
would have presented a dynamic equilibrium that is no longer visible. This is
due to the effects of modern land-use practices; these have significantly
altered the natural vegetation through timbering, artificial drainage systems,
and agricultural practices.

'
A -
[

The 1800 baseline was selected for analysis because early and extensive }
data are available, particularly original land-warranty information. Records i
of witness trees in presettlement forests are of particular importance for
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assessing species composition for specific habitats (and the data base for
1800 is relatively good). Thus, this time period is better known than are
preceding or subsequent decades. With respect to the prehistory of the area
and its paleovegetation, the year 1800 is "modern,” and correspondence to
present climatic and soil conditions will be assumed.

For this reason, the 1800 baseline is combined with other paleovegetational
and paleoclimatological data to reconstruct and project the vegetational
setting back through time. These same data are also used to construct a
description of the prehistoric climatic moisture and temperature trends.
Reviews of methodological issues and interpretive assumptions are included in
the subsections focusing on the prehistoric eras.

2.5.1 Reconstruction of the Vegetation: Baseline Descriptive Data

Obviously a quantitative, small-scale description of the presettlement
vegetation (with mapped zones of forest associations) is not readily available
for any site-specific area along the lakeshore. On a broad scale, such maps
do exist for counties (cf. Gordon 1940) and for states (Gordon 1966). This
broad scale is adequate for gross statements of human adaptation to the study,
but inadequate for answering other questions. The desirable alternative would
be to isolate those variables associated with forest composition and growth
that can be reconstructed and then mapped on a small scale. For many different
forest types noted in the survey area, certain microtopographic, hydrological,
edaphic, and regional determinants can be specified so that a unified theory
of reconstructed vegetation can be developed and applied. The literature on
both the original forest vegetation and the physical determinants of such
vegetation is vast and, sometimes, contradictory. This is understandable,
considering that work in the Northeast can be traced back to the early part of
the twentieth century (Sears 1925; Braun 1916; Bray 1930). The approach used
to develop this chapter will be to briefly summarize the data and methodology
available as developed by others for the three states: Pennsylvania, Ohio,
and New York. The major determinants that control the vegetational mosaic in
these settings will be identified, sorted, and synthesized, along with some
species-specific information, to form a model of vegetation amenable to soil
mapping. Finally, each major area will be described qualitatively in accord-
ance with these stated variables.

2.5.1.1 Nineteenth and Twentieth Century Descriptions

The first naturalists to systematically note the native vegetation in the
Lake Erie Basin did so early in the nineteenth century. Thomas Nuttall recorded
vegetation on a trip from Erie, Pennsylvania, to the Huron River, noting sandy
beaches from the Ohio state line to Berlin Heights in Erie County, and the
vast prairie from the Huron River to Sandusky Bay (Graustein 1950/51). A
decade later, William Darby described the terrain and vegetation from Buffalo
to Put-in-Bay. The Grand Island east of Buffalo was noted to have a mix of
“"hemlock, sugar maple, elm, oak, and linden" (Darby 1819:155). At Prcsque
Isle, Pennsylvania, Darby noted cedar trees and cranberry bushes growiry on
the sand spit (Darby 1819:211). Of the Connecticut Reserve (northeastern
Ohio), he was particularly flattering, finding "timber, hickory, sugar maple,
black walnut, elm, oak, and other trees indicative of deep strong soil" (Darby

1819:178). On the Danbury Peninsula, near Sandusky, black walnut trees were
noted:
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I found the surface rising from the bay by gradual acclivity, to

at least 30 feet elevation. Soil a deep black loam, and mixed with
sand and pebble; timber, black walnut, shagbark hickory, white oak,
elm, linden, ash, and sycamore, with a shrubbery of alder, sumach
and grape vine. On no land of whatever quality did I ever before
see so much black walnut on a given space. This tree, whose exis-
tence is unerring proof of uncommon fertility, is here the prevalent
timber, and is found of enormous size and height. (Darby 1819:980)

Darby found the shores of the bay around Sandusky to be slightly above the
water, in some places flat and marshy, a condition which existed until this
century when farmers reclaimed much of the land by draining it.

The earliest modern studies also relied on surveys of existing vegeta-
tion, but in a more controlled manner. In a study of 353 woodlots in Wayne
County, Michigan, Brown (1917) made a distinction between species forming
like-commensal forests, species forming unlike-commensal forests, and species
able to form both. Like-commensal forests are those composed of one tree
species; examples included tamarack, birch, aspen, and larix. Unlike-commensal
forests are composed of different species, such as beech, silver maple, and
sassafras. Species that could be segregated but were also found in mixed
situations include black oak, hard maple (sugar maple), shagbark hickory, and
sycamore. Finally, Brown noted that the major associations formed a continuum
from dry sites to wet sites. Black oak, sassafras, birch, hickory, hard
maple, beech, silver maple, and sycamore reflected this spectrum from very dry
to wet sites. Hard miple and beech were assessed as being in optimal conditionms.

The old Lake Maumee Basin, which encompasses much of northwestern Ohio
and all of the survey area west of Sandusky, was known historically as the
Great Swamp and supported a swamp forest community, generally recognized as
elm-ash-soft maple. Within that community, successional phases were recog-
nized, based on differing drainage conditions (Sampson 1930a). On the lake
plain, the vegetation preceding the development of the swamp forest included
aquatic communities followed by marshes and wet prairies, or willow-poplar
associations of low sandbars. On floodplains, swamp forest communiti.s evolved
from both alder and willow-poplar associations and stream valley bogs. The
association found on the wettest sites was composed of American elm, black
ash, and red or silver maple, with wet adapted oaks, sycamore, cottonwood,
sour gum, willow, and yellow birch and aspen. Upon better drainage, white
ash, big shellbark hickory, and burr oak entered, along with some American
hornbeam, buckeye, box elder, honey locust, and hackberry.

A third stage of the swamp forest occurred with better drainage and
included the entrance of red elm, linden, cherry, mulberry, shagbark hickory,
dogwood, red oak, yellow oak, butternut hickory, and hophornbeam. On the
best-drained sites in the swamp forest, tulip tree, butternut, walnut and mag-

nolia entered. This was the last phase of the swamp forest before the entrance
of beech and hard maple.

- Sampson claimed that the major controlling factor for these variations

. was light, moisture gradient, and soil aeration acting in concert. The soil-

:!E moisture gradient reflects slope of the landscape and elevation of low ridges,
implying depth to water, seasonal or permanent. Sampson (1930a:345) presented
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a chart organized to present the habitat range of species, the order of inva-
sion, transitional phases, variation in relative abundance, and the relation
of secondary forests.

Sampson (1930b) also studied the northeastern Ohio mixed mesophytic
forest. The mixed mesophytic forest consists of a variety of tree species
with differing combinations locally dominant; no single set would allow the
forest to be designated by a binomial or trinomial term. This type of associ-
ation tends to occur on moist sites with adequate drainage. In northeastern
Ohio, species of importance included beech, sugar maple, black maple, red
maple, tulip, magnolia, chestnut, white oak, red oak, and white ash (Sampson
1930b:361). A mixed mesophytic community also contained secondary species in
quantities greater than would normally be found in a beech-maple association.
These include red elm, black walnut, butternut, linden, black cherry, sour
gum, flowering dogwood, pignut, bitternut, shagbark, mockernut hickory, red
mulberry, and American elm.

The mixed mesophytic community was placed in a transitional position
between the drier oak-chestnut community and the beech-hard maple association,
but this placement is not entirely correct. The mixed mesophytic community
has a wider soil-moisture gradient than the beech-maple, so that it could
appear on either side of beech-maple moisture conditions. Thus, under wetter
conditions (and depending on slope direction), the oak-chestnut community
would be invaded by mesophytic species before beech and hard maple. During
the better-drained phases of the swamp forest, mesophytic species would also
appear before beech or hard maple.

The local habitats under which a mixed mesophytic community would be
found includes slopes of valleys too dry for beech and maple, but surrounded
by beech and maple on more level spots. In addition, mixed mesophytic communi-
ties could be found on slopes of hills of the interlobate moraine between
oak-chestnut and beech-maple, according to local moisture conditions. Soil
conditions with available water and good internal drainage favor the mixed
mesophytic community, whereas soils with poor internal drainage and heavier
texture favor the beech-maple; droughty soils favor the oak-chestnut. Soils
supporting mixed mesophytic communities would include Wooster loam and gravelly
loam, Volusia loam, and Dunkirk sand (these soil types are from the pre-1930s
s0il surveys).

The specific dynamics of the beech-maple forest, so important in the
vegetation of northern Ohio, were examined in a remnant forest 16 mi. northeast
of Cleveland (Williams 1936). The North Chagrin Reservation, located on a
poorly drained Volusia clay loam, was a beech-maple forest that had undergone
little alteration since settlement. The area had been selectively logged and
the chestnut that was originally there died during the blight at the turn of
the century. Four major vegetation units were identified: 1) a forest
"mixture" of beech, hemlock, red oak, and chestnut dominants was located on
spurs; 2) hemlock, sugar maple, and tulip tree, but no beech were located
between the spurs in deep ravines (this zone was considered transitional to
the swamp forest); 3) an elm-basswood-red maple-black ash association, similar
to Sampson's swamp forest, was located on the western edge of the reservation;
and 4) the prevalent beech-sugar maple forest occupied the interior of the
reservation. Incidental dominants in the beech-maple forest included white
and red oak and shagbark hickory. Red maple seeds were abundant in the forest,
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but did not germinate well, nor did the saplings compete well. Understory

vegetation was characterized as very good, supporting a tremendous amount of
seeds, fruit, and other food reserves, although the meaning of this to virgin
t’ conditions is in doubt due to the selective deforestation of the reservation.

The analysis of the original forests in Cuyahoga County (Williams 1949)
represents a major ecological work relevant to northeastern Ohio. Cuyahoga
County is pivotal for an ecological analysis of the northern Ohio region in
- that it contains three of the physiographic provinces cited by Fenneman (1938):
l' Lake Plain, Glaciated Appalachian Plateau, and Till Plain. In addition,
e Cuyahoga County crosscuts four of the zones defined in the survey area: the
o Western Ohio Lowlands, the Eastern Ohio Lowlands, the Glacial Till Uplands,
and the Allegheny Plateau Uplands.

Using physiographic, topographic, climatic, and edaphic parameters,
Williams isolated a number of forest types. The basis of his reconstructed
vegetation for the year 1796 is a survey of remnant forest stands, both within
and around the county. He also relied heavily on ecological studies and
historical accounts of the first forests in the area. Prevalent in the eastern
highlands was the closed beech-maple forest, composed primarily of beech and
sugar maple, although red maple, tulip tree, white ash, cucumber, and tupelo
were also to be found. The modern understory consisted of hophornbeam, flower-
ing dogwood, and shadbush as well as shrubs of witch hazel, spicebush, maple-
leaved viburnum, red-berried elder, and purple flowering raspberry. Beech-
maple forests were also found in the southern highlands and on better-drained,
but not dry, sites within the lake and till plains. Finally, this association

was found locally on the slopes of valley walls, in ravines between ridges,
and on gullies in the lake cliff.

Swamp forests of American elm, red maple, and black ash occurred on wet
sites within the upland beech-maple forest. Other species included basswood
and an understory of American hornbeam. On the lake and till plaims, the
swamp forest consisted of American elm, black ash, and silver maple; also
associated were slippery elm, burr oak, swamp white oak, and bitternut hickory.
Another type of swamp occurred in some places on the lake plain; pin oak
dominated either in dense stands or along with swamp white oak, burr oak,
silver maple, red maple, tupelo, and cottonwood. Swamps were also a major
component of the more poorly drained portions of the till plain.

The drier portions of the lake and till plains supported a mixed oak
forest, including black oak, white oak, red oak, tulip tree, and white ash as
dominants. Black oak was particularly abundant on the old glacial lake beach
ridges. Out on the sandbars and at beaches along the current lakeshore,

sandbar willow, black willow, cottonwood, and occasionally basswood, burr oak,
and red oak were noted.
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The more mesic areas in the uplands, such as those along the edges of
gorges, within ravines, and on spurs overlooking valleys, supported stands of
hemlock and white pine. Hemlock would often be found in pure stands. On the
edges of this type of area with the beech-maple forest, a beech-hemlock associ-
ation would be found. Along ridges of the southern highlands, an oak-hickory-
chestnut association composed of white oak, red oak, black oak, scarlet oak,
chestnut, shagbark hickory, pignut hickory, and white ash would dominate.
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Finally, in areas where glacial till was thin or nonexistent over shale bedrock
on the cliffs of the valley walls, red cedar and common juniper would be
found.

Braun's Deciduous Forests of Eastern North America (1950) synthesized
much of the work previously mentioned. The beech-sugar maple forest region
encompassed all of the immediate survey area and much of the adjacent area.
The forest was characterized as beech, this being the most abundant species,
with sugar maple in the understory. In the lower-lying parts of the associa-
tion, maple was dominant. Within the beech-maple forest region were prairie
communities that were relics of the post-Pleistocene dry period and phases of
the swamp forest as described by Sampson (1930a). Within the area of the
Great Swamp, beech-maple forests were located only on knolls or low ridges.
Sandy or gravelly morainal ridges were characterized as oak-hickory forest
type. Little variation occurred within the beech-maple forest type; the
changes were limited to stages of succession and topography.

White oak became an important constituent on the southern margin of the
beech-maple forest type. In a forest near Canfield (Mahoning County), Ohio,

on the Glaciated Allegheny Plateau, a stand of the following composition was
noted:

Fagus grandi folia 40.1%
Acer saccharum 25.5
Quercus alba 14.8 -
Acer rubrum 7.7
Oxydendrum arboreum 5.6
Quercus rubra 1.4
Betula spp. 1.4

Differing forest types were related to topography. In Trumbull County, Ohio,
mixed mesophytic stands were restricted to slopes with good available water
and internal drainage. On the till and lake plains, low relief or minor
differences in elevation determined swamp forest types versus beech-maple.

The more compact, poorly aerated and poorly drained soils supported hydromeso-
phytic trees such as swamp white oak and. American elm.

The most comprehensive and detailed synthesis of presettlement forest
vegetation applicable to northern Ohio was undertaken by Gordon in The Natural
Vegetation of Ohio in Pioneer Days (1969). The use of original land surveys
of Ohio, along with primary vegetational surveys conducted by Transeau and
Sampson in the 1930s, historical accounts, biogeographic rules, and ecological
principles resulted in a synthesis and companion map (Gordon 1966). Within
the survey region, seven distinct vegetation types were noted: 1) beech
forests; 2) mixed oak forests; 3) oak-sugar maple forests; 4) elm-ash swamp
forests; 5) mixed mesophytic forests; 6) prairie grasslands; and 7) freshwater
marshes and fens. The seven types, as abstracted from Gordon (1966), are
summarized below.

1. Several types of beech forests existed in northern Ohio in 1800.
The beech-sugar maple forest, as described by Williams (1949)
included 40% or more mature beech trees with sugar maple, north-
ern red oak, white ash, white oak, black cherry, and shagbark
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hickory. The following species were noted as being common in
the understory:

Hepatica acutiloba DC

Claytonia virginica L.

Erythronium americanum Ker. :;q
Dicentra cucullaria (L.) Bernh. i
Dentaria laciniata Muhl.

Dicentra canadensis (Goldie) Walp.

Anemonella thalictroides (L.) Spach.

Osmorhiza claytoni (Michx.) Clarke

Polygonatum biflorum (Walt.) Ell.

Arisaema triphyllum (L.) Schott.

Podophyllum peltatum L.

Viola papilionacea Pursh.

Actaea alba (L.) Mill.

Phlox divaricata L.

Geranium maculatum L.

Pilea pumila (L.) Gray.

A hemlock-beech type confined to stream gorges of the Allegheny
Plateau was noted; it was characterized by a very thin ground cover:
Canada mayflower, partridge-berry, and wintergreen. In northeastern
Ohio, hemlock was associated with species of mixed mesophytic
forests on some uplands south of the Grand River and in wetlands
over peat deposits. A beech-maple-tulip tree association was

noted in those areas occurring below the spring level of V-shaped
valleys and stream terraces. In this moister condition, red maple
was more common than sugar maple. With the exception of sugar
maple, beech woods were generally relatively free of undergrowth.
Beech forests were not considered to be climax forests, rather,

they would become mesophytic hardwoods of red oak and basswood.

2. Mixed oak forests were another component ir northern Ohio. Char-
acterized as a white oak-black oak-hickory association, they
included not only black oak, but scarlet oak, shagbark, pignut
and mockernut hickories, and, in the swamp forest habitats within
this association, big shellbark hickory. On fertile river terraces
and till plains, bitternut hickory was important. In the naturally
dissected Allegheny Plateau, a white oak type formed. Low-lime,
acidic soils of northeastern Ohio, which were well drained and sandy,
supported an oak-chestnut type. Further west, on the Glacial Till
Plain, forests in the vicinity of the prairie grasslands were mainly
of the white oak-black oak-shagbark hickory type. The soils that
correspond to this association, such as the Miami-Kendallville-Fox
soil association, are subject to drought.

3. The oak-sugar maple forest, especially characteristic ol the Island
Area in Lake Erie, consisted of white oak, red oak, black walnut,
black maple, sugar maple, white ash, red elm, basswood, black cherry,
and shagbark hickory. This forest was characterized by an absence
of beech, and was associated with highly calcareous and fertile
soils, such as those derived from rocks and gravels of limestone,
dolomite, and shaly limestone. On the Bass Islands in Ottawa County,
the predominant forest associstion was oak-maple-basswood; this was
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correlated with the Catawba and Toledo soil series. Understory
vegetation included !

Bicuculla cucullaria
Camassia scilloides
Campanula americana
Geranium Robertianum
Hydrophyllum appendiculatum
Hydrophyllum virginianum
Impatiens pallida

Laportea canadensis
Polymnia canadensis

Rubus occidentalis

The elm-ash swamp forest was commonly found on flat, poorly drained
areas. Some of these forests succeeded the natural drainage of wet
prairies and marshes in the glacial lake basin. Three species were
dominant in the swamp forest: white elm, black and/or white ash,

and silver and/or red maple. Very wet phases would have contained
sycamore and cottonwood. Swamp forests also invaded peat bogs where
the peat was shallow or consolidated as muck. Better drained forest
types included the elm-black ash-~soft maple; burr oak-big shellbark
hickory; red oak-basswood; and tulip tree-black walnut. On outwash
aprons with lighter-textured soils, there was a transition to the wet
beech forest type. An association of elm-ash-silver maple~burr oak
was characteristic of the lake plain; on poorly drained silty clays of
low-lime content there would have been more pin oak and red maple.
Shrubs in the swamp forest understory included

Benzoin aestivale
Grossularia cynosbati
Viburnum acerifolium
Viburnum prunifolium
Cornus pacemosa
Xanthoxylum americanum

Ferns included

Onoclea sensibilis -
Botrychium virginianum
Asplenium augustifolium
Athyrium thelopterodes
Phegopteris phegopteris
Adiantum pedatum

Grasses included

Cinna arundinacea
Glyceria nervata
Hystrix hystrix

The mixed mesophytic forests occupied primarily the slopes of the
Allegheny Plateau and outliers in the glaciated areas. As described
by Sampson (1930b), they included beech, sugar maple, black and red
maple, tulip tree, magnolia, chestnut, white and red oak, and white
ash, in that order, and were considered transitional between dry
sites of oak-chestnut and moist sites of beech-maple.
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Prairie grasslands in western QOhio consisted of two basic types:
wet prairies and dry prairies. Wet prairies were composed of wet

or water-covered species, such as those of Phragmites and
Calmagrostis. More mesic prairier consisted of

Andropogon gerardi
Andropogon scoparius
Panicum virgatum
Sorghastrum nutans

A number of broad-leaved forbs were also found in wet prairies;
they included

Asclepias
Aster

Helianthus
Lespedeza
Latris liatris
Ratibida
Rudbeckia
Ruellia
Silphium
Solidago
Veronicastrum

Dry prairies and hill prairies were located near the edge of bluffs
composed of massive limestone, dolomitic rocks, and cherty-limy
shales. In Erie and Ottawa counties, the following species were
noted:

Allium cernuum
Blephilia celiata
Carex crawei

Galium pilosium
Houstonia canadensis
Lithospermum canescens
Lobelia leptostachys
Lobelia spicata
Monarda fistulosa
Panicum flexile
Polygala verticillata
Sabatia angularis
Scutellaria parvula
Silphium trifoliatum
Sisyrichium albidum
Thalictrum revolutum
Verbena angustifolia
Verbena structa

Viola sagittata

The principal grasses that formed in freshwater marshes and Zens

vere giant reed-grass, slough grass, and big bluestem. These

grasses formed in nearly pure stands, but were disturbed by grazing
animals. Gordon, who disagreed with Transeau's hypothesis of a
climatically determined prairie peninsula, argued for the importance
of local hydrographic conditions in creating grassy tracts. Fens
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were defined by Gordon to apply to a distinct vegetation that corre-
lated to hard (high carbonate) artesian groundwater. Fen plants
grew on alkaline marshy peat, often marl.

In a study of the presettlement forests on South Bass Island, two main
communities were found (Hamilton and Forsyth 1972). Sugar maple and hackberry
were associated with deep soils, such as Catawba (Hoytville), which had good
available moisture. Less important species included black walnut and red elm.
On drier sites, white oak dominated, with Northern red oak, chinkapin oak, and
shagbark and pignut hickories as associates. A third community, one of minor
extent, existed on shallower Randolph series (Romeo) soils, with an association
of hackberry and blue ash, with less abundant beech and red elm, sugar maple,
chinkapin oak, and Eastern hophornbeam as subdominants. The authors thought
that the original forests on the island were predominantly sugar maple and
hackberry, with very little oak or hickory.

One of the early phytogeographic approaches in the New York area was
The Development of the Vegetation of New York State (Bray 1930). The Lowland
Plain, Zone B, consisted of chestnut, oak, hickory, tulip tree, poplar, and
other species. The Upland, Zone C, was characterized by sugar maple, beech,
yellow birch, hemlock, white pine, and other species. Bray believed that the
development of vegetation was influenced by the substratum and the resulting
influence of the vegetation upon the substratum; the description of the succes-
sional stages followed by vegetation was a major contribution to the field.
On the Lake Plain, the stages went from marsh plants to marsh meadow to marshy
shrub or swamp shrub consisting of willows and alders. Swamp forest of red
maple, black ash, and elm followed and, finally, a climax forest of maple,
beech, birch, hemlock, and white pine was established. The action of vegeta-
tion upon the substratum was noted as critical. Two major types of succession-
als were noted: one where there was an excess of moisture and one where the
soil was droughty.

In the first case, aquatic vegetation was followed by marsh vegetation,
which invaded at approximately the mean water table. At high water, these
plants were submerged; at low water, they were exposed. The next stage
occurred where the soils were habitually exposed, leading to the formation of
mineral soil and the establishment of a marsh meadow stage consisting of
grasses and sedges. During the swamp shrub stage, alder thickets invaded
along with the following shrubs:

Dasiphora fruticos.:
Myrica gale

Rosa carolina

Cornus stolinifera
Nemopanthas mucronak
Viburnum cassinoides
Aronia melancarpa
Vaccinium corymbosum

The swamp forest stage formed as trees that became established began to mound
earth within the swamp land, creating locally drier sites. The dry soil

sequence differed in that, originally, sand deposits with very little organic
matter established heath shrub and blueberry. By gradual conditioning of the

soil, other species became established, including white pine, oak, chestnut,
and tul.p tree.
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A survey of the vegetation in and around the Niagara Region described
habitats of many of the important tree species (Zenkert 1934) as well as some
of the postsettlement vegetational changes. Chestnut was originally common on
the morainic slopes and ridges, as well as on the sandy soils in the wooded
tracts along Lake Erie (old beach ridges?). Beech was described as shunning
limestone areas in which the topsoil was too thin. Butternut was common in
the rich woods and on bottomlands, black walnut was rather common in the same
habitats. Shagbark hickory was common and abundant; pignut hickory was abun-
dant in dry to damp woods, while bitternut hickory was localized in wet woods
and low, damp ground. Finally, the American elm was distributed on clayey or
calcareous soils on low ground. On moist to dry sandy shores, the following
herbaceous species were noted as characteristic:

Corispermum hyssopifolium
Cycloloma atriplicifolium
Salsola Kali, var. tenuifolia .
Cakile edeniula, var. lacustris
Polanisia graveolens

Lathyrus maritimus, var. glaber
Strophostyles helvola

Euphorbia polygonifolia
Physalis heterophylla

Agrostis alba, var. maritima
Ammophila breviligulata
Triplasis purpurea

Cenchrus pauciflorus

Elymus riparius

Elymus canadensis’

Eragrostis Purshii

Eragrostis cilianensis
Sporobolus cryptandrus

Cyperus Sweinitzii

Cyperus erythrorhizos

Carex communis

Carex radiata

The presettlement forest composition of Cattaraugus County was recon-
structed using original land-warrantee survey information and some reconnais-
sance of still virgin tracts (Gordon 1940). The land surveys took place
between 1798 and 1809. Cattaraugus County is located mainly within the glaci-
ated part of the Allegheny Plateau. In addition to the preparation of a
presettlement vegetation map, Gordon attempted to correlate forest composition
with soil types. The oak-chestnut association consisted of white oak, red
oak, chestnut oak, chestnut, and black oak (which included Northern red oak).
In mixed mesophytic forests, red oak, beech, chestnut, red maple, black birch,
white ash, and black cherry dominated. Shrubs were important in the under-
story. Mixed mesophytic forests were located on wetter sites than were the
. oak-chestnut associations. Beech-sugar maple forests lacked hemlock and
2 yellow birch, but contained basswood, beech, sugar maple, white ash, black
N cherry, and white pine as dominants. Hemlock-beech occurred as a variety of
s the beech forest; it differed from the mixed mesophytic forest in that it
. lacked undergrowth. Bottomland hardwood forests included cottonwood, sycamore,
American elm, silver maple, black willow, and butternut. On flats in the
floodplain and in swamp forests, the white pine-American elm association
predominated. On the wettest sites in peat bogs, a black spruce-tamarack
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association was found. With respect to correlation of vegetation with soils,
Gordon made the following observations. Podzols (Tionesta series) tended to
support hemlock, white pine, red maple, cherry, beech, and cucumber. The
DeKalb series correlated with the hemlock-beech association and with yellow
birch, water beech, and American elm. The well-drained DeKalb silt loams
tended to support a mixed mesophytic forest, while the podzolized Volusia
series supported hemlock, beech, sugar maple, yellow birch, basswood, and
white pine. Canfield, a better-drained series, supported sugar maple, bass-
wood, white ash, hophornbeam, and black cherry. Wooster, the best drained
morainal soil, supported a hardwood dominant forest. '

Braun's (1950) beech-maple forest region continued uninterrupted from
Ohio into Pennsylvania and New York but there were some differences noted for
the margins. In New York State, the upland had affinities to the oak-chestnut
region, but was separated by the Allegheny Plateau. There were more northern
bogs and bog communities with northern conifers present, including northern
white cedar, tamarack, and white pine.

2.5.1.2 Utility of Descriptive Data

The previous section is useful in identifying tree species and understory
species present in the presettlement forests of the study area. Information
was also presented about trends in the association of individual tree species
including where these tree groups were likely to occur on a particular kind of
landform in the lakeshore area of Ohio, New York, and Pennsylvania.

The creation of species lists and distributional trends is important to
developing a working model that can be used to reconstruct the forest cover
for a site-specific area. When combined with other paleo-ecological data, the
information in this section can also be used to generate vegetational patterns
for these same sites for earlier periods of time.

2.5.2 Inventory of Tree Species

An inventory list of tree species that would have existed in the three-
state project .area along the lakeshore in 1800 is presented in Appendix E.
The specific locations of each species and its association with other combina-

tions of trees would have depended upon the environmental conditions of a
given site.

2.5.3 Factors that Determine Vegetation

Most of the literature reviewed for this study based the reconstruction
of original forest vegetation on the explicit variables that the authors
thought controlled most of the variation within the particular survey areas.
Although there were a wide variety of forest and vegetational settings, only
a few parameters were emphasized by most of the authors as determinants of
forest type. The most important parameters included soil, drainage, geology,
topography, and aeration. Other, less important, parameters were historical
and successional, light, local exposure, and intercompetition with other
species.
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2.5.3.1 Soil

Early studies often looked for the correlation of soil types with forest
types. The mixed mesophytic forest of northeastern Ohio was thought to be
correlated with Wooster and gravelly loams, Volusia loam, and Dunkirk sands,
soils with good internal drainage and with adequate soil moisture (Sampson
1930b). At the same time, caution in using soil types was claimed in that
soil type actually reflects a complex of factors and may not delimit the
single most important factor (Sampson 1930a). In addition, more than one
forest type was often found on a particular soil type. In retrospect, much of
the problem with soil type-forest type correlations lay in the inadequate
detailing of both. More recent soil series probably correlated with older
soil types in degree of specificity. Second, the incorporation of several
factors acting to produce a particular soil type can be useful in that soil
can be a single best measure of the interaction of the important factors.
Other authors have used soils to indicate forest types. Gordon (1940) found
podzols, such as the Tionesta and Volusia series, to be correlated with the
hemlock-pine-northern hardwood forests in Cattaraugus County. Mixed mesophytic
forests were found on the well-drained DeKalb silt loams; DeKalb generally
produced hemlock-beech-birch-elm forests. An ash-sugar maple-basswood forest
was located on Canfield soils, which were well drained. Hardwood forests were
dominant on the best-drained morainal soils, the Wooster series.

2.5.3.2 Drainage and Soil

Drainage and soil have been used in tandem to reconstruct vegetation
(Sampson 1930a and b; Shanks 1953; Williams 1949; Braun 1950). In a study of
the relationship of soils to vegetation in Ashtabula County, Gordon (1969)
constructed a model with varying drainage and vegetation according to specific
soil series (Table 2.8). More specifically, fragipans were associated with
beech-sugar maple, while podzolized soils were associated with yellow birch
and hemlock. The most ambitious attempt to correlate soil to vegetation was
attempted for the state of Indiana, using original land-warrantee survey data
and modern soil-survey reports (Lindsey, Crankshaw, and Qadir 1965). By
superimposing early land warrantee surveys over modern soil maps, each witness
tree could be located on a particular soil type; in all, more than 70,000
trees were located on 357 soil types. The large number of soil types was
concatenated to 87 by using a soil catena and drainage-aeration profile. It
was found that topography and surface texture played an important role. For
example, Crosby silt loam supported a beech-maple forest, while Crosby loams
supported a mixed forest, and Crosby sandy loam led to the oak-hickory forest.
Parent material was also important. Soils from chert-free limestone or from
Wisconsin glacial drift were associated with beech-maple. Chert  limestones
of Illinoian drift were associated with mixed forest, and loess and sandstone
and shaly material was associated with oak-hickory. Soils within a given
catena tended to be more optimal for the development of one of the three main
forest types. In summary, the study claimed that

It seems clear, then; that soil texture, drainage profile,

and catena-related attributes of substrates all exert a strong
influence in determining forest types in Indiana and that,
while one or the other may be effective in particular cases,
we cannot attribute overwhelming influence to any one of them,
in general (Lindsey, Crankshaw, and Qadir 1965:160).
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Table 2.8. Drainage-Soil Model gor Vegetation
in Ashtabula County

Forest Vegetation Swamp Beech~ Mixed Oak~- Chestnut-
Types Forest Sugar Maple Mesophytic Hickory Oak
Wet Beech
Drainage Class Poorly Somevwhat Medium Well Excessively
pPrained Poorly Well Drained Drained
Drained Drained
Soil Series Frenchtown Venango Cambridge Chenango Colonie
Sheffield Platea Pierpont Otisville
Kingsville Red Hook Williamson
Atherton Caneadea Elnora
Canadice Claverack
Conneaut Braceville
Swanton
Habitat Classes Wet Wet-Mesic Mesic Dry-Mesic Dry

“Source: Gordon 1969 (Ohio Biol. Surv. Bull., n.s. Vol. 3, no. 2;
reproduced by permission of the Ohio Biological Survey).

In a witness-tree survey of Shelby County, western Ohio, Shanks (1953:464)
also emphasized the importance of soil properties, noting that "shifts in
forest composition from one major soil area to another were due to soil
moisture and aeration changes and competitive interrelationships of species."

2.5.3.3 Geology

Geology has also been an important associate variable for forest recon-
struction, both by itself and as related to parent material in soil formation.
Similarities between the glacial geological map and vegetation map of Ohio
were suggested by Forsyth (1970). In the areas within the survey region, a
mixed oak (dry) prairie was correlated with the limestone bedrock high, with
some sand. Swamp forest, characteristic of the western part of the survey
area, was correlated with very flat land with very clayey till. The predomi-
nant beech-maple forest was associated with the Wisconsin till plain, espe-
cially ground moraines and end moraines. The mixed oak {(wet) forest of north-
eastern Ohio was associated with very flat land with lake clay and silt. The
mixed mesophytic forest in Ohio was associated with the Appalachian north-
facing escarpment (sandstone) cut by deep valleys. Individual tree species
were also conditioned. Dry oaks, such as whii . oak, black oak, chestnut oak,
and scarlet oak, were found in areas of abundant sandstone bedrock exposures
or on hilly, well-drained sand and gravel deposits such as kames. Wet oaks,
such as pin oak and swamp white oak, were on poorly drained clayey till plains
of western Ohio. In the Black Swamp, the clayey soils with extremely flat
ground provided the basis for the swamp forest, but where the glacial lake had
left sandbar deposits, oak openings were found. On the dolomitic rises of
Wood and Ottawa counties, an unusual mixture--including chinkapin oak, blue
ash, black walnut, and hackberry--predominated. In the Islands areas, sugar
maple was added to this mixture.
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2.5.3.4 Aeration

Drainage and aeration ay2 both indices of soil moisture conditions.
Although well-drained soils can be poorly aerated, while poorly drained soils
may have good aeration, this is not usually the case. In the swamp forest of
western Ohio, the soil moisture gradient was estimated using slope and eleva-
tion of low ridges and knolls (Sampson 1930a). While this would be a reason-
able estimator for the lowland forests in the western area, it would not be as
accurate for the uplands. Brown (1917) found that soil moisture conditions
were strong indicators of forest type. In the glacial till plain, aeration,
drainage, and topography are the important indices for forest type (Braun
1950).

In some cases, forest vegetation conditions the soil moistuce setting;
different forms of vegetation can result in different moisture regimes (Sampson
1930a). Especially in the western area, trees can act to improve the aeration
in the soil. It is hypothesized that subsequent generations of elm, wet
maples, and blue beech transformed marshy soil conditions to somewhat poorly
drained conditions, amenable to beech and sugar maple. One can only guess at
the historical factors that transformed one marsh into a forest and left
another marsh to remain as such. Random processes no doubt acted upon the
landscape, and it is only in general that the successions from elm swamp
forest to beech-maple to oak-hickory have taken place on the landscape. For a
reconstructed vegetation at year 1800, the changes to the soil moisture condi-
tions are not overly important. In trying to reconstruct the vegetational
history since the Pleistocene, successional changes on the landscape become
critical in a small-scale reconstruction.

2.5.4 The Forest in 1800: A Model

This section presents a reconstruction of the forest zetting along the
lakeshore in 1800. The study area lies within a band along the lake that is
about 8 mi. wide and included in the 60 map units listed in Appendix B. The
descriptive material presented in this section is subdivided into six subsec-
tions, each of which concerns a different forest that is projected into a
locational setting.

The forest associations reconstructed for these seven locations (see
Fig. 2.5) reflect the interplay of the factors discussed in the previous
section that are known to affect forest composition and the inventories of
tree species that were historically observed in the area and described in
Section 2.5.1.

2.5.4.1 Glacial Till Plain

The vast majority of the forest in the survey area was of the elm-ash-soft
maple type, with American elm, black ash, red and silver maple, and cottonwood
as the major species. The topographic conditions for this forest are in
poorly drained lowlying contexts (Fig. 2.25). As one approached the lake,
successively more poorly drained positions were encountered: first came an
elderberry-willow-buttonbush association, then a grass sedge (wet) meadow, and
finally a cattail-bullrush marsh along the lakeshore. Away from the lake, on
high knolls on the plain and on sloping ground, the forest changed to a burr
oak-big shellbark hickory association or a red oak-basswood association. On
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Fig. 2.25. Vegetation Associations of the Glacial Till Plain.
Source: Gordon 1969 (Ohio Biol. Surv. Bull. n.s.
Vol. 3, no. 2; reproduced by permission of the
Ohio Biological Survey, The Ohio State University).

the richest, most fertile ground, where there was outwash of gravelly till, a
tulip treefblack walout association could be found.

2.5.4.2 Western Ohio Lowlands

There were essentially two components to the western Ohioc Lowlands: the
true lowlands composed largely of a mixed mesophytic forest and an area in
which the dolomitic highlands came practically to the water's edge. In the
true lowlands, the American elm-red maple-black ash association dominated the
wetter sites. Associated were slippery elm, burr oak, swamp white oak, and
bitternut hickory. On the better-drained areas within the lake plain, red
oak, white oak, tulip tree, and white ash could be found. On the beach ridges,
three different associations could be found as one traveled east (Sampson
1930a). Toward the eastern part of Sandusky, sandy ridges contained beech and
tulip tree. At Erie County, oak-chestnut and oak-hickory were the dominant
associations. From Berlin Township to the east, beech-maple forests could be
found on the beach lines, with oak-chestnut and oak-chestnut-tulip tree on the
driest sites. Basically, wherever limestone outcrops occurred, chestnut would
not be found. Because the associations on the dolomitic outcrops are closer
to upland types, a discussion of these will be deferred until the section on
Glacial Till Uplands.

2.5.4.3 Eastern Ohio Lowlands

The lake plain would have been very similar to that of the Western Ohio
Lowlands, with the exception that hemlock began to be an important species in
the eastern end of the eastern Ohio lowlands. Beach ridges would have com-
prised beech-maple-hemlock forests. And black walnut was replaced by butter-
nut in bottomlands and rich woods.
2.5.4.4 Southwestern and Western New York Lowlands

These areas had essentially the same forests as did the Glacial Till

Plains and western Ohio Lowlands. Most of the lake plain was very homogeneous
along much of the south shore area (Braun 1950). To the east, increasing
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proportions of butternut, chestnut, and hemlock would probably have been the
only quantitative differences.

2.5.4.5 Glacial Till Uplands

Geologically, the Glacial Till Uplands included not only the south shore
region, but the Islands area in western Lake Erie as well (Hamilton and Forsyth
1972). The Glacial Till Uplands could be divided into areas where limestone
outcroppings formed the predominant landscape and an area controlled by glacial
till. In the high limestone areas, the overriding factor was the high lime
content and the fertile soils that this produced. Species that do well with
high pH, such as black walnut, hickories, and oaks, flourished. On wetter
sites, a wet oak association dominated. These oaks included pin oak, swamp
white oak, and burr oak. Bitternut hickory was probably an important constitu-
ent. On slightly drier sites, shagbark hickory, chinkapin oak, blue ash,
black walnut, and hackberry were important. On the driest sites, white oak
and red oak, with some black oak, would have been found. 1In the Islands area,
an area with highly calcareous soils, an oak-sugar maple association would
have been dominant. Other important species would have included black walnut,
white oak, red oak, black maple, sugar maple, white ash, red elm, basswood,
and black cherry. An alternate hypothesis of the vegetation suggests that oak
was not abundant in the Islands area. This hypothesis suggests that a sugar
maple-hackberry association would have dominated on deeper limestone soils and
a hackberry-blue ash association on shallower limestone soils (Hamilton and
Forsyth 1972). White oak would have been found on drier sites along with red
oak, chinkapin oak, and assorted hickories as associates.

The rest of the Glacial Till Plain, away from the high limestone ridges,
would have supported a poorly drained adapted forest. Much of the area would
have contained American elm, black ash, and silver maple. On better-drained
sites, beech, tulip tree, white ash, basswood, cucumber, and tupelo would have
been found, and, on the driest sites, such as on beach ridges, a white oak-
black oak-shagbark hickory association would have been dominant.

2.5.4.6 Allegheny Plateau Uplands

The large Allegheny Plateau Uplands was a region of strong relief; several
subdivisions are needed to sufficiently describe the area. From the west to
the east, there was a dividing line near the Ohio-Pennsylvania border that
marked an increase in annual precipitation. To the east of this line, hemlock
became a very important tree, along with white pine and other species in the
hemlock-white pine-northern hardwoods forest type (Braun 1950). To the west
of this line, beech-maple upland forests were dominant. Scattered throughout
the region were mixed mesophytic forests. It is sometimes hard to isolate
these mesophytic forests from the hemlock-white pine-northern hardwoods forests
in that they tended to intergrade into each other. The beech-maple forest was
mainly composed of American beech and sugar maple, with an understory of red
maple; it was ubiquitous in northeastern Ohio areas associated with moist, but
not wet, sites. Associated with the beech-maple forest were tulip tree, white
ash, cucumber, and tupelo. Under imperfect drainage or low topographic posi-
tion within the uplands, a swamp forest containing elm, black ash, and red
maple associated with swamp white oak, bitternut hickory, and basswood devel-
oped. In more mesic situations, such as on north-facing slopes and in coves,

a mixed mesophytic forest could be found. Principal species were beech, sugar
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maple, black maple, red maple, tulip tree, magnolia, chestnut, white and red
oak, and white ash. Further to the east, hemlock became important in the mix.

In southwestern New York, the addition of hemlock and white pine to the
forest gave it a distinctive character. For this reason, Braun (1950) chose
to define this forest as another forest region, the hemlock-white pine-northern
hardwoods forest type. Moist sites still had the characteristic beech-maple
forest, but on wetter sites, a hemlock-beech association formed. 1In the
poorly drained flats, a white pine-American elm association could be found.
Chestnut, birch, cucumber, white and red oak, cherry, sugar maple, and ash
were all constituents of this forest. In peat bogs, black spruce and tamarack
were also common.

2.5.5 Paleovegetation and Paleoclimate

In the previous section, a model that characterized the 1800 vegetation
along an 8-mi. corridor of the lakeshore was presented. However, this is a
static model characterizing regional subareas for only one point in time.
During occupation of this area, the environment was cyclic and large- and
small-scale differences are expected to have occurred. Important changes that
would modify both the assumptions underlying the model that identifies the
species in any given area as well as what the physical environment supporting
these species was like may have taken place since the end of the Pleistocene.
Questions of vegetational and and climatic history have been traditionally
addressed through the analysis of pollen samples from stratigraphic contexts.
Changes in glacial geology and soils have already been discussed. If it is
possible to detail the vegetational and climatic history of the region, then
it is theoretically possible to reconstruct the forest vegetation in any
region at any point in time; this can be done by using the palynological
evidence combined with the analogical use of historical inventories.

2.5.5.1 Palynology

Palynology, the study of pollen, is the main base on which paleovegeta-
tional and paleoclimatic reconstructions rest. Used cautiously, it can give
valuable insights. Still, there are a number of assumptions associated with
pollen analysis that have recently come under question. These assumptions are
critical to the traditional theories of vegetation and climatic reconstruction.
Whether or not these assumptions are being violated is being openly debated at
present.

Pollen ra: settles on a lake, drops to the bottom, and is sealed by lake
sediment. At the precise location of the sediment core, the sample could be
representative of the pollen rain. But pollen rain does not derive from the
vegetation in a one-to-one correspondence. At this point, it is only safe to
assume that the pollen rain derives from the vegetation in a systematic manner,
wich some species-specific uniformity.

Janssen (1966) defined three kinds of pollen rain: local, extralocal, and
regional. Local rain included only the immediate vegetation close to the
sampling point. Extralocal was defined as pollen from species on slopes and
uplands near the site.
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Janssen concluded that only regional pollen could register climatic
change, as both local and extralocal pollen could be greatly affected by
immediate conditions. By comparing groups of pollen samples from current
stands in Minnesota, he demonstrated that the regional rain was fairly stable,
but that there was a slight overrepresentation of pine and oak and an under-
representation of spruce. He concluded that not only must the regional rain
be the unit considered, but that it was also important to consider other

species in pollen competition as well as the production and dispersal mechanisms.

Miller (1973) also used local pollen rain to attempt to correct for
under- or overrepresentation of species through their pollen production. His
R values, a kind of fudge factor, corrected the pollen percentages by a factor
that represents each species' pollen production tendencies. He also attempted
to compute R values for species in late presettlement times, using the pollen
cores from his samples dated to the period along with the reconstructed vege-
tation from the original land-warrantee surveys. His results showed a con-
sistent trend: birch, pine, hemlock, oak, and elm were overrepresented in the
pollen profile; beech was proportionally represented; poplar, maple, hickory,
ash, and basswood were underrepresented.

A second critical issue, one which has sparked a vigorous controversy, is
that of determining how vegetational change reflects climatic change. Changes
in pollen percentages and species composition could relate to changing moisture
and temperature ranges, which would allow some species to thrive and would
cause others to be restricted. An interruption in the natural succession of
the forest into a previously deforested area (such as the deglaciated part of
Ohio) could also be a symptom of climatic change. An early position on this
was developed for northern Ohio (Sears 1942b). Undisturbed forest sequences
appeared to have followed a progression toward increased mesophytism. Yet
Sears noted two time periods during which there were retrogressions. He sug-
gested that this was due to improper moisture balance, although any of three
factors--space, light, or moisture balance--could have resulted in this phe-
nomenon. "A less favorable water balance might produce just this result.

Beech is noticeably sensitive to drought. Apparently the most reasonable
explanation of the observed retrogression lies along this line" (Sears 1942:76).

In the ideal, tree species have climatic limits to growth and best devel-
opment. OQutside these limits, the species would either not be found or would
be greatly reduced in number. One of the problems with using this assumption
is that a great number of species are adapted to a wide variation in temper-
ature and precipitation (Fowells 1965). In addition, there are at least three
other possible mechanisms that could account for changed vegetation percen-
tages: genetic change, disease, and succession. The decrease of hemlock
around 5000 B.P. has been hypothesized as possibly due to disease, rather than
to the start of the xerothermic, as is usually thought (Davis 1967b; Miller
1973:77). Wright (1%76b) argued that much of the vegetational change in east-
ern North America was due to differing migration rates of tree species into
areas deforested by glaciation and not to climatic change. Given the fact
that there are several arguable assumptions in palynological interpretation,
which will again become important in the interpretation of the climatic history
of the survey region, it is still possible to address the literature with a
healthy skepticism.
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e The work of Paul B. Sears and his students, which has dominated the paly-

o nological literature, provides virtually all of what is known about the paleo-
vegetation of the survey area. Sears's original five-part sequence is no
longer in common use, but the general synthesis of events has long been accep-

: ted. Stage I was a period of a spruce-fir association, dated to the Late |

R Wisconsin. Stage II was defined by a pine maximum, with some oak and hickory
entering the profile. Stage III showed an increase in beech, and was described
as reflecting increasing mesophytism. Stage IV was characterized by an oak-
hickory maximum and has since been labeled the xerothermic, hypsothermal
(Deevey and Flint 1957), or altithermal. Finally, Stage V was characterized
by the resurgence of beech. Stages II and IV were considered periods of
retrogression, characterized by a probable decrease in available moisture to
plants.

Potter (1947) analyzed the pollen profiles of several bogs in northcentral
Ohio, including six in counties adjoining Lake Erie. The data was analyzed
only for arboreal genera: Abies, Picea, Pinus, Tsuga, Betulaceae, Fagus,
Quercus, and Carya. The New Haven Bog (#12) was incomplete and late, but the
Peru Bog (#13) showed Sears's Stages I and 11. Early in the sequence, there
was only spruce and fir, but, before the pine maximum in Stage II, hemlock,
beech, birch, oak, and hickory were noted. The period after the pine maximum
was truncated from the profile. The New Holland Bog (#14) also showed this
sequence from Stage I to II. The Hartland Center Bog (#15) showed Stages I
and II in more detail, but again was truncated after the pine maximum. The
best profile came from Camden Lake Bog (#17). Stage I showed spruce and fir,
with some pine. The pine maximum was noted briefly in the profile. With the
elimination of fir, came the establishment of oak, hickory, and beech. The
beech maximum of Stage III was visible as well as the oak-hickory maximum of
Stage IV. During Stage IV there was also a decrease in beech. The final
profile in the lakeside counties, which came from Birmingham Bog, also showed
a sequence from Stages I to IV. This profile differed from the others in that !
spruce remained during the pine maximum; there also seemed to be a small oak
maximum at the end of Stage II as well as during Stage IV. Potter synthesized
these and other profiles into a general sequence for northern Ohio (Fig. 2.26).
Period I was characterized by a spruce maximum, with some pine, oak, and fir.
Period 1II was a pine maximum with some spruce, more oak, and some birch.

Period III was the beech maximum, with some pine and birch but no spruce;
beech, oak, and hickory were also present in fair quantities. Period IV, the
oak-hickory maximum, contained oak and hickory in quantity, along with some
pine and little beech. Period V, the present, had less oak and hickory, but

much less beech and more birch. In general, this sequence supported the Sears
scheme.
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r The Soden Lake, Michigan, profile also generally followed the Sears

g scheme (Cain and Slater 1948). A complete sequence taken in 6-in. intervals
- showed the pine maximum, but there was no pronounced xerothermic Stage IV.
Stage V also was barely visible in the profile.

2.5.5.2 Review of Literature on Dated Pollen Profiles

changes in ti.e pollen sequence to absolute dates. Typically, radiocarbon

ﬁ The radiocarbon revolution provided the opportunity to tie stages or
: dating was first used to date highly diagnostic perturbations in the profile,

2-67

. - . o L L e e A Al al PRSP AL S W |
P T TS R S W T Ve PR NG SR TS PR VIV YO Y ¥ . A Al oA A




ot
CRa ]

s el
.

% ABILS PICEA PINUS TSUGA BETUL. FAGUL QUERCUS CARYA

e
PR AR

PERIOD ¥ - 100 H

.. N
T (PacsinT)
'
g

PLRIO0 TN~ 79
10AR- HICK. MAR) ; - j

PEROD IIX - S@ "
- (BEFCH Max)

i (micwomy) - 27

. (oan) -17
-n (Bimcn - Brece)- 14

PERIOD XI- O
(PINC MAYX)

SCALE

—)

PERIOD T -34 | . . .
(sPRUCE Marx) e 3

Fig. 2.26. Synthesis of General Sequence for Northern Ohio.
Composite bog profile of five complete bogs.
The average percentage distance between the
pine maximum and the top is given for each
principal period of maximum and for three
lesser periods of Betulaceae, Fagus,
Quercus, and Carya. Source: Potter 1947,
411.

. such as the pine maximum or the oak-hickory maximum. Three bogs in the Harts-
- town Bog area of northwestern Pennsylvania were analyzed for pollen: Crystal
Lake, Mud Lake, and Dollar Lake (Walker and Hartman 1960). A radiocarbon date
of 9310 % 150 B.P. located the pine maximum in the Crystal Lake profile.
Another date at a lower level (39 ft.) was recent and was rejected as being

3‘ contaminated. Crystal Lake, the most complete profile, generally supported

2 the Sears sequence: an initial fir-spruce maximum with some oak and pine,

=+ followed by a pine maximum, then an oak-hemlock maximum with increased beech.
ﬁ; Next came a beech-oak stage accompanied by hickory and basswood and a decrease

in hemlock. Finally, there was an increase in pine and hemlock, with a decrease
in oak and beech. The differences were in a long pine maximum, and also in
that pine remained an important part of the vegetation throughout the sequence.

During the xerothermic period, a significant decrease in hemlock was noted; ?:3
' there was no corresponding increase in oak and hickory. This pattern appeared <
A in other New York and Pennsylvania profiles. Based on the presence of Graminae

and other open ground genera, the possibility of an initial park-tundra type
‘ of vegetation was hypothesized, beginning at around 13,500 B.P. Shifts in
- spruce and fir may have been due to ice advance and retreat from the Valders
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- stage. The fir maximum was dated around 11,000 B.P., based on the extrapola-
tion of the sole radiocarbon date with the surface level, dated as A.D. 1900.
The entry of hemlock at the apparent expense of pine was thought to have been
successional behavior. Sears's oak-hickory maximum showed a marked increase
of birch, maple, basswood, willow, and elm, with a slight increase in chestnut
i and ash. This mix corresponds well with the prairie peninsula in Indiana
today.

A truncated profile at Sunbeam Prairie Bog, in west-central Ohio on the
Indiana border, showed the spruce 'collapse" to have occurred around 10,600 B.P.
* 150 (L-550B) (Kapp and Gooding 1964). At that time there was a jump in
pine, oak, hickory, hornbeam, and birch percentages. There was no evidence in
the profile for the effects of the Valders ice advance, which occurred within
the time span of the profile.
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At New Paris Cave, in western Pennsylvania, only one pollen profile was
recorded (Guilday, Martin, and McCrady 1964). The profile from Sinkhole
Number 4, at an elevation of 1500 ft., came from a well-drained upland habitat.
Containing a Late Pleistocene sequence predating 11,300 B.P., the profile
showed jack pine, spruce, sedge, and grasses indicative of an open boreal
woodland. There was, however, more pine and less sedge pollen than at Cran-
berry Glades, a bog some distance to the south in western Virginia. The
authors very clearly stated that the reconstructed Late Pleistocene vegetation
was not pure tundra.
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Silver Lake, a bog in Logan County, Ohio, is located 7 mi. southwest of
Bellefontaine, at an elevation of 1090 ft. Two pollen cores were taken, one
for analysis and one to provide radiocarbon dates (Ogden 1966). In all,

13 dates were taken and, through averaging and correction for contamination, a
series of dated phases were derived. Three basic zones were noted in the
pollen profile: spruce-fir, transitional, and deciduous. No attempt was made
to use the subdivisions created for other areas. Zone 1, the earliest level,
was interpreted as a black spruce forest type. Evidence of sedge and grass
pollen, along with other open-country indicators, such as Saxifraga oppostifolia
and Polygonum bistorta, supported the notion of a tundra-like vegetation early
in Zone 1. Ogden believed, however, that identification of individual species
was difficult and that the evidence for a tundra phenomenon was equivocal
without fruits or seeds. No radiocarbon dates exist for that level. Zone 2
was interpreted as a return to open-country conditions, with a decrease in
tree pollen and a collapse of the spruce forest. Zone 3a, beginning at

9800 B.P., marked the elimination of spruce from the area and an initial
maximum of elm, hornbeam, and hophornbeam, followed by a beech and walnut
maximum. Zone 3b, from around 4400 to 1310 B.P., showed a minimum of beech
with a hickory maximum. Zone 3c showed a wide variety of species, including
oak, hickory, beech, ash, elm, maple, walnut, sweetgum, cherry, and basswood.
Ogden thought that this pollen variety could have resulted from drier oak-
hickory uplands mixed with northern slopes of beech-maple forests. Zone 3d,
marked by the influx of Ambrosiae, began in A.D. 1780, the onset of the settle-
ment period (Ogden 1966).

An analysis of four small lake basins on the Allegheny Plateau of south-
western New York showed a complete and dated vegetational history for the
region (Miller 1973). Protection Bog (elevation 1410 ft.), Houghton Bog
(1400 ft.), Allenberg Bog (1620 ft.), and the Genessee Valley Peat Works
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(1620 ft.) all showed essentially the same sequence or parts of the sequence
following deglaciation. Using Deevey's terminology for the sequence, Zone T
appears to have been an herb pollen zone found at the lower levels of Allen-
berg Bog. Interpretation of this zone was for a par-tundra vegetation. Ana-
logs of the "T" pollen profile were found in a pollen sample from the modern
boreal forest-tundra ecotone at Fort Churchill, Manitoba (Miller 1973:59). At
that site, white spruce with lesser amounts of black spruce were scattered
about the landscape. Jack and red pine were also present in Zone T, and
sedge, grass, and herb communities dominated the landscape. Zone A, starting
around 12,000 B.P., showed a spruce-dominated forest with variations among the
four bogs. Both black and white spruce were in the forest mix. An analogy to
the open boreal woodland of central Quebec was made. In addition, jack and
red pine with balsam fir and tamarack were found in the arboreal pollen.
Miller believed that the small percentages of oak, black ash, hornbeam, and
hophornbeam came from protected areas nearby. Zone B began around 10,500 B.P.
with the spruce collapse and the influx of white pine. The pine maximum at
Protection Bog was dated at 9030 t 150 B.P. 1In general, Zone B appears to
have been a white pine-oak forest. Miller divided some of his Zone B assem-
blages into a lower pine-birch and upper pine-oak subzone. The lower subzone
was associated with highs in hornbeam, hophornbeam, black ash, and poplar,
along with high birch values. The upper part was dominated by white pine and
oak, with some sugar maple. The duration of Zone B seems to have been some
1500 to 2000 years.

Zone C-1 began the period of the '"modern" forest in southwestern New
York. There was a major increase in hemlock pollen in Zone C-1; this appears
to have been a successional event, although the mechanisms are in question
(Miller 1973:73). The presence of hemlock, beginning at 8500 B.P., was corre-
lated with a stable vegetation that lasted until 4300 B.P. The only long-term
changes were steady increases in beech and decreases in oak. Miller believed
that the forest was at this time very similar to that just prior to colonial
settlement.

Zone C-2 was defined as the interval between the hemlock maxima. The
lower boundary of C-2 was abrupt and was dated at 4390 * 110 B.P. (I-3550) at
Protection Bog. The hemlock decline was balanced by increases in beech, sugar
maple, birch, oak, and hickory. To a lesser extent, white pine, ash, and
hornbeam-hophornbeam also increased. One perplexing fact was the noted increase
in mesophytic species such as maple, beech, and sweet birch; such increases do
not usually occur during times of warmer and drier climates. Miller (1973)
suggested that the entire vegetational change in Zone C-2 may have been due
solely to the removal of hemlock. The end of Zone C-2 was indistinct; this is
understandable if a succession of hemlock at the end of the period accounted
for the shift back to a hemlock maximum. An end date of 1270 % 95 B.P. (I-3549)
was suggested for Zone C-2 at Protection Bog.

Zone C-3a represented the return of hemlock to the forest maximum. In
addition, a distinct spruce increase at Allenberg Bog marked a possible shift
to a moister and cooler climate. Zone C-3b, the settlement period, was well
marked by increases in non-arboreal pollen (NAP) and was dated at A.D. 1800.

Pretty Lake, a eutrophic marl lake in Lagrange County, northeastern

Indiana is at an elevation of 966 ft. above sea level (Williams 1974). It is
located in the Steuben Morainal Lake Area of the Northern Lake and Moraine
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Region. The pollen sequence at Pretty Lake began around 15,000 B.P. with the
retreat of the Cary substage. There was no evidence of vegetation prior to
14,300 B.P., and the first vegetation indicated an extremely cold tundra. A
Cyperaceae maximum assemblage (Zone la) with high NAP and very low pollen rain
supported this interpretation. Beginning around 13,800 B.P., spruce, fir, and
tamarack enter into the profiles, indicating an open park-like woodland of
black spruce (Zone 1b). An analogy was made to the forests around Port Huron.
At 13,300 B.P., the Port Huron stage began; this is reflected in the profile
in the form of a low total pollen rain, a decrease in arboreal pollen, and a
continued fir-.pruce-tamarack maximum. After 13,000 B.P., an ash-spruce-NAP
maximum was interpreted to indicate a tundra environment (Zone 1lc). The upper
part of Zone lc was interpreted to correspond to the Two Creeks Interstadial,
which began around 12,600 B.P. and ended at 10,700 B.P. (Ogden and Hay 1968).

In the last phases of Zone 1lc, the Valders ice advance led to a boreal parkland
condition.
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Zone 2 (10,652-9.588 B.P.) was characterized by a pine-birch maximum and
was considered to be similar to the modern pollen rain from the mixed coniferous-
deciduous forests of Ontario. This zone was thought to be the transition
period between spruce-dominated and deciduous-dominated forests. Zone 3a
(9588-6100 B.P.), called an oak maximum, was thought to have been similar to
the maple-basswood forests of southeastern Minnesota. Progressive drying
during this period may have led to the establishment of a prairie at some
point. Zone 3a was subdivided into three subzones: an older maple-basswood
forest, a subsequent prairie or oak savannah, and a younger maple-basswood
forest. Zone 3b (6100-4436 B.P.), a beech-elm maximum, reflected a mixed
mesophytic forest with less oak. The next zone, Zone 3c (4436-1685 B.P.), the
oak-hickory maximum, contained a sharp rise in hickory and oak and a decrease
in beech, maple, walnut, and elm. Interpretation was for an open oak-hickory
forest. Zone 3d (1685-670 B.P.) was characterized by a beech maximum and a
decrease in oak and hickory; there were also slight increases in elm, hornbeam-
hophornbeam, and sycamore. The last presettlement zone, Zone 3e (670-150 B.P.),
showed a return to oak-hickory and a warmer, drier climate. Zone 3f was
interpreted as the European intrusion. In general, the Pretty Lake sequence
showed shifts in vegetation due to 1) gradual warming; 2) intermittent dry
periods; and 3) differential migration of species. Williams thought that the
profile reflected continuous warming from the end of the Valders until 1500 B.P.,
followed by a cooling trend, and then another warming trend.

Battaglia Bog, a Portage County, Ohio, bog located on Kent Age glacial

till, showed an early sequence of pollen for the period 16,500 to 9,000 B.P.
(Shane 1975). The bog began its collection of pollen in 16,500 B.P. with the
glacial retreat. Located within 30 mi. of the southern glacial margin during
Zone 1a, from 16,500 to 13,600 B.P., the profile reflected a cool-to-cold cli-
mate with a spruce-fir dominant forest. Shane believed that the low percent-
ages of the grasses Graminae and C/peracea indicated a lack of any tundra

. environment at this time. Zone 1lb, from 13,600 to 11,000 B.P., reflected

SOy fluctuating spruce and birch percentages; this is indicative of an unstable

: environment. The transition to Zone 1b was radiocarbon dated at 13,640 %

210 B.P. Zone 2 (11,000-9,000 B.P.) contained the pine maximum, which was

thought to have lasted for only a hundred years and was radiocarbon dated at

10,060 £ 160 B.P. Shane suggested that northeastern Chio may have been a

muskeg-like environment at that time, which, upon entering a time of rapid
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warming and drying climate, dried quickly to produce a rapid hardwood succes-
sion with a brief pine stage preceding the hardwoods. Zones above level 2
were obliterated due to previous plowing and draining.

2.5.5.3 Lake Bottom Pollen and Plant Remains

In addition to the paleobotanic information from bogs on the south shore
of the lake, there are identified plant remains and pollen from the lake
bottom itself. A series of three cores taken in the Central and Western
basins shows a complete profile beginning with Sears's Zone I (Lewis, Anderson,
and Berti 1966). Zone I corresponded to the spruce maximum, with a brief fir
maximum. At the top of the zone, hemlock and tamarack probably invaded along
with other hardwood species. Although the Zone II pine maximum is present in
the profiles, the subsequent Zone III hemlock and beech maxima are not visible.
Instead, there appears to be an initial oak-hickory maxima representative of
Sears's Zone IV. In addition, other species such as birch, ironwood, oak,
elm, maple, ash, basswood, and walnut appear to increase in percentage in the
profiles. Both profiles indicate a Zone V with slight increases in pine,
hemlock, birch, beech, and ash; and a decrease in oak, basswood, and walnut.
Differences in the Central Basin versus Western Basin cores appear to be
evident in less maple, elm, and hickory in the Central Basin cores. This
variation may be due to differences in sampling intervals between the two sets
of cores or to differences in forest composition. It must, however, be remem-
bered that the Central Basin was under water during much of the sequence
(since about 10,000 B.P.), while the Western Basin was not inundated until
after 4000 B.P. Differences in pollen dispersion may be discounted in that
pine, which is very evident in the core, has a very low dispersion distance
(Wright 1952). The two cores probably represent two different classes of
phenomena. The Central Basin set represents pollen transported from the south
(or north) shore at some distance, while the Western Basin pollen is from the
more immediate area. The importance of elm, maple, and hophornbeam and horn-
beam in the Western Basin profile is in keeping with the basin's presumed
swamp forest vegetation, while the importance of oak, ash, and pine may reflect
south shore conditions or pollen transported from northwestern Ontario or
Michigan.

Pollen evidence for the Central Basin (from a core southeast of Erieau,
Ontario) shows the spruce pollen rise dated at 12,730 + 200 B.P. (Fritz,
Anderson, and Lewis 1975). In the Western Basin, specifically at Pelee Basin,
there is evidence for a low level swamp environment at this time (12,650 %

170 B.P.) (Lewis 1969). The swamp forest evidently remained characteristic of
the Western Basin throughout its above-water history. At Terwilliger's Pond
at Put-in-Bay, pine and cedar tree stumps and a buried swamp forest dated at
2500 t 270 B.P. show the persistence of swampy conditions (Stevenson and Ben-
ninghoff 1969). In addition to the macrobotanic remains, the late swamp
forest environment is supported by the presence of a buried organic solid.

Several authors (e.g., Wright 1971; Bernabo and Webb 1977; and Braun
1950) attempted syntheses of the vegetational history of eastern North America,
an area broader than that covered by Sears. What is evident in these reports
is the lack of homogeneity in events across an area of that size. One crit-
ically argued point is whether or not a tundra existed south of the ice margin
during the Late Pleistocene and Early Holocene. Wright (1971) argued the
presence of tundra only in New England and northeastern Minnesota during the
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Late Wisconsin. During the Main Wisconsin, the area south of the ice margin
was dominated by boreal forest, although this forest was not analogous to the
boreal forest of today. The situation in North America was unlike that of
Europe at this time in that there was no southern mountain mass to act as a
barrier to warmer climate; the region in North America was also much farther
south than that in Europe. Wright thought it unlikely that a full glacial
tundra existed in northeastern Pennsylvania during that time, although he did
accede to the idea of tundra-like environments at higher elevations, e.g.,
810 m in western Maryland. One problem with the Late Wisconsin pollen records
is the high percentages of pollen from thermophilious species, especially in
the Great Lakes region.

At the end of the Wisconsin, Wright postulated a strictly warming climatic
trend without a major climatic reversal. This was contrary to another opinion
which stated that there was a reversal that allegedly resulted