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ABSTRACT

A COMPARISON OF PRE-EUROPEAN SETTLEMENT AND PRESENT-DAY
FORESTS IN THE HIGH PLAINS REGION OF THE HURON NATIONAL
FOREST, NORTHERN LOWER MICHIGAN

By
Michael Joseph Leahy

General Land Office survey records of 1838-1846 were used
to reconstruct the composition, structure, and disturbance
regime of pre-European settlement forest communities along an
edaphic gradient in northern lower Michigan. These data were
compared to plot data of second-growth forest communities on
similar sites.

A Pinus banksiana cover type still dominates a third of
the landscape as it did in the pre-European settlement period.
Acer saccharum, Populus species, Quercus species, Tilia
amerjicana, Acer rubrum, and Betula papyrifera have supplanted
Pinus inosa, Pinus strobus, Tsuga canadensis, and Faqus
grandifolia as forest dominants along most of the dry-mesic,
mesic, and wet-mesic areas of the edaphic gradient. Forest
communities have smaller trees and higher tree densities today
than in the pre-European settlement period. Likewise,
disturbance regimes have been substantially altered. Human-
imposed disturbances since 1870 have interacted with physical

factors to produce the forests we see today.
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INTRODUCTION
BACKGROUND
Ecological Theory and Land Management

Today’s public 1land managers must focus on the
conservation and restoration of biological diversity at
several levels of spatial and temporal scale (Soule 1986;
Jordan et al. 1987; Wilson 1988; Hansen et al. 1991; Probst
and Crow 1991). In order to manage for the biological
diversity of northern temperate forests we need a model of
natural vegetation patterns. The pre-European settlement
vegetation patterns and dynamics can provide useful
information for the development of such a model or guideline.
Furthermore, by comparing the patterns and processes of pre-
European settlement northern temperate forests to those of the
present we may gain a better informal understanding of those
underlying principles useful in management.

Modern ecologists often decry those not taking a directly
experimental approach to ecology. While establishing the
causes of patterns in nature may lie at the core of ecology as
a science (Tilman 1988) this does not restrict us from
establishing the spatial and temporal validity of causal
mechanisms already identified (Franklin 1989). For instance,
we already know that vegetation patterns result from an array
of abiotic and biotic factors, which more often than not
interact (Whittaker 1975). We also know that secondary forest

succession comes about through a variety of causal mechanisms,
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ultimately grounded in life-history and physiological traits
of the participating species (Pickett et al. 1987). Yet mere
knowledge of causal mechanisms established in disparate
regions may not aid the land manager. The land manager needs
more general and practical information on the relative
importance of the various causal mechanisms in creating the
vegetation patterns of the specific region in which that
person works.

Land managers need to know how species’ life histories,
soil factors, topography, herbivory, and disturbance regimes
interacted as forcing functions for the vegetation patterns in
a particular climatic region (Grimm 1984; Rowe 1984; Host et
al. 1987) during pre-European settlement time. Via this
baseline data they may gauge the relative impact of management
practices (no management also being a management practice) in
mimicking the factors which brought about pre-European
settlement biological diversity. The northern temperate
forest landscape of today has come about rather directly as a
result of historical factors, i.e., a biological legacy akin
to that described by McCune and Cottam (1985) for southern
Wisconsin. To judge how far we may have come from what
Leopold (1948) called "land health" will require a study of
the changes in vegetation dynamics between pre-European
settlement time and now. By comparing today’s northern
temperate forest to the pre-European settlement one, land

managers can gdain an understanding of: the impact of
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widespread forest clearing on northern temperate landscapes;
future potential successional trajectories; and what types of
management might bring back non-anthropogenic evolutionary
patterns.
s -E ean Settlement Fores

A number of studies on the pre-European settlement forest
have occurred. Most have focused on the Midwest where the
Federal rectangular survey system of the General Land Office
(GLO) first came into use (White 1984). However, some have
used pre-GLO survey records in the East. The purpose of these
studies typically fall into one of several categories.

The pre-European settlement forest was first
reconstructed from the GLO surveys by mapping tree species
distributions according to the location of witness trees in
the notes and plat maps. Kenoyer applied this method in
southwestern Michigan as early as 1934. The entire state of
Michigan was qualitatively mapped by Veatch (1959) using a
combination of GLO survey and soil data. Other states have
been qualitatively mapped including: 1Indiana by Lindsey et
al. (1965); Ohio by Gordon (1969); Illinois by Anderson
(1970) ; Minnesota by Marschner (1974); and Wisconsin by Finley
(1976).

Bourdo’s landmark studies (1955; 1956) "ground-truthed"
the GLO survey records. Bourdo relocated the witness trees,
the corner points, and the section lines used by the surveyors

in old-growth forests of the upper peninsula of Michigan.
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Bourdo concluded that with proper use the GLO survey records
could allow for the quantitative reconstruction of the pre-
European settlement forest’s composition and structure.
Curtis (1959) also validated the use of GLO survey data in
vegetation history studies.

Many researchers have examined the relationship between
pre-European settlement tree species distributions and their
corresponding site factors. Crankshaw et al. (1965) did one
of the first such studies in Indiana. Other salient research
of pre-European settlement tree species - site relations
include those by Grimm (1984) in Minnesota and Whitney (1982;
1986; 1990) in Michigan, Ohio, and Pennsylvania.

In recent years the importance of disturbance regimes to
forest ecosystem structure and function has become apparent
(Heinselman 1973). Lorimer’s (1977) work on the pre-European
settlement disturbance regime of Maine provided a benchmark
for all further pre-European settlement disturbance histories.
Lorimer’s methods (1977; 1980a) have been applied to the pre-
European settlement forests of north-central Michigan (Whitney
1986); the Allegheny Plateau (Whitney 1990); and two aspen
(Pepulus grandidentata) dominated landscapes in northern
Michigan (Palik and Pregitzer 1992). Canham and Loucks (1984)
detailed the importance of, and developed the methodology for
studying pre-European settlement stand-replacing windthrow
disturbances. The interactions between landscape elements

(topography, rivers, lakes, and prevailing wind corridors) and
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the pre-European settlement fire regime has come under recent
scrutiny (Grimm 1984; Leitner et al. 1991; Palik and Pregitzer
1992). These studies seem to substantiate the claims made
about forest fire behavior in old-growth landscapes (Romme and
Knight 1981).

Those studies which have compared the pre-European
settlement forest to the forests of today provide the most
insight from both an ecological and management perspective.
Stearns (1949) provided the first study of this kind on a
northern hardwood forest in Wisconsin. Mustard (1983)
compared the pre-European settlement and present-day forests
of Oceana and Manistee Counties in Michigan. Whitney (1987)
compared compositional and disturbance regime changes since
settlement in Crawford and Roscommon Counties, Michigan.
Fralish et al. (1991) examined changes in forest composition
and structure over the past 180 years in the Shawnee Hills of
southern Illinois. Palik and Pregitzer (1992) made a detailed
study of compositional and disturbance regime changes since
Euro-American settlement for two northern 1lower Michigan
landscapes.

Knowledge Gaps

In Michigan we lack studies examining the changes in
forest composition and structure since pre-European settlement
time. Pre-European settlement forest structural data could
aid land managers in old-growth restoration efforts. The

importance of structural diversity to a forest’s overall
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biological diversity has proved of significant importance
(Franklin et al. 1981). We need to document the relationships
between tree species, soil factors, and disturbance regimes
during the pre-European settlement period within the many
climate zones of Michigan (Barnes 1989).
PROBLEM STATEMENT

What were the patterns of forest vegetation in the pre-
European settlement period and how have they changed within
the High Plains Region of the Huron National Forest?
Hypotheses
1. Tree species were probabilistically distributed in the pre-
European settlement forest of northern 1lower Michigan.
Species’ optima occur as nodes on a complex environmental
gradient (Whittaker 1975). Those species with physiologies
and life histories adapted to dry, disturbance prone, nutrient
poor conditions occurred on such sites more often than
expected by chance alone. The same could be said of other
areas of the gradient.
2. The distribution of tree species in the pre-European
settlement forest of northern lower Michigan was
heterogeneous. Certain tree species with similar physiologies
and life histories formed loose associations.
3. The pre-European settlement forest communities on different
site types in northern lower Michigan differed markedly from
each other in composition, structure, and disturbance regime.

4. The pre-European settlement forest communities
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significantly differ from present-day forest communities on
similar site types in northern lower Michigan in terms of
composition, structure, and disturbance regime.

Objectives

1. Examine the physical factors (fire, soils, physiography,
microclimate) controlling the pre-European settlement forest
vegetation within the study area.

2. Determine if associations among various tree species
occurred in the pre-European settlement forest and relate
these to environmental gradients within the study area.

3. Reconstruct the composition, structure, and disturbance
regime of pre-European settlement forest communities on
different site types in the study area.

4. Examine the changes in composition, structure, and
disturbance regime between pre-European settlement forest
communities and present-day forest communities on similar site

types within the study area.
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METHODS AND MATERIALS

STUDY AREA
The Huron Natjonal Forest

The study area for this research had to meet three
criteria: first, that recent overstory data were available;
second, that glacial landform and soil survey maps were
available; and third, the area fell within a relatively
homogeneous macroclimate. Within northern lower Michigan the
western half of the Huron National Forest (NF) met these
criteria. The Huron NF lies in northeastern lower Michigan

(Figure 1) and encompasses 163,386 ha. Utilizing the criteria

HURON N.P.

Figure 1: Location of the Huron National Forest.
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above the study area became narrowed to the following thirteen
townships: T24N, R3 and 4E; T25N, Rl through S5E; T26N, Rl
through S5E; and T27N, R4E. The study area (Figure 2) occupies
121,212 ha within the Huron NF.
Climate

The study area lies in the 21,885 km? High Plains Climate
District as delineated by Albert et al. (1986) (Figure 2).
Because of 1its inland 1location, northern 1latitude, and
relatively high (for Michigan) elevations, the district has
the most severe climate in lower Michigan. The growing season
of 115 days is the shortest and most variable yearly in lower
Michigan (Albert et al. 1986). Other climatic variables
include: total annual precipitation of 790 mm; annual average
temperature of 6.7 °C; and an annual minimum temperature of -
28 °C (Albert et al. 1986). The total growing season
precipitation is similar throughout the district. Major river
valleys and outwash plains form cold air drainages.
Glacial Geology

The surficial geology of the study area has come about
primarily through glacial action and subsequent post-glacial
erosion. The most recent glaciation being the Laurentide ice
sheet of the Late Wisconsinan Period. The many readvances of
first the Saginaw lobe, and then the Huron lobe between
14,800-12,500 years B.P. molded the landscape of the Huron NF
(Burgis 1977). By 11,800 years B.P. most of the major

drainages in the study area had been developed.



10

Figure 2: Location of the study area within Michigan and
within a regional climate classification (after Albert et al.
1986) .
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Most of the area is drained by the Au Sable River which
discharges into Lake Huron (Burgis 1977). Glacial landformsof
the study area as mapped by Burgis (1977) include:
outwash plains, ice-contact topography, and moraines (Figure
3). Outwash plains occur as terraces made of well-sorted,
extremely well-drained sands left by braided streams during
glacial ablation (Burgis 1977). Ice-contact topography, also
termed ice-disintegration topography or stagnant ice
topography, forms a mosaic of kettles and kames. These mainly
hilly areas have a finer soil texture than the outwash plains
(Host et al. 1988). Morainal soil exhibits the greatest soil
development and the finest texture (Padley 1989). Yet, Padley
(1989) found that Burgis’ (1977) mapping scale was too small
to distinguish localized deposits of surficial material.
Soils

The major soil orders represented in the study area
include Alfisols, Entisols, Histosols, and Spodosols. Upland
soil families (Veatch et al. 1931; Veatch et al. 1941;
U.S.D.A. Soil Conservation Service 1990) include: mixed,
frigid, Alfic Udipsamments; mixed, frigid, Typic Udipsamments;
fine, mixed, Typic Eutroboralfs; Euic and Dysic, Typic
Borosaprists; and sandy, mixed, frigid, Entic Haplorthods.
Human History

A brief account of the study area’s human history places
the recent development of this landscape in perspective. The

landscape before Euro-American settlement certainly did not
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Figure 3: Map of the glacial landforms within the study area
(after Burgis 1977).
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exist in a socio-cultural vacuum. Sustainable cultures
occupied the area, particularly along river basins, for
centuries prior to Euro-American settlement. Between 2990-370
years B.P. the Woodland Indian culture hunted along the river
basins of the study area (Lovis et al. 1978). The Ottawa
tribe of Native Americans lived in the area from the beginning
of the eighteenth century up until 1836 (Lovis et al. 1978).
It is hard to discern what impacts these indigeneous people’s
had on the landscape.

After the removal of the indigeneous peoples, the land
was surveyed between 1833-1846 by government surveyors.
Homesteaders and lumbermen soon followed. The lumbering era
was at its peak in the study area between 1850-1900 (Lovis et
al. 1978). The white population of northern lower Michigan
showed an explosion in numbers during this time. The study
area’s pines were selectively harvested between 1870 and 1890
(Veatch et al. 1931). Pines were first logged along the Au
Sable River (Sargent 1884) and later in the interior uplands
with the introduction of the railroad to northern Michigan in
the 1880s (Maybee 1976). By the 1890s the loggers had
depleted the study area’s pinery and moved on to harvest
hemlocks for their bark (Veatch et al. 1931). The leather
industry used the tannin in hemlock’s bark. Michigan led
tanbark production from 1900-1920 (Fulling 1956). The
exploitation of hemlock coincided with the cutting of most

upland hardwood stands and even some swamp conifers (Sandberg
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1983). By 1920 nearly no merchantable timber remained in the
study area (Veatch et al. 1931). By the turn of the century
the land had been nearly completely logged or at least high-
graded. Wildfires were common due to droughts, logging
equipment, and tremendous fuel loads of logging slash (Lovis
et al. 1978). The lumber industries simply left the land
after the big cut. With a new spirit of conservation in U.S.
politics, the Huron NF was established piece-meal between
1909-1933. Wholesale fire control began in the 1930s along
with widespread tree planting and erosion control measures via
the Civilian Conservation Corps (Lovis et al. 1978).
THE GENERAL LAND OFFICE (GLO) SURVEYS

The survey instructions of 1833 issued by the Surveyor
General of Ohio, Indiana, and the Territory of Michigan
applied to all the townships in the study area (White 1984).
The plan provided for the survey of land into townships, six
miles (9.66 km) square, with lines running due north and south
and others crossing these at right angles (Figure 4).
Initially the township lines were run, with interior section
lines being subdivided later. A section was a mile (1.61 km)
square; townships were surveyed in tiers of sections (Figure
4), with all excesses and shortcomings pushed to the north row
and west tier (Hutchinson 1988).

At every half mile (0.8 km) within the township grid a
corner point was established by setting a wooden post into the

ground at the appropriate point. At each corner point two
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Figure 4: General Land Office survey land subdivision
methods.
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witness trees were marked as to their species, estimated
diameter at breast height (the diameter of the tree at 1.37 m,
known as d.b.h.), compass direction, and distance from the
corner post. Each section line traversed included notes on
the line’s location; the direction of travel; the points along
the 1line at which features were encountered, including
evidence of disturbance; the names and diameters of two trees
cut by the line (line trees); and a general description of the
vegetation, topography, and soils along the surveyed line. At
the end of surveying a township, a plat map was drawn of the
township.

The exterior lines for all the townships in the study
area were surveyed by Lewis Clason in 1838 and 1839. Of the
thirteen townships falling within the study area bounds, five
were resurveyed by John and James Mullett between 1844-1846.
The eight other township interiors were surveyed by William R.
Coon and Thomas Pattison in 1839 and 1840, respectively.
These two men had no record of turning in fraudulent surveys
(Havens 1915). Upon inspection of their work I deemed it
usable for the study. The historical records for the study
area indicated that no significant settlement by whites had
occurred prior to the surveys.

DATA COLLECTION
Microfilm photocopies of all thirteen townships in the
study area were made utilizing the GLO survey records kept at

the state archives of the Library of Michigan. I used 30x60
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minute (1:100,000 metric scale) U.S. Geological Survey (USGS)
topographic maps in conjunction with Burgis’ (1977) glacial
landform map (Figure 3) to place every GLO survey corner point
within a glacial landform type (outwash plains, moraines, or
ice-contact features). I derived data on soil types from the
soil surveys of Oscoda (Veatch et al. 1931), Alcona (Veatch et
al. 1941), and Ogemaw (USDA-Soil Conservation Service 1990)
Counties. The early soil types were updated to their modern
soil series correlates. I scored each GLO survey corner point
as to its modern soil series. This allowed me to place each
corner point within a soil textural family and soil drainage
class. I recorded the two witness trees by species, their
d.b.h., and the distance from the corner post to the nearest
witness tree for each GLO corner point within the study area.
Interpretation of surveyor’s handwriting followed Hutchinson
(1988). I identified witness trees to the species or genus
level via Bourdo’s (1955) list of names used for trees by
Michigan surveyors. Surveyors failed to differentiate between
trembling aspen (Populus tremuloides) and big-toothed aspen
(Populus grandidentata) species in northern Michigan. So, in
this study I referred to both as aspen species. The surveyors

also failed to differentiate between northern red oak (Quercus

rubra), black oak (Quercus velutina), and Hill’s oak (Quercus
ellipsojdalis). I grouped all these species into a "red oak

complex" category (Voss 1985). Throughout the paper I used

the modern common names of species. The common names used in



21

Teble 1: Scientific, common, and surveyor names of tree species in the study area.

Common name(s) assigned Modern common

Scientific Name by surveyors name
Abjes balgamea Fir, balsam fir Balsam fir
Acer rubrum Maple Red meple
Acer saccharum Sugar Sugar maple
Betula allegheniensis Yellow or cherry birch Yellow birch
Betula pepyrifera White or paper birch Paper birch
Betula species* Birch Birch
Fagus grandifolia Beech Beech
Fraxinug smericana White ash White ash
Fraxinus nigra Black ash Black ash
Juniperus virginiana Red cedar Red cedar
Larix laricina Tamarack Tamarack
Ostrya virginiana 1ronwood 1 ronwood
Picea species** Spruce Spruce
Pinus banksiana Spruce, pitch, or scrub Jack pine
pine
Pinus resinosa Yellow or Norway pine Red pine
Pinus gtrobus White pine, pine White pine
Populus species*** Aspen, poplar Aspen
Quercus albe wWhite oak white oak
Quercus rubra-velutina- Black oak The red oak
ellipsoidalis # complex, red oaks
Thyja occidentalis Cedar wWhite cedar
Yilia americana Lynn Basswood
Tsuga canadensis Hemlock or hem Hemtock
Ulmus species ## Elm Elm

* Indicates either paper or yellow birch.
** Either Picea glauca or Pices mariana.

#** Either Populus tremuloides or Populus grandidentata.

# Surveyors were unable to distinguish among Q. rubra, Q. velutina, or Q. ellipsoidalig
; therefore any of these species and hybrids between these species are indicated here (Voss 1985).

## Primarily Ulmus smericana, may include some Ulmus rubra.
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the GLO surveys, their scientific names, and modern common
names appear in Table 1.
DATA ANALYSIS
- e jons -

To describe the complex tree species-site factor
relationships in the pre-European settlement forest I first
used correspondence analysis (ca) and nonmetric
multidimensional scaling (NMDS). CA is a form of indirect
ordination which reduces the dimensions of a matrix of count
data for the occurrence of a set of species at a set of sites
(James and McCulloch 1990). The object of CA is to
approximate some pattern of response of the set of species to
a complex environmental gradient (Digby and Kempton 1987). I
made a data matrix of count data with witness tree species as
column scores and landform-soil drainage types as rows and
performed a CA on this matrix using a PC-SAS software program
(SAS Institute Inc. 1985). Only those tree species occurring
at 2 50 sites were included in the analysis to eliminate the
skewing effect of infrequent species (Digby and Kempton 1987).
The number of dimensions were reduced to two for graphical
display.

NMDS is another indirect ordination method used to
estimate nonlinear monotonic relationships (James and
McCulloch 1990). I used witness tree presence/absence data at
corners to calculate Jaccard’s similarity coefficient for

species pairs. I only utilized species occurring at 2> 50
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sites to avoid small sample sizes (Sokal and Rohlf 1981). To
simplify the presentation of the data, I used the above
similarity matrix in a nonmetric multidimensional scaling
(NMDS). The nonmetric solution is given by the ordination
which minimizes the "stress" function (Digby and Kempton
1987).

I directly examined pre-European settlement witness tree
species-site relationships with binary discriminant analysis
(BDA). The technique uses species presence/absence data to
directly test species-substrate relations (Strahler 1978). I
considered each GLO corner point a site on which tree species
were present or absent. Only tree species occurring at 2 50
sites were used to avoid small sample size errors (Sokal and
Rohlf 1981). The presence and absence values for each
species, summed across sites, were then compared with the C
categories of each site factor in a 2 x C contingency table
(Strahler 1978). I used soil textural family, soil drainage,
and glacial landform as site factors. Those contingency
tables which had a significant G statistic were converted to
standardized residuals (Haberman 1973). The standardized
residuals expressed the degree of association between a
species and a site factor. A high positive residual indicated
a species was more common on, say, sandy loam soils than might
have been expected by chance (Strahler 1978). Negative values

indicated the converse of positive values.
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I examined the distribution of pre-European settlement
tree species with respect to one another using cluster
analysis on the SYSTAT software program (Wilkinson 1990).
Cluster analysis is used to discover "natural groupings" in
large data matrices (Digby and Kempton 1987). I took the same
n x p matrix used in the CA and converted it to a matrix of
Euclidean distances. I then converted this distance matrix to
a dendrogram with both the average 1linkage and Ward’s
agglomerative hierarchical methods (Digby and Kempton 1987).
I analyzed the strength of the relation between the distance
matrices and their dendrograms with the cophenetic correlation
coefficient (Sneath and Sokal 1973).
Reconstructing the Pre-European Settlement Forest
Forest Composition

Soil moisture is one of the dominant variables
influencing northern temperate plant community composition and
productivity (Peet and Loucks 1977; Pastor et al. 1984; Host
and Pregitzer 1992). Soil drainage is a crude index of soil
moisture and texture. So, I grouped the GLO corner point data
by their soil drainage class. In effect, I placed GLO corner
point trees along an edaphic gradient. Divisions along the
edaphic gradient formed "site types" (Table 2) which aided in
summarizing the data for analyses. For each site type I used
the witness tree data to calculate relative density and

relative dominance (Mueller-Dombois and Ellenberg 1974) of the
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Table 2: Site type names.

Soil Drainage Class Site Type
Excessive Xeric
Somewhat excessive Dry-Mesic
Moderately well to well Mesic
Poor to somewhat poor Wet-Mesic
Very poor Hydric

overstory (trees 2 10 cm d.b.h.) species. All site types
exceeded minimal sample sizes for composition determination
(Lorimer 1977). I also calculated the relative density of
species across the entire study area. To help summarize site
type compositional patterns I calculated an "importance value"
(i.v.) for each species by site type. The importance value
equalled the average of relative density and relative
dominance converted to a percentage figure for each species
(Lindsey et al. 1965; Leitner et al. 1991). I compared
differences in overstory composition between pre-European
settlement site types with a chi-squared test of independence
(Gill 1978). This procedure and all other univariate
statistics in this study were calculated on the SYSTAT program
(Wilkinson 1990). Tree species diversity for each site type
was calculated using importance values in the Shannon-Weaver
formulation (Peet 1974).
Forest Structure

I used a modification of the point-quarter method (Cottam

and Curtis 1956; Fralish et al. 1991) to estimate density
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(trees/ha) and basal area (n@/ha) of pre-European settlement
tree species by site type. Trees were defined here as stems
2 10 cm d.b.h. Cottam and Curtis (1956) found that using the
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