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ABSTRACT
AN ECOLOGICAL STUDY OF THE COMPOSITION, STRUCTURE AND

DISTURBANCE REGIMES OF THE PRE-EUROPEAN SETTLEMENT FORESTS
OF WESTERN CHIPPEWA COUNTY, MICHIGAN

By
David Lynn Price

To successfully implement ecosystem management an
understanding must be achieved regarding how different forest
communities and ecosystems function and interrelate at the
landscape 1level. This study explores the composition,
structure and disturbance patterns of the pre-European
settlement forests of eastern upper Michigan, by
reconstruction of the forests from General Land Office Survey
notes. Results suggest that the pre-European settlement
landscape was a vast array of irreqular patches, composed of
different successional stages and forest associations of
different age and size classes. The composition and structure
of the forest was driven by fire, windthrow, insect related
mortality and beaver (Castor ‘mu) floodings. Hemlock
(Tsuga canadensis) was a dominant species in the landscape.
'I'hc‘ results of the study provide a foundation for
understanding how today’s forests differ from those that
dominated the landscape before Europeans began to harvest
timber. |
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INTRODUCTION

Professional and public concern regarding the long-term
health, sustainability and diversity of forests and other
natural resources has initiated a movement away from
established, conventional management techniques, toward a
landscape or ecosystem oriented approach to management of
resources. Simultaneous and ever increasing demands upon
our remaining resources by many disparate user groups
continues to necessitate multiple-use management objectives
for these resources. Management for multiple-use has been a
central objective of forest management plans for many years.
While sound in principle, management for multiple-use has
retained a rather narrow focus upon management of forests at
the population and community levels. Moreover,
incorporating all management objectives into concrete
management plans has become increasingly problematic, with
limited scientific data concerning ecosystem processes on
which to base these plans. Relatively recent discussions by
Brown and Maurer (1989) and by Holling (1992) have stressed
the urgency of expanding the spatial and temporal scale of
research efforts in contemporary ecology beyond the
population and community levels, to the ecosystem and biome

levels. Viewing forest populations and communities within



2
the context of how they integrate into their surrounding
ecosystem or landscape has useful implications for forest
management. Attempting to manage a population or community
for a particular narrow attribute, while ignoring or not
fully understanding the larger ecosystem of which it is a
functional part, may have a detrimental impact upon other
attributes of the ecosystem. This may ultimately hinder the
achievement of multiple-use ocbjectives rather than
facilitate them. Consequently, the concept of an ecosystem
approach to management is now receiving serious attention at
national, state and even local levels. In 1992, the U.S.
Forest Service announced a commitment to ecosystem
management as the framework in which to achieve multiple-use
management of national forests and grasslands (Robertson
1992a, 1992b). The Nature Conservancy has also recognized
the importance of maintaining sustainable ecosystems. It is
now focusing upon the preservation and maintenance of
intact, functioning ecosystems as a more broad approach to
its primary goal concerning the preservation of threatened
or endangered habitats for plant and animal species.

To successfully implement ecosystem management an
understanding must first be gained regarding how different
populations, communities and ecosystems function and
interrelate at the landscape and biome level. One method
that ecologists have used to expand our knowledge of how
different ecosystems function is to observe ecosystems as

they exist in their primal state. To this end, examples of
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naturally functioning, relatively undisturbed ecosystems are
frequently studied with the ultimate objective of
identifying significant natural principles upon which sound
management practices may be founded. Remnants of intact,
relatively undisturbed ecosystems in the eastern United
States are few, most having been "preserved” in protected
parks, designated wilderness areas or other types of
reserves. It must be recognized that despite our best
intentions, even these preserved examples of undisturbed
ecosystems have been affected (on local to global scales and
with varying degrees of impact) by human activity, both
within preserves and especially in the landscape surrounding
preserves. Human impacts include recreational use,
exclusion of natural disturbance regimes (particularly
fire), inadvertent or deliberate introduction of exotic
plant and animal species and disease pathogens, intentional
manipulation of flora and fauna, pollution in the form of
gaseous compounds, particulate matter and acid deposition,
and global climate change to name but a few. However,
research of relatively undisturbed and naturally functioning
ecosystems can continue to provide valuable knowvledge
concerning the function and structure of managed ecosysteas,
provided that these adverse impacts are taken into
consideration.

Compared to the western regions of the United States,
large remnants of relatively undisturbed, virgin forest are
rare in the Great Lakes region. That the state of Michigan
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vas the largest producer of timber in the United States from
1870 to 1890 (Benson 1976) explains this paucity. So
complete was the devastation of the pre-European forest,
that by 1929 there were actual doubts as to the former
existence of the once vast pine forests of Michigan (Weaver
and Clements 1929). Similar over-exploitation occurred in
the neighboring Lake States of Wisconsin and Minnesota. The
Boundary Waters Canoe Area of Minnesota is the largest
remaining example (215,000 ha/ 531,000 ac) of a virgin
ecosystem in the Great Lakes region, but even it has not
escaped human exploitation.

The state of Nichigan is itself unique among the
eastern states in that it is covered by approximately 7.3
million ha (18.0 million ac) of forest land, much of it in
the public domain. Included in this figure are three major
National Forests, one National Park, two National
Lakeshores, and an extensive State Park and Forest system.
The state is quite diverse, and can be divided into four
distinct regional landscape ecosystems (Albert et al. 1986):
I. southern lower Michigan, II. northern lower Michigan,
III. eastern upper Michigan and IV. western upper Michigan.
The overvhelming majority of the forest land in the public
domain is concentrated in regions II through IV. Most of
this land reverted to the public domain through tax
delinquency, following attempts at agriculture in the
aftermath of the unrestricted logging of the late nineteenth

and early tventieth centuries. Hence, only minor remnants
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of the vast historical forest ecosystems of Michigan remain
somevhat intact today.

S8ignificant forest remnants in regions II through IV
include the Porcupine Mountains Wilderness State Park
(14,500 ha/35,800 ac), the McCormick Wilderness Area (6,900
ha/17,000 ac), the Sylvania Wilderness Area (6,000 ha/14,800
ac), a tract in the Nuron Hountaipl area (2,500 ha/6,200
ac), the Roscommon Red Pines Study Area (65 ha/160 ac) and
the Hartwick Pines State Park (20 ha/50 ac). A few other
smaller fragments also exist. Although these areas have
been and continue to be extensively studied, their limited
sise places serious spatial constraints on many conclusions
we might discern regarding the composition, structure and
dynamic processes of primal ecosystems. Secondly, because
all communities and ecosystems possess some properties of
composition, structure and internal processes that are
inherent functions of their unique environments, knowledge
from one particular community or ecosystem may not be
universally applicable to all other communities or
ecosystems. The alternative study of second growth forest
ecosystems is much more limited by the often severe nature
of past human disturbance and continuing direct and indirect
adverse impacts upon these ecosystems. Any theory derived
from these studies must also be appiiod with great caution.

Portunately, other sources of information do exist that
can be utilized to study the primal forest ecosystems of
Michigan. These include pollen from core samples of bogs,



6

varves from lake bottom sediment cores and historical
records. Of the latter, General Land Office (GLO) survey
records have been most commonly used in scientific studies.
The use of original land survey records for scientific study
of the primal ecosystems of Michigan offer several
advantages: 1) they are available for the entire state, 2)
they were conducted in the field according to a
predetermined plan, 3) they constitute a definitive sample
of the forest tree species, and 4) they are thus usable for
quantitative and qualitative analysis of primal ecosystems
(Bourdo 1956). Most importantly, the surveys were for the
most part completed before the large scale exploitation of
Michigan’s virgin forests began in the mid to late 1800’s.

Some of the first uses of GLO survey records involved
the reconstruction of the general boundaries of pre-European
settlement forest types in the form of simple maps (Sears
1925, Marshner 1930, Veatch 1959, Findley 1976). The first
study to investigate the suitability of survey records for
use in analysis of pre-European settlement forests was by
Bourdo (1954, 1956). These studies and subsequent studies
by Lorimer (1977, 1980a), Canham (1978), Canham and Loucks
(1984), and Whitney (1986, 1987) were important in
describing the uses of GLO survey records in reconstructing
pre-Eurocpean settlement forests, and in providing critiques
of the methods used. More recent research for selected
areas in Michigan includes the studies by Whitney (1986,
1987) and Palik and Pregitzer (1992). These studies have
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gone beyond merely reconstructing the pre-European
settlement composition of forests and have sought to derive
insight into the structure, function and dynamics of these
forests.

One function of forested ocosy;tcns that has been the
focus of considerable study is disturbance. Disturbance in
the form of windthrow and/or fire, extensive mortality due
to insect outbreaks, and beaver floodings have a direct and
significant influence upon the composition and structure of
forested ecosystems. Two projects investigating natural
disturbance regimes of forests have occurred in Michigan.
The first wvas Whitney’s 1986 study of the relation of pre-
European settlement pine forests to substrate and
disturbance history in the region II counties of Roscommon
and Crawford. The second wvas a study by Frelich and Lorimer
(1991) which described the disturbance regimes of the three
relatively large preserves of northern hardwood forests in
region IV. The former study was based upon GLO survey
records, while the latter study was conducted in remnant
old-growth forests as they presently exist.

The purpose of the present study wvas fo integrate data
from GLO survey notes with the C-MAP vector-based geographic
information system to determine the composition, structure
and disturbance regimes of the pre-European settlement
forests of western Chippewa county, in Michigan’s region III
(Albert et al. 1986).
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The objectives of the study were to:

1. Determine the composition, structure and
successional status of the pre-European settlement forests
of western Chippewa County, Michigan.

2. Determine the types, frequencies and return
intervals of the natural disturbance regimes of the pre-
European settlement forest types.

3. Provide comparisons of pre-European settlement
forest cover type to the 1978 Michigan Resource Information
System (MIRIS) forest cover types.

The following hypotheses were tested:

1. Even-aged stands in pre-European settlement
forests were primarily composed of jack pine.

2. Northern conifer forests were fire dependent
ecosystems, with fire intervals less than the maximum
potential lifespans of the tree species.

3. Old-growth northern conifer forests existed in a
shifting-mosaic steady state.

4. Northern hardwood and mixed swamp conifer forests
were windthrow dependent ecosystems, with disturbance
intervals greater than the maximum potential lifespans of
the tree species.

5. Old-growth northern hardwood forests existed in a
shifting-mosaic steady state.



STUDY AREA

History and lLeocatioa

Chippewa County is the eastern-most county in region
III of Michigan. The study area consists of all townships
west of the Michigan Meridian, which falls in the eastern
third of the county and bisects the city of Sault Ste.
Marie. Sections 1 and 2 of Township 47 North, Range 1 West,
wvhich were outlying disturbed areas of Sault Ste. Marie in
the 1840’s, have been excluded froa the stﬁdy area. The
study area thus encompasses a total of thirty-five townships
covering an area of approximately 273,237 ha (674,660 ac).
It can be divided into two districts (13 and 14) and four
subdistricts (13.1, 13.2, 14.1 and 14.2) according to Albert
et al. (1986) (Figure 1). Most of the study area falls
within subdistricts 13.2 and 14.2, with a modest
representation of subdistrict 14.1 and only a slight
representation of subdistrict 13.1.

Chippewa County has a long and rich history. Native-
americans were occupying the r;qion long before the
discovery of North America by Europoan cultures. The major
native-American villages in eastern upper Michigan were
located at present day Sault Ste. Marie and St. Ignace.

Three smaller villages and three sugar camps were noted on
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III and IV.
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the surveyor'’s township plat maps of the study area along
the south shoreline of the Whitefish Bay of Lake Superior.
The extent of the villages ranged from 24 to 41 ha (60
to 100 ac). The first influences of European culture can be
traced back to the early 17th century when the region was
first penetrated by French trappers and explorers. The
first European settlement occurred in 1668 with the
establishment of a Jesuit Mission at Sault Ste. Marie. A
second missionary settlement was established in St. Ignace
in 1671. The region remained under French influence until
the close of the French and Indian wars in 1763, when
England gained control of much of the French empire in North
America. The United States in turn, gained control of the
region from England following the War of 1812. The region
remained sparsely populated and relatively undeveloped until
the mid-1800’s. The non-native population of the entire
Upper Peninsula of Michigan was estimated at 1,300 people in
1840 (Karamanski 1989).

The survey of township lines in Chippewa County was
conducted in 1840 by William Austin Burt, the inventor of
the solar compass used in the surveys of the period. Bourdo
reports in his 1954 dissertation that Burt’s work "was of
excellent quality" and that his "integrity is beyond
question”. Subdivision of the township by surveys of the
section lines was begun in 1845 and was complete by 1850.
The survey notes show that the subdivision surveyors wvere

Narvey Mellon, Wells Burt, James H. Mullett and Henry
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Brevoort.

The first sawmill in the Upper Peninsula was
established in Sault Ste. Marie in 1822 for the construction
of Fort Brady. By 1835, when the sawmill was leased to the
American Fur Company, limited logging had progressed to
onconﬁaas an area only 8 km (5 mi) from the town (Karamanski
1989). At some date between 1846 and 1849, James P. Pendill
constructed a sawmill 40 km (25 mi) west of Sault Ste. Marie
vhere the creek that bears his name enters Whitefish Bay.
When Harvey Nellon’s survey team reached the site of the
sawvmill on September 14, 1849, he noted that an area
encompassing only 101 ha (250 ac) had been disturbed by
logging. When Wells Burt was likewise subdividing the
farthest township on Whitefish Point on 29 June, 1849, he
made note of the new lighthouse that became active earlier
in that same year. An area of approximately 22 ha (55 ac)
vas potentially disturbed by the establishment of the
lighthouse.

By 1850 the non-native population of the Upper
Peninsula reached approximately 6,000 persons, with the
greatest concentrations probably occurring at Sault Ste.
Marie and the copper ranges of the Keweenaw Peninsula. 1In
1855 the first canal and locks were completed in the St.
Marys river at Sault Ste. Marie, and in June of that year
commercial logging began on the southern shore of Lake
Superior from the Whitefish Bay to Grand Island at present
day Munising (Karamanski 1989).
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Based upon this chronology, I have concluded that the
study area was relatively undisturbed by any major logging
before 1850, when the subdivision surveys of the townships
vere completed. Furthermore, none of the townships in the
study area vere subsequently found to be fraudulent and thus
required re-survey at a later date. Therefore, I have also
concluded that the surveys of the study area are at a

minimum comprehensive and accurate in scope.

Eaviroameatal Characteristics

Climate

Bounded by Lake Superior to the north, and Lakes
Michigan and Lake Huron to the south, region III has a cool
lacustrine climate. The most pronounced effect of the lakes
is to moderate the climate such that warming is retarded in
the spring and cooling is retarded in the fall. Hence, the
growing season is relatively long, although maximum summer
temperatures are depressed. Average climatic data for
Chippewa County is presented in Table 1. The presence of
the lakes also reduces the severity of summer thunderstorms,
reduces the frequency of tornadoes to rare occurrences and

causes considerable lake effect snow in the winter.

Landform and soils
The region encompassing the study area has, like all of
Michigan, been distinctly influenced by the Wisconsinan

period of the Pleistocene glaciation. It is primarily
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Table 1. Average climatic data for Chippewa County.

Growing season
length (days) 135

Growing season
heat sum, base
October (°C-days) 1860

Total annual
precipitation (mm) 787

Annual average
temperatures (°C) 5.0

July average daily
max temperature (°C) 24.4

January average
daily minimum
temperature (°C) -13.1

Barnes and Wagner (1981), Albert et al. (1986)
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characterized by low elevations and flat lake plain
topography, with a relatively young bedrock of limestone and
dolomite. The following subdistrict descriptions are
summaries of Albert et al. (1986):

13.1 St. Ignace Subdistrict. The subdistrict is
characterized by sand lake plains and limestone bedrock at
or near the surface, withvoccasional areas of rolling ground
moraines and large ridges. Elevations range from 175-315 m
(580-1040 ft). The sand lake plain is characterized by both
poorly drained depressions and by excessively drained
ridges. Drainage is poor where the limestone bedrock is near
the surface.

13.2 Rudyard Subdistrict. The subdistrict is
characterized by flat, post-glacial clay lake plains, with
some areas of ground moraine and sand lake plain.

Elevations range from 175-245 m (580-800 ft). The soils of
the clay lake plains are generally poorly drained. The
ground moraines are well drained, and the sand lake plains
are often excessively drained.

14.1 Seney Subdistrict. The subdistrict is
characterized by flat, poorly drained sand lake plain. There
are also occasional narrow ridges or dunes with excessively
drained sand soils. Elevations range from 180-270 m (600-
880 ft). Areas of limestone bedrock and moderately sloping
ground moraines, as found in the St. Ignace Subdistrict, are
lacking.

14.2 Grand Marais Subdistrict. The subdistrict is
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characterized by sanﬁ end moraine ridges, outwash plains and
lake plains. Elevations range from 185-380 m (602-1240 ft),
vith the highest elevations in the western side of the
subdistrict. The well drained end moraines are steep and
irregular 30-61 m (100-200 ft) ridges, interspersed with
kettle lakes and poorly drained swamps. The eastern edge of
the subdistrict is the outwash Raco Plain, with excessively
drained sand soils. The steep topography of the subdistrict
is in sharp contrast with the flat Seney and Rudyard
Subdistricts to the south and east respectively.

Vegetation

Following the retreat of the Wisconsinan glaciers
regions III and IV were reforested by migration of species
from refugia in the south. Boreal species such as white
spruce (Picea glauca), black spruce (Picea mariana), alder
(Alnus spp.), eastern larch (Larix laricina), jack pine

(Rinus banksiana) and balsam fir (Abies balsamea) migrated
into region III approximately 10,000 years ago. White pine

(Pinus strobug) entered the region approximately 2,000 years
later. Late successional spocies such as maple (Acer spp.)
eastern hemlock (Tsuga canadensis) and American beech (Fagus
grandifolia) entered the region approximately 7,000, 5,000
and 4,000 years ago respectively (Davis 1981).

The tree species currently found in Chippewa County are
a direct function of past exploitation and subsequent

management practices. Northern hardwood forests are



17
dominated by sugar maple (Acer saccharum) and American beech

and yellow birch (Retula alleghaniensis), with smaller
components of red maple (Acer rubrum), balsam fir, black

cherry (RPrunus serotina), basswood (Iilia americana)
ironwood (Qstrva virginiana) and eastern hemlock. There are
extensive pine plains, with many intensively managed
plantations of jack pine, red pine (Pinus resinosa) and
vhite pine. Smaller components of the pine plains are white
birch (Betula papyrifera), bigtooth aspen (Populus

grandidentata), trembling aspen (Populus tremuloijdes) and
northern red ocak (Quercus rubra). Extensive areas of mixed

svamp conifers are dominated by northern white cedar (Thuja
occidentalis), white and black spruce and eastern larch,
with smaller proportions of white pine and white birch.



GLO Surveys

The surveys of Michigan followed the 1833 instructions
of the Surveyor General for the States of Ohio and Indiana,
and the Territory of Michigan, and the 1850 instructions for
the states of Ohio, Indiana and Michigan (White 1984). 1In
addition to recording the position, species and diameter of
corner and line bearing trees (hereafter referred to simply
as bearing trees), the surveyors were required to note the
“face of the country", the character of the soil, the most
prevalent timber and undergrowth species, the occurrence of
wvindfalls and swvamps, and the occurrence of burned land.
The instructions also specified that the surveyors were to
draw a plat map of each township, scaled at two inches per
mile. This plat map was to be drawn in the field as the
survey progressed, to ensure completeness and accuracy.
Surveyors were required to draw “the crossing and courses of
all streams of vater, the intersection, situation and
boundaries of all prairies, marshes, swamps, lakes, hills
and all other things mentioned in (the) field notes" (White
1984, pages 299 and 370). This included the boundaries of
forest types and the location of disturbances noted on the

survey lines.

18
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Both the 1833 and 1850 instructions specified that four
bearing trees be established at all township corners and at
all section corners on range or township lines. However,
only two bearing trees were required for the interior
corners which subdivided each township into sections.
Surveyors were required to record a minimum of one line tree
per section line (White 1984). Table 2 lists the tree
species used by surveyors as bearing trees in the study
area. The surveyors did not differentiate between some
species, such as white and black spruce, bigtooth and
trembling aspen and species of willow. Consequently, I will
also refer to theam as simply spruce, aspen and willow. Some
species viro referred to by names that are not commonly
recognized today, and are listed by other surveyor names in
the second column of Table 2. It is probable that surveyor
references to black ocak were actually pertaininq'to red oak,
and I have recorded them as such.

The primary concern in the use of GLO survey records in
forest reconstruction is the degree of bias present in the
sample. There are two biases of concern, the surveyor’s
choice of tree species and preference for specific diameter
classes for use as bearing trees. Biases are evident by
over-representation of tree species and diameter classes,
and vhen bearing trees are consistently reported in opposite
quadrants with only two trees established per corner. 1In
general, biases are not present in ivon-aqed stands, but

there are usually biases toward medium sized trees in all-
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Table 2. Species used by surveyors for bearing trees.

Coamon Name

Other
Surveyor Name

Scientific Name

American elm
Balsam poplar
Basswood

Beech

Bigtooth aspen

Black ash
Black spruce
Bur oak
Cottonwood
Balsam fir
Hemlock
Ironwood
Jack pine

Mountain ash

Northern red oak

Elm
Balm-of-Gilead

Lynn

Aspen
Spruce
Swamp oak
Fir

Spruce pine
Norway pine

Black oak

Northern white cedar

Red maple

Red pine
Speckled alder
Sugar maple
Tamarack
Trembling aspen
White birch
White pine
White spruce
Willow

Yellow birch

Maple
Yellow pine
Alder
Sugar

Aspen

Pine
Spruce

Birch
Yellow birch
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aged stands. Smaller diameter trees were generally biased
against because space was required to blaze and carve the
required township, range and section data. Bourdo
(1956) noted that the primary concern is not whether bias is
present, but whether it will significantly impact
quantitative analysis.

The presence of bias can be identified by quadrant
analysis of bearing trees and by analysis of mean distances
from corner posts to their respective bearing trees (Bourdo
1956) . Quadrant analysis will reveal the presence of bias,
but cannot differentiate between diameter and species bias.
Quadrant analysis of bearing trees is based upon the
principle that the tree nearest the corner may occur with
equal probability in any of four quadrants. If surveyors
expressed no bias toward a particular species or diameter in
choosing a bearing tree, then the frequency with which each
quadrant was chosen should be nearly equal. Analysis of
mean bearing tree distances can be used to detect both
diameter and species bias. Detection of diameter bias by
analysis of mean bearing tree distances involves computing
the mean distances from corner posts to their respective
bearing trees for each two inch diameter class within a
forest type. For a given type, bearing trees of every
diameter class should be located a similar mean distance
from corner posts. If bias toward a particular diameter
class occurred, then that diameter class will have a higher

or lower mean distance than other diameter classes and wide
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variation in these mean distances would be expected.
Detection of species bias by analysis of mean bearing tree
distances is similarly accomplished by computing the mean
distances from corner posts to their respective bearing
trees for each tree species occurring in a forest type.

-Tﬁcro are other potential sources of error that may
impact quantitative analysis of survey data. The diameter
of bearing trees recorded by surveyors may be considered
suspect. Surveyors were only required by the instructions
to estimate, rather than measure, bearing tree and line tree
diameters (White 1984). The experience of the surveyor thus
determined the relative accuracy of reported diameters. A
"goed tape measure” vas listed among the equipment required
for surveyors in the field (White 1984), but it is unknown
vhether the tape was used by surveyors to periodically check
their diameter estimates. One must also accept the reported
diameter of bearing trees as a close approximation of
diameter at breast height (1.4 m or 4.5 ft). The surveyors
probably estimated diameter at the height at which they
blazed and recorded township, range and section corner data,
vhich depending upon the height of the surveyor, would
coincidentally be close to 1.4 m. The reported distances
from corner posts to their respective bearing trees can also
be a potential source of error. The chainage from the
corner being established to the more distant bearing trees
vas documented by Bourdo (1956) to sometimes be paced or
guessed, even though the instructions specified that they
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vere to be measured. Bourdo documented this by actual
measurement of original bearing trees in western npper
Michigan. HNe found that where pacing or guessing vas
evident, it occurred primarily for bearing trees greater
than 6.0 mn (19.8 ft) from corner posts. Thus, the accuracy
of bearing tree distances was very much dependent upon the
integrity of the surveyor.

In summary, it is known that: 1) the quality of survey
wvork varied depending upon surveyor integrity, 2) the
surveys do not constitute a truly random sample, 3) some
degree of surveyor bias may be present in the selection of
bearing trees, and 4) one must acknowledge some inaccuracies
of reported bearing tree diameters and distances. Despite
these limitations, the historical data contained in the GLO
surveys can still reveal a wealth of information concerning
the composition, structure and function of pre-European
settlement forests. Previous investigations have concluded
that the GLO survey records can be used to reconstruct pre-
European settlement forests (Bourdo 1956, Kilburn 1958,
Curtis 1959).

Data Collectioa

. GLO survey notes are held at the State Archives of
Michigan, in Lansing. Data was collected from microfiche
copies of the transcribed GLO survey records of Chippewa
County, and entered by township into FOXPRO database files

using a General Land Office Vegetation Entry (GLOVE) program
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developed by the Center for Remote Sensing at Michigan State

University. A dictionary of codes used in each data field

of the GLOVE program is presented in Appendix A. The

following information from the GLO survey records was

entered into the database files, and served to reference

subsequent attribute point data:

6)

Township number.

Section number.

The reference corner of the section line along
which the surveyor was traversing.

The bearing in which the surveyor was traversing.
The distance in chains (to the hundredth decimal
place) from the reference corner that the surveyor
traversed before setting a line or corner post.
The bearing and distance in links from a line or
corner post to the post’s bearing trees.

The. following attribute data from the GLO survey records

were then entered into the database files:

The bearing tree species.

The bearing tree diameter (in inches).

The year in which the survey was conducted.

The presence and orientation of disturbances noted
by the surveyors.

The topography of the section line, as noted by
the surveyor.

Notes of the species of trees as observed by the
surveyor in order of predominance.

Thirty-five database files were created using the GLOVE

program, one for each township in the study area.

Data Amalysis

Use of the C-MAP Geographic Information System

C-MAP 2.1.1 is a vector-based geographic

information systea (GIS) developed for use on personal
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computers by the Center for Remote Sensing at Michigan State
University. C-MAP is specifically designed for use with
federal databases in ARC/info and the GIS data formats of
the State of Nichigan, which include the u;chigan Resource
Information System (MIRIS). The C-MAP programs offer
several capabilities which include creating thematically
shaded maps, running statistical and data grouping
operations, performing database queries on object attributes
and measuring and spatially analyzing feature distributions.

Point data referenced in the FOXPRO database files
required conversion into state plane coordinates before it
could be used by C-MAP. Data conversion into state plane
coordinates was performed by a conversion program called
LOCTREE, also developed by the Center for Remote Sensing.
Some error wvas induced in the conversion of point data to
state plane coordinates. The error occurred because point
data was placed by true north, south, east and west vectors
oriqinatinq from the referenced section corners. Such
referencing did not take the convergence of lines of
longitude into account (Figure 2). However, for the
purposes of this study where data was sampled on a transect
grid with spacing of approximately 1.61 ka (1 mi) between
transects, the amount of error induced by non-convergence of
a vector over a maximum distance of 1.61 km can be
considered negligible. A future version of LOCTREE will
convert point data in the Universal Transverse Mercator

system, thus eliminating convergence error.
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once converted into state plane coordinates, tree
species and topography point data were displayed by C-MAP.
The topography data indicated changes in forest type as
recorded by the surveyors, and tree species were used as
indicators of expected forest types (See Appendix A for tree
species and topography codes used). A forest type map of
the study area (Figure 2) was created with the on-screen
digitizing program in C-MAP, using the displayed tree
species and topography point data and printed copies of the
surveyor plat maps (on which the surveyors drew general
forest type boundaries) to determine the placement of my
forest type boundaries. Delineation of forest types was
made to the greatest detail possible, based upon the
criteria outlined above. 1In some cases the presence of a
single tree indicator species (such as a single red pine in
a mixed conifer swamp) provided sufficient evidence to
define a forest type boundary. The resultant type map was
then cleaned to correct for topological inconsistencies and
the topological files were built to represent forest type
polygons (defined contiguous areas). Point data wvere
labeled by forest type using the overlay function of C-MAP,
and then used for analysis of composition and structure and
disturbance according to forest type.

Composition and structure
Analysis of composition and structure wvas
conducted on a sub-sample of the study area. The sub-sample
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consists of eight adjacent townships in the interior of the
study area: Townships 45 north Ranges 3-6 west, and
Townships 46 north Ranges 3-6 west. The sub-canpl; vas
chosen for two reasons. The first is that human influences
in the study area vere concentrated along the shorelines.
This is to be expected since travel by water was the most
expedient mode of transportation during the era. Thus, the
forest in the interior can be expected to be much less
perturbed by human activity, and more representative of the
pre-European forests of the region. The second reason for
the location of the sub-sample is that it contained
substantial areas of each forest type found in the overall
study area, and thus represented a sample of each. Point
data for the sub-sample vere exported to Quattro Pro for
composition and structure analysis.

Methods for estimating density, relative density, basal
area and relative dominance from GLO survey data are
reviewed in Bourdo (1954) and Cottam and Curtis (1956). Two
methods are described by Cottam and Curtis: 1) point to
pPlant methods and 2) plant to plant methods. The former
methods rely upon no‘lurod distances from a point to the
nearest tree(s). The later methods rely upon measured
distances between two trees that are nearest to each other,
and not necessarily those trees nearest to a point. The
1833 and 1850 survey instructions specify that only those
trees nearest to the corner being established shall be

chosen as bearing trees. Trees selected as bearing trees
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Bay Or may not be those trees that are closest to each
other. Thus, the plant to piant methods are not suitable
for use with GLO survey data.

Point to plant methods are better suited for use with
GLO survey data, but have been used with varying success.
The closest individual method is the simplest to use with
survey data. The method is based upon the mean area (M)
occupied by a tree. The square root of M is a direct
indication of the spacing between trees. Thus with this
method, the distances measured by surveyors from corner
posts to bearing trees can be used to estimate tree density.
Por the closest individual method the distance froa the
corner post to the single closest tree is required. The
mean of all measured distances has been found to equal 50%
of the square root of the mean area M (Cottam et al. 1953,
Morisita 1953). This method, therefore, requires
multiplication of the average distance by a correction
factor of 2.0, before squaring to obtain M. The mean area M
can then be divided into the unit area to yield the number
of trees per unit area.

In order to obtain accurate estimates of tree density
using the closest individual method, the tree being sampled
Bust be the nearest tree to the corner being established.
Although surveyors were instructed to utilize the nearest
trees as bearing trees when establishing a corner, there is
no assurance that this was alwvays done. Subjective biases

can severely distort the results of point to plant methods.
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As previously discussed, bias may be expressed by surveyor
preference toward particular tree species and toward certain
diameter classes of trees. The closest individual method is
particularly susceptible to these biases because only one
tree per point is used in calculations. To obtain estimates
within 108 of true densities, the closest individual method
requires a minimum of 150 sample corners. Furthermore, when
trees are clumped together with open spaces between groups,
the closest individual method will not yield accurate
estimates of stand density (Cottam and Curtis 1956).

Spurr (1952) devised a fixed diameter method of
estimating basal area, which was reviewed by Bourdo (1954).
This method is well suited for use when diameter class bias
is present, because it can uti}izc this bias to an
advantage. Spurr determined that a single, randomly chosen
tree from a series of plots could be used to determine basal

area, according to the equation:

(4) (302.5) D 2

(1) Basal area/acre = .
vhere D equals half the diameter of the tree (in inches), R
eguals the plot radius (in feet, to the center of the tree)
and 302.5 is a constant. Because survey trees are reported
in quadrants, a multiplication factor of 4 is required so
that the estimate represents all quadrants.

Bourdo (1954) found that Spurr’s formula could be used,

with the most frequently selected tree diameter class as D
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and the mean distance from the corner post for that class as
R, to yield good approximations of basal area per acre.
Bourdo reasoned that the diameter class most frequently
chosen by surveyors as bearing trees was the most
representative diameter of the forest type. The process is
thus highly dependent upon determining the diameter class
that is indeed most representative of the forest type.
There are four methods of doing this. The most obvious is a
simple count of the number of trees to determine the most
frequently represented diameter class. Two other methods
are determining the average diameter and the median diameter
of all trees of all diameter classes. The fourth method is
to determine the mean diameter based upon the mean basal
area of all trees in all diameter classes. By using all
four of these methods the most representative diameter class
can be determined with confidence. As a further precaution
against error, Spurr’s formula may be applied to the three
most representative diameter classes. When this is done the
most representative diameter class must be used as the
middle value, and the contribution of all diameter classes
to basal area must be weighted by their representation in
the type. Bourdo (1954) compared basal area estimates
obtained using Spurr’s formula to actual basal area
measurements in residual old growth northern hardwoods, and
concluded that good estimates of basal area per acre can be
determined by using the principles defined by Spurr. Thus,
Bourdo confirmed that Spurr’s formula is based upon sound
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scientific ghoory.

Because. all GLO surveys are probably affected to some
degree by diameter class bias, I have used Spurr’s formula
for estimation of basal area per acre in each forest type.
With basal area known, density was estimated by dividing the
basal area per unit area by the mean basal area per tree.
Relative density was calculated by dividing the number of
individuals of any species by the total number of
individuals of all species, and then multiplying by 100.
Relative dominance was calculated by dividing the total
basal area of a species by the total basal area of all
species, and again multiplying by 100.

Disturbance Regimes

The main limitation in the use of GLO survey
records for the estimation of disturbance frequencies and
return intervals is that direct evidence of blowdowns and
burned over land becomes blurred once forest canopy closure
occurs after approximately fifteen years (Lorimer 1980a,
Canham and Loucks 1984). Thus, any reference by surveyors
to blowdowns and burned over land would indicate that the
disturbance has probably occufred within the previous
fifteen years. Fifteen years is a fairly narrow period on
which to base estimates of disturbance frequency. However,
given the range of approximately fifteen years over which
the survey and examinations (checks for accuracy and

completeness of survey work) of Chippewa County were
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conducted, direct evidence of blowdowns and fires may
potentially be distinguished in the survey records over a
thirty year period. Therefore, meaningful estimates of
disturbance fregquencies and return intervals can potentially
be derived from GLO survey records.

The GLO surveys represent a systematic sample of
Chippewa County. Surveyors were required by the 1833 and
1850 instructions to record the distance along a transect at
vhich they encountered and departed any disturbance, and to
plot its location on the township plat map. I cross-checked
the plotted location of each disturbance on the plat map
with the associated survey notes for each township in the
study area, and found the location of each disturbance to be
accurate. The most expedient method of analyzing
disturbances would be to simply digitize the area of each
individual disturbance event from the plat maps. There is a
problem with this approach. The location along a section
line and the bearing in which an individual disturbance
event was running was the only information available to
surveyors when drawing the location of disturbances upon the
plat maps. Because the survey section lines were 1.61 xm (1
mi) apart, the area of each disturbance could confidently be
estimated and drawn only for disturbances large enough to
intersect a survey line in at least two different locations.
Other than deviating from the survey lines, surveyors had no
vay of knowing the course of disturbances within the

interior of sections. Surveyors were not able to draw the
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boundaries of small disturbances when they covered less than
one section in area, and intersected survey lines in only
one location. Additionally, any small disturbances that
were less than 2.27 km (1.41 mi) in length could potentially
remain undetected by surveyors. I attempted to
retroactively estimate the area of such disturbances, but
concluded that areas cannot be estimated with sufficient
accuracy or reliability to be used with any degree of
confidence in analysis of disturbance. For these reasons, 1
have not used area as a basis for analysis of disturbance
regimes. I have alternatively conducted analysis of
disturbance by measurement of the total length of survey
lines impacted by different disturbance regimes, within the
different forest types.

Area line transect sampling theory was used to estimate
the total number of disturbances less than 1.41 km in length
from the actual number observed by the surveyors (Canham and
Loucks 1984, Canham 1978, Devries 1974, Warren and Olsen
1964). If a transect of length L is placed through a
population of randomly distributed disturbances, then the
estimated number of disturbances (X) in each forest type can

be calculated by summing sections of size s:

n 1
(2) X = 0.7854 S —==—-
i=1 Yy
where n = the number of times disturbances were noted to

intercept a transect.
Y = the length of the i’th intercepted disturbance
(measured in miles).
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0.7854 = a constant simplifying the area relationship
s/2L where the grid system of survey lines
provides an average of L=2 miles (3.22 km) of
survey lines for the area s=1 mi? (2.59 km?)
in each section.
Distances are in English units for convenience of
calculation only. The only information required for use of
equation 2 is the length of each individual disturbance
encountered along a transect.

Analysis of disturbance reéincc was conducted on the
entire study area. Disturbance data were segregated by
forest type prior to disturbance analysis. This step was
necessary because the type, frequency and scale of
disturbance is dependent upon the pre-existing stand
composition and structure. Disturbance lengths were
determined by screen digitizing disturbance point data,
merging the resultant disturbance arcs with the forest type
arcs and then reading the lengths of disturbance arcs within
each forest type after the resultant file was cleaned.

Equation 2 allows subdivision of disturbances into size
classes. Disturbances wvere classified as those greater in
length than 50 m, 100 m, 200 m, etc., up to a maximum of
12,800 m. The estimated total number of disturbances in
each size class, with mean length less than 1600 m (one
mile), were calculated using equation 2. The numbers of
disturbances with lengths greater than 1600 m wvere
determined from the numbers actually recorded in the
surveyor notes. The estimated total length of section line

in each size class that was affected by disturbance wvas
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calculated by multiplying the number of estimated
disturbances by the mean length of the disturbances actually
observed in each size class, and then adding the result to
the total length of those disturbances actually observed.

Analysis of disturbance regimes involves the
calculation of disturbance frequencies, disturbance return
intervals and areas of annual disturbance. Disturbance
frequency is defined as the number of disturbances per unit
time in a designated area. The actual number of
disturbances ocbserved by surveyors in each forest type, wvere
added to the additional estimated number of non-observed
disturbances to yield the total number of disturbances that
I used in the frequency calculations. The disturbance
frequency vas estimated by dividing this total number of
disturbances by the number of years over which these
disturbances were observed. Disturbance return intervals
are defined as the number of years between two successive
disturbance events in a designated area (Romme 1980), or the
number of years that it would take for an entire landscape
to 5. disturbed. It must be emphasized that the concept of
return intervals can be misleading. One must recognize the
heterogeneous nature of landscapes and realize that some
portions of a landscape are more prone to disturbance than
othorl; In other words, different parts of a landscape are
subject to different types, combinations and rates of
disturbance. Disturbance return intervals were estimated by

calculating the percent distance of surveyors lines in each
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forest type that were affected by a particular disturbance
regime over a fifteen and thirty year survey period. The
annual percent affected was then divided into 100 to yield
an estimate of the disturbance interval (Whitney 1986). The
fifteen year interval is probably conservative with respect
to disturbance frequencies and return intervals, and the
thirty year interval is probably high. Both recording
intervals will be reported in calculations of disturbance
frequencies and return intervals. The area of annual
disturbance vas estimated for each forest type and
dioturpancc regime by dividing the area of each forest type

by the return interval for each disturbance regime.



RESULTS AND DISCUSSION

surveyer Bias

Quadrant analysis of bearing trees at 343 corners in
four townships (Townships 45 north, Ranges 5-6 west and
Townships 46 north, Ranges 5-6 west) shows that 83, 89, 96
and ‘75 trees were located in the northeast, northﬁest,
southeast and southwest quadrants of those corners
respectively. If bearing trees were chosen randomly, with
no bias toward diameter or species, then one would expect to
find 85.75 trees in each quadrant. A chi square analysis
shows that a hypothesis of random departures of the observed
bearing tree counts in each quadrant from the expected value
of 85.75 trees cannot be rejected (x2-2.7s43, 3 4df, P>
0.3). Quadrant analysis of bearing trees thus reveals no
indication of bias toward specific diameter classes or tree
species.

In the northern hardwood, mixed conifer/deciduous
upland and mixed conifer swamp torést types the low
variances of mean bearing tree distances indicates that
there was little bias toward either specific diameters or
tree species (Tables 3-5).

Initial analysis of the diameter class distribution of
the mixed pine forest type showed that the 10, 15 and 20 cm

38
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Table 3. Analysis of mean distances of bearing trees for
diameter and species bias in the northern hardwood forest

type.

Diameter Mean Mean
Class!' Tree Distance Tree Distance
(cm) Count (m) Species? Count (m)
15 13 7.7 BE 19 8.2
20 15 8.6 H 58 9.2
25 23 8.6 RM 11 9.7
30 24 8.7 SM 45 9.0
35 23 8.2 YB 25 7.5
40 21 10.0

45 13 9.5

50 11 7.9

Sum 143 » 158

Mean 8.7 8.7
8td Dev 0.8 0.9
Variance 0.6 0.8

' piameter classes range from 10 to 90 cm, but outlying
diameter classes were excluded due to under-representation.

2 BE = Beech, H = hemlock, RM = red maple, SM = sugar maple,
YB = yellow birch.



40

Table 4. Analysis of mean distances of bearing trees for
diameter and species bias in the mixed conifer/deciduocus
upland forest type.

Diameter Mean Mean
Class' Tree Distance Tree Distance
(cm) Count (m) Species? count (m)
10 11 8.8 BF 11 10.2
15 24 8.3 H 32 8.5
20 24 7.0 ‘RM 8 8.6
25 18 7.2 SM 6 8.8
30 16 10.0 SP 36 7.6
35 13 9.8 WP 24 8.5
YB 12 7.4
sSum 106 129
Mean 8.5 8.5
Std Dev 1.3 0.9
Variance 1.6 0.8

' Diameter classes range up to 100 cm, but outlying diameter
classes were excluded due to under-representation.

2 pBF = balsam fir, H = hemlock, RM = red maple, SM = gugar
maple, SP = spruce, WP = white pine, YB = yellow birch.
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Table 5. Analysis of mean distances of bearing trees for
diameter and species bias in the mixed conifer swamp forest

type.

Diameter Mean Mean
Class' Tree Distance Tree Distance
(cm) Count (m) Species? Count (m)
5 6 8.8 (o] 77 7.6
10 46 9.0 H 8 10.3
15 82 8.2 JP 15 8.5
20 46 8.3 SP 83 7.5
25 39 8.0 T 67 9.8
30 28 8.5 WP 8 8.2
35 9 7.8

sSum 256 264

Mean 8.4 8.7
8td Dev 0.4 1.2
Variance 0.2 1.3

! Diameter classes range up to 90 cm, but outlying diameter
classes vere excluded due to under-representation.

2 ¢ = cedar, H = hemlock, JP = jack pine, SP = spruce, T =
tamarack, WP = white pine.
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diameter classes represented the three highest densities of
all the diameter classes. Table 6 shows that‘tho 10, 15 and
20 ca diameter class bearing tree distances can also be
considered a sub-sample of the entire diameter class
distribution. The 10 through 20 cm diameter classes are
grouped around a mean sub-sample distance of 9.2 meters,
wvith a standard deviation and variance of 0.5 and 0.3
respectively. The bearing tree distances of diameter
classes 25 through 50 are closely grouped around a mean of
13.0 meters, with a standard deviation of 0.6 and a variance
of 0.3. Table 6 also shows the mean bearing tree distance
of jack pine to be 8.9 meters. Given the seral nature of
jack pine, its dependence upon periodic stand replacing
fires for regeneration and the relatively small diameter
distribution characteristic of nearly pure jack pine
forests, I have separated the mixed pine forest type into a
subtype of nearly pure jack pine and a subtype of mixed
vhite and red pine (of which I retain thc.nanc of "mixed
pine"). Subsequently, the low variances of mean bearing
tree distances indicate that there is no bias toward either
specific diameter classes or species in the mixed pine or
jack pih. forest types.

The mixed conifer/deciduocus lowland forest type shows
some moderate bias toward the 15 and 20 cm diameter classes,
but there is no indication of any significant bias toward a
specific tree species (Table 7). The diameter class bias

may also result from a difference in stand structure. 1If
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Table 6. Analysis of mean distances of bearing trees for
diameter and species bias in the mixed pine and jack pine
forest types.

Dliameter Mean Mean
Class' Tree Distance Tree Distance
(cm) Count (m) Species? Count (m)
10 27 9.0 JP 71 8.9
15 46 8.8

20 28 9.8

Sum 101 71

Mean 9.2 8.9
std Dev 0.5 0
Var 0.3 0

25 18 12.7 RP 63 12.5
30 30 13.2 WP 80 11.7
35 13 13.0

40 9 13.9

45 17 12.9

50 9 12.2

Sum 96 143

Mean 13.0 12.1
Std Dev 0.6 0.6
Variance 0.3 0.3

! piameter classes range from 5 to 75 cm, but outlying
diameter classes were excluded due to under-representation.

2 gJp = jack pine, RP = red pine, WP = white pine.

LS
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Table 7. Analysis of mean distances of bearing trees for
diameter and species bias in the mixed conifer/deciduous
lowland forest type.

“Dlameter Mean Mean
Class' Tree Distance Tree Distance
(cm) Count (m) Species? cCount (m)
10 8 7.0 BPF 6 10.1
15 8 11.7 H 3 9.6
20 10 11.7 SP 10 8.3
25 6 7.9 T 11 8.2
30 3 6.7 WP 4 7.1
35 4 8.7

Sum 39 40

Mean 9.0 8.7
Std Dev' 2.2 1.2
Variance 5.0 1.4

! piameter classes range from 2 to 40 inches, but outlying
diameter classes vere excluded due to under-representation.

2 3F = balsam fir, H = hemlock, SP = spruce, T = tamarack,
WP = white pine.
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the 15 and 20 cm diameter classes were statistically the two
most numerous classes in the type, then one would expect
these clisso. to be used as bearing trees with a greater
frequency than other classes.

In summary, the only evidence of bias was toward the 15
and 20 cm diameter classes in the mixed conifer/deciduous
lowland forest type. This bias is of a moderate nature.
Therefore, I have concluded that the GLO surveys for the
study area are mostly free of bias toward any specific

diameter classes or tree species.

Porest Compositioa and structure

8ix distinct forest types (Figuro 3) were discernable
from the tree species and topography data grid of the study
area:

1) Northern Hardwoods

2) Mixed Pine

3) Jack Pine

4) Mixed Conifer/Deciduocus Upland

5) Mixed Conifer/Deciduous Lowland

6) Mixed Conifer Swamp
The forest types are accurate to the scale of 1.61 km (1
mile). This seemingly coarse scale is unavoidable due to
the nature of survey records, where the survey represents a
sample grid with a distance interval of 1.61 km between
transects. While the broad patterns of forest types are
essentially accurate to within less than 1.61 km, one must
recognize that a transition zone often (but not always)

exists between two adjacent forest types. Thus, these

rather coarse-scaled forest type boundaries are actually
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represented by transition zones. C-MAP 2.1.1 does not have
the capability to define and separate out these transition
zones and I deemed it too laborious a task to digitize them
by hand. Consequently, transition zones exist, but are not
visible in the forest type boundaries. Another consequence
of the coarse scale of the forest types is that a complete
picture of the heterogeneous nature of the landscape is not
cbtained. Some small pockets of different forest types are
undoubtedly imbedded within the fabric of the larger forest
types. These small pockets can be caused by changes in
edaphic and topographic conditions and by disturbance.
While some of these pockets are apparent because good
fortune placed them on a survey transect, others are
transparent because they are located in the interior of a
2.59 km? section. Thus, inconsistencies such as red pine or
spruce within a northern hardwood forest type were found in
the sample data, but were attributed to the coarse scale of
th; sinplo.

The heterogeneous nature of the landscape also
confounds any conclusions regarding stand structure that may
be drawn from diameter class distributions. The scale of
the GLO surveys (with transect spacing of 1.61 km) cannot
detect the heterogeneous nature of inter-stand structure.
For example, a forest type comprised of small, even-aged
patches or stands of different ages (with origins from
small-scale disturbances) could be misinterpreted as being

uneven-aged when diameter data is taken across all patches
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and then viewed from a landscape perspective. The only
forest type where heterogeneity may not confound diameter
class distribution is the jack pine type, where large scale
fire disturbance probably resulted in a more homogeneous
landscape.

Maps detailing the forest cover types in each township
of the study area are presented in Appendix B. Density,
basal area and mean DBH estimates for each forest type are
shown in Table 8. Discussion of each forest type follows
below.

The MNorthern Eardwood Forest Type

The northern hardwood type had the highest basal area
and density values of all the forest types (35 m?’/ha and 348
TPH). Table 9 and Figures 4 and 5 show the relative density
and dominance of the tree species in the northern hardwood
forest type. The virgin northern hardwood forests of the
sub-sample study area wvere dominated by eastern hemlock and
sugar maple in both density and basal area. Hemlock was
predominant in terms of basal area (9.8 m?’/ha), while sugar
maple was dominant in density (99 TPH). Yellow birch and
beech were also rclaﬁivoly important in the forest type, but
beech (2.1 m’/ha) was not nearly as dominant as yellow birch
(6.0 »*/ha). Other indicator species of a northern hardwood
forest such as balsam fir, basswood and ironwood were also
present as minor components in the sub-sample area. An

understory of hazel was sometimes noted by surveyors in the
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Table 8. Basal area, density and mean DBH estimates for the
pre-European settlement forest types of western Chippewa
County, Michigan.

Estimated ’iltinatod Mean
Forest Type Density (TPH) BA (m?/ha) DBH (cm)
Northern Hardwood 348 35 33
(141)°! (154) (13)
Mixed Pine 81 8 3i
(33) (36) (12)
Jack Pine 326 8 18
(132) (33) (7)
Mixed Conifer/ 287 21 _ 28
Decid. Upland (116) (92) (11)
Mixed Conifer/ 269 15 23
Decid. Lowland (109) (66) (9)
Mixed Conifer 314 14 20

Swamp (127) (60) (8)

' Numbers in parentheses are density in trees/acre, basal
area in ft?/acre and DBH in inches.
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Table 9.

Relative density and dominance of tree species in
the northern hardwood forest type.

Total
Trees Basal BA per
Tot Relative Per Area Relative Hectare
Species? # Density Hectare (»?) Dominance (m?/ha)
A 6 0.7 2.5 0.2 0.2 0.1
(1.0)? (2.0) (0.3)
BE 86 10.4 36.1 . 5.9 2.1
(14.6) (53.6) (9.1)
BF 55 6.6 23.2 2.0 2.3 0.8
(9.4) (21.2) (3.6)
BO 2 0.2 0.7 0.6 0.7 0.2
(0.3) (5.9) (1.0)
BW 4 0.5 1.7 0.5 0.6 0.2
(0.7) (5.4) (0.9)
H 170 20.5 71.7 23.5 27.8 9.8
(29.0)  (252.3) (42.9)
Iw 3 0.4 . 0.1 0.1 0.02
(0.5) (0.7) (0.1)
RM 68 8.2 28.7 3.3 3.9 1.4
(11.6) (35.5) (6.0)
RP 2 0.2 . 0.3 0.4 0.1
. (0.3) (3.5) (0.6)
SM 235 28.4 98.8 19.2 22.8 8.0
(40.0) (206.1) (35.0)
SP 30 3.6 12.6 2.0 2.4 0.8
(5.1) (21.3) (3.6)
WB 9 1.1 3.7 0.7 0.8 0.3
(1.5) (7.1) (1.2)
WP 42 5.1 17.8 12.7 15.1 5.3
(7.2) (136.7) (23.2)
YB 116 14.0 48.9 14.4 17.1 6.0
(19.8)  (154.7) (26.3)
Sum 828 100 348 84 100 35
(141) (154)

(906)

! Numbers in parentheses are trees/acre, ft? and ft?/acre

respectively.

2 A = aspen, BE = beech, BF = balsam fir, BO = black/red

oak, BW = basswood, H = hemlock, IW = ironwood, RM = red

maple, RP = red pine, SM = sugar maple, SP = spruce, WB =
white birch, WP = white pine, YB = yellow birch.
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TREE SPECIES (See Table 9)

Figure 4. Density of tree species in the northern
hardwood forest type.
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TREE SPECIES (See Table 9)

Figure 5. Basal area of tree species in the
northern hardwood forest type.
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northern hardwood forest type.

There was also a white pine component in the northern
hardwood forest type. Although low in density (18 TPH),
white pine was a dominant in terms of basal area (5.3
m?/ha). The two northern red/black oak trees in the sub-
sample study area were 51 and 66 cm in diameter. Thus, oak
was a minor component in this forest type. The early-
successional species aspen and white birch were also present
within the forest type. Diameters for aspen ranged from 15
to 31 cm. Diameters for white birch ranged from 13 to 56
cm.

A diameter class distribution of the northern hardwood

forest type is presented in Figure 6. Appendix C contains
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Figure 6. Diameter distributions of tree species in

the northern hardwood forest type.
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diameter class distribution graphs for all of the
significant species in the northern hardwood forest type.
It is evident from the diameter class distributions that
some very large trees occurred within the forest type. The
mean and median diameters of all sample trees was in the 30
ca class. The mean diameter based upon the mean basal area
per tree was 36 ca. Diameter classes less than 15 cm vere
under-represented in the sample because very small trees
were unsuitable for blazing and recording of township, range
and section corner data. I believe that it is highly
probable that advance regeneration of tolerant species was
occurring in the understory of the virgin northern hardwood
forests of the sub-sample area. Due to landscape
heterogeneity I cannot definitively conclude from the
diameter class distributions that the northern hardwood
forests of the study area were uneven-aged. Disturbance,
ranging in size from individual tree fall gaps to larger
windfall events, probably created a mosaic of forest patches
or stands. The presence of seral aspen, oak, white birch
and red pine, and mid-tolerant white pine provide evidence
of the heterogeneous nature of the lgndscapc. The
composition of stands probably ranged from even-aged seral
species to uneven-aged or possibly even-aged late
successional species. Therefore, the northern hardwood
forest type cannot be broadly classified as uneven-aged,
although large patches of it undoubtedly were.
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rﬁc Mixed Pine Forest Type

The mixed pine type had a very low density (81 TPH),
and a basal area similar to the jack pine type (8 m?/ha).
Table 10 and Figures 7 and 8 show the relative density and
dominance of tree species in the mixed pine forest type.
For convenience, both the mixed pine and jack pine forest
types are shown in Table 10. The mixed pine type was
dominated in both density and basal area by white and red
pine. White pine exhibited a density of 36 TPH and a basal
area of 5.2 m’/ha. Red pine had a density of 27 TPH and a
basal area of 2.4 m’/ha. Minor components of the mixed pine
forest included aspen, balsam fir, northern red/black oak,
eastern hemlock, red maple, spruce, white birch and yellow
birch. Both large and small areas of disturbance that were
thickly stocked with seral aspen and white birch saplings
wvere noted by the surveyors. The oak component was also
seral, with the two sampled individuals being 8 and 10 cm in
diameter. The mid to late-successional species balsam fir,
hemlock, red maple, spruce and yellow birch were found
either in the understory, or more likely in small pockets on
more fertile sites. Some of these better sites where white
pine dominated may have been converting to the northern
hardwood forest type.

Figure 9 shows the diameter class distribution of the
mixed pine forest type. Appendix D contains the diameter
class distributions of significant species found in the

mixed pine forest type. Once again, any conclusions
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Table 10.

the mixed pine and jack pine forest types.

Relative density and dominance of tree species in

"~ Total
Trees Basal BA per
Tot Relative Per Area Relative Hectare
Species? # Density Hectare (m?) Dominance (m?/ha)
A 25 3.2 2.7 0.6 0.8 0.1
(1.1)! (6.4) (0.3)
BF 12 1.6 1.2 0.3 0.4 0.02
(0.5) (3.1) (0.1)
BO 2 0.3 0.2 0.01 0.02 0.002
(0.1) (0.1) (0.01)
C 3 0.4 0.2 0.2 0.2 0.02
(0.1) (1.6) (0.1)
H 20 2.6 2.2 1.7 2.2 0.2
(0.9) (18.0) (0.8)
RM 1 0.1 0.1 0.1 0.1 0.01
(<0.1) (0.8) (0.03)
RP 255 32.9 26.7 22.8 29.8 2.4
(10.8) (245.0) (10.7)
SP 42 5.4 4.4 0.9 1.1 0.1
(1.8) (9.4) (0.4)
T 7 0.9 0.7 0.2 0.2 0.02
(0.3) (1.8) (0.1)
WB 56 7.2 5.9 0.9 1.1 0.1
(2.4) (9.3) (0.4)
WP 339 43.7 35.6 48.4 63.2 5.2
(14.4) (520.0) (22.8)
YB 14 1.8 1.5 0.7 0.9 0.1
(0.6) (7.1) (0.3)
Sum 776 100 81 77 100 8
(33) (823) (36)
JP 378 100 326 8.85 100 8
(132) (95.11)

' Numbers in parentheses are trees/acre, ft? and ft?/acre

respectively.

2A= aspen, BF = balsam fir, BO = black/red oak, C = cedar,
H = hemlock, JP = jack pine, RM = red maple, RP = red pine,
SP = gpruce, T = tamarack, WB = white birch, WP = white

Pine, YB = yellow birch.
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Figure 7. Density of tree species in the mixed pine
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Figure 9. Diameter distributions of tree species

in the mixed pine forest type.

regarding age structure are confounded by the heterogeneous
nature of the landscape. The long right hand tail of the
diameter class distribution (Figure 9) may indicate residual
survivors of disturbance. The very low density of 81 TPH
suggests that the virgin mixed pine forest of the study area
had a very open, park-like structure. Numerous groves of
white and red pine were noted by the surveyors. The
surveyors frequently referred to areas of mixed pine as
"openings®”, which lends further credence to an open, park-
like structure. No understory or ground flora data were
recorded in these groves and the pole size diameter classes
are probably under-represented in Figure 9, so the degree to

which advance regeneration was occurring is unknown.
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Howvever, the thick bark of mature pine in these groves would
be very resistant to the periodic fires which occurred
within this forest type, while high mortality would be
expected in the seedling and pole size classes.
Consequently, one would expect the diameter distributions of
white and red pine to show large numbers of mid to large
sized trees, some very large monarchs and relatively few
smaller diameter trees. Indeed, the mean and median
diameters of all sample trees in the mixed pine forest type
were in the 30 cm class. The mean diameter based upon the
mean basal area per tree was 36 cm.

I theorize that hemlock may have occurred within the
groves of white and red pine noted by the surveyors, and
given its shade tolerance was probably uneven-aged in
distribution. Since hemlock has very exacting moisture
requirements for seed maturation and germination, nahy of
the groves where hemlock was present were probably located
in the ravines of stream bottoms, where more moist and
favorable microclimates existed. These are also the
probable sites in which spruce was located. I suspect that
significant regeneration of hemlock in the 5 and 10 cm
classes was present in these more fire resistant habitats
within the mixed pine forest type, but was not reported due
to lack of suitability as bearing trees.

Seral aspen and white birch probably existed in even-
aged patches within the mixed pine landscape. Large areas
of windthrow were noted by the surveyors within the mixed
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pine forest type, and in addition to the remnant white and
red pine it was reported to be thickly stocked with aspen
and white birch saplings. This fact, together with the open
park-like structure, the tendency of white and red pine to
occur in groves, the fire resistant nature of mature pine
and the ravine microclimates, suggest that the mixed pine
forest type was very heterogeneous. This heterogeneity was
probably manifested in a mosaic of both even and uneven-aged

stands within the forest type.

The Jack Pime Forest Type

The jack pine forest type was often referred to as
thickets by the surveyors. The density of the forest type
confirms why jack pine stands were referred to as thickets.
They had a high density of 326 TPH and a low basal area of 8
m?/ha, and were comprised of nearly pure jack pine (Table
10) . The very few monarch red and white pine that occurred
within the jack pine forest type were excluded from the
density and basal area calculations.

Figure 10 shows the diameter class distribution of the
jack pine forest type. I do not believe that landscape
heterogeneity has confounded the diameter class distribution
to a significant degree, and an even-aged distribution is
suggested. An even-aged structure is expected given the
seral nature of jack pine, its predisposition for stand
replacing fires and its dependence upon fire for
regeneration. The mean and median diameter of all sampled
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Figure 10. Diameter distributions of tree species

in the jack pine forest type.

jack pine trees was in the 15 cm clasi. The mean diameter
based upon the mean basal area per tree was also in the 15
Cm class. Very few jack pine apparently survived periodic
fire disturbance to reach the larger diameter classes, and
the jack pine landscape appears to have been quite

homogeneous.

The Mixed Conifer/Deciduous Upland Forest Type

The mixed conifer/deciduous upland forest type also has
a relatively high density (287 TPH), but a significantly
lower basal area (21 m’/ha) than the northern hardwood type
(35 m’/ha). Table 11 and Figures 11 and 12 show the

relative density and dominance of tree species in the mixed
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Table 11. Relative density and dominance of tree species in
the mixed conifer/deciduous upland forest type.

Total
Trees Basal BA per
Tot Relative Per Area Relative Hectare
Species? # Density Hectare (m%) Dominance (m%/ha)
A 12 1.6 4.50 0.5 0.9 0.2
(1.8)! (5.1) (0.8)
BA 8 1.1 3.00 0.3 0.5 0.1
(1.2) (3.0) (0.5)
BE 2 0.3 0.7 0.1 0.2 0.02
(0.3) (0.9) (0.1)
BF 78 10.2 29.4 2.8 5.0 1.1
(11.9) (30.2) (4.6)
C 64 8.4 24.0 3.5 6.3 1.3
(9.7) (38.1) (5.8)
H 131 17.2 49.2 13.7 24.3 5.1
(19.9) (146.7) (22.4)
JP 31 4.1 11.6 1.0 1.7 0.4
(4.7) (10.2) (1.6)
RM 38 5.0 14.3 2.2 3.9 0.8
(5.8) (23.8) (3.6)
RP 11 1.4 4.2 1.1 1.9 0.4
(1.7) (11.6) (1.8)
SM 25 3.3 9.4 1.4 2.6 0.5
(3.8) (15.4) (2.4)
SP 151 19.8 56.8 5.7 10.1 2.1
(23.0) (61.2) (9.3)
T 38 5.0 14.3 1.3 2.3 0.5
(5.8) (14.1) (2.2)
WB 21 2.8 7.9 0.9 1.7 0.3
(3.2) (10.0) (1.5)
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