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Abstract:

Presettlement land survey records (PLSRs) of North America provide insights into the landscape
before European disturbance and have been used in various ecological studies. The usefulness of
the data, however, varies with their characteristics and qualities. The purpose of this paper is to
examine the geographic characteristics of PLSRs, to review PLSR studies in the last five decades
and trends in these studies based on the geographic characteristics that have been analyzed, and
to investigate data quality issues concerning the PLSRs. The framework used in this examination
is that of Geographic Information Science (GIScience), including geographic characteristics of
space, theme, and time, and data quality components of lineage, positional accuracy, attribute
accuracy, logical consistency, and completeness. The results show that different types of PLSRs
have distinct geographic characteristics, especially regarding the spatial characteristics of shape
and size/resolution. Prior studies have used PLSRs.in six modes of analysis, with presettlement
vegetation patterns and compositions analyzed most often. Data quality investigations suggest
that whether the potential quality issues. will influence an analysis depends on the study purpose
and the spatial extent of interest. In cases of studying vegetation dynamics of small areas, the
positional accuracy of landscape features is essential, while this issue may not impede large area
reconstruction. Finally, thoughts concerning future research avenues are presented. This study
uses a GlScience framework to provide a more systematic and comprehensive examination of
the usefulness and limitations of PLSRs than previous studies, and can assist future research to

employ the data most appropriately.
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l. Introduction

The majority of the landscape in the developed world has been disturbed by human occupation
and use of the land (Brown, 1998a). To understand these impacts, knowledge of the original
vegetation is desirable. Even in areas where old-growth forests are present, their current structure
and floristic composition do not reflect their presettlement characteristics (Fensham and Fairfax,
1997) because old-growth forests have developed underpretection while presettlement forests
developed under a complex of climate, topography; and natural disturbances (Fralish et al., 1991).
A Y

Various sources of information, including.pollen records, travelers’ and settlers’ accounts,
historical photographs, and presettlement land survey. records (PLSRs), have been employed in
original vegetation reconstructBW\Among them, the PLSRs are.considered the most important in
North America (Whitnéy, 1996). The PLSRs were collected between the late 17" and the early
20" centuries for land sale and settlement. AlthouWe data were not collected for ecological
purposes, they provide a representation of the vegetation that existed prior to significant
European settlement.

A
The PLSRs can be categorized according to whether the shape of the survey system was irregular
or regular; the regular survey systems can further be classified according to whether the survey
agency was a private land company or public government. The PLSRs therefore have three types:
(1) irregular metes and bounds surveys, (2) regular private land surveys, and (3) regular public
land surveys. These data have enjoyed new use since the early 20" century as a source of data for

presettlement vegetation studies, including presettlement plant community composition (Lutz,
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1930; Mclntosh, 1962; Nelson, 1997); patterns of natural disturbance (Lorimer, 1977; Grimm,
1984); vegetation-site relationships (Cowell, 1995; Abrams and McCay, 1996); vegetation
dynamics (Siccama, 1971; White and Mladenoff, 1994); and human impacts since European
settlement (Foster, 1992). The results from these studies have in turn been used to guide
restoration of disturbed habitats (Galatowitsch, 1990; Radeloff et al4 1998). The number of
theses and papers that use PLSRs in presettlement vegetation studies has grown dramatically in

the past half century. It now totals several hundred references (Whitney and,DeCant, 2001).

The usefulness of PLSRs for vegetation studies is limited, howé\%r, because the d}ta were not
collected for ecological purposes, and therefore do not have optimal data characteristics or
qualities. Examinations of the limitations of the'data,were first.conducted by Bourdo (1956) with
respect to surveyors’ procedure%d biases. This critical study:is the one most often cited in
PLSR research. Throughout the 1990s, several'other articles as to the usefulness and limitations
of PLSRs were published. Applications.and scient@uses of the data were summarized (Schulte
and Mladenoff, 2001; Whitney and DeCant, 2001). Limitations and qualities of the data were
discussed and evaluated, such asfraudulent surveys and misidentification of tree species
(Galatowitsch, 1990; Whitney, 1996; Almendinger, 1997), the accuracy of forest composition
representation (Biirgi and Russell, 2000), and the extent of variability among surveyors (Manies
et al., 2001). A review on this topic, however, is still needed for three reasons. First, the
usefulness and quality of PLSRs have been examined in an ad hoc manner as various researchers
have analyzed and worked with the data. Previous studies have also focused mainly on issues
related to the public land survey records rather than to the metes and bounds and the private land

survey records. A more comprehensive and systematic assessment is required for the most
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appropriate uses of all three types of PLSRs. Second, although studies mentioning the three types
of PLSRs have provided a summary of the uses of the data (Whitney and DeCant, 2001), no
articles have tracked how researchers have used the PLSRs over the years. A review is necessary
to investigate how researchers have made progress with advances of new theories, methods, and
techniques in geography and ecology. Third, all the reviews have been published by ecologists
outside of the geographic literature. Only the use of public land survey records has been briefly
discussed in The Professional Geographer (Pattison, 1956). A review from:a geographic
perspective is desired because the PLSRs consist of wholly geographic information, and have

been noted and used by geographers since the early 20" century (Trewartha, 1932).

The goal of this paper is to provide a systematic review of the geographic characteristics,
applications, and limitations of‘SRs. The theoretical framework that I use is that of
Geographic Information Science (GIScience). This framework has been developed over the past
several decades to study geographic information (Sinton, 1978; Maguire and Dangermond, 1991;
Chrisman,2997). Since PLSRs consist wholly of geographic information, GlScience provides a
most@appropriate theoretical framewerk on which the geographic characteristics can be described,

the applications can be revie‘d, ar&e data qualities can be examined.

This paper contains five parts. First, a brief background on the presettlement land surveys will be
provided. Second, the geographic characteristics of PLSRs will be elucidated. Third, the PLSR
studies will be reviewed based on how they utilize the geographic characteristics. The evolution
of each type of utilization will also be documented. Fourth, the data quality components used in

GlScience will be used to investigate the qualities of PLSRs. Further use of the data and
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prompting trends in PLSR research will be identified at the end. This systematic analysis should

allow future studies to employ PLSRs most thoroughly and appropriately.
I1. Background on the Presettlement Land Surveys

Presettlement Land Surveys were conducted to inventory landquality,and to establish landmarks
for land sale and settlement (Whitney, 1996). In the colonial period, irregular metes and bounds
surveys were commonly used, especially towards the end of the 17" century. “Metes’ implies an
act of metering, measuring, or assigning by measures; ‘bounds’@ers to propert;/\boundaries or
the limiting extent of an ownership (Avery, 1967). The irregular nature of metes and bounds
surveys was the result of the fact that landscape features such as rivers and ridges were often
used as boundaries (Figure Jymand because early warrant holders attempted to obtain the best
land (Whitney, 1996).The irregula? éhapes caused many of the resulting patents and deeds to

have land gaps and overlaps, and.this led to many Wndary disputes (White, 1984).

# Figure 1 here#

The boundary problems caused by the haphazard nature of the metes and bounds surveys

prompted the advocacy of a rectangular survey system prior to land sale or settlement in
unsettled regions. Traces of early rectangular units have been found in the New England town
system in the 17" century (White, 1984) and in small areas within the larger areas surveyed
using the metes and bounds system (Truesdell, 1908). The rectangular system was far superior to

the irregular metes and bounds because it surveyed all of the land with no gaps (Whitney, 1996).
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The Land Ordinance of 1785 was the legal origin of the rectangular system of public land
surveys and the first legislation on the subject (Stewart, 1935). The Land Ordinance influenced
successive legislations and survey instructions for the public land surveys from Ohio to
California in subsequent decades (Wyckoff, 1988). The General Land Office (GLO), established
in 1812, carried out most of the public land surveys. Land wastypically divided into 9.6 x 9.6
km (6 x 6 mi) townships composed of 36 1.6 x 1.6 km (2'%,1 mi) sections (Figure 2).

.
# Figure 2 here#

Private developers (e.g., the Ohio Land Company in southeastern.Ohio and the Holland Land
Company in western New York) were also aware of the advantage of the rectangular survey
system (Wyckoff, 1988). A 9.6 x 9.6 km township system was often employed (Figure 3),
though it was subdivided.into various sized lots. The private land surveys were conducted in
central andwestern:New York, northwestern Pennsylvania, and northeastern and southeastern
Ohio: Although they did not occupy a large extent as the public land surveys did, the private land
surveys existed in a transition era between the irregular metes and bounds and the regular public

land surveys, and-therefore have unique characteristics from the other two survey systems.

# Figure 3 here#

The PLSRs can therefore be categorized into three types: (1) the irregular metes and bounds,

which represent the survey system in the colonial period, (2) the regular GLO surveys, which



# Table
1 here#t
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represent the typical public land surveys, and (3) the regular private land surveys, of which the
Holland Land Company (HLC) survey of western New York is used as an example. The

geographic characteristics of the three types of PLSRs are examined in the following section.
I11. Geographic Characteristics of the Presettlement Land Survey Records

A GIScience framework is employed to review the geographic characteristics of PLSRs because
the data have an inherently geographic nature. GlScientists recognize three main dimensions of
geographic information: space, theme, and time (Sinton, 1978; mrble et al., 1984). Spatial
information allows objects or phenomena.to be located, thematic information provides aspatial
characteristics about them, and temporal‘information,indicates the time and age of each
observation. The specific geeg ic characteristics'that I'have,used to examine PLSRs are
derived and synthesized from a review of GlScience references (Sinton, 1978; Maguire and
Dangermond, 1991; Laurini and Fhompson, 19925 Bonham-Carter, 1994; Martin, 1996;
Chrisman,2997; Sechneider, 1997). Each characteristic is broken into sub-characteristics (Table

1). The list in Table 1 is.not intended,to exhaust all possibilities; only those most meaningful to

the use of PLSRs are consid‘d. ¢

The three types of PLSRs are examined in terms of the geographic characteristics in Table 1. A
detailed understanding of these characteristics first allows PLSR researchers to appreciate the
different types of data available to them, and second, provides a complete framework by which

the PLSR studies can be reviewed and the data quality issues can be addressed.
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1. Space

Spatial characteristics include location, geometry, and topology, and are the key features that

make geographic data differ from other types of data (Maguire and Dangermond, 1991).
a. Location

Location refers to where an existing object is located. Two types of locational\infermation in
PLSRs are of particular interest: location of surveys and Iocatioﬁf surveyed objé}ts. Regarding
the first type of information, it is important to note where the three types of surveys were located.
The metes and bounds system was found in most ofithe original thirteen colonies, especially
those in the American South«(Awery, 1967). The private land surveys, such as the HLC survey in
western New York, and others in central New York, northern Pennsylvania, and southeastern and
northeastern Ohio (Wyckoff, 1988), were located iwediately to the west of the metes and
bounds surveys. The publicland surveys were conducted further to the west, from Ohio to
California (Pattison, 1964); including west of the Mississippi River and north of the Ohio River,

plus Alabama, Mississippi, a‘portio”s of Florida (Avery, 1967).

The second type of locational information deals with aspects of where the surveyed objects such
as survey posts, trees, and other landscape features were located, with trees being of particular
interest for presettlement vegetation studies. The GLO surveyors erected posts at the intersection
of section lines (section corners), the midpoint between section corners (quarter corners), and

where section lines crossed navigable rivers or lakes (meander corners). At these survey corners,
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two to four nearby trees were blazed as witness trees. Witness trees to which the bearing and
distance from the post were noted were known as bearing trees (Whitney and DeCant, 2001).
Surveyors also recorded trees that fell along the survey lines as line trees. In the private HLC
surveys, two to four bearing trees were mainly recorded at the survey corners along the township
boundaries. In the metes and bounds surveys, significant trees along:the survey lines were
recorded as reference points. A post was occasionally used tomark a survey corner, but none or

only one bearing tree was provided (Mclintosh, 1962).

The locations of bearing trees are essential for mapping presettlement vegetation. They can be
plotted directly on maps to show the presence or absence of individual species, and then grouped
subjectively based on apparently homogeneous patterns of abundant species to show vegetation
associations (Siccama, 1971; Barrett et al., 1995). In addition, they can be tied to specific soil
associations or physiographic positions to reestablish vegetation-site relationships in

presettlement forests (Cowell, 1995).

b. Geometry

Two important geometric characteristics of PLSRs are shape and size/resolution. Shape is
considered at the level of the outline of a land parcel and the features located within it. The shape
of the land parcel was often irregular in the metes and bounds, but more regular in the GLO
(often square) and the private land (rectangular or square) surveys. The shape of a spatial object

also describes an abstraction of its geometric structure as a point, line, or polygon (Schneider,
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1997). The shape of a tree can thus be modeled as a point and the shape of a river as a line,

although in reality they both are three-dimensional.

PLSRs contain the geometric features of points, lines, and polygons. Point features include
survey corners/posts, bearing/witness trees, and other points along the survey lines. Line features
are line descriptions, the narrative descriptions of vegetation, soil quality, and occurrence of
disturbance along the survey lines. Polygon features include landscape features of lakes, swamps,
timber, prairies, and burnt areas drawn on township plats by the surveyors. The metes and
bounds often include only point features of survey posts and be%g trees. The G\DO and the
private HLC surveys have all three geometric features but to different degrees. The GLO surveys
provide line descriptions at 0.8 or 1.6 km (0.5 or 1'mi) intervals (Whitney, 1986), while the
private HLC surveys providesthe.information at several segments of each surveyed mile
(Seischab, 1992). Forpolygon features, detailed township plats showing the distribution of
landscape features accompanied the GLO surveys Whitney, 1996), while the private HLC
surveys only included sketch maps describing terrain features crossed survey boundaries
(Wyekoff, 1988). It is important t@ know the geometric features and their availability in PLSRs

because theack of certain g‘netrhatures might constrain the potential utilization of the data.

Size consists of measurements such as the length of a line, or the perimeter and the area of a
region. Resolution, or grain in landscape ecology, is the size of the smallest addressable spatial
unit (Laurini and Thompson, 1992) such as pixels in remote sensing or sampling intervals in
ecology (Lam and Quattrochi, 1992). Spatial resolutions may greatly influence the detection and

characterization of presettlement landscape patterns.

10



The final version of the paper has been published in Progress in Physical Geography 2005, 29(4): 568-598.
Please contact geowyc@nus.edu.sg for reprint.

Size and resolution vary greatly among the three PLSRs. The rectangular systems of the GLO
and the private HLC surveys produced more equal-sized polygons compared to the variety of
land sizes of the metes and bounds surveys. The GLO land was divided into 9.6 x 9.6 km
townships, 1.6 x 1.6 km sections (640 acres), and 0.8 x 0.8 km quarter sections (160 acres)
(Figure 2). Not until 1832 was a standard 0.16 km? (40 acre) parcel of public land made available
(Wyckoff, 1988). The private HLC land was divided inte‘different rectangular townships with
9.6 x 9.6 km mostly used, and then subdivided inta‘sections or lots ranging from0.16 to 2.59
km? (40 to 640 acres). The various smaller lots of private develagrs reflected the\purpose of

attracting small retail purchasers (Wyckoff, 1988).

The sampling intervals betwee@ing trees were.multi-resolutioned: finely resolved for
bearing trees around asurvey corner, and coarsely resolved between survey corners. Overall, the
sampling interval was coarse, thus‘resulting in a Io@ensity of sampled trees for PLSRs. The
estimated density of.sampled trees for the GLOsurveys in Upper Michigan was about 5 trees per
km? (Brown, 1998a) and ranged from about 3 to 7 trees per km? in other regions of the United
States (Schwartz, 1994; Delcourt arbelcourt, 1996). The HLC survey provided a smaller
number of sampled trees per km? than the GLO survey because it was along the township
boundaries only. The estimated density for the private HLC township survey was about 1.5 trees
per km?, but would be similar to the estimation for the GLO survey if the bearing trees for the
HLC lot corners were included. The sampling intervals of the metes and bounds surveys were
different from each other due to the haphazard nature of the survey system. The general density

is therefore more difficult to calculate than the GLO and the private surveys, but averaged 1.5 to

11
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2 trees per km? in the Catskill Mountain region of New York (Mclntosh, 1962) and 3 trees per

km? in eastern West Virginia (Abrams and McCay, 1996).

The coarse resolution of PLSRs makes extrapolation of vegetation associations problematic
except in cases of extremely homogeneous cover (Cowell, 1995). Studies, however, have
suggested that the tree samples in PLSRs are best applied at abroad spatial extent such as the
county or state level because at such spatial extents the fine-scale complexity of the natural

vegetation boundaries diminishes (Manies and Mladenoff, 2000).
c. Topology

The topological characteristicsﬂSRs include adjacency and.connectivity. Adjacency
represents the spatial relationship of neighboring objects (Laurini and Thompson, 1992). If
bearing trees were selected based.on their adjacency to the survey posts (i.e., they were the
closest tregs to the survey posts), then the distances between the trees and the posts can be used
to obtain forest density (Cottam anchCurtis, 1956), one of the primary measures used to
characterize,vegetation, and further be combined with measures of spatial distribution to

infer habitat preference and.competitive dynamics (Barbour et al., 1999).

Indeed, in most PLSRs, trees adjacent to the posts were probably selected as bearing trees. The
1855 GLO surveyor’s instruction documented, “courses (from the post) must be taken and
distances measured to two or more adjacent trees in opposite directions, as nearly as may be, and

these are called bearing trees.” (Bourdo, 1956: 757). However, exceptions can still be found.

12
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Some GLO surveyors were asked to choose bearing trees according to tree size and longevity,
regardless of the adjacency (Grimm, 1984). Another adjacency characteristic found in the GLO
and the private HLC surveys is the distribution of land parcels that were regularly tiled based on
the reference axes of the principal meridian (a true north-south line) and base line (a true east-
west line that corresponds to a parallel of latitude) (Avery, 1967). Townships are therefore

adjacent to other townships, and sections are adjacent to other.sections.

Connectivity provides information on how points are related using the operators ef ‘from-’ and
‘to-.” This is different from the use of the term connectivity indandscape ecology, where it
signifies the degree to which all nodes inwa system are linked by corridors (Forman and Godron,
1986). The processes by which surveyors surveyedithe land demonstrate the connectivity
characteristic. The surveyorssstasted at a survey corner recording nearby bearing trees, and then
from that corner, moved on to another corner recording nearby bearing trees. This characteristic
is essential because it'enables researchers to deriv@solute coordinates of bearing trees that

were not directly recorded in PLSRs.
2. Theme ‘ v

Thematic characteristics identify the spatial phenomena or objects apart from their locations.
There are various ways in which thematic characteristics can be classified. Stevens’ (1946) four
levels of measurement have become a basis for social science methods and a framework for GIS
(Maguire and Dangermond, 1991; Martin, 1996), and therefore are employed here. The four

levels of measurement are nominal, ordinal, interval, and ratio. Since no PLSRs use the interval

13
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level of measurement, it is excluded from the following discussion. Additionally, Chrisman
(1997) noted other measurements that do not fit into Stevens’ (1946) scheme. Chrisman’s

‘cyclical measurement’ is incorporated because it is applicable to the PLSRs.

a. Nominal

At the nominal level of measurement, each category has@ distinct nature, The nominal
measurement in all three types of PLSRs was tree species. Additionally, the GLO,and the private
HLC surveys recorded natural landscape features such.as rivers, swamps, and lakes; as well as
man-made landscape features such as reads and villages. Information on this level of
measurement provides a general picture of the presettlement environment, and shows whether or

not the study area had experienced minimal-humandisturbance:

b. Ordinal

Ordinal measurements involve observations that are ranked according to relative position on a
scale, with unequal intervals between units (Bonham-Carter, 1994). Some ordinal categories use
a semantic scale of words. For example, soils are ordered from “poorly drained’ through
‘somewhat poorly drained’ on to ‘well-drained’ and ‘excessively drained’ (Chrisman, 1997).
Ordinal measurements were usually absent in the metes and bounds, but were found in the GLO
and the private HLC surveys. Surveyors classified soils according to their drainage (e.g., poorly
drained or well-drained) and quality for cultivation (i.e., first rate, second rate, third rate, and

unfit for cultivation). Moreover, the GLO surveyors were required to name tree species in order

14
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of their prevalence in the line descriptions (Bourdo, 1956). The first mentioned species was thus
supposed to be the most dominant along that line segment. This characteristic provides an
independent means of verifying the values obtained in the bearing tree counts to test for biases in

the bearing tree selection (Whitney, 1986).
c. Ratio

Ratio measurements have an absolute zero point and a unit, such as surveyor’s measures in
chains and links or feet and inches. They were used to.record di‘st‘*ances from bearing trees to
survey corners, lengths of the survey line,segments in line descriptions, widths of streams and
rivers, and estimated diameters of bearing trees. The,GLO and the private HLC surveys provided

most of these ratio measuremer\btjt estimated diameters were only found in the GLO surveys.

Among these ratio measurementsydistances betwe@earing trees and corners and estimated tree
diameters_are of particular interest because they provide insights into the presettlement
vegetation structure. Distances can be used to distinguish between prairie, savanna, open forest,
and closed forest ecosystemsﬁndga and Anderson, 1975). Diameter class distributions (i.e.,
size-class structure) can be used as a predictive tool in both population and community ecology
and have been proven useful in deciphering the history of forest stands, especially for species
whose size correlates well with age (Whitney, 1996; Barbour et al., 1999). An inverse J-shaped
distribution with many seedlings and saplings and fewer larger trees suggests a high probability

of a population maintaining itself as part of a climax community (Barbour et al., 1999).

15



The final version of the paper has been published in Progress in Physical Geography 2005, 29(4): 568-598.
Please contact geowyc@nus.edu.sg for reprint.

Deviation from the theoretically expected inverse J-shape distribution might be attributable to

selective logging, the introduction of pathogens, and fire cessation (Whitney, 1996).
d. Cyclical

Cyclical measurements are bounded within a range and repeatdn some cyclical manner
(Chrisman, 1997). Angles are an example; although theySeem to be ratio, in the sense that there
is a zero and an arbitrary unit, they return to their origin. A common cyclical measurement in all
three types of PLSRs is the compass directions of bearing trees'%m the survey (;}ners. This

information is essential for researchersto.trace the locations of bearing trees.

3. Time ‘

Time is the third characteristics of‘geographic data. Its two sub-characteristics are time of

observation‘and age.of observed object (Bonham-Carter, 1994).
a. Time of bbservation ;‘ '

Time of the observation refers to the time when the data were collected; in PLSRs, it thus refers
to the time of the survey. Knowledge of this characteristic indicates for how long European
settlement may have disturbed the landscape. The time of settlement varied for different regions,
but the time of the surveys relative to settlement was generally constant. The metes and bounds

surveys prevailed in the colonial period, around the 17" and the early 18" centuries. The private

16
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land surveys were conducted during the late 18" to the early 19" centuries. The public land
surveys were conducted during the late 18" to the early 20" centuries. Furthermore, surveys for
township division were conducted first, and section and lot subdivision were conducted at a later
date. For example, the township boundaries of the Ohio Company Purchase in southeastern Ohio
were surveyed from 1788 to 1789, but many of the interior lines were not surveyed until from
1796 to 1802 (Dyer, 2001). For a larger area such as a state, the overall vegetation was sampled
over a shifting period spanning more than several decades. Although the PLSRs of a given area
were not gathered within the same year, and in some areas were collected at a time when the land
was occupied, and the vegetation altered, to some degree by Native Americans, these data still
effectively represent a single ecological‘period of presettlement (Brown, 1998a; Schulte and

Mladenoff, 2001).

b. Age of observed object

The surveyors did not directly measure or suggest ages of observed objects, but they recorded
age-related information that can be used to infer ages of objects. For example, the occurrence of
burnt land or windfalls recorded in line descriptions of the GLO and the private land surveys can
be used to obtain the disturbance return time, the average span of time between consecutive
disturbances at a given site (Seischab and Orwig, 1991). Under certain situations, this is
equivalent to the time it takes to disturb an area equal to the size of the region under
consideration. We can infer the disturbance return time by assuming that the effect of
disturbance would only be observed for a certain number of years after its occurrence (Canham

and Loucks, 1984). For example, Canham and Loucks (1984) and Whitney (1986) suggested that

17
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large-scale windfalls were still recognizable by surveyors for up to 15 to 30 years after their
occurrence; in Minnesota, fires were recognizable for at least 20 years in the pine forests
(Whitney, 1986). These estimated numbers of years, combined with the length of the disturbance
intercepting the survey lines as recorded in line descriptions, are then used to obtain the

disturbance return time or frequency of the disturbance.
IV. Modes of Geographically Analyzing Presettlement Land Survey Records

With the geographic characteristics of PLSRs now described, wﬁan review pre\;%us studies
according to the characteristic they tackle,.i.e., analyzing spatial, thematic, or temporal
characteristics (Sinton, 1978). In the case of mapping, presettlement vegetation, the spatial
characteristic of bearing treedeeations is analyzed o create vegetation distribution on a map. The
geographic characteristics of space:- fheme, and time, thus serve as a framework to systematically
review studies using PLSRs, and 10 allow research%to realize that PLSRs are open to many
modes of analysis. Since each geographic characteristic contains multiple sub-characteristics,
thergdare many variations on these major modes of analysis, and they will be discussed.
Furthe}more, the trend of eachhmode of analysis will be reviewed with respect to advances of

new theories, methods, and techniques in geography and ecology.
1. Analysis of spatial characteristics

a. Creation of presettlement vegetation maps

18
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Maps of presettlement vegetation communicate the amount of geographic variation in vegetation
conditions. Mapping presettlement vegetation conditions is a major use of PLSRs. The spatial
characteristic of locations of bearing trees and other landscape features is analyzed to delineate
presettlement species or community distribution on a map using point symbols or polygons with
subjectively chosen boundaries. Community types have been identified using subjective analysis
(Finley, 1976; Schafale and Harcombe, 1983) and quantitative/methods such as two-way
indicator species analysis (TWINSPAN) and detrended eorrespondence analysis (DCA)
(Seischab, 1992). Studies of this type are further reviewed according to the spatial characteristics

* <
of study areas, the geometric features of PLSRs, and the representation of vegetat%n distribution.

The spatial characteristics of a study area include descriptive factors such as spatial extent (size),
location, and physiography..= atial extent, the PLSRs have been used to reconstruct areas as
small as several sections (Liegel, 1982) or a few townships (Delcourt and Delcourt, 1974), to
part of a State (Grimm, 1984; Seischab,.1992), a m@e State (Finley, 1976), or several states
(Whitney,4996), but most studies tend to deal with a county (Gordon, 1940; Siccama, 1971;
Anderson and Anderson, 1975; Schafale and Harcombe, 1983). This may be a trade-off between
sample adequacy (smaller areas of ;%/ sections reduce the number of trees used in analysis)
and data process duration (larger area of a state needs time commitment and data sharing and
standardization). The locations of the study areas are throughout the USA, and in part of the
Canadian Province of Ontario (Jackson et al., 2000), but have primarily been in the Northeast
and Midwest of the USA (Sear, 1925; Lutz, 1930; Gordon, 1940; Mclintosh, 1962; Grimm, 1984;
Loeb, 1987; Brown, 1998b; Dyer, 2001; Cogbill et al., 2002). The physiographic types that have

been most studied using the PLSRs are flat-lands such as river valleys (Delcourt and Delcourt,
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1977; Nelson et al., 1994; Schulte and Barnes, 1996). Steep areas are seldom examined due to

the fact that they are less likely to be sampled by witness trees (Mclntosh, 1962; Liegel, 1982).

Points are the geometric features used in most PLSR studies, although lines and polygons are
also used. The reasons for this are threefold. First, the exact positions of point data are easier to
be located. Second, line descriptions are not as amenable to a.conversion to quantitative
measures as are point observations. Third, polygon data,@as represented on township plats, offer
too much data to allow large areas to be time-effectively studied; they are mainly used at
township level reconstructions (Whitney, 1987) although state level reconstructions have been
achieved (Marschner, 1974; Finley, 1976). Despite the many advantages of the point data, two
disadvantages were noted. First, the coarse resolution of bearing trees impedes the reconstruction
of small areas (less than a few: %hips) or the representation,of complex landscapes (Manies
and Mladenoff, 2000)« This problem is greater when using the point data from the metes and
bounds and private land'surveys sifice these surveys include fewer bearing trees per km? than the
GLO surveys. To minimize this problem, some studies have incorporated other historical records
or photos (Siccama, 1971; Russell, 2981). Second, unlike the polygon features which offer rich
informationyon landscape features, point data mainly offer information on trees. Therefore, the
choice of geometric features for mapping presettlement vegetation will depend on the spatial

extent and purpose of the study in addition to the availability of the geometric features of PLSRs.
The vegetation information from PLSRSs is represented as discrete objects or continuous fields.

Most PLSR studies, similar to the majority of vegetation mapping, employ discrete objects to

express the presence or absence of individual species (Siccama, 1971; Grimm, 1984; Barrett et
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al., 1995; Dyer, 2001), or the dominant community type (Howell and Kucera, 1956; Loeb, 1987,
Leitner et al., 1991). These expressions may be mapped as points (Anderson and Anderson, 1975;
Brugam and Patterson, 1996) or lines (Batek et al., 1999), which in turn may be generalized to
forest polygons using subjective boundaries based on apparently homogeneous patterns of
abundant species (Siccama, 1971), or the point-in-polygon approach‘such as the association with
mapped soil-type polygons (Veatch, 1925) or physiography (Liegel, 2982). These maps,
however, are often manually created. The advent of Geographical Information Systems (GIS) has
enabled the vegetation distribution to be automatically analyzed and visualized (Nelson et al.,
1994; Barrett et al., 1995; Cogbill et al., 2002). In conjunction vm] GIS, prograrhs\have further
been developed to derive geographic coordinates of bearing trees from the distances and
directions recorded in PLSRs based on the topologieal characteristic of connectivity (Brown,
1998a; Batek et al., 1999). Publi¢c land survey digital base maps.of section grids obtained from
the U.S. Geological Survey Public Land Survey System or the Department of Natural Resources
for each state are used as.a template for.the topolodvl linking. The use of GIS allows efficient
characterization and.analysis of PLSRs which may overcome the obstacle of the trade-off
between sample adequacy and data processing time (He et al., 2000).

D
Recent research in. GIS and digital mapping also advanced methods for representing
presettlement vegetation as continuous fields (Brown, 1998b). As opposed to the traditional
discrete object representation, which is similar to the organism concept (Clements, 1936) and the
community-unit concept (Shipley and Keddy, 1987) in ecology, the continuous field
representation is founded on the continuum theory in ecology (Gleason, 1917) and the field view

in GIScience (Burrough, 1996). Continuous fields are richer portrayals of vegetation distribution
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than discrete objects because they can illustrate gradual transitions, or ecotones, between
vegetation types (Brown, 1998a). Presettlement vegetation distribution has been represented as
continuous fields using interpolation methods and fuzzy sets (Brown, 1998a, 1998b; He et al.,

2000).

b. Investigation of vegetation and site relationships

Insights into the presettlement vegetation and site relationships are important because successful
. . . o .
restoration is often based on matching species with'their apprepriate site requirements (niche)
(Whitney and DeCant, 2001). Investigating the vegetation in relation to soils is one of the earliest
utilizations of PLSRs (Veatch, 1925). In‘this mode of analysis, the spatial characteristic of
bearing tree locations is analyzed to obtain vegetation-site relationships by locating trees on

modern topographic or soil maps based on the assumption that site conditions of pedology,

topography, and geology:have not'changed significantly since presettlement.

Earliest examination of vegetation-site relationships was conducted by descriptively
summarizing and comparing species or forest type occurrences on various soil types or site
conditions (Veatch, 1925; Mclntosh, 1962). A more quantitative analysis was made by using
multiple regression (Crankshaw et al., 1965). The introduction of binary discriminate analysis
(also called contingency table analysis) by Strahler (1978) was a milestone in this mode of
analysis. PLSR researchers, similar to that of other physical geographers, have taken full
advantage of this method to investigate vegetation-site relationships (Whitney, 1982, 1990;

Leitner et al., 1991; Abrams and McCay, 1996; Dyer, 2001). Associations between presettlement
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vegetation and site factors have also been developed using detrended canonical correspondence
analysis (Cowell, 1995). Not until the late 1990s did PLSR researchers consider whether the size
of the study area would affect the effectiveness of contingency table analysis. It has been
suggested that at least 16 GLO townships must be included in a study so that most of the cells of

the contingency table cells will be filled with a number other than zero (Almendinger, 1997).

The site relations of tree species have been investigated with respect to seildrainage and texture,
topographic position, aspect, and slope, as well as surface geology and elevation (Lindsey, 1961,
Siccama, 1971; Whitney and Steiger, 1985; Whitney, 1986; Barlﬁtt etal., 1995; Cowell, 1995;
Abrams and McCay, 1996; Dyer, 2001y Whitney and DeCant, 2001). On the basis of analysis,
the relationships between species and site conditions,can be obtained. For example, in Baraga
County, Michigan, jack pineawas.found to be restricted to the Baraga Outwash Plain (Barrett et
al., 1995). Important environmental factors responsible for the presettlement vegetation
distribution can also be determined. For.example, wdrainage importantly controlled the Big
Woods vegetation of Minnesota (Grimm, 1984), while topographic factors most strongly
controlled species occurrence in southeastern Ohio (Dyer, 2001). It is, however, important to
understand that use of forest‘es re&ated using underlying geology and soils information in
investigating vegetation-site‘relationships is problematic because the vegetation and site

conditions are not independent anymore (Manies and Mladenoff, 2000).

c. Identification of presettlement landscape patterns across a range of resolutions
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Spatial resolution may greatly influence the detection and characterization of vegetation patterns,
an issue related to the scale issue examined in depth in landscape ecology (Turner and Gardner,
1991; Qi and Wu, 1996). The PLSRs of the rectangular survey systems have multiple resolutions,
such as the 9.6 x 9.6 km townships, the 1.6 x 1.6 km sections, and the 0.8 x 0.8 km quarter
sections of the GLO surveys. Instead of attempting to determine thewesolution of analysis for a
given extent that is optimal for adequately quantifying presettlement vegetation patterns, PLSR
researchers in the past simply used the data they obtained for the areas of their interest. A
considerable amount of work done on the detection‘and characterization of spatial patterns in
landscape ecological studies since the 1980s has then prompted@searchers to in\%tigate the

effects of changing resolutions on pattern.analysis with respect to the PLSRs.

In this mode of analysis, thespatial characteristic of different resolutions is analyzed to examine
the influences on the resulting presettlement vegetation patterns. Studies of this sort can be
divided into two types. The first type of study comwes the reconstructions from different data
sources atdifferent:sample resolutions. For example, witness trees recorded at lot corners were
compared with the more finely-resolved line descriptions along the lot boundaries (Marks and
Gardescu, 2992), and Witnes‘ees %e section-level were compared with the more finely-
resolved witness trees at thedlot-level (Mendelson, 2002). In both cases, the finely-resolved data
indicate greater species richness and landscape heterogeneity than the coarsely-resolved data.
The differences of the results from different resolutions may be caused by vegetation dynamics
because the survey times of different resolutions were not the same. Coarser land division such

as townships was conducted first, and finer subdivision of sections or lots was later.
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The second type of study resamples the point tree data in the GLO records to assess how changes
in the spatial resolution influence the apparent presettlement landscape heterogeneity. In general,
landscape heterogeneity decreased as the spatial resolution coarsened. It was suggested that
witness trees at quarter section corners in public land surveys were inadequate to capture the
complexity of the presettlement landscape below several townships{Manies and Mladenoff,
2000). GLO data from Michigan, a resolution of one mile by one mile (one section), have been
used to give a conservative characterization of landscape‘heterogeneity (Delcourt and Delcourt,
1996). Vegetation indices, including relative density, dominance, and importance values for each
species, were calculated using the GLO data of Wisconsin at different resolutions, and the results
suggested that thresholds of species heterogeneity were captured at a grid size of two sections by

two sections (He et al., 2000).

2. Analysis of thematic characteristics

a. Reconstruction of presettlement vegetation composition and structure

Concepts of presettlement vegetation composition and structure communicate and analyze
aggregate characteristics of the data shown on the presettlement vegetation maps. Reconstruction
of presettlement vegetation composition and structure are thus often accompanied with the
creation of presettlement vegetation maps. This involves analyzing the thematic characteristics of
species names, and distance and diameter measurements. Results of the composition and

structure measures are often tabulated or graphed.
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Description of presettlement vegetation composition is one of the major and earliest modes of
geographically analyzing PLSRs. It can be derived from point tree data or line descriptions. Point
tree data are most often used because they are more easily analyzed. Vegetation composition
may be expressed as absolute numbers of witness/bearing trees for each species (Spurr, 1951) or
as relative species percentages (Shanks, 1953; Howell and Kucera, 1956; Russell, 1981; Loeb,
1987; Cogbill, 2000). Line descriptions have been used in a few later studies (Seischab, 1990,
1992). They are believed to provide less biased information and a larger number of species than
point tree data because surveyors simply recorded.the species they encountered along the survey
lines, and did not have to decide what trees to select as bearing Eges, which migh‘h’lave resulted
in biased representation and was noted.as,a concern in some Studies (Bourdo, 1956; Grimm,
1984). Based on the assumption that species recarded. in line descriptions were arranged in
sequence of their abundance; aWown to be truedin most GLO surveys (White, 1984), the line
descriptions were quantified to derive forest composition in western New York (Seischab, 1992).
The compositional studies can be divided into threzages: understanding, comparing, and
testing presettlement vegetation composition. Most studies have focused on understanding the
vegetation composition in areas of th} interests, especially those conducted in the early and
mid-20" centuries.(Lutz, 1980). Once the reconstructed presettlement vegetation composition is
known, it can be compared with that of other adjacent regions or of different physiographic
regions within the same study area (Mclntosh, 1962; Seischab, 1992). Studies since the 1980s
have further used the results to test and determine whether certain vegetation types (e.g., maple-
basswood in Minnesota, oak savannas in Wisconsin) existed historically (Grimm, 1984;

Schwartz, 1994; Dyer and Baird, 1997; Radeloff et al., 1998).
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Presettlement vegetation structure can be studied by analyzing tree density and diameter class
data from bearing tree records. This kind of study did not prevail until Cottam and Curtis (1956)
introduced the idea of using distance between trees to obtain forest density. Tree density was
then able to be calculated using distance measurements between bearing trees and designated
survey corners. Estimated diameter measurements were available in most GLO surveys, but not
in the metes and bounds and the private land surveys. Diameter classes, thus, can only be
reconstructed in areas of GLO surveys. They haveeen compared among different vegetation
types, and shown to approximate a reverse “J” shaped.curve Wifmhe exception of\the first size
class in the forests of southern Illinois (Anderson and Anderson, 1975) and west-central
Wisconsin (Schulte and Barnes, 1996). The lack ofismall trees (i.e., first size class) may be due
to surveyor bias toward mid-siﬂeies (Bourdo, 1956). Studies:have further employed statistical
tests to determine whether significant differences of vegetation structure occurred in different

\ 4

physiographic sections (Nelson, 1997).

Once the vegetation composition‘(i.e., frequency of occurrence) and structure (i.e., density) are
obtained, importance values for individual species can then been calculated (Wuenscher and
Valiunas, 1967; Delcourt and Delcourt, 1974; Anderson and Anderson, 1975; Nelson, 1997). It is
suggested, however, that the density and diameters calculated from bearing trees might not be
valid to assess vegetation structure due to the biased selection (Almendinger, 1997). Cautions

must thus be employed when drawing conclusions based on the structural information.

b. Comparison of presettlement and contemporary vegetation
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It is critical to know how far the current landscape differs from its natural state (Baker, 1995) so
as to appreciate how much change humans have caused and to obtain knowledge for ecological
restoration. Studies often use presettlement vegetation as an ecological basis to compare with
contemporary vegetation. The comparison involves analyzing the spatial characteristic of species
locations and the thematic characteristic of vegetation composition to.some degree. It is placed
under the category of analyzing thematic characteristics.dn this paper because most studies focus
on a given fixed area through which the vegetation/composition change occurs. Studies of this
type can be differentiated according to the available time periods for comparison, the source of

data for contemporary vegetation, and the. representation of the comparison.

There are typically two time pe%used in the comparison, the presettlement and the present.
In some cases data from intermediate time periods were available to provide insights into the
transition: for instance, land use maps.for the Illinois and Mississippi floodplain in 1903, 1935,
and 1975 (Nelson et.al., 1994), forest maps for the Allegany State Park region of New York ca.
19304(Setschab, 1993), land econamic surveys in Michigan ca. 1925 (Whitney, 1987) and

Thoreau®s account and surve‘n C(;krd, Massachusetts ca. 1850 (Whitney and Davis, 1986).

The source of data for contemporary vegetation includes field surveys and vegetation and land
use maps. Firsthand field surveys were designed to approximate the presettlement land surveys,
as in the quarter point method and random pairs method (Janke et al., 1978; Nelson et al., 1994;
Van Deelen et al., 1996), or were obtained from transect or quadrat sampling (Cottam, 1949;

Stearns, 1949; Cowell and Jackson, 2002). Secondhand field surveys were available from recent
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forest inventory databases such as the Ontario Forest Resource Inventory (FRI) (Jackson et al.,
2000) and the USDA Forest Service Forest Inventory and Analysis (FIA) (Frelich, 1995; Dyer,
2001). These field surveys provide information on tree species, density and diameters, and are
often combined with other secondhand field surveys such as inventories of old-growth forest
(Frelich, 1995) to document changes of vegetation composition and.structure. Caution, however,
must be employed when comparing vegetation compositional estimates of presettlement forests
from PLSRs with those from forest inventories because the,PLSRs were spatially comprehensive
with a small number of sampled trees, while the forest inventories were complete,inventories for
all the trees in a relatively small area (Shotola and Weaver, 199§$With the adver??of remote
sensing and GIS techniques, vegetationd@and land use maps of post-settlement and contemporary
landscapes can be interpreted from satellite.imagery,or digitized using GIS (lverson and Risser,
1987; Nelson et al., 1994; Whiﬂd Mladenoff, 1994; Radeloff et al., 1999). The examination
of landscape changes oy comparing PLSRs to a satellite image classification, however, is not
straightforward. The two datasetshave very differ%data capture methods and spatial
resolutions; thus pre-processing is required before comparison. For example, point tree data of

the PLSRs have been interpolated to,create grid layers (Radeloff et al., 1999), which is more

interoperable with remote se‘ng imaSery.

The representation of vegetation change over time can be expressed using a series of maps,
summary tables, or the change detection approach. The first two representations, similar to the
traditional ways to investigate vegetation change, have been used since the PLSR researchers
started this mode of analysis. A series of maps of different snapshots have been used for

graphical comparisons of tree species abundance (Radeloff et al., 1999) and landscape patch
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types (Whitney, 1987; White and Mladenoff, 1994). Summary tables have been used for
numerical comparisons of areas and percentages of different vegetation communities or land use
types (Cottam, 1949; Stearns, 1949; Siccama, 1971; Iverson and Risser, 1987; Frelich, 1995). In
addition to the graphical and numerical comparisons, change detection, a common approach for
investigating land-cover change in remote sensing (Lee and Lunetta; 1995), provides the PLSR
researchers a new method to conduct the comparison. Transition matrices are often used in the
change detection approach to show changes in tree speciesiabundance between presettlement and
the present (White and Mladenoff, 1994; Radeloff et al., 1999). Changes in land use or
vegetation communities from one category to another can be illlﬁrated in maps (I‘\‘/erson, 1988;
White and Mladenoff, 1994). The change detection approach thus offers more quantitative
insights into the changes that have occurred than the other two representations. When using this
approach, the locations of water bodies have often been assumed to be stable, and the
distribution of currentwater bodies have been superimposed on the presettlement vegetation

maps (Nelson et al., 1994; Radeloff et al., 1999).

After investigating the landscape changes from the presettlement to the present, researchers can
then decipher the changes and predict future trends. Anthropogenic influences such as fire
suppression, logging and clearing have been found to be important factors affecting landscape
change (Whitney, 1987; Palik and Pregitzer, 1992; White and Mladenoff, 1994; Frelich, 1995;
Radeloff et al., 1998; Cowell and Jackson, 2002). Natural disturbances such as windstorms, deer
or moose browsing (Janke et al., 1978; VVan Deelen et al., 1996) and pathogens (e.g., chestnut

blight) (Seischab, 1993) have been considered responsible for the changes in some areas.
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3. Analysis of temporal characteristics
a. Study of disturbance regimes

It is now recognized that ecological preservation requires the maintenance of natural disturbance
(Radeloff et al., 2000). In many cases the natural disturbance regime has been fundamentally
changed by settlement and is therefore unknown. The temporal characteristic of age-related
information recorded in PLSR line descriptions can be analyzed to understand disturbance
regimes, as do dendrochronology and pollen studies. This mode of analysis did not appear until
the late 1970s when Lorimer (1977) used,PLSRs to calculate the natural disturbance cycle of
northeastern Maine. It has mainly been conducted in,the public GLO and private land survey
areas because of the line descriw they provided: The idea is.to use line transect sampling
theory to determine the total areas affected by fire or windthrow present at the time of the
surveys and to estimate the rotation period (the tin-veriod in which fire or windthrow will
disturb a spatial extent equivalent to the study area) by assuming that disturbances would only be
observed for a certain number of‘years after their occurrences. Detailed calculating procedures
were elucidated in Canham Loucks (1984). Researchers have used the methodology to
compare a specific disturbance regime in different regions based on vegetation type or
topography (Whitney, 1986; Seischab and Orwig, 1991; Zhang et al., 1999), or to discuss

different disturbance regimes such as windstorms and fires of a specific region (Lorimer, 1977).

The estimated disturbance return times have varied between different areas. Windthrow return

times of 980 and 3190 years were determined for the Phelps and Gorham Purchase and the
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Holland Company Lands in New York respectively although the two areas are adjacent to each
other (Seischab and Orwig, 1991). In northern Maine, the average return time of fire and large-
scale windthrow were estimated to be 800 and 1150 years respectively (Lorimer, 1977). It has
also been estimated that fire reoccurrence can range from as short as 80 years for presettlement
jack pine forests to as long as 1200 years for the hemlock-white pine=northern hardwoods forests
in Lower Michigan (Whitney, 1986). In addition to measures of disturbance return times, studies
have discussed the role of disturbance regimes, especially of fire, in shaping.the presettlement
vegetation pattern (Grimm, 1984; Whitney and Steiger, 1985; Cowell, 1995).

A %
Just as the use of dendrochronology to.characterize surface fire regimes is problematic because
many trees are not scarred during a fire (Batek et al;,1999), the use of PLSRs in studying
presettlement disturbance regir&also has its pitfalls. The line.descriptions document only the
more catastrophic events, and provide .only a snapshot of the disturbance at the time of the
survey and may overlook unusual€limatic events @ducive to windthrows or the spread of fires
(Whitney,4986; Zhang et al., 1999). Despite these limitations, the PLSRs still provide some of
the best information on‘disturbance regimes, and have contributed significantly to the

understanding of North Ame‘an’sp}settlement ecosystems (Whitney and DeCant, 2001).
V. Data Quality of the Presettlement Land Survey Records
The above section reviews how various geographic characteristics of PLSRs have been analyzed

in previous studies. For the most appropriate future use of PLSRs, an understanding of the

quality and limitations of the data is needed. The meaning of *‘quality’ depends on the context in
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which it is applied (Veregin, 1999). The Data Quality Specification of the Spatial Data Transfer
Standard (SDTS) defines data quality as information a producer should present to a potential user
to allow the user to make a determination of fitness for some particular use (Chrisman, 1997).
Reporting error is therefore not a sign of weakness because the error estimate provides crucial
information which must be preserved for correct interpretation (Chrisman, 1991: 166). The five
data quality components used in GlScience- lineage, positional accuracy, attribute accuracy,
logical consistency, and completeness- are employed here to examine the qualities of the
geographic characteristics of PLSRs. We can then be aware of the biases and limitations of the
PLSRs for presettlement vegetation studies, comprehend whether these issues will potentially
affect the accuracy of the results of suchistudies, and understand how to prevent or minimize

potential problems by knowing how previous studies have tackled these issues.

1. Lineage

Lineage isa description of the source materials, methodologies (including the acquisition and
compilation of the source data), and transformations used to produce a database (Johnston, 1998).
For PLSRs, surveyor’s instructions provide information about lineage, especially on the
acquisition of the source data. Researchers who refer to PLSRs must become acquainted with the
survey procedures in their study areas (Bourdo, 1956). They can then understand what, how, and
when the data were collected, and therefore envision the potential data quality issues of PLSRs.
For example, knowing who collected the data will help spot poor surveys. Similarly, knowing
how long the survey of an area took may help explain whether vegetation differences between

adjacent townships resulted from differences in site conditions, anthropogenic factors of burning
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and harvesting (Schulte and Mladenoff, 2001), or even natural processes of climate change,
which can result in ecosystem shift and can occur within a time scale of centuries (Davis, 1986).
The metes and bounds surveys generally did not have instructions for surveyors. The GLO
surveys did have instructions, but unfortunately they differed from place to place and time to
time. In general, though, the instructions of 1855 guided practically.all of the GLO surveys from

then until the end of the contract system in 1910 (Dodds et al,41943, from Bourdo, 1956).

In addition to the errors from the data acquisition process, the compilation process of original
survey field notes to archived microfilms might contain errors iﬁﬁspatial characterktics such as
bearing tree locations, thematic characteristics such as species names, and temporal
characteristics such as time of observation. A comparison of the original field notes and the
further removed GLO microfilms shows that there.is approximately a 1-5% transcription error
rate for corner records{(Almendinger,1997). Itis suggested that errors occurred during the hand-
copying procedure executed by thé clerks in the Swyor General’s office or the transcription of

the data from the GL.O microfilms to data-entry forms by researchers.

Although the importance ofilineage of' PLSRs was recognized as early as in Bourdo’s study
(1956), the issues.of data acquisition and composition have only been considered in a few studies
in the past half century. Surveyors’ instructions and reputations were inspected to understand the
data acquisition process (Delcourt and Delcourt, 1974; Whitney, 1986). Spatial and thematic
characteristics of GIS-generated presettlement vegetation maps were verified with original
survey notes (Barrett et al., 1995) to reduce the errors resulted from data compilation. | here

recommend that researchers look into surveyors’ instructions if available before their studies, or
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explore the historical background of surveys when the surveyors’ instructions are unable to be
located. Quality control of the researchers’ data compilation processes is also essential. Since the
reliability of PLSRs has been concerned in some studies (Grimm, 1984), researchers should
prevent any human-induced errors that might further affect the quality of the data. A guide to
understanding and interpreting the GLO records has been prepared for the Illinois survey
(Hutchison, 1988), but the suggested techniques and interpretations may be applied to other parts
of the USA so researchers can better understand the notes and use them more efficiently.

A %

2. Positional accuracy

Positional accuracy refers to the accuracy of the coerdinates within the database (Johnston, 1998).
It mainly influences the quaIitiWhe spatial characteristics. Three positional accuracy issues
of PLSRs that need tode considered are mislocation of corners, mislocation of landscape

features, and incorrect positions for bearing trees. v

a. Mislocation of corners

Y
Mislocation of corners influences the spatial sub-characteristic of location (Table 1, Figure 4). If
a survey corner is given an incorrect location, it will then cause erroneous topological
relationships and distorted geometry in surveyors’ township plats. This type of problem
sometimes occurred due to inadvertent or unavoidable errors. For example, iron-ore deposits in
the Ozark Mountains of Missouri caused major deviations in magnetic compass readings that led

to mislocation of survey corners and broken, disconnected, and straying survey lines (Corner et
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al., 2000: 47). Errors of this sort, however, do not necessarily affect the usefulness of PLSRs
(Bourdo, 1956). For example, the mislocation of corners may not be a significant issue if the
resulting point bearing tree data are used to create vegetation maps over a large area. It may be a
critical issue, however, if the resulting township plats are used to investigate the vegetation

change from presettlement to the present, especially in a small area of a township.
# Figure 4 here#
b. Mislocation of landscape features

Landscape features such as streams and wetlands may have been mislocated on GLO township
plats. This issue influences thegspatial sub-characteristic of location as does the issue of
mislocation of corners{ The GLO surveyors recorded what they encountered along the survey
lines and then interpolated the boundaries of landscape features between the lines (Whitney and
DeCant, 2001). Since surveyors did not visit every place in space, landscape features such as
courses of streams and boundaries of wetlands inside survey lines might be incorrect (Figure 5),
and areas of.small Iandscapesature&ch as relict pine stands might be underestimated. This
issue is uncommonly addressed in PLSR studies, but has been resolved through calibration and
rectification. Empirical calibration allows the underestimated presettlement wetlands to be
corrected (Iversen and Risser, 1987). Rectification of basic hydrological features on plats by
relating with USGS topographic maps and other geo-referenced aerial photos allows other types
of land cover information on plats to be transferred, thus improving the accuracy of the GLO

township plats (Bandi and Huggins, 1994).
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# Figure 5 here#
c. Incorrect positions for bearing trees

The words ‘adjacent” and ‘nearly’ in the surveyor’s instructions and PLSRs do not necessarily
imply that bearing trees were the closest individuals to aSurvey corner (Nelson, 1997). For
example, the surveyor’s instructions in 1831 and 1850 required surveyors to seleet the closest
trees in each section, while the instructions of other years requi@that bearing t;eg only be in
different sections without considering adjacency (Bourdo, 1956; White, 1984). In addition, even
though the surveyor’s instructions required.surveyors. to record the closest trees to each survey
corner, they might have been cwed with tree size, longevity, and economic value (Grimm,
1984). These surveyorbiases may ﬁéve resulted in bearing trees not being the closest trees to the
survey corners, therefare.influencing the spatial su@haracteristic of topology. In other words,
the locations of therrecorded bearing trees may not represent the real bearing tree positions. As a
conseguence, this positional accuracy issue influences the attribute accuracy of distance

measurement, which will beicusgn the next section.

This positional accuracy issue resulted from biases in bearing tree selection is often addressed in
PLSR studies. Researchers have estimated biases in their data using statistical techniques such as
analysis of mean post-to-tree distance (Bourdo, 1956), chi-square test (Bourdo, 1956; McIntosh,
1962), analysis of variance (ANOVA) (Delcourt and Delcourt, 1974; Dyer, 2001), and Spearman

rank correlation test (Manies et al., 2001). Although some have argued that so many statistical
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assumptions are violated that the tests are unreliable (Grimm, 1984), other researchers have
suggested that previous statistical analyses are appropriate (Maines et al., 2001), and biases in

bearing tree selection are not serious concerns especially over large areas (Almendinger, 1997).

3. Attribute accuracy

Attribute accuracy refers to how accurately the thematic.€haracteristics have been identified,

classified, and quantified (Johnston, 1998). Identification and classification aceuracy occurs for
. :

nominal and ordinal levels of measurement, while quantification accuracy occurs for ratio and

cyclical levels of measurement.

a. Erroneous identification of tree species

Erroneous identification of tree species.relates to the quality of the nominal measurement of
PLSRs. It. may result. from intentionally fraudulent surveys or unintentional surveyors’
misidentifications. Fraudulent surveys, which were manufactured by surveyors without going

into the field, have been noted in some GLO survey areas, but were corrected by resurveys in
most cases (Bourdo, 1956). Surveyors’ misidentifications are of concern because the surveys
were not conducted for ecological purposes; therefore, it has been questioned whether the
surveyors were able to accurately identify tree species (Forman and Russell, 1983), and thus
whether the PLSRs can represent the true presettlement landscape. Studies have argued, however,
that based on the wide variety of tree species noted in many surveys, the surveyors generally had

a good knowledge of vegetation identification (Spurr, 1951; Whitney, 1996).
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b. Semantic heterogeneity in tree species names and soil quality classification

Semantic heterogeneity in tree species names influences the quality of the nominal measurement,
and thus hampers the reconstruction of presettlement vegetation to the species level. This issue
results from the use of common tree names, which vary from region to region and from surveyor
to surveyor (Whitney and DeCant, 2001). For example, some surveyors used ‘soft maple’ to
include both silver maple (Acer saccharinum L.) and red maple (A. rubrum L.) (Seischab, 1992).
Other collective names such as hickory, oak, or birch may indi€ate one or more species (Lutz,
1930). For example, the GLO surveyorsin southwestern-lllinois did not differentiate hickory and
oak species which are important in localized areas (Brugam and Patterson, 1996). The typical
approach with such species hasgbeen to conservatively group them to the genus level (Finley,
1976). This is the most often addressed data quality issue in PLSR studies. Attempts have been
made to qualitatively interpret surveyors’ common&e names in terms of the current scientific
nomenclature using.early taxonomic guides or based on species’ current distributions (Lutz,
19304 Shanks, 1953; Schafale and Harcombe, 1983; Grimm, 1984; Fralish et al., 1991; Seischab,
1992; Barrett et al., 1995; Almendinger, 1997; Dyer, 2001). A more quantitative analysis of
logistic regression. models has recently been developed to narrow the uncertainty in species
classification and has demonstrated potential to increase the usefulness of PLSRs (Mladenoff et
al., 2002). Thus, methods to examine this issue include interpreting tree type equivalents,
developing logistic regression models, or using additional information from PLSRs which will
be discussed in the next section of logical consistency. The generalization of species data to the

genus level should be avoided because ecological information may be lost, especially where
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congeneric species differ ecologically and where a relatively high proportion of individual trees
are undifferentiated (Mladenoff et al., 2002). Nonetheless, it is important to note that this

approach may not affect the comparison of presettlement and modern vegetation because some
of the current forest inventories (e.g., FIA) often do not differentiate species that are difficult to

distinguish (e.g., hickories).

Another semantic heterogeneity issue is classification ofdhe ordinal measurement of soil quality.
The “second rate’ soil in the Midwest may indicatessomething quite different from the *second
rate’ soil in the arid West (Galatowitsch, 1990). On the other ha“n*d, different ordih\él
measurements may refer to the same condition, for example, “well-drained’ soil and land of ‘the
first quality.” Prior studies have not employed the PL.SRs in reconstructing soils or site
conditions as it is often assum at they have remained stable since the presettlement era. This
issue, however, potentially impedes the use of PLSRs in comparing or integrating soil or land

\ 4

quality with differentregions.

c. Imprecise quantifications of distance, size, and bearing

A
The qualities of distance and size measurements influence the accuracy of vegetation structure
reconstruction because distances from the closest trees to the corners, which are used to calculate
forest density, and tree sizes, which are used to obtain size-class structure, will be in error.
Distance measurements vary in quality because, although the survey unit of chains and links was
used in most PLSRs (There are 100 links in one chain), some metes and bounds surveyors tended

to use five-link increments to record distance (Mclntosh, 1962). The private and public land
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surveys, however, had more precise distance measurements. The GLO surveyor’s instructions
even requested that cautions be made when measuring distances at non-level locations such as
hilly regions (White, 1984). Size measurements vary in quality because trees below a convenient
marking size were ignored. For example, some GLO surveyors favored mid-size trees ranging
from 25.4 to 35.56 cm (10 to 14 in) DBH (Bourdo, 1956; Schafale and Harcombe, 1983; Grimm,
1984). The GLO surveyors in Minnesota tended to use even-inch measurements to record DBH
(Almendinger, 1997). These issues, as the positional accuracy issue of Incorrect positions for
bearing trees, may result from biases in bearing tree selection and are often addressed in PLSR
studies. Grimm (1984) and Almendinger (1997) argued that biases in bearing tree selection do
not permit quantitative reconstruction of:absolute tree density or tree size. However, the data do
still provide adequate information on relative structure of woods (Whitney and DeCant, 2001)
such as prairie vs. oak savanna, especially when complemented.by line descriptions (Schulte and

Barnes, 1996).

Cyclical measurements canvary in quality, as in'some metes and bounds surveys where only the
cardinal bearings of north and south were used (Mclntosh, 1962). The low quality in quantifying
these attribute measures influences the positional accuracy by making the precise relocation of
bearing trees impossible. The data compilation process might also create or exacerbate this
problem. For example, earlier compilation of the Minnesota bearing tree database used imprecise
bearings (e.g., NE rather than N37°E) although the precise information was available from
surveyors’ field notes. This issue will have minimal effects on creating presettlement vegetation

maps if PLSRs are used at a landscape extent.
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4. Logical consistency

Logical consistency refers to the internal consistency of the rules of representation. It verifies
relationships that should be present (Chrisman, 1997) such as valid values for thematic
characteristics and consistent spatial locations for the same landscape features derived from
different data sources. If logical consistency does not occur, petential errors are implied. It can

thus be used to examine the qualities of the spatial and thematic characteristics of PLSRs.

For the spatial characteristics, if landscape featuressuch as rive@and streams aré\récorded in

line descriptions then they should also_be,found at similar locations in township plats. In addition,
logical consistency of topological characteristics sueh as adjacency and connectivity requires that
land parcels next to each othera&a non-overlapping boundary. The recorded line descriptions
of the north boundary.of township Ntimber One should thus be the same as the south boundary

of township Number Twe, whichds on.the north sl%of township Number One in the same range.
The rectangular GO and private land surveys usually were topologically consistent. The

irregular metes and bounds,surveysphowever, had more topological inconsistencies, resulting in

many ‘c\:‘ases of overlap (Whi‘l984). '

For the thematic characteristics, logical consistency can be used to solve the attribute accuracy
issue of semantic heterogeneity in tree species names, and to investigate whether biases existed
in bearing tree selection and whether the ratio measurement of distance had errors. For example,
we can determine whether a maple noted in the bearing tree data was a sugar maple (A.

saccharum Marsh.), red maple (A. rubrum L.), or silver maple (A. saccharinum L.) by using
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auxiliary information such as its association with other species mentioned in line descriptions,
township plats, or current vegetation distribution maps. If a maple in a wetland situation was
found in association with elm and black ash it would be interpreted as silver maple (A.
saccharinum L.), but if it was found in association with cedar or larch it would be interpreted as
red maple (A. rubrum L.) (Seischab, 1992). Biases in bearing tree selection can be investigated
by comparing the relative frequencies of tree types as bearing.trees vs. line trees based on the
assumption that results from the two sources of point tree data should be consistent. When
inconsistencies occur, the PLSR researchers assume that the relative frequencies derived from
line trees provides a more accurate estimate than those derived fr@m bearing treeé%ecause line
trees are free from biases associated withithe task of blazing and scribing certain kinds of trees as
bearing trees (Almendinger, 1997). As for the ratiosmeasurement of distance, the survey unit of
one link, which is equal to ZO.Wm, was usually‘adequate for recording the distances between
the bearing trees and the designated survey corners in forested areas. If the survey unit of one
chain, which is equal to 200 linksywas.found in th%ase, it might imply an erroneous distance

measurement or a data-entry error.
5. Completeness '

Completeness refers to the degree to which the database exhausts the universal set of various
features (Johnston, 1998), and is applicable to examining the qualities of the spatial and thematic
characteristics. The completeness issues of PLSRs include incomplete area coverage, biased

representation, unavailable geometric features, and incomplete species lists.
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a. Incomplete area coverage

The metes and bounds survey did not systematically survey the land due to the irregular nature of
the survey system which led to many land gaps. Also, the regular survey systems of the GLO and
the private land surveys did not cover some areas such as Indian reserves (Figure 3). This issue
affects the qualities of the spatial sub-characteristics of location and resolution because it reduces
the sample size of bearing trees for analysis and impedes‘the reconstruction.of presettlement
vegetation in areas where the PLSRs were not covered. The use of the data at a landscape extent

may reduce the effect of this issue.

b. Biased representation

The number of sampled trees am type of land represented in surveys may be biased against
difficult terrain. Areas of.complex‘topography were not surveyed completely by surveyors
(MclIntoshy1962; Liegel, 1982; Manies and Mladenoff, 2000; Black and Abrams, 2001). For
example, in the metes and bounds surveys, higher altitudes had sparser observations. The
surveyors’ records were mo pre;R;ltive of the forest cover of the valley areas and the slopes
below 914.4 m (3000 ft), while there was inadequate representation of mountaintops and higher
ridges which rise t01219.2 m (4000 ft) (MclIntosh, 1962). The study using the Wisconsin GLO
records showed that inadequate representation occurred where topography was complex (Liegel,
1982). The issue of biased representation in rough topography, as does the issue of incomplete

area coverage, influences the qualities of the spatial sub-characteristics of location and resolution.
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c. Unavailable geometric features

The geometric features of point, line, and polygon that are the abstractions of bearing trees, line
descriptions, and township plats, are not all available in the three types of PLSRs as discussed in
the section on geographic characteristics, and thus affect the quality.0f the spatial characteristic
of geometry. The metes and bounds surveys often contained the point.geometric feature but not
the other two geometric features. The private HLC survey included both'the point and line
geometric features, and a few sketch maps along the survey lines provided the‘polygon
geometric feature. The GLO surveys contained all three geometrﬁ features. Diffé%nt geometric
features offer different types of informatien on the presettlement landscape. For example, the
point features of bearing trees are used most often in,recreating presettlement forest patterns,
compositions, and structure, Trwurrence of natural disturbance recorded in line descriptions
is used to reconstruct presettlement disturbance regimes, so the quality of the line features further
affects the quality of the temporalcharacteristic. TWolygon features of wetlands and prairies
on township plats are used in landscape change studies of small extent. The lack of certain
geometric features, therefore, constrains the application of PLSRs in certain modes of analysis.
Researchers,need to consider their specific study objectives and the availability of geometric

features in their PLSRs so as to select the most appropriate feature for analyses.
d. Incomplete species list

Because the surveyors did not visit every location in the presettlement landscape, one can argue

that no PLSR could provide a complete species list, a data quality issue related to the thematic

45



The final version of the paper has been published in Progress in Physical Geography 2005, 29(4): 568-598.
Please contact geowyc@nus.edu.sg for reprint.

characteristic of nominal measurement. Indeed, plant ecologists caution against the use of regular
survey systems because they can miss small communities and, more importantly, community
types regularly distributed but off the survey line (Barbour et al., 1999). Nonetheless, the regular
GLO and the private land surveys might provide a more complete species list than the irregular
metes and bounds surveys because they included line descriptions, in which surveyors could list

as many tree types as they wanted.

These incompleteness issues, as well as the above dogical inconsistency issues, received less
attention from prior researchers. A reason for this may.be that stﬁjies examining the limitations
of PLSRs only focus on the GLO surveys; which did not'have as many quality issues regarding
logical consistency and completeness as the earlier metes and hounds and private land surveys
did. Among the other data quality issues of lineage;positionalaccuracy, and attribute accuracy,
researchers usually address one or two recognized issues in their PLSRs, with the positional
accuracy issue of incorrect positions for bearing trees and the attribute accuracy issue of
semantic heterogeneity in tree species most often addressed. The GIScience approach of this
study shows that the data quality issues that need to be addressed are not just those that have
received the most attention. Also, some quality issues are more important with certain PLSR
types. For example, the metes and bounds surveys usually have issues of logical consistency and
completeness, while'the GLO surveys don’t. Depending on the purposes and the spatial extent of
the research, the potential data quality issues may or may not have an influence on the best
approach. In the case of reconstructing presettlement vegetation of an entire state, the limitations

of incorrect positions for bearing trees and underestimation of species richness may not affect the

accuracy of the results. The use of the five data quality components from GlScience therefore
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provides a more comprehensive and systematic analysis of the data quality issues of all three

types of PLSRs than previous studies.
V1. Conclusions and Future Directions

Presettlement land survey records (PLSRs) provide unique and valuable information regarding
landscape patterns prior to European disturbance. Thesedata have been'suggested to be useful in
understanding presettlement vegetation conditionsand human impacts on the landscape. The
usefulness of the data, however, varies with the charaeteristics zm qualities of the data. In this
study, a theoretical framework from GlSeience is employed to examine the geographic
characteristics of PLSRs, to review PLSR studies based on the geegraphic characteristic they
analyzed, and to investigate.quality issues of the data.

The PLSRs can be classified into.three.types: metQ“nd bounds surveys, public GLO surveys,
and private‘and surveys. The main geographic characteristics used to describe PLSRs are space,
theme, and time, each of which 1s fgrther divided into sub-characteristics. The three types of
PLSRs are'found to have di‘tly different geographic characteristics, especially the spatial
sub-characteristics of shapeand size/resolution. In addition, the significances of the geographic

characteristics for presettlement vegetation studies are discussed.
A review of previous PLSR studies identified six major modes of analysis, which can be

classified according to the three characteristics of space, theme, and time. Modes of analyzing

spatial characteristics have included creation of presettlement vegetation maps, investigation of
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vegetation and site relationships, and identification of presettlement landscape patterns across a
range of resolutions. Modes of analyzing thematic characteristics have consisted of
reconstruction of presettlement vegetation composition and structure and comparison of
presettlement and contemporary vegetation. The only mode of analyzing temporal characteristics
identified is the study of disturbance regimes. The trend in each mode of analysis is reviewed
with newly developed theories and methodologies in geography and ecology, such as the advent
of GIS and remote sensing techniques for examining vegetation dynamics and the introduction of
contingency table analysis for determining vegetation-site relationships. Furthermore, cautions
and recommendations are provided for appropriate utilization ome geographic cﬁ racteristics

analyzed in each mode of analysis.

Data qualities of the geographi%acteristics of PLSRsare examined using the data quality
components of GlIScience, including lineage, positional accuracy, attribute accuracy, logical
consistency, and completeness. Additionally, meth@logies which previous studies have
employed.to improve the quality and usefulness of the data are summarized. As Chrisman (1991:
166)smentioned in a discussion of error and quality in spatial data, “Reporting error is not a sign
of weakness... because the e‘: estimate provides crucial information which must be preserved
for correct interpretation.” ln other words, the data quality issues of PLSRs do not render data
useless; understanding these issues can help researchers realize the usefulness and limitations of
PLSRs, and then make better utilization of the data. Depending on the purpose and the spatial
extent of a researcher’s interests, the potential data quality issues identified in this paper may or

may not have an influence on a particular study. It is suggested that many quality issues, such as
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mislocation of corners, incorrect positions for bearing trees, and incomplete area coverage, may

be alleviated when the PLSRs are used for analysis over a large spatial extent.

This study demonstrates not only that GIS techniques are useful in presettlement vegetation
studies, but also that a GlScience framework can provide a systematic organization for reviewing
the geographic characteristics and data quality issues of PLSRs, and studies that have used the
data. Knowledge of these geographic characteristics is important so researchers can be aware of
the characteristics of the data and thus the modes of analysis open to them. For example, private
HLC survey records lack the thematic characteristic of diameter measurements; therefore, it will
be difficult to use the data to reconstruct presettlement vegetation structure. Insights into the data
quality issues are essential so researchers can realize the potentiallimitations of the geographic
characteristic they utilize. For example, although public GLO survey records have diameter
measurements, they can only be used for relative rather than absolute vegetation structural
reconstruction due to the.issue of imprecise quantification of size measurement that might be
attributed to'biasesiin bearing tree selection. The systematic examination of this paper thus
provides a more comprehensive understanding of the usefulness and limitations of PLSRs than
previous studies, and can assist future studies to employ the PLSRs most appropriately.
Researchers can then avoid invalid analyses and erroneous conclusions. Furthermore, it can be
served as a framework to review PLSRs in Australia and other sources of historical data in

geography and ecology.

In the future, the following possible research directions for different modes of analysis deserve

special attention. For the creation of presettlement vegetation maps, instead of creating
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boundaries between different vegetation types using existing boundaries of soils or topography,
spatial models that incorporate environmental variables can be developed in concert with GIS

and spatial interpolation methods to generate continuous maps of species and forest types using
point tree data. Scant attention has been paid to the use of line descriptions, with the notable
exception of Seischab (1990, 1992). Since surveyors could list as many tree types as they wanted,
surveyors’ biases would least likely happen in line descriptions as opposed to point bearing trees.
Therefore, another possible research topic for creating présettlement vegetation maps would be

to incorporate information from line descriptions, specifically on quantifying theispecies

recorded in the line description if they were arranged in order, oﬁeir abundance.}he results

would also contribute to a more accuratéreconstruction of presettlement vegetation composition.

Studies that engage in investiga%wesettlement vegetation-site relationships can evaluate
whether such relationships have changed following forest clearing and subsequent regrowth
(Dyer, 2002). Because most studies have used the Went site conditions in their investigations,
it is also important to know whether the sites with different soils and geological data, digital
terrain models, and scales of analysis. influence the results. The PLSRs provide a valuable source
of information on site-specif‘iete;hants of presettlement ecosystems that are important for
successful restaration. Only/a few studies, however, have used this information for ecosystem
restoration activities such as relocating savanna and barren sites (Stritch, 1990). Restoration
ecologists thus should take advantage of the outcomes from the vegetation-site investigations.
On the other hand, they should also keep in mind that the resulting relationships are relatively

closer not absolutely equivalent to the potential natural conditions.
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The use of PLSRs in analyses of larger spatial extents, such as those of several counties or a state,
may alleviate some of the limitations of the data. To map large-area presettlement landscapes, it
is desirable to know whether the coarsely-resolved township data can predict landscape patterns
similar to those that would be predicted by the finely-resolved section data. The reasons are
twofold. First, the amount of time required for data entry is much less with the township data
than with the section data. Second, the township-level data provides amore temporally precise
picture of the presettlement landscape than the information,from the section-level data because
the township boundary surveys were usually conducted first and accomplished within a few
years, as opposed to the time span of several decades of the sec@ subdivision sﬁ/eys. One
possible approach would be to developascheme to generate bearing tree data at resolutions that
can represent the township-level and section-level data respectively, and to identify how the
reconstructed presettlement Ian%e patterns change with respect to those resolutions. The
results would be useful for efficiently creating more temporally precise maps of presettlement

\ ¢

vegetation of a state or several states.

Vegetation patterns and compositions reconstructed from PLSRs are often compared with the
contemporary vegetation to examin;}getation dynamics. The PLSRs and current forest
inventories, however, have different sampling schemes. The PLSRs are dense network of sample
locations, but fewer trees sampled per location; current forest inventories are sparse network of
sample locations, but more trees sampled per location. Statistical methods need to be developed
that can incorporate the two different sampling schemes to achieve a more accurate comparison
of the landscapes they came from. For studies of disturbance regimes of fires, the PLSRs should

be used in conjunction with pollen analyses, charcoal records, or tree-ring data (Schulte and

51



The final version of the paper has been published in Progress in Physical Geography 2005, 29(4): 568-598.
Please contact geowyc@nus.edu.sg for reprint.

Mladenoff, 2001). Recent research has demonstrated the integration of dendrochronology with
the disturbance information derived from PLSRs (Batek et al., 1999). The limitation that PLSRs
provide only a snapshot of disturbance history can be supplemented by the advantage of
dendrochronology of providing specific, quantifiable information on disturbance regimes and

how they varied across the landscape.
There has been a great amount of PLSR papers published since the early: 20" century. Most
studies deal with areas of the eastern USA, especially in the Northeast and Great Lakes areas.

Compared with the vast extent of the lands surveyed, the use of PLSRs in presettlement

vegetation studies is still a field of great potential.
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Table 1 Geographic information has the following characteristics and sub-characteristics.

Characteristic Sub-characteristic

Space Location

Geometry (Shape, Size/resolution)
Topology (Adjacency, Connectivit
Theme Nominal
Ordinal
Ratio

Cyclical

Time Time of obser

served
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Figure 1 The Hardenburgh Patent in Catskill Mountain, New York, an example of the metes and
bounds surveys. G.L. is the abbreviation of ‘Great Lots’ and they were of various sizes and

shapes. (Modified from Mclntosh, 1962, p.412)
Figure 2 Land division in the GLO surveys.

Figure 3 The HLC survey of western New York, an example of the private.land surveys. Ranges
are indicated in Roman numerals. Township numbers are to the right. Note itsiirregularity

N N\

relative to the GLO surveys.

Figure 4 An example of mislocation of corners. Cireles represent.the mislocated corners at
which the GLO survey posts \Aﬂund. (Modified from Bourdo, 1956, p.760)

Figure 5 Mislocationof landscape features using Wpothetical example of river course and
wetland distribution. (a) The locations of landsecape features within a section interpolated by
surveyors based on what they encountered along the surveyed section lines. (b) The actual

locations of the river and the wetland.
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