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Abstract 

In the early 19th century the Government Land Office conducted the Public Land Survey 
(PLS) in northern Illinois.  Surveyors walked section lines comprising each township, noting 
changes in vegetation and recording woody species present.  They also blazed witness trees at 
corners where available, compiling detailed data for settlers, and now, land managers.   Increased 
European settlement following the PLS caused extensive disruption of landscape processes, 
particularly fire, resulting in the deterioration of natural areas. 

Natural area managers interested in restoring pre-European settlement conditions often 
refer to PLS notes for guidelines.  Though scanned versions of the surveyors’ maps may be 
available, these have limited value as “wallpaper.”  In the Research Department at the Morton 
Arboretum we have developed a method for extracting information from PLS notes and storing it 
in appropriate GIS files.  These files can be used with other digital information to gain a better 
understanding of pre-European settlement vegetation patterns.   
 
History of the Public Land Survey  

 As European settlement progressed westward from the Atlantic shore of North 

America, the United States government recognized the need to identify land parcels for 

settlers.  Early surveys used the metes and bounds system, which was replaced by a more 

orderly grid system with the 1785 Land Ordinance.  The new survey guidelines delineated 

townships consisting of 36 square-mile sections, with Ohio becoming the testing ground 

for this system (Figure 1).  The U.S. Public Land Survey System (PLS) applies to most of 

the U.S. except for the thirteen original colonies, Texas and Hawaii (Huebner 2002).  In 

northern Illinois several Indian reserves were also included in the PLS, as were two 

parallel “Indian boundaries.”  Today the PLS grid remains a feature of our landscape in the 

form of roads and property lines, as well as on U.S.G.S quad maps.   
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Value to conservation 

 While laying out the township grids, surveyors walked each section line, noting 

changes in vegetation as well as soil quality and topography.  They also recorded the 

species and diameter of trees growing directly on section lines.  They blazed (marked) one 

to four bearing trees to further specify the location of section corners, and one or two 

bearing trees at quarter corners (half mile points).  One or two bearing trees were also 

designated at river crossings or lakeshores.  Surveyors were instructed to select only one 

bearing tree per quadrant (northeast, northwest, southeast, southwest).  In addition to 

the species and diameter of bearing trees, surveyors recorded the distance and bearing 

(direction) from the section corner to the tree.  This inventory of trees provides detailed 

guidance for restoration projects.  Other information from the PLS notes that may help 

land managers understand a site’s historic vegetation include the end-of-mile summary of 

tree species present, often listed in order of prominence (Bourdo1956), and woody 

undergrowth, described in the same manner.  In addition to compiling these notes, 

surveyors drew a map showing the vegetation and water features in each township.   
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 With such a wealth of information, it is no wonder many researchers have examined 

the PLS notes in pursuit of a better understanding of the distribution of vegetation types 

before widespread disturbance of landscape processes (Rodgers & Anderson 1979, 

Schwartz 1994).  European settlement brought enormous changes through conversion of 

land to agriculture, felling of forests for lumber, and the suppression of wildfires.  While 

PLS notes lack details about section interiors and ground layer vegetation, they contain 

some of the best North American vegetation descriptions from their era.  Land managers 

use PLS notes as a guiding reference, and biologists study the maps for insights into 

vegetation patterns. 

Importance of GIS in PLS research 

In recent years, various agencies have applied GIS technology to these historic 

maps.  Some projects have used scanners to render the surveyors’ maps digital, but as 

“wallpaper”, these images have limited value.  Though more time-consuming, other projects 

have proceeded with digitizing the vegetation lines.  It is possible to digitize from copies 

of the surveyors’ maps and use rubber sheeting to match township corners, but this should 

be done with the understanding that there may be discrepancies between the location of 

features on the map and their location in the notes.  In many cases, wet prairie was noted 

but not drawn on the map.  Also, many lines will be incomplete – for example, areas 

described as “scattering timber” were usually represented by an unfinished line, which 

would require extension in order to form a closed polygon.  Still other researchers have 

designed more complex GIS applications using a combination of point and line information 

to produce a map of major tree associations (Compas & Batek 1994). 

The project covered in this paper has focused on straightforward digital 

formatting of the PLS data rather than advanced analysis.  Our final product can be 

applied to site-specific questions, as bearing trees are accurately located relative to 

section corners.  Structuring our GIS files according to surveyor terminology will allow 

other interested parties to use these files and aggregate or manipulate digitized data to 

suit their research objectives.  At The Morton Arboretum we have completed GIS mapping 
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of PLS notes for approximately 3000 square miles in five counties in the Chicago area.  

Much of our funding has come from local forest preserve districts interested in managing 

their land for pre-European settlement conditions.  We have also provided details to 

historical societies, museums, and park districts.  Another important product of our 

research has been the large-scale prairie/timber pattern that has emerged and a better 

understanding of rare vegetation categories. 

Although the vegetation maps from the survey have been the focus of many GIS 

projects, it is also possible to use the bearing tree (and line tree) data to create GIS files.  

These point files are marvelous for mapping species distribution, and also allow querying 

for trees in different size classes.  There has been much discussion about early surveyors’ 

ability to differentiate between tree species, not to mention how they responded to 

unfamiliar species (Bourdo 1956).  The use of common instead of Latin names can likewise 

cause confusion.  There is also the question of whether surveyors were biased against or in 

favor of certain species; the ease of blazing certainly varied with different types of bark.  

Likewise, there was probably bias towards certain tree sizes, as a tree had to be large 

enough to blaze with identification information yet young enough that it would likely serve 

as a marker for many years to come.  While it is important to explore questions regarding 

surveyor expertise and bias, they are not significant enough to detract from the wealth of 

information available in these early accounts of our landscape. 

Another dimension can be added to a bearing tree layer by calculating tree density 

(trees per hectare) based on the distance to each bearing tree.  Maps showing the range 

and pattern of tree densities are of value to land managers, especially those working in 

areas that have changed markedly with the disruption of natural landscape processes.  

Differences in tree canopy result in distinct vegetation types and herb layer light 

tolerances, all of which are important to researchers working to restore damaged sites. 

 Taking the time to convert the features from the PLS notes and maps into GIS 

files is beneficial because it enables researchers to overlay depictions of historic 

vegetation on digital elevation models, aerial photos, and soils maps, to name a few 
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informative backgrounds.  Once completed, GIS files allow researchers to quickly compare 

relative areas of various vegetation types, provide a database of trees described by the 

PLS, and perform sophisticated spatial analysis.  With the flexibility of GIS query and 

display, researchers can efficiently examine basic vegetation patterns or employ functions 

for identifying sub-groups of vegetation types.  

Organizing the notes 

 In Illinois, the survey notes reside in county courthouses.  First, you’ll want to 

transcribe the notes, most likely working from microfilm copies.  Good luck.  It’s kind of 

fun deciphering the old script, and once in awhile you get a personal note from the 

surveyor (“Rainy morning”, “mosquitoes aplenty”, “Tuesday morning, the first thing, a 

swamp about waist deep”).  Anyway, put the information into a database from which you 

can generate tables and reports.  Organize a table and query to extract bearing tree data 

for attribute fields and to calculate bearing tree location relative to section corners or 

quarter corners.  An index table, with each half-mile line assigned a unique ID, will help if 

you want to calculate tree density at each location (Table 1).  You will also have to convert 

the units of measure used by the PLS (chains and links) to meters or feet.  There are 100 

links to a chain and 80 chains to a mile. 

Vegetation 

 We start by securing a sheet of mylar (transparent plastic) over the USGS quad 

map, which is affixed to the digitizer.  I then mark the surveyor’s locations on the section 

line, using his map to connect lines in section interiors.  When building the vegetation 

polygon file, my only attribute is vegtype.  I add annotation to convey any important 

information I can’t include elsewhere.  Often this has to do with the quality of the timber 

(“scrubby”, “large growth”, “timber thin”), extent of wetlands (“miserable swamp”), or 

other features that could have affected the landscape (“sawmill”, “soil thin”).    In 

northern Illinois, surveyors used a variety of terms for wetlands (slough, swamp, marsh, 

etc.), but it’s hard to say whether or not these terms meant different things, as 
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sometimes two surveyors approaching a wetland from different directions called it by 

different names. 

Use topographic lines for guidance if you have to finish dangling scattering timber 

or wet prairie lines to complete polygons.  When mapping rivers, I have found it necessary 

to merge from polygons to arcs in some cases, depending on the distance across the water.   

(Just remember you did this when tallying the area for river features; the miles you put in 

as arcs won’t be reflected.)  Also, the lines provided on the USGS quad map for river and 

creek features will be helpful, but might be confusing in some cases.  In my study area, 

many creeks have been channeled, no longer appearing as they flowed at the time of the 

PLS.  And sometimes you can only scratch your head and wonder how they came to a creek 

crossing where they did!  I usually map suspicious water locations according to the historic 

map, figuring their record of the watercourse is relative to the other lines I’m copying.  If 

I start correcting what I take to be their wrong watercourse positions, I’ll have to shift 

the other lines around, too. 

When assessing distribution of vegetation types, naturalists in northern Illinois 

expect a pivotal role played by fire.  In our PLS research we have found that timber was 

more frequent on the east side of rivers, protected from the prairie fires that were 

driven by prevailing westerly winds.  One vegetation category that is particularly intriguing 

in our area is “scattering timber.”  We assume this refers to something we might now call 

savanna -- woodland where trees are thinned by regular episodes of fire.  “Barrens”, 

though infrequently mentioned in the Chicago area PLS notes, is another vegetation type 

of great interest to naturalists.  Often described as brush with scattering timber, this 

community resulted from a slightly different fire history.  We have found multiple 

examples on our PLS map of barrens merging into scattering timber, which then thickened 

to timber, clearly illustrating the effects of fires moving from west to east across the 

prairie (Figure 2).   
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Bearing trees 

The bearing tree layer is loaded with details that can help land managers 

reconstruct historic vegetation.  Though often overlooked in the focus on tree species, 

tree diameter can also reveal information about the size class distribution of trees in 

different areas.  In addition to information about tree species and size, tree density 

estimates are useful for ascertaining the former tree canopy, and hence what type of 

ground layer is present.  Construct a query in your database that will calculate tree density 

for each location where bearing trees were recorded.  We used the point-center quarter 

method (Cottam & Curtis 1956), a standard forestry formula, to determine the density of 

trees per hectare (trees/ha) at each point with bearing trees.  We set a maximum of 400 

trees/ha, and classified density into four classes: open savanna (>0 – 10 trees/ha), closed 

savanna (>10 – 50 trees/ha), woodland (>50 – 100 trees/ha) and forest (>100 trees/ha).  

Although it is possible that corners or quarter corners in sparsely timbered areas fell 

surprisingly close to bearing trees, resulting in a high density calculation (or the reverse in 

densely wooded areas), when viewed over a large area these density classifications provide 

a dependable model (Figure 3). 
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My method for adding a bearing tree layer is to digitize the corner and quarter 

corner locations, export their x,y coordinates to a database, and use a query with formulas 

to calculate x,y locations for individual trees based on their distance and angle from the 

corner.  (With most distances being under 100 meters, the advanced calculations required 

to adjust for the curvature of the earth is not necessary.)  Attributes such as species and 

dbh can be extracted from your database table into a new dbase file to be joined to the 

bearing tree point file.  I also include the corner’s tree density as an attribute for each 

bearing tree (Figure 4).    This makes it possible to calculate the average density per 

species, which is helpful for understanding different trees’ position on the landscape.   

 

When working with bearing trees and corners, it is important to be aware of the 

surveyors’ methods regarding exterior township lines:  often two bearing trees at a corner 

were located within one township while two other trees at that same corner were recorded 
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in a neighboring township’s survey.    Occasionally you will encounter a corner where two 

bearing trees were recorded in the same quadrant.  Because this was counter to the 

survey instructions and is not acceptable for the point center-quarter formula, my method 

is to use only the closer tree. 

    In our area we have found higher tree densities were often correlated with fire-

protected areas near rivers or in rugged topography.  Likewise, fire-sensitive species such 

as sugar maple and basswood were usually restricted to sites beyond the reach of most 

fires.  The overwhelming dominance of oaks and almost complete absence of sugar maple 

from the PLS notes is critical information for northern Illinois land managers, where 

maples have increased at the expense of oaks in the absence of wildfires.  We have also 

documented a surprisingly low average tree density, a condition which has changed 

drastically as savannas were transformed into forest through decades of fire suppression.  

The combination of wildfire cessation, grazing, and introduced species has changed our 

landscape more than most people realize. 

Timber summaries 

Another layer that is well worth the time required to create it can be derived from 

the end-of-half mile (or mile) tree species summaries.  Working with PCArcInfo 4.0, the 

best way I have found is simply to digitize arcs using the section line and vegetation 

coverages as a background.  This process requires creating an arc that extends along the 

section line within timbered boundaries.  Often the summaries for the first half-mile will 

differ from the latter half mile.  After digitizing, I use a database table with species 

names in columns to enter species present, ranking them with “1” as first, etc., and adding 

a total column to reflect how many tree species were mentioned on each line. 

Creating maps using the total number of species present can produce intriguing 

results.  Often small, isolated groves will show an abundance of species – this in itself 

material for new research (Figure 5).  It is also useful to be able to produce maps showing 

where certain species were listed as the sole or dominant tree, or to use this layer to try 

to understand which landscape position a less common species might occupy. 
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Undergrowth 

This layer follows the same basic design as the tree species layer.  The difference 

is the lack of consistency with which surveyors recorded this feature.  Often they didn’t 

mention undergrowth at all.  Other times, within the same township where they made no 

mention of this layer, they might have written “no undergrowth” or listed which 

undergrowth species were present.  The incomplete nature of this layer puts great limits 

on its usefulness, but it still provides some clues on species distribution and vegetation 

structure.  In our study area, we were amazed to discover the historic abundance of 

American hazelnut, a species now all but absent from our natural areas and an important 

wildlife food source.  Its decline was apparently due to a combination of grazing and 

decreased light levels in the woods.  This discovery of hazel’s former abundance led to 

more than one hazel restoration project. 

Line trees 

When a surveyor encountered a tree growing directly on a section line, its distance 

along that line was recorded along with its species and diameter.  Working in ArcInfo, I 

use a macro that allows the user to click on the southwest corner of a section, enter the 

distance to the line tree from that corner in chains, and the direction.  The macro 

calculates coordinates based on user input and places them in a text file, from which you 
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can easily build a coverage.  (Perhaps I am just projection math deficient, but I then need 

to use ArcEdit to make sure the points fall directly on section lines, as those further away 

from the corner will have strayed further into the two-dimensional flaw of three-

dimensional curvature.  If you can “snap” to the line this will streamline the process.) 

You will want to add species and diameter as line tree attributes.  Line tree 

information can be used to check for species or size bias that may have been practiced by 

surveyors when choosing bearing trees.  Areas with many line trees per mile also suggest 

more dense forest conditions.  Pooling bearing and line tree information, it is possible, 

using Spatial Analyst, to build robust histograms showing each species’ distribution across 

an elevation gradient (Figure 6).  While ecologists often have a general feel for these 

traits, there is new information that can be revealed by examining these PLS details 

through a GIS lens. 

 

Combining layers 

Using a combination of relative abundance and relative basal area (based on 

diameter) to develop an importance value for each species, we have built a table of tree 

species present in scattering timber (Table 1).  Our results show that species composition 

(as well as tree density) differs between scattering timber and timber, which validates 

the surveyors’ use of two different terms.  Using a digital elevation model with the 

vegetation layer also reveals the effects of topography on the historic distribution of 

vegetation types (Figure 7); rugged topography functions as a firebreak. 
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Table 1.  Importance values of tree species (relative density + relative basal  
area/2) in timber versus scattering timber. 
 
  TIMBER  SCATTERING TIMBER 
Species 
White oak 50.64    38.22 
Bur oak 17.72    28.41 
Black oak   9.25    17.43 
Red oak   4.39      4.62 
Hickory   3.68      2.44 
Scarlet oak   2.68      5.75 
Sugar maple   1.95     ------ 
Elm    1.72     ------ 
Baswood   1.55     ------ 
Walnut   1.52     ----- 
Ash    1.29      ------ 
Pin oak    1.26      0.88 

 

 

Overlaying the undergrowth layer on the vegetation layer is useful despite the 

incomplete nature of the undergrowth data.  In one McHenry County block of timber we 

revealed a complementary distribution of oak versus American hazelnut (Figure 8).  We 

have also used the species summary layer in conjunction with the bearing tree and line tree 

layers to map every mention of particular tree species (Figure 9). 
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By overlaying a basic soils map, we have explored the relationship between soil 

types and historic vegetation.  The correspondence between alfisols (soils of timbered 

areas) and outlines of blocks of timber is quite high in the area we have studied so far.  

This provides us with additional confidence in the accuracy of the early surveyors’ work. 

Conclusion 

When working with the PLS notes and maps, it is important to keep in mind that we 

do not have the confidence of sub-meter accuracy!  Instead, what we have at our disposal 

is landscape scale data and patterns that can shed light on large scale processes that 

shaped the vegetation communities present in North America at the time of the European 

invasion.  While it represents a single point in time within constantly fluctuating 
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vegetation, it provides us with information from a period before great declines in 

biodiversity.  Land managers are often committed to protecting diversity, both within and 

among vegetation types. 

With the arrival of climate change, this research most certainly is like re-arranging 

the deck chairs on the Titanic.  Perhaps the best we can hope for is that people working 

with these notes, as well as their friends and loved ones who hear about the projects will 

be impassioned by the experience and make changes in their lifestyles to help care for 

what has not yet been lost and build a better world. 
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