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ABSTRACT 

BOWEN, G.~., and R. L. BURGESS. 1981. A quantitative 
analysis of forest island pattern in selected Ohio 
landscapes. ORNL/TM-7759. Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 122 pp. 

The purpose of this study was to quantitatively describe the 

various aspects of regional distribution patterns of forest islands.and 

relate those patterns to other landscape features~ Several ·maps 

showing the forest cover of various counties in Ohio were selected as 

representative examples of forest patterns to be quantified. Ten 

thousand hectare study areas (landscapes) were delineated on each map. 

A total of 15 landscapes representing a wide variety of forest island 
. . . 

patterns was chosen. Landscape placement was dependent upon the grain 

and intensity inherent in the forest island patterns. 

Raw data taken from each landscape included measurements of the 

perimeter and area of each woodlot and measurements of the distances 

between woodlots. The raw data were converted into a series of 

continuous variables which contained information pertinent to the 

sizes; shapes, numbers, and spacing of woodlots within a landscape. 

Other features of landscapes (topography, soils, glacial history, 

original vegetation, and potential natural vegetatinn) were recorded as 

non-continuous nominal variables. 

The continuous variables were used in a factor analysis to 

describe the variation among landscapes in terms of forest island 

pattern. Most of the variation among landscapes was accounted for by 

two factors. One factor was strongly related to the portion of the 

v 



study area covered by forest, as measured by the variable percent 

forest cover. The other important factor was the degree of forest 

fragmentation, as measured by either the total number of woodlots in a 

landscape (island density) or landscape OI (a function of forest 

perimeter/area ratio). 

The factors pertaining to forest cover and fragmentation were used 

as the basis of a two-dimensional ordination of landscapes. The 

ordination proved to be a useful graphic summary of landscape variation 

on which to test hypotheses concerning forest island patterns. 

The environmental features of landscapes (as measured by nominal 

variables) were related to forest island patterns by: (1) overlaying 

environmental information on to ordination plots; and (2) using 

discriminant analysis with the environmental features as the criteria 

of discrimination. The results showed that forest island patterns are 

related to topography and other environmental features correlated with 

topography. Landscapes with smooth topography and arable land had but 
' 

a few percent forest coverage divided among a relatively low number of 

small woodlots. With increasing topographical roughness, the size 

and/or density of forest islands increased. The greatest degree of 

forest fragmentation was associated with 20-30 percent forest cover in 

hilly topography. Since forest pattern is a result of the cumulative 

effects of land use over time, these results were interpreted to mean 

that the patterns of land use in Ohio were somewhat dependent on 

topography and related factors. 

The ability to quantify landscape pattern on a regional basis has 

applications to regional ecology. Mathematical models can be developed 

vi 
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~·· 

to predict changes in landscape pattern for given land use scenarios, 

and parameters of landscape pattern.can be analyzed as indicators of 

habitat and resource distribution and long-term ecosystem stability. 

The ability to measure forest island pattern and other aspects of 

landscape pattern can be one part of quantitative approaches to solving 

regional ecological and land use problems. 

vii 
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I. INTRODUCTION 

Since the arrival of European settlers, the forests of eastern 

North America have undergone considerable change. The first immigrants 

brought with them the concepts of agriculture, industry, and the 

semi-urban environment of the village or town in which to live and 

work. The natural environment of the new continent. was an adversary to 

be tamed. Land had to be cleared of trees to make it suitable for 

cropland, pasture, and dwellings. As time passed, the population grew 

and, with the impetus of the steam engine and the subsequent Industrial 

Revolution, expanded westward from the original settlements. By 1830, 

much of the landscape of the eastern United States was dominated by 

man. In these man-dominated landscapes, the process of settl~ment, 

including the growth of agriculture, industry, and urban centers has 

led to extensive fragmentation of the original forest, creating a 

landscape characterized by isolated patches, termed 11 forest islands, .. 

set in a variable matrix of non-forest land (Curtis 1956). Concurrent 

with fragmentation has come the regional or local extinction of species 

and loss of pristine ecosystems (Burgess 1978). An understanding of· 

these changes in the structure, composition, and dynamics of forests 

requires quantitative analysis and is important in present and future 

efforts to maintain local and regional landscape .diversity; a diversity 

that is 1mportant nol unly ror' the su1·vival of plant and animal 

populat1ons, bul dlso for the fulfillment of the aesthetic and 

recreational needs of the human population. 
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The concept of landscape pattern as used in this thesis needs to 

be defined. A landscape is defined as 11 a portion of territory that the 

eye can comprehend in a single view .. (Woolf 1974). An example would be 

the area of land that would be viewed from the vantage point of a 

hilltop, an ·airplane, or an aerial photo. Pattern is simply a 

.. configuration .. or .. relative arrangement of parts 11 (Woolf 1974). Some 

of the distinctive parts or features of a landscape include its 

vegetation, topography, and soils. Landscape pattern can therefore be 

defined by the relative arrangement of vegetation, topography, soils or 

any other features of interest. 

Depending upon the purpose of the investigator, one or more 

landscape features may be emphasized when describing or characterizing 

an area or region. In ecological research, attention is often focused 

on vegetation patterns. An analysis of vegetation pattern ususally 

includes a discussion of species composition, spatial arrangement, 

relation to environmental gradients, climatic history, cultural 

history, and successional patterns pertinent to the vegetation in 

question. If an·analysis of vegetation is to predict the future and 

explain the past, as well as describe the present, it must include not 

only a descript~on of vegetation, but also a consideration of the 

patterns and processes that influence it, that is, the spatial patterns 

of environmental factors and the random and deterministic processes 

associated with the development and maturation of vegetation and with 

the activities of ~an. In this thesis, landscapes are quantitatively 

characterized primarily by one distinctive feature, the spatial 

arrangement or pattern of forest islands. The forest island patterns 
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are then related to the topography, soils, glacial history and cultural 

history of those landscapes. 

Topographic, edaphic, and vegetation patterns all affect the 

processes of settlement, land use (agricultural and urban development),· 

and subsequent landscape change, that are primarily responsible for 

modern l~ndscape patterns. Auclair (1976) found significant 

correlations of topographic, edaphic and presettlement vegetation 

patterns with modern patterns of agricultural land use and forest cover 

in Dane County, Wisconsin. Modern landscape patterns in turn influence 

current ecosystem processes by defining one or more biotic components 

of ecosystems, e.g., vegetation and wildlife. Since ecosystem 

processes are defined in terms of the interactions of their biotic and 

abiotic components, a change in the biotic component may influence such 

ecosystem characteristics as species replacement p~tterns, species 

extinction rates, nutrient cycling, productivity, and standing crop 

biomass. For example, Auclair and Cottam (1971) report that in the 

highly fragmented forests of southern Wisconsin, sugar maple and 

basswood (Acer saccharum and Tilia americana) seem to be decreasing in 

importance, while black cherry (Prunus serotina) has increased 

[Nomenclature of vascular plants is based on Gray•s Manual of Botany 

(Fernald, 1950)]. Isolated patches of natural habitat in urban areas 

are also prone to increased rates of species extinction (Grell~r 1975; 

Davis and Glick 1978). 

Despite evidence that vegetation pattern can markedly affect 

ecosystem processes, this phenomenon has not become a major area of 

research concern. For the most part, vegetation studies have been 
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concerned with describing and classifying plant communities and 

relating those communities to environmental factors in which the 

effects of man are considered minimal. A quantitative method for 

describing the spatial ·aspects .of vegetation pattern must be developed 

before vegetation pattern can become an object of study to be related 

to environmental factors and ecosystem processes. 

In general, the objectives of this thesis were to develop a 

methodology for quantitatively describing the forest island patterns of 

selected Ohio landscapes and then to relate those patterns to 

environmental factors. The specific goals were to: (1) Review the 

pertinent literature; (2) Identify and measure a se~ies of several 

variables suitable for quantifying variou~ aspects of landscape pattern 

for a single study area. These variables represent properties emergent 

with the scale of landscape types; (3) Use multivariate statistical 

techniques to analyze the .data; (4) Interpret the variation among 

landscape patterns ·in ecoldqically meaningful terms; and··(5) Discuss 

the implications of th.is research for other ecological concepts and 

environmental problems. 



II. LITERATURE REVIEW 

This review, focused on the broad-leaved deciduous forest of 

eastern North America, concerns five questions: (1) What have been the 

approaches to the study of vegetation in the eastern deciduous forest?; 

(2) What are the current landscape patterns exemplified by the 

distribution of forest islands on local, regional, and biome scales?; 

(3) How can landscape pattern, based on forest islands, be 

quantitatively described?; (4) What environmental, historical, and 

cultural factors have determined the landscape pattern and how is the 

pattern changing over time?; and (5) How are the vegetation dynamics of 

forest islands affected by landscape pattern? 

A vegetation analysis is essentially a human creation 11 Serving to 

order, interrelate, and interpret some of the information about natural 

communities .. (Whittaker 1957). An analysis of vegetation is affected 

not only by the objectives of the investigator but also by his 

techniques and his philosophical framewor~. Those who view vegetation 

as occuring in discrete units will probably prefer classification 

techniques for studying·vegetation, while those who see plant 

communities as .. vegetational continua" (Curtis and Mcintosh 1951) 

gradually changing over.time arid distance will probably choose 

ordination techniques for relating communities to each other (Mcintosh 

1967; Whittaker 1967). 

In classification, the objects of study, e.g., plant communities, 

are grouped into classes on the basis of their common properties. The 

best groups are those about which the most numerous, precise, and 

5 
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important statements can be made concerning the objectives {Cline 1949, 

KUchler 1967). If the eventual goal of a vegetation study is to 
' . 

produce a vegetation map, then some sort of classification scheme is 

needed, because mapping requires the delineation of definite boundaries 

around homogeneous units (KUchler 1973). The works of Braun-Blanquet 

(1932) best exemplify the school of thought that perceives vegetation 

as occuring in relatively discrete units termed associations. 

Determining the location of boundaries on a vegetation map can be 

a problem if the transition between vegetation types is gradual 

(KUchler 197~). Although sharp boundaries do occur between natural 

vegetation types, the existence of gradual transitions provided the 

impetus for developing ordination techniques to describe continuous 

variation. In ordination, the units of study (plant communities) are 

described by variables exhibiting continuous variation and are arranged 

in a uni- or multi-dimensional order based on the actual values of the 

descriptive variables. This arrangement, termed an ordination by 

Goodall (1952, 1954), is translated directly from the German word 

11 0rdnung 11 (Ramensky 1930). 

The philosophical basis of ordination is firmly rooted in the 

individualistic concept of species association (Ramensky 1924; Gleason 

1917, 1926, 1939). Restated by Mcintosh (1975), this concept simply 

says that each species responds 11 in its own way to each environmental 

variable, including other species, which affect it. 11 Therefore, plant 

communities are individualistic in that they are expressions of their 

local environments. Early support for Gleason's ideas came from Cooper 

(1926) who emphasized the dynamic nature of plant communities. But it 
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was not until the .works of Curtis and Mcintosh (1951)~ Whittaker 

(1956), and Bray and Curtis {1957), that Gleason's concepts began to be 

reflected in the methodology of vegetation studies. For the first time 

the objects of study (vegetation stands) were arranged or ordinated in 

a sequence which was then related to an environmental gradient such as 

soil moisture or elevation (Mcintosh 1967, Whittaker 1967). 

Many of the vegetation analyses on a regional or local scale in 

the United ~tates employ ordination techniques to relate vegetation to 

environmental factors, whenever the objective involves vegetation 

mapping, some type of classification scheme is required in order to 

delineate boundaries. Fortunately there is seldom an intrinsic 

conflict between ordination and classification approaches, because the 

map scale and degree of contrast (rapidity of change) between plant 

communities determine how and where boundaries are drawn (KUchler 

1973). In most studies where the goal was to produce small scale maps, 

e.g., 1:7500000, of the entire eastern .deciduous forest, classification. 

of major forest types was the most common approach. 

Vegetation Pattern of the Eastern Deciduous Forest 

The eastern deciduous forest roughly encompasses the region 

between the Mi~sissippi Valley and the Atlantic seaboard. It stretches 

north from the Gulf of Mexico to the vicinity of the Canadian border, 

and is dominated throughout.most of its range by tall, broad-leaveu 

trees that shed their l'eaves completely 1n winter. · Evergreen trees 

dominate only where local environmental conditions permit. The 

topographic, edaphic, and climatic diversity inherent in the region has 
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led to a correlated diversity of vegetation, and has spawned a variety 

of classifitation· sch~mes that ~ttempt to describe the forest as it 

would appear es~entially -unaffec~ed by man.· 

~mall scale vegetatio~ maps de~cribing for~st patterns have been 

based on classification schemei developed by Shantz and Zon (1924), 

Weaver and Clements (1938), Braun (1950), KUchler (1964), Bailey 

(1976), and Daubenmire (1978). ·The classifications attempt to organize 

a coherent body of knowledge from the wealth of information concerning 

the eastern deciduous forest, and from the body, to extract an 

understanding of the forest. The classifications are similar in that 

they often reco~nize roughly the same areas (e.g., the beech~maple 

region, the maple-basswood region, the oak-hickory region, etc.). More 

importantly, these systems differ in their basic philosophical 

approaches and in their goals as to what is to be understood. These 

differences, in turn, affect the way·in which evidence on natural 

communities is selected, treated, and interpreted. 

Clements (1928), Braun (1950), and Daubenmire (-1978) developed 

hierarchical classification systems based on the plant formation as the 

major unit of vegetation. The eastern deciduous forest was recognized 

as a for~ation expressing the climatic control of vegetation. Within 

the eastern deciduous forest, lesser units, termed associations o~ 

climax communities, were distinguished according to physiogn~my, 

floristic composition, history, and ecological relationships. Dominant 

plant species provided visible ~nity and were believed to exert a 

controlling influence on the rest of the climax community. Sraun•s 

classification was intended to serve as the basis of detailed 
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vegetation studies. The classifications by Clements and Daubenmire 

were less detailed, serving to summarize, in a general way, the 

distribution of important plant species and the historical and 

ecological reasons for their distribution. 

Shantz and Zon (1924) and Kuchler (1964) developed nonhierarchical 

classification systems of the vegetation of the United States based 

solely on physiognomic and floristic characteristics rather than on 

ecological relations. They were designed to show, in some detail, the 

potential natural vegetation, that is, the vegetation that would be 

present if the effects of man were removed and succession were 

telescoped into a single moment. Kuchler's map uses more recent 

information and is somewhat more accurate and detailed than the Shantz 

and Zon map. In the area roughly corresponding to the eastern 

deciduous forest, one can recognize 14 of the vegetation types in 

Kuchler's classification. These classes are thought to represent the 

best compromise between map scale, the low degree of .contrast between 

vegetation types in the eastern U.S., and the amount of detail to be 

portrayed. 

Bailey (1976, 1978) developed a hierarchical classification system 

which divides-the country into "ecosystem regions." The highest 

categories (Domain and Division) ·are based on Koppen's (1931) climate 

classification. Lower categories (Province and Section) are based on 

life form, land form, and dominant species. The eastern deciduous 

forest is classified as one of the provinces within the Hot Continental 

Division of the Humid Temperate Domain. The Eastern Deciduous Forest 

Province is further divided into five sections. Other areas 
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traditionally considered as part of the eastern deciduous forest are 

contained in eight sections divided among four other provinces. The 

purpose of this system is to provide a framework for regional land 

management. 

The above schemes attempt to classify the natural vegetation 

pattern as it wo.uld exist when affected primarily by climatic, edaphic, 

topographic, and pyric conditions. The actual vegetation is often far 

different from what would be considered the natural vegetation of a 

region (Klopatek and Olsen et al. 1979). Cultural vegetation, such as 

crops and orchards, and seminatural vegetation, such as pastures, often 

exceed natural vegetation in areal extent. 

The pattern of the eastern deciduous forest that has evolved is 

quite complex and ranges from areas of almost complete coverage to 

areas where the forest has been reduced to isolated island-like 

entities in a landscape greatly modified by agriculture and 

urbanization. The pattern of vegetation is now virtually dependent 

upon the activities of man and his patterns of land use. Landscape 

utilization is in turn affected by patterns of land ownership and a 

variety of social and environmental forces. 

I have discussed how vegetation pattern has been viewed on a biome 

scale. Studies of vegetation pattern have also been done on regional 

scales (Whittaker 1956, Mcintosh 1972, del Moral and Denton 1977, del 

Moral and Watson 1978), and investigations of local vegetation pattern 

are too numerous to list. A neglected scale of study is the pattern of 

forest patches or islands in man-dominated landscapes and the relation 

between pattern and ecosystem processes. This literature review now 
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shifts to a consideration of forest islands and 'their relationship to 

land use and vegetation dynamics. 

Occurrence of Forest Islands in Presettlement Times 

In presettlement times, the eastern deciduous forest was 

essentially continuous except for small areas modified by Indians or 

natural catastrophes (Bromley 1935, Day 1953). Other widely scattered 

areas were unsuited for forest cover because of peculiar combinations 

of climatic, edaphic, and topographic conditions, e.g., the heath balds 

and shale barrens of the Appalachians, the cedar glades of Tennessee, 

the black belt prairies of Mississippi and Alabama, and the Hempstead 

plains of Lon~ Island (Burgess 1978). On its western edge, the forest 

graded into prairie along the prairie-forest transition zone stretching 

from Texas north through Oklahoma, Missouri, Illinois, Indiana, 

Wisconsin, and Minnesota into the aspen parklands of Canada. It is 

along this transition zone. that the forest cover was reduced to the 

point where trees occurred singly or in groves of various sizes and 

shapes. 

The prairie-forest transition zone could be described as a mosaic 

of forest, grassland, and savanna. Oak-hickory savanna was prevalent 

from central Texas through central Oklahoma into southern Kansas in an 

area known as the Cross Timbers. The dominant species were blackjack 

oak (Quercus marilandica) and post oak (Q. stellata) with lesser 

amounts of black hickory (Carya texana) (Bruner 1931, Oyksterhuis 1948, 

Braun 1950, Rice and Penfound 1959). The transition zone from 

southeast Kansas through northwest Missouri into southeast Iowa, east 
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across Illinois into northwest Indiana and Ohio (the "Prairie 

Peninsula") was characterized by prairie and oak scrub on the open 

uplands and oak-hickory or oak-basswood forests on protected slopes, 

and in ravines and stream valleys (Gleason 1922; Transeau 1935; Aikman 

and Smelser 1938; Braun 1950; Hewes 1950; Steyermark 1959, 1963; 

KUchler 1964). Like its counterpart in Texas and Oklahoma, the 

transition zone in northwestern Indiana, northern Illinois, southwest 

Wisconsin, and parts of central Minnesota was dominated by oak savanna 

and prairie with lesser amounts of oak forest in protected areas 

(Gleason 1922, Stout 1944, Cottam 1949, Buell and Cantlon 1951, Potzger 

et al. 1956, Curtis 1959, KUchler 1964). The most common tree in this 

landscape was bur oak (Quercus macrocarpa) with lesser amounts of white 

oak (Q. alba), black oak complex (Q. velutina, .Q_. ellipsoidalis, 

Q. borealis), and shagbark hickory (Carya ovata). In Minnesota, oak 

savanna and maple-basswood forest formed a relatively narrow strip 

between the prairie on the west and conifer forest on the east 

(Daubenmire 1936). The maple-basswood community sometimes ended 

abruptly at the prairie, or it graded into the brush prairie composed 

of isolated stands of bur oak, Corylus americana, Populus tremuloides, 

and Rhus glabra. Brush prairie was considered by Ewing (1924}, to be a 

stage transitional from. prairie to forest in the absence of fire. 

Brush prairie extends into Canada where it forms the matrix of the 

aspen parkland (Bird 1961). 

The interaction of fire with climatic, topographic, and edaphic 

conditions controlled the presettlement vegetation pattern (Gleason 

1922; Transeau 1935; Daubenmire 1936; Borchert 1950; Wells 1970a, 
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1970b). With 58 to 102 em of annual rainfall (Bailey 1978), the region 

was subject to periodic drought and widespread fires, both natural and 

manmade. The local edaphic ·and topographic conditions further affected 

water relations which influenced plant growth. In the warmer areas, 

fine-textured soils favored grassland communities, while more porous 

soils with deep, slowly permeable layers favored the growth of trees 

(Dyksterhuis 1957). In Minnesota, deep, coarse, sandy soils favored 

grasslands and heavier soils .favored trees (Buell and Facey 1960). 

Topographic position influenced the degree of exposure to dessicating 

elements of sun and wind. In general, tree growth was favored by mesic 

·combinations of soils and topography. The occurrence of fire every few 

years restricted closed forest to protected mesic sites, such as 

ravines, stream bottoms, and north-facing slopes. On exposed uplands 

fire maintained grassland, and in large areas it created savanna 

consisting of. large fire-resistant trees (Quercus macrocarpa or 

Q. stellata and g. marilandica) scattered in a grass landscape (Rice 

and Penfound 1950, Gleason 1922, Daubenmire 1936, Stout 1944, Cottam 

1949, Steyermark 1963, Buell and Facey 1960). 

The pattern of forest islands in the transition zone reflected 

topography. Forest islands tended to be linear in shape since they 

followed stream courses and ravines. They varied from a few to 

hundreds of hectares in size. To the east, individual forest islands 

lost their character and merged to form increasingly continuous forest 

cover. 
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Land Use and Landscape Pattern Following European Colonization 

Since European colonization, land use patterns associated with 

agriculture and urban development have·come to supercede-natural 

disturbance in importance as a factor influencing regional ecosystems 

and landscape pattern. Land use in turn has been strongly influenced 

by social trends and has become correlated with patterns of land 

ownership and environmental factors such as topography and soils. 

Throughout the eastern deciduous forest, a landscape characterized to a. 

greater or lesser degree by forest islands has become evident wherever 

the land has been suitable for agriculture and urbanization. These 

conditions may have important consequences for ecosystem dynamics as 

well as for individual species. 

To study the dynamics of changing landscape pattern, it is 

necessary to study the concurrent changes in land use patterns. One 

approach to this problem has been to compare presettlement vegetation 

patterns to modern patterns and relate the changes therein to land use 

(Auclair 1976). Historical writings by early explorers and settlers 

and government records are valuable tools for determining original 

landscape pattern. Other records such as maps and aerial photos can be 

used to study changes in land use and landscape pattern over time. 

An important source of information is the records of the General 

Land Office Survey. The Congressional Ordinance of 1785 established 

the General Land Office Survey to divide the public lands of the United 

States into 6-mile square townships. Each township was further divided 

into 36 sections, each one mile square (2.59 km 2). Meridians 

(north-south lines) and baselines (east-west lines) were the basis for 



15 

the rectangular coordinate system by which townships were surveyed. At 

the intersection of section lines and at points halfway between, 

surveyers marked two or four nearby trees designated as 11 witness 11 

trees. The survey notes included the common name, diameter, direction, 

and distance from the corne·r for each witness tree and commented on 

soils, vegetation, and other featues (Bourdo 1956, Marschner 1959, 

Stearns 1974). Quantitative and qualitative data from this source and 

others have enabled investigators to create maps depicting vegetation 

as it .existed at the time of the survey. This has been done for 

Indiana (Potzger et al. 1956), Wisconsin (Finley 1976), Ohio (Gordon 

1969), Minnesota (Marschner 1976), Michigan (V~atch 1959), Nebraska 

(Kaul 1975), and New Mexico (Gross 1976). 

Changes in land use and landscape pattern have been documented for 

different parts of the eastern deciduous forest. The forests of New 

England were among the first to feel the effects of agriculture. Raup 

(1966), in his discussion of the land use history of the area around 

Petersham, Massachusetts~ points out that from 1733 to 1791 only 

15 percent of the area had been cleared of its mixed hardwood forests. 

With an improved road network and resulting prosperity, the proportion 

of cleared land rose to perhaps as high as 90 percent by 1850. The 

remnant'forest was restricted to ravines, steep slopes and hilltops. 

The opening of transportation routes from the eastern population 

centers to the rich farmlands of the midwest meant that crops from 

Petersham•s rocky, hand-labor-intensive farms were no longer 

competitive. Within 20 years, half the land cleared for farming had 

been abandoned. Invasion by white pine (Pinus strobus) from the 
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remnant forests led to the commercial lumbering of this species 

throughout the region from 1900 to 1920. Today the area is 85 percent 

forested. This illustrates how natural processes and man•s activities 

work hand in hand to effect changes in the landscape. 

A similar story can be told for the South. Much of the Georgia 

Piedmont had been cleared and put into cultivation by the early 

18oo•s. Destructive farming methods, the Civil War, an agricultural 

depression, and the boll weevil epidemic resulted in wholesale farm 

abandonment during the late 18oo•s and early 19oo•s (Brender 1974). 

Nevertheless, by 1920 only 35 percent of the land was covered by 

forest. By 1972 this percentage had increased to 64 percent (Sharpe 

and Johnson 1981). Further changes in the composition of the Georgia 

Piedmont forest are expected because of successional processes leading 

to an increased importance of hardwoods (Johnson and Sharpe 1976). 

The landscape pattern of the Piedmont is kept in a further state 

of change because of turnover between cleared land and forested land. 

For instance, in the upper Piedmont of Georgia between 1961 and 1972~ 

approximately 151,000 hectares of forest were cleared while 

116,000 hectares of land formerly classed as nonforest reverted back to 

forest (Knight 1974). In contrast to the Piedmont, where the rate of 

clearing has almost been balanced with the rate of abandonment, there 

is a continuing trend of deforestation in the Lower Mississippi 

Valley. Nearly 75 percent of the bottomland hardwood forests have been 

cleared in response to agricultural pressures. It is expected that 

further clearing will leave only 20 percent of the hardwood forests 

intact (Sternitzke 1976). 
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Land use change in predominately prairie regions has been 

documented. Burgess (1964) used General Land Office survey records, 

aerial photos, field studies, and U.S. Geological Survey topographic 

maps with vegetation overprint, to document vegetation change in 

Helendale township in southeastern North Dakota. From 1871 to 1961, 

agricultural land grew to occupy 89.5 percent of the township~ Prairie 

decreased in areal extent from 81 to 1.5 percent, savanna shrank from 

9.13 to 2.77 percent; and forest decreased from 8.41 to 3.50 percent. 

Since settlement, agriculture and urban development have changed 

much of the landscape of Ohio and Wisconsin. At the time of settlement 

in 1788, about 95 percent of the Ohio territory was forested. This 

proportion decreased so rapidly that by 1890 only 18 percent of the 

original forest cover remained. By 1944 only 14.8 percent remained, 

and most of that was concentrated in the rugged southeastern part of 

the state (Diller 1944). For instance, in Miami County, Ohio (glacial 

till plain, once heavily wooded), only 3.4 percent of the county was 

forested as of 1941, and 87 percent of that was on privately owned 

farms. The average woodlot size on each farm was 4.1 hectares 

(Schlemmer 1941). By 1968 forest cover had increased to 24 percent of 

the state with all of the gains occuring in the hill country of the 

southeast (Kingsley and Mayer 1970). 

Using records from the General Land Office Survey and the 

Wisconsin Land Economic Inventory, Curtis (1956) showed the change in 

wooded area (maple-basswood forest) in Cadiz Township, Green County, 

Wisconsin (Fig. 1). By 1882, 80 percent of the 1831 presettlement 
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forest had been cleared. This proportion increased to 90 percent by 

1935, and to 96 percent by 1950. 

The development of forest islands in the prairie-forest transition 

zone involved more than just the leaving behind of remnant forests. In 

much of this area forest was excluded or held in savanna condition 

through the effects of fire. In the absence of fire, savanna usually 

evolved into closed canopy forest as formerly repressed tree species 

grew up from seedlings and root sprouts (Stout 1944, Cottam 1949, 

Oyksterhuis 1957, Rice and Penfound 1959). The appearance of settlers 

in the mid-1800's heralded a fundamental .change in the vegetation 

dynamics of the region. Agricultural clearing broke up the prairie 

vegetation and widespread fire ceased to be an important factor 

affecting vegetation .. The land not cleared and put into cultivation or 

pasture was converted to closed canopy forest stands, which became 

increasingly isolated as the extent of agricultural clearing grew. 

This created a landscape.pattern where closed canopy forest islands 

tended to be restricted to soils and topography unsuited for 

agriculture. In Dane and Iowa counties of Wisconsin, Auclair (1976) 

showed that by 1934, 98 percent of the original prairie had been 

converted to cropland or pasture, as was 78 percent of the original oak 

savanna. The remaining savanna converted to oak forest. From 1934 to 

1961, the total area in forest cover increased from 24.3 to 

34.9 percent as land marginally suited for intensive agriculture was 

abandoned. In general, the forest cover is restricted to rocky, 

thin-soiled hilltops not suited for crops or pasture. 
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The type of land survey exerts a strong influence on patterns of 

land ownership and therefore an indirect influence on land use and 

landscape pattern. The system of metes and bounds (used before 1785) 

utilized topography and natural features as reference points, resulting 

in property lines tending to follow the lay of the land {Marschner 

1959). In areas covered by the General Land Office Survey, property 

lines and land use followed the arbitrary grid system. Not until 

90 percent of the land in Dane county, Wisconsin had been put into 

agriculture, did forest islands begin to reflect topography rather than 

the system of land survey (Curtis 1956). Clearing of woodlands 

generally began nearest to section line roads, often leaving forest 

islands in the center of sections and on farms in areas farthest from 

roads. Forest islands in these areas tend to be square or rectangular 

and somewhat evenly distributed over the land, unlike those found in 

areas surveyed by metes and bounds (Diller 1944). 

I have discussed some of the factors influencing landscape pattern 

in man-dominated landscapes. It remains to be shown how landscape 

pattern itself may affect ecosystem processes. 

Dynamics of Forest Islands 

Creation of a landscape pattern composed of isolated forest 

islands in a sea of nonforest lends itself to an application of island 

biogeography concepts, by analogy if not in quantifiable fact. Island 

biogeography theory (MacArthur and Wilson 1963, 1967) predicts that 

species richness of an island at equilibrium is determined by a balance 

between immigration and extinction rates as affected by island size and 
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distance from mainland sources. The theory has been expanded to 

include habitat diversity as another factor directly correlated with 

species richness (Simberloff 1974). Habitat diversity can be reflected 

in topography and structural diversity of vegetation (Cody 1975). For 

example, forest remnants restricted only to hilltops may lack some of 

the more mesic species found in valleys or bottomlands and heavily 

grazed or selectively logged forest islands may lack one or more size 

classes of trees normally important as wildlife habitat. These 

principles have been applied to the design of wildlife refuges (Diamond 

1975, 1976; Faaborg 1979; Simberloff and Abele 1976; Sullivan and 

Shaffer 1975) and to a study of large mammals in the Rocky Mountains 

(Pi~ton 1979). 

Applying the theory to forest islands, Elfstrom (1974} found that 

the number of tree species increased rapidly with increasing island 

size up to one hectare, then more slowly thereafter. Galli et al. 

(1976), Forman et al. (1976), and Moore and Hooper (1975) showed an 

increasing relationship between avian diversity and forest island 

size. Ranney and Johnson (1977) studied the relationship between seed 

dispersal and interisland distance. Increased isolation of forest 

islands tends to prevent the easy exchange of propagules between 

stands, thus the accidental loss of a species may become permanent, as 

seems to be the case for Acer saccharum and Tilia americana in southern 

Wisconsin (Curtis 1956, Ward.l956, A~clair and Cottam 1971). Isolation 

often favors those species with efficient dispersal mechanisms. 

Auclair and Cottam (1971) partly attributed the ubiquity of black 

cherry (Prunus serotina Erhr.) in Wisconsin forests to seed dispersal 
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by birds. Species richness may therefore be inversely related to the 

degree of island isolation (Levenson 1976). 

Species composition and distribution is influenced by island size 

and shape and by successional processes. The size and shape affect the 

microclimatic conditions within an island. Forest edge conditions tend 

to be more xeric than those in the interior and favor pioneer species 

such as oaks, hickories, and willows, while beech and sugar maple are 

often confined to the interior (Wales 1972, Levenson 1976). Islands 

larger than 2.3 hectares are capable of developing relatively mesic 

interiors by ameliorating the dessicating effects of sun and wind. 

Islands smaller than 2.3 hectares or with a large perimeter/ area ratio 

(e.g., Great Plains shelterbelts) are relatively xeric throughout and 

tend to be all 11 edge ... In small islands or islands restricted to xeric 

sites, succession may be arrested at a subclimax stage effectively 

self-insulating the island from the development of more mesic climax 

species such as beech and maple. In the larger forest islands, tree 

species richness is greatest along island edges where animal- and 

wind-dispersed species tend to be concentrated, and decreases in the 

island interior where a few shade tolerant mesic species become 

dominant (Levenson 1976, Ranney 1978). 

The degree of connectivity between islands has been shown to be a 

relevant landscape feature. Avian diversity is improved with the 

presence of corridors between islands (Whitcomb 1977). Habitat 

corridors such as fence rows are heavily used by birds and small 

mammals and may relieve (to some degree) the isolating effect of 

farmland surrounding a forest island {Wegner and Merriam 1979). 
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Jackson (1979) has suggested that highway rights-of-way be managed as 

habitat corridors to benefit endangered species such as the 

red-cockaded woodpecker (Picoides borealis), the Mississippi sandhill 

crane (Grus canadensis pulla), and Attwater•s prairie chicken 

(Tympanuchus cupido attwateri). 

The topographic-edaphic positions occupied by forest islands also 

affect the local flora and fauna. Forest islands tend to be located on 

areas unsuited for farming because of rough terrain or poor soils 

(Curtis 1956, Auclair and Cottam 1971, Auclair 1976). These areas may 

not generally be representative of the bulk of the region and may be 

inherently unsuitable for some species due to a lack of proper 

microsites. This loss of habitat diversity may increase the 

probability of regional species extinction, especially for those 

species which were never very numerous or required habitats that were 

already relatively rare. 

Landscape pattern is not static. There i? turnover as old forest 

islands are cut ~nd new ones created from abandoned farm or pasture 

lands (Johnson and Sharpe 1976, Zeimetz et al. 1976). The rate of 

turnover can be expected to correlate with the age of forest islands 

and their composition, in terms of opportunistic and equilibrium 

species. 

Many of the above concepts can be applied to urban areas where 

continuing fragmentation of natural habitat, disturbance, and 

increasing isolation of individual habitat islands has brought on a 

general reduction in species richness. Insensitive species with broad 

niches dominate, and extinction rates are much higher than colonization 
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rates. Forest islands and other areas of natural habitat often are 

restricted to parks, cemeteries, golf courses, and rough terrain. It 

is expected that-continuing urbanization will further reduce island

size and increase island isolation (Greller 1975, Davis and Glick 1978). 

Land use may also have direct effects on vegetation dynamics. The 

degree and type of disturbance, e.g., grazing, disease, selective 

logging and fire strongly affect the composition and structure of 

forest islands. In Wisconsin, the composition of oak-dominated forest 

islands shifts toward maple-basswood dominance if left undisturbed 

(Cottam 1949). Selective logging of oaks and oak wilt disease tend to 

accelerate this trend, if maple and basswood seeds are available, while 

grazing tends to maintain the forest in a more xeric pioneer stage 

(Cottam 1949, Auclair and Cottam 1971). Repeated logging and grazing 

in Ohio woodlots has resulted in limited tree reproduction or 

preferential reproduction of prolific seed producers, e.g~, American 

elm, white ash, and sugar maple (Schlemmer 1941, Diller 1944}. 

Description of Landscape Pattern 

One goal of ecology is to organize and explain, within a 

theoretical framework, the growing body of knowledge concerning 

ecosystems and their functions. Little is known about how ecosystems 

processes are affected in man-dominated landscapes. One logical step 

toward addressing this problem is the identification and measurement of 

ecologically relevant landscape properties which emphasize the dynamics 

of forest islands. Quantifiable variables are needed to describe 

landscape pattern and relate pattern to ecosystem processes. These 
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variables include measures and indices relating to specific forest 

islands and their interactions, i.e., island variables; synthesized 

measures or indices of general landscape attributes, i.e., landscape 

variables; and measures of how the landscape pattern is changing over 

time, i.e., spatia-temporal variables. 

Island variables relate to specific islands and their 

interactions. Variables describing individual islands include island 

size, developmental stage (e.g., young forest vs. mature forest), 

length/width ratio, perimeter/area ratio, and an edge or diversity 

index (DI) adapted from limnology by Patton (1975}. Patton's index is 

of the form 

TP DI- --
2/ATI 

where TP is the ·total perimeter and A is the area. DI compares the 

perimeter of a forest island to the perimeter of a circle of equal 

area. For instance, DI = 1 indicates the forest island is circular, 

while a value of 1.5 indicates that th~ forest has 50 percent more 

perimeter than·a circle of equal area. This index thus provides a 

method of relating forest island edge to its area. 

Island variables relating.to island isolation and interactions 

between islands include average island size, interisland distance, 

number of corridors between islands, (e.g., fence rows, brushy gullies, 

etc.), and matrix quality (cover type surrounding each island). Matrix 

quality is usually some type of natural or cultural vegetation in the 

sense of Kuchler (1969). 
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Synthesized indices of isolation can be calculated for each 

island. An average measure of isolation (King 1969) is derived by 

determining the distance, r .. , between a particular island, j, to a 
1.) 

number, n, of its neighbors: 

r. 
. J 

n 
- - l: 

n . 1 1= 

r .. 
1J 

The connectivity between forest islands as measured by the number of 

interisland linkages or corridors, can be summarized in the 

accessibility index (A) which formalizes the connectivity between a 

specific patch, j, and others in its vicinity as: 

n 
A.= L: d .. 

J i=l 1J 

where d .. is the presence of a linkage between islands and j (Lowe 
1J 

and Moryadas 1975). 

Other variables which have been used in vegetation and 

environmental analysis include elevation, aspect, slope percent, 

landscape topographic position, soilscape position index, soil 

properties, and soil management classes (Auclair 1976). The variables 

can be used to describe the location of islands along environmental 

gradients. 

Landscape variables are synthesized measures of general landscape 

attributes. Some examples include standard distance index, 

connectivity index, patch distribution (random, uniform, clustered), 

and patch grain (density per unit area). Table 1 lists landscape 

\ 
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Table 1. Sample landscape pattern variables for Cadiz Township, Green County 
Wisconsin. Variables l-3, 7, 12 based on Curtis {1956). 

variables 

1. Total fores~ area {ha) 

2. Number of forest islands 

3. Average sizP. {ha) 

4. Average interisland distance, rc (m) · 

(centroid to centroid) 

5. Average interisland distance, r (m) 
e 

(edge to edge) 

6. Total periphery of woodlots (km) 

7. Amount of edge (m) per ha of forest 

8. Amount of edge (m) per ha of study area 

9. Nearest neighbor statistic, R 

(centroid to centroid) 

10. Nearest neighbor statistic, R 

edge to edge 

11. Percent of study area in forest vegetation 

12. Percent of original forest area 

13. 

14. Connectivity index 

1831 

. 8720 

8720 

39.8 

4.6 

4.1 

93.5 

100 

1882 

2582 

70 

36.9 

758 

153 

159.3 

. 61.7 

17. 1 

l. 31 

0.27 

27.7 

29.6 

4.85 

32 

1902 

R41 

61 

13.8 

751 

332 

98.5 

117 

10.6 

1.21 

0.45 

9.0 

9.6 

2.24 

6 

1950 

318 

55 

5.8 

760 

339 

64.1 

202 

6.9 

l. 17 

0.44 

3.4 

3.6 

2.25 

0 

Source: Curtis, J. T. 1956. The modification of mid-latitude grasslands arid forests 
by man. pp. 721-736. IN W. L. Thomas (ed.), Man's Role in Changing the Face 
of the Earth. University of Chicago Press, Chicago, Illinois. 
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attributes that have been calculated for the landscape (Fig. l, p. lR) 

studied by Curtis (1956). 

The standard distance index is a measure of aggregate distance 

between a series of points, and thus is an indirect measure of the 

isolation of forest islands: 

n 
0 = L 

i=l 

in which a2 and a2 are the variances of the x and y coordinates of a 
X y 

number of island centroids (Lowe and Moryadas 1975). 

The connectivity index (Table l, row 14) summarizes the number of 

linkages between points (Lowe and Moryadas 1975). It is based on a 

tally of linkages between pairs of islands, and involves setting up a 

connectivity matrix showing this information for all islands in the 

study area. 

One measure of island distribution is the Clark and Evans measure 

of aggregation (Clark and Evans 1954, 1979; Pielou 1977; Simberloff 

1979): 

in which rc is the average distance from q forest island to its 

nearest neighbor (centroid to centroid) and A is the density of 

forest islands (number per ha). In a randomly distributed population 

of islands, Rc equals l; for aggregated populations Rc is less than 

l and for uniformly distributed populations, R approaches a maximum c 
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of 2.1491. If the density of forest islands is known with certainty, 

then deviation from randomness can be tested. Rc can also be 

computed using the edge to edge distances in calculating the average 

distance from a forest island to its nearest neighbor (Re). Computed 

in this manner, Re is not a measure of patch distribution, but it can 

be useful for studying relative change over time. R~ should be 

correlated with land use patterns and the type of land survey used to 

divide up the public domain. Changes in Re over time can give clues 

concerning the nature of-changing landscape pattern (Table 1,. 

rows 9-12). 

r 
The ratio_£ where re is the average edge to edge distance from 

re 
a forest island to its nearest neighbor, gives indirect information 

concerning the size and distribution of forest islands. A large value 

indicates large forest islands separated by a small distance while a 

small value indicates small islands separated by relatively larger 

distances (Table 1, row 13). 

Spatia-temporal variables are measures of how the laridscape 

pattern is chanqinq over time. The changes in landscape can be 

measured by comparing landscape patterns on old maps to the patterns on 

newer maps and deriving a matrix of transformation coefficients which 

describe changes in cover (Hett 1971, Auclair 1976, Zeimetz et al. 

1976, Johnson and Sharpe 1976). These transformation coefficients can 

then be used as rate constants in mathematical models describing the 

dynamics of landscape pattern. Rates of change in island and landscape 

variables also can be quantified. 
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There has been little research addressing the question of how to 

describe the spatio-temporal pattern of man-dominated landscapes 

characterized by forest island ecosystems. There is also a lack of 

understanding about how the landscape pattern affects basic ecosystem 

processes in these landscapes. There are many questions to be answered 

concerning ecosystem stability with respect to land use, biological 

diversity, and species extinction before ecologically oriented 

information of this nature can be incorporated into resource management 

decisions on a regional scale. It may be possible that multivariate 

analysis involving island variables, landscape variables, and 

spatia-temporal variables can be used to describe. and classify forest 

island landscape pattern in conjQnction with mathematical models 

describing its dynamics. This can lead to a greater understanding of 

how basic ecosystem functions are affected by landscape pattern and how 

man can better integrate his activities with the environment. 



III. METHODS 

Introduction 

A primary go~l of this study was to develop a methodology to 

quantitatively describe landscapes in terms of the distribution 

patterns of forest isl~nds and selected environmental parameters. 

Accomplishment of this goal required the identification and measurement 

of variables suitable for representing properties emergent with the 

scale of a single unit of study (a. landscape) and yet capturing the 

essence of variation among landscapes. 

As a first step, the units of study (landscapes) had to be defined 

in more concrete terms. Although the dictionary defines a lanqscape as 

an area of land seen by an observer, it does not state how large that 

portion must be, because, of course, the size depends upon the vantage 

point of the observer. For example, an observer on a hilltop can 

usually see more territory than one in a valley, but less than an 

airplane pilot flying overhead, and far less than an astronaut in an 

orbiting capsule. The landscape properties that may be of interest to 

an investigator are in turn dependent upon landscape scale. Relative 

density, frequency, and basal area of tree species, indices of 

similarity, slope, aspect, and soil type are all landscape properties 

adequately captured from the one-tenth hectare plots normally used in 

vegetation studies. On the other hand, information pertaining to 

landscape pattern in terms of the sizes, shapes, and numbers of forest 

islands, land form classes, and soil mosaics represent properties 

emergent only at a scale measured in hundreds or thousands of 

31 
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hectares. The size of a study area is therefore de~endent upon the 

purpose of the investigator. For this investigation, the study areas 

were several thousand hectares in size. 

Data Sources 

The ideal sources of forest island information for this study 

would have been a series of maps showing the extent and location of 

forest cover at a scale sufficiently large to make distance and area 

measurements reasonably accurately, but sufficiently small to contain a 

reasonable number of potentially contrasting landscape types. It was 

necesary to sample a number of landscapes with contrasting forest 

island patterns in order to test the feasibility of distinguishing 

different landscape types on the basis of the selected quantitative 

measurements. Ideally, the sources of topographic, edaphic, and other 

environmental information would have been maps at the same scale as 

those of forest cover. As is often the case, however, the most 

available and convenient sources of data fell short of the ideal. 

The source used for forest island data was a set of county maps of 

the state of Ohio depicting forest cover on a scale of 1:63,360 (one 

inch to the mile). The maps, produced by the Ohio Department of 

Forestry, were based on data collected with Works Projects 

Administration (WPA) assistance in the late 1930's. The maps present a 

detailed, large scale, graphic representation of forest island patterns 

for regions in Oh'io that differ in soil, topography, glacial and land 

use history. Some of the county forest maps are hand-colored, the 

forest islands coded according to forest type, e.g., Knox and Miami 
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counties. Others are coded by condition class, e.g., Summit and 

Franklin counties, while others, e.g., Belmont County, showed only 

forest shape and location without regard to forest type or condition 

class. Aerial photos can convey the same information regarding forest 

island size, shape, and location, but were less readily available and 

convenient to work with than the county forest vegetation maps. Since 

the time period of the forest island data was irrelevant, the 1939 

county forest vegetation maps were judged adequate for this project. 

Aerial photographs were not available for checking the accuracy of 

the 1939 county vegetation maps. A qualitative evaluation of the 

accuracy of the Miami County map was accomplished w1th the aid of a 

table containing pertinent forest island ·information (Schlemmer· 1941) 
{ 

and aerial photos for the years 1949 and 1968. Twenty woodlots were 

selected for analysis in Newberry township in the northwest corner of 

Miami County. These woodlots appeared in the 1939 map and in the 

aerial photos and were judged to be stable because the trees of the 

woodlots were mature out to the forest edge and woodlot sizes and 

shapes were constant throughout the period between 1949 and 1968. 

Perimeter and area measurements from the 1939 map were compared with 

those from the aerial photos. The results showed that woodlots on the 

map were portrayed with large~ sizes and rounder shapes than those on 

the aerial photos. These errors may have been due to a systematic bias 

associated with drawing the borders of woodlots. The table of forest 

island information listed a greater density. of islands than was found 

on the map. The aerial photos indicated that woodlots smaller than two 

hectares were likely to have been omitted from the map. This 
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observation agrees with the statement by Schlemmer (1941) that only 

woodlots three acres (1 .2 ha) or larger were included in his analysis. 

These two types of errors were assumed to be systematic, that is, all 

of the vegetation maps were assumed to omit small islands and portray 

the rest slightly larger and rounder than should have been the case. 

The errors were judged small enough not to obscure or distort 

comparisons made between sample landscapes portrayed on the 1939 maps 

but were large enough to preclude accu~ate time series comparisons 

between the 1939 maps and the aerial photos. 

Topographic and edaphic information was obtained from the National 

Atlas of the United States of America (USDI 1970). Glacial history was 

determined from a map showing the glacial deposits of Ohio (Ohio Dept. 

of Natural Resources 1966). Information concerning potential natural 

vegetation, as defined by KUchler (1964), was obtained from the 

National Atlas. Gordon (1966) provided data about the natural 

vegetation of presettlement Ohio. 

Data Collection 

As a first step in quantifying forest i$land patterns, study areas 

(landscapes) were delimited on selected county vegetation maps and 

assigned a three letter identifier. Because of the time required to 

measure necessary variables in an area containing possibly hundreds of 

forest islands, only a limited number of landscapes could be measured. 

With this constraint in mind, the primary consideration was to obtain a 

sample of landscapes representing a variety of forest island patterns. 

Therefore the placement of study areas was based solely on perceived 
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variation of forest island pattern, both within a single county and 

among different counties. The goal was to capture as much variation as 

possible, while minimizing bias toward other considerations. The 

landscapes were widely distributed throughout Ohio and were located in 

areas with distinctly dtfferent patterns of topography, soils, and 

glacial history (Fig. 2) even though no special efforts were made 

toward those ends. 

Miami County was initially chosen as a region representing maximum 

destruction and fragmentation of original forest due to man's 

activities. Forest covered only about three percent of the county and 

forest islands were small, more or less square to rectangular, and 

widely separated. In contrast, Belmont County was chosen for sampling 

because it contained landscapes with forest island patterns much 

different from those of Miami County. The county as a whole had much 

more forest coverage with a larger number of bigger and more 

irregularly shaped forest islands. Knox, Summit, Holmes, and Coshocton 

counties were sampled because they contained landscapes that were 

perceived to be different from landscapes in Miami and Belmont counties 

in terms of the sizes, shapes, and numbers of forest islands. Figure 3 

is an example of the forest island patterns for several of the 

landscapes used in the study. 

The three aspects of forest island pattern governing the size and 

placement of study areas were density, intensity, and grain. The 

density of forest islands is simply the number of islands per unit 

area. Intensity is the .. extent to which density varies from place to 

place .. (Pielou 1977), but for the purposes of this project, intensity 
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I 
~ 

• 

• 

• .,. 

I • 

• 
' ! • 

• 
I 

• 

• .I 

I I 

CON 

I'· . 

. . 

• • 

Fig. 3. Forest island patterns of selected Ohio landscapes. The shaded areas 
represen: land remaining in or reverting to forest as of t he late 
1930's. The landscapes are arranged with increasing forest cover 
from lef: to right and increasing island density from bottom to top. 
Each landscape is approximately 10 km. on a side and has been 
assigned a three letter identifier. 



38 

is generalized to include any noticeable variation of forest pattern in 

t erms of the sizes, shapes, numbers, and spacings of forest islands. 

Used in this manner, intensity is synonymous with contrast (sensu 

KUchler 1973). Thus, counties with patterns of high intensity will 

have areas of sharply contrasting forest island patterns. Counties 

with low intensity patterns will appear to be somewhat homogeneous 

throughout. Grain is independent of intensity and refers to the size 

of the area containing the whole range of pattern intensities (Pielou 

1977). Therefore, a region with coarsed-grained pattern will have 

relatively large contrasting areas compared to a fined-grained region 

with smaller, but more numerous, areas of contrast. 

The density of forest islands governed the initial choice of study 

area size. The desire (in landscapes with little forest cover) was to 

have at least 40 forest islands per landscape in order to adequately 

capture, in one sample, the 11 essence 11 of the forest island pattern. 

For example, a study area that was too small to adequately measure 

forest island density would be more likely, on the basis of chance 

alone, to over- or under-represent some landscape property, thus 

requiring additional samples to compensate for the variation among 

samples. The initial choice of size was based upon inspection of Miami 

County, Ohio, where the density and coverage of forest islands were the 

lowest of all regions studied. An area the size of one township 

(9324 hectares or 36 square miles) appeared to adequately represent 

forest island pattern even in the least dense regions of Miami County. 

But because the boundaries of the townships in Miami County were 
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somewhat irregular, study areas were conveniently defined as squares 

ten kilometers on a side (10000 hectares). 

Although not quantitatively tested, 10000 hectares was believed to 

be a sufficiently large landscape to adequately capture the essence of 

the least dense forest island pattern that was likely to be 

encountered. For the sake of consistency, 10000 hectare landscapes 

were delimited in all other counties, except one, even though in some 

cases a much smaller study area might have sufficed. In Belmont 

County, the study areas were 9324 hectares and corresponded to the 

boundaries of conveniently located townships. The relatively small. 

difference between 10000 hectares and 9324 hectares was not believed to 

be an important source of variation in future analyses because the 

landscape variables that were eventually calcul~ted were expressed in 

units ind~pendent of study area size. Certain townships (Sommerset, 

Union, and Washington) were used to delineate landscapes in Belmont 

County for three reasons: (1) The townships were conveniently located; 

(2) Belmont County had a relatively high density of forest islands that 

required tedious measurement. Therefore, smaller study areas could be 

used to obtain the desired information in less time; and (3) Within the 

county, there was an east-west gradient of large to small islands. 

This gradient tended to generate a finer grained pattern (compared to 

the other counties) that was slightly more suited to smaller sized 

study areas. 

Placement of study areas, both within and among counties, was 

based on perceived pattern intensity. In almost all cases, the grain 

of the pattern was coarse enough so that 10000 hectare land~capes could 
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be placed within areas where the internal forest island pattern 

appeared to be relatively homogeneous. In only one case (TIV) was the 

shape of the study area changed from a square to a rectangle in order 

to better fit the grain of the pattern. It was later discovered that 

an adjacent county had a similar forest island pattern but no study 

areas were placed there to test that apparent similarity. 

In another case, it was discovered, after the measurements were 

taken, that a landscape in Summit Co. (BOS) appeared to straddle two 

11 types 11 of forest island pattern. In order to better sample tile two 

types of pattern, two other landscapes (RIC and HUD) were delimited 

slightly offset from and/or partly overlapping the original landscape, 

The data from the BOS landscape were retained for comparison with the 

other landscapes in subsequent analyses. 

Within eacll landscape, the following measurements were made: 

(1) the perimeter (in meters) and area (in hectares) of each forest 

island, (2) the total number of islands, and (3) the distance (in 

meters) between forest island edges. The locations of the landscapes 

were plotted on the smaller scale topographic, edaphic, and vegetation 

maps, and each area classified according to land surface form, soil 

type, glacial history, potential natural vegetation and original 

presettlement vegetation. 

· Area measurements were made with a transparent grid overlay whose 

cells were two millimeters on a side or four mm 2. The ar~a of an 

individual island was estimated by counting (to the nearest half cell) 

the number of grid cells contained within it. A planimeter was used on 

large, irregularly shaped islands because of the difficulty encountered 
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when attempting to count large numbers of cells, many of which were 

only partially filled. The scale of the vegetation maps was 1:63360, 

meaning that each millimeter represented 63.36 meters. All 

measurements were converted to metric units on that basis. Each cell 

represented an area 126.72 meters on a side or 1.606 hectares in areal 

extent, therefore; 

No. of hectares= No. of cells X 1.606. 

Island perimeters were measured with a metric ruler. A hand counter 

was very useful in keeping track of millimeters. Interisland distances 

were taken by laying a series of transects across a study area and 

measuring the distances across the open spaces separating island 

edges. One hundred ~uch distances were recorded for each landscape. 

Usually the open spaces were measured between different islands, but in 

some cases edge to edge distance was measured between dffferent parts 

of 11 fingers 11 of the same island. Perimeter and interisland distance 

measurements were converted to meters on the basis that each millimeter 

equaled 63.36 meters thus; 

No. of meters = No. of millimeters X 63.36. 

Data Analysis 

The goal of quantifying landscape pattern required a mathematical 

analysis of landscape data. Since many aspects of landscape pattern 

can be quantitatively measured, the desired techniques of analysis 

needed to be capable of handling a data matrix whose rows represent 

individual observations (landscapes) and whose columns represent the 
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specific types of measures or variables associated with each 

landscape. With this format in mind, ·multivariate statistical 

techniques were chosen to aid in the data analyses. 

Prior to performing statistical analyses, the raw data for each 

landscape had to be converted from the initial form, consisting of 

hundreds of measurements, to a condensed multivariate form, consisting 

of a series of continuous ''landscape'' variables, whose properties were 

consistent with the scale of the study areas. Multivariate statistical 

techniques (factor analysis and discriminant analysis) were then used 

to analyze the variation of forest island pattern among landscapes and 

relate that variation to environmental patterns of topography, soils, 

glacial history, potential natural vegetation and original vegetation. 

A theoretical model of forest island pattern was used as a 

conceptual basis for calculating lands~ape variables from the raw 

data. The theoretical model considers a hypothetical landscape of 

finite area that contains a population of circular forest islands, each 

equal to one unit of area. Such a landscape has a known coverage and 

density of islands. Both mean and median island size is equal to one 

unit area, the average island shape is a circle, and the distance 

between islands is a function of their size, spacing, and density. If 

we take that landscape and divide each island into two equal circles, 

then the density doubles but the coverage remains the same. 

Conversely, if we increase the size of each island but do not create 

any more islands, then coverage increases while density remains 

constant. Adding new islands increases both coverage and density. 
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Figure 4 portrays this concept with hypothetical landscapes, while 

Figure 5 is a more mathematical representation, i.e., a nomogram. 

An actual landscape differs from a hypothetical landscape pattern 

in two ways. For a given cover and density, the forest islands in a 

study area have neither uniform sizes nor circular shapes. It is these 

differences between hypothetical and actual landscapes that can be used 

to-calculate certain landscape variables. 

Nine continuous landscape variables were calculated from the set 

of perimeter, area, and interisland distance measurements for each 

study area. These included: (1) total forest cover as a percent of 

the study ~rea; (2) the density of forest islands expressed as a number 

per 10000 hectares; (3) the median island size in hectares; (4) an 

average distance between forest edges; (5,6) two indices of island 

shape; (7) an index of the degree of forest fragmentation; and 

(8,9) skewness indices of the size and shape distributions for the 

population of forest island measurements in each landscape. Mean 

island size can be calculated as cover/density, but the size 

distribution was consistently skewed toward smaller islands. For that 

reason, the median island size was considered a better measure of 

central tendency. An index of this skewness was calculated as the 

difference between the mean and median island size expressed as a 

percentage of the mean: 

Skew-area = (mean area - median area)/mean area. 
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The index of island shape (DI = Dissection Index) for an 

individual forest island was defined as the perimeter of an island 

divided by the perimeter of a circle with.an area equal to the area of 

the island: 

or = P/(2 /TIA) 

where P is the perimeter and A is the area express~d as square meters. 

The basic DI calculation was originally used in limnology (Wetzel 

1975) but was adapted for terrestrial ecology studies as an index of 

edge habitat (Patton 1975, Thomas et al. 1979) or as an index of shape 

(Game 1980). When used as an index of edge habitat, DI meant Diversity 

Index because the amount of edge habitat was considered a component of 

habitat diversity. In this study, DI stands for Dissection Index 

because it is primarily used as an index of the irregularity or degree 

of dissection of island shape. 

A landscape with a number of forest islands can be thought of as 

having a mean and median island DI with some degree of skewness, 

analogous to the mean, median, and skewness of island size 

distribution. Mean DI, median DI, and skew-DI were calculated for each 

landscape: 

n 
mean DI = i~l DI/N , and 

Skew-DI = (mean 01 -median DI)/mean DI. 

where N = the number of forest islands in a landscape. 
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The general formula for DI can be applied to the total perimeter 

and area of all forest islands in a landscape. 

n ./ n 
DI = i~l P/(2 fni~l A) 

DI is essentially the same type of measu~ement as was made by Patton 

(1975) and Thomas et al. (1979), but it is not entirely suitable for 

this project because it is not standardized for study area size. that 

is, landscapes with identical forest island patterns but unequal sizes 
I 

will have unequal values of DI . The standardizing transformation 

was simply to divide the total perimeter and the total forest area by 

study area size (S) and multiply the resulting formula by a scaling 

factor (100). This transformation is equivalent to multiplying DI 

by 100//S. The transformed variable is termed Landscape 01, 

n 
Landscape DI = 100 ~ 

i = 1 
P/2 t<s .~ 

i = 1 
A 

An index of interisland distance was calculated as the average of 

100 edge-to-edge transect distance measurements taken between islands 

on each landscape, 

100 
Mean Distance Index = ~E d/100 , = 1 

where d is an edge-to-edge distance. This index denotes an average 

distance between forest island edges. 
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The computed variables (cover, density, median area, mean 01, 

landscape DI, and mean distance index) embody an adequate description 

of forest island distribution patterns. These variables were 

mathematically continuous. The classifications of landscapes according 

to topography, soils, glacial history, potential natural vegetation, 

and original (presettlement) vegetation were considered as variables 

that described environmental characteristics of landscapes. These were 

nominal variables, implying neither rank nor continuity. 

Factor analysis was used to describe the variation of forest 

island patterns among the studied landscapes in terms of the 

differences in sizes, shapes, numbers, and spacings of forest islands. 

Discriminant analysis was used to determine to what degree forest 

island patterns could be separated according to the environmental 

classifications of the landscapes. These classes were then overlaid on 

factor analysis plots to determine if the variation among forest island 

patterns was related to environmental gradients. All statistical 

computer programs were written using SAS (~tatistical ~nalysis ~ystem) 

software (Barret al. 1979) and submitted to an IBM 360-91 computer. 

All programs and data were written, stored, and submitted through a 

PDP-10 interactive computer terminal. Some plots, generated in the 

course of the research were made with DISPLA - Qisplay Integrated 

~oftware ~ystem and flatting LAnguage (Integrated Software Systems 

Corporation 1978) and plotted on a Calcomp plotter. 

The methodology described in this section is the culmination of an 

evolutionary thought process. Several philosophical and methodological 

approaches were tried and rejected as inadequate. The first approach 
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involved using IMGRID -Information ~anagement on a GRID Cell System 

(Holmes and Jolly 1980) to analyze the landscape patterns of Miami Co., 

Ohio. A grid (composed of one hectare cells) was laid over portions of 

the forest vegetation map of Miami Co. and forest island data were 

digitized on a cell by cell basis. The resulting data matrix could 

then be manipulated to produce maps and various statistics. 

The problem with IMGRID was that it could not easily produce 

statistics with properties appropriate for the scale of the landscapes 

about which the research questions were being asked. Its algorithms 

lacked the flexibility to treat forest islands on an individual basis 

or calculate parameters that were relevant to the_description of forest 

island pattern. In addition, the high level of resolutidn of input 

data (one hectare) required large amounts of time just to encode 

information for one 10000 ha landscape. The IMGRID approach was 

eventually abandoned but the questions it raised about the nature of 

"desirable'' data soon led to more fruitful endeavors. 



IV. RESULTS AND DISCUSSION 

Introduction 

Each Ohio landscape chosen for study was described by a series of 

continuous variables (Table 2). Differences between landscape patterns 

can be attributed to variation which can be random or systematic, 

depending upon the nature of the factors underlying pattern formation. 

If one or more underlying factors, e.g., topography, affect landscape 

pattern in a definite, non-random fashion, then the variation among 

landscapes will be systematically correlated with those factors. 

Factor analysis (a multivariate statistical techniq~e) was chosen to 

describe the nature of variation among landscapes, that is, whether 

landscape variables changed randomly or systematically. The 

environmental information (topography, soils, glacial history, 

presettlement vegetation, and potential natural vegetation) was then 

used to explain and interpret the landscape variation. 

Description of Study Areas 

Throughout this thesis individual landscapes are referred to as if 

they are definite entities with unique characteristics. Indeed they 
~ 

are. Even though landscape boundaries may be somewhat subjective, that 

is, they may only exist in the mind of the beholder, the landscapes 

themselves are nevertheless definite entities with measureable 

properties existing independent of the mind. Landscapes can be looked 

at, photographed, and walked upon. The landscapes that are the subject 

of this thesis were portions of Ohio in the late 1930's represented by 

designated segments of county vegetation maps and characterized by 

50 



Table 2. Continuous variables describing the forest island pattern of 15 Ohio landscapes. 

Mean Median Median Mean Skewness Skewness 
Percent Distance Island Landscape Is 1 and Island Island Island 

Symbol County Cover Dens. i ty Index Area DI DI DI Area DI 

sorvt Belmont 22.7 244 728 5.6 23.15 1.39 1.5o· 0.39 0.07 

UNI Belmont 17.7 178 691 6.4 18.84 1.38 1.45 0.35 0.05 

WAS Belmont 43.6 132 403 ll . 2 20.89 1.60 1.87 0.66 0.14 

BED Coshocton 12.3 175 1153- 3.6 18.68 1. 32 1. 51 0.49 0.13 

TJV Coshocton 32. l 112 627 12.9 16.31 1.49 1. 58 0.55 0.06 

MEC Holmes 22.4 243 743 4.8 21.04 1.43 1.45 0.48 0.01 
Ul 

LIB Knox 7.6 111 1586 3.6 13.81 1.29 1.39 0.47 0.07 

MON Knox 11.8 180 1000 3.6 17.25 1.24 1.36 0.45 0.09 

CON Miami 2.7 46 3520 4. 1 7.90 1.15 1.23 0.30 0.07 

NEW Miami 6.0 87 1271 6.0 11 .29 1.20 1.26 0.13 0.05 

STA Miami 3.3 48 2923 5.4 8.70 1. 17 1.26 0.21 0.07 

BOS Summit 33.8 83 625 8.0 . 12.52 1.36 1.57 0.80 o. 13 

GRN Summi. t 9.8 135 1513 4.8 15.41 1.28 l. 39 0.34 0.08 

HUD Sunmi t 14.5 102' 1419 6.4 13.04 1.29 1.42 0.55 0.09 

RIC Summit 25.7 96 1381 9.23 12.85 1.43 l. 50 0.66 0.05 
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certain vegetative and environmental features. The purpose of this 

section is to briefly describe each landscape in order to provide a 

better frame of reference. 

Landscapes are identified by a three letter code derived from the 

township name in which the largest percentage of the landscape is 

located. In three cases (SOM, UNI, and WAS) the landscapes covered 

9324 hectares and had boundaries coincident with the civil township 

boundaries. In all other cases the landscapes were 10000 hectares and 

included portions of two or more townships. 

The landscapes are primarily characterized by certain aspects of 

forest pattern, that is, sizes, shapes, density, and spacing of 

woodlots. Density is expressed as the number of woodlots per 

10000 hectares. Density is exactly equivalent to the number of forest 

islands in 10000 hectare landscapes, but in SOM, UNI, and WAS, density 

is slightly greater than the actual island number. Island size is 

discussed in terms of the median island size; shape is in terms of the 

degree of irregularity or dissection; and spacing is in terms of the 

average interisland distance. The following section is a brief 

description of each study area. 

(1) Somerset landscape, Belmont County (SOM) The study area 

lies in the southwest corner of Belmont County and is characterized by 

a highly fragmented forest. Over 200 irregularly shaped woodlots 

account for the 22.7 percent forest coverage. The median island size 

is 5.62 hectares, although several much larger islands skew the size 

distribution. The average distance between woodlots is 728 meters. 

The SOM landscape, like all of Belmont County, is part of the 

Appalachian Plateau and has nonglaciated hilly topography. 
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(2) Union landscape, Belmont County (UNI) --Union Township lies 

ten kilometers northeast of SOM in the northwest quarter of Belmont 

County. It has 17.7 percent cover with a median island size of 

6.42 hectares and an average interisland distance of 691 meters. There 

were 164 woodlots in the township for a density of 178 per 

10000 hectares, somewhat less than in SOM. 

(3) Washington landscape, Belmont County· (WAS) --WAS lies in the. 

southeast quarter of Belmont County. It has the largest amount of 

forest coverage (44 percent) of all the study areas and a median island 

size of 11.24 hectares. Its 129 woodlots are very dissected and the 

average interisland distance is only 403 meters. 

(4) Bedford landscape, Coshocton County (BED) -- The landscape 
......_, 

lies in west central Coshocton County, just ten kilometers east of the 

glacial border. It has 12.3 percent cover and one of the smallest 

median island sizes at 3.6 hectares. The density was relatively high 

at 175 woodlots per 10000 hectares, and the average interisland 

distance was 1153 meters. 

(5) Tiverton landscape, Coshocton County (TIV) -- TIV lies eight 

kilometers north of BED in the northwest corner of Coshocton County. 

It has the third highest cover at 32 percent, and the largest median 

island size at 12.85 hectares. Island shape is very irregular; the 

island density is 112; ·and the average interisland distance is only 

627 meters. TIV lies just east of the glacial border in hilly terrain. 

(6) Mechanic landscape, Holmes County (MEC) -- MEC landscape lies 

on the south central border of Holmes County, four kilometers northeast 

of the TIV landscape in unqlaciated topography. Tt is similar to the 
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SOM landscape in that it has a high density of woodlots (243 per 

10000 hectares) and an almost ·identical degree of coverage 

(22.4 percent) and interisland distance (743 meters). It differs from 

SOM in having a more pronounced skewness of size distribution. The 

median island size is 4.82 hectares. 

{7) Liberty landscape, Knox County (LIB) LIB is in 

west-central Knox County, two kilometers inside of the Wisconsin 

glacial border. This landscape is in an irregular plain and has forest 

islands more characteristic of easily cultivated land. Forest covers 

7.6 percent of the landscape, and the median island size is 

3.62 hectares. Woodlot shape is less irregular than landscapes in 

hilly topography because woodlot borders tend to be more linear. 

Average distance between islands is large (1586 meters) because of a 

relatively small island size (3.6 hectares) and low density 

(111 islands). 

(8) Monroe landscape, Knox County {MON) -- This landscape lies 

ten kilometers northeast of LIB, outside of the Wisconsin glaciation 

but within the older Illinoian glacial topography. MON's tableland 

topography contributes to an increased cover (11.8 percent) and density 

(180 islands) compared with that of LIB. Also, MON's woodlots are more 

dissected. The median island size is 3.6 hectares and the interisland 

distance is 1000 meters. 

(9) Concord landscape, Miami County (CON) -- CON lies in 

east-central Miami County in smooth glacial topography and is 

characterized by a forest pattern one would expect to find in 

agriculturally dominated landscapes. Forest covers only 2.7 percent of 
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the landscape and is.divided among 48 woodlots, the median size being 

4.11 hectares. The woodlots tend to have reGtangular shapes, unlike 

those in hilly topography, and the average interisland distance is by 

far the largest at 3520 meters. 

(10) Newberry landscape, Miami County (NEW) -- NEW is the 

north-west corner of Miami County and has a topography and forest 

pattern similar to that of CON. It has 6.0 percent forest cover 

distributed among 87 woodlots, whose median size is 5.97 hectares. 

Average interisland distance is 1271 meters. 

(11) Staunton landscape, Miami County (STA) --The landscape is 

one kilometer e~st of CON and is typical of Miami County landscapes. 

There are only 48 forest islands totaling 3.3 percent forest cover. 

The woodlots-tend to be rectangular and their median size is 

5.42 hectares. 

(12) Boston landscape, Summit County (BOS) -- BOS lies in the 

north-central part of Summit County on glaciated tablelands of moderate 

relief. It has the second highest coverage at 33.8 percent and a 

density of 83 woodlots per 10000 hectares. The islands are highly 

dissected and the median size is 8.03 hectares, but the skewness of the 

size distribution is more pronounced than in any of the other 

landscapes, meaning that most of the forest cover is concentrated into 

a relatively small number of woodlots. Average interisland distance is 

625 meters. 

(13) Richfield landscape, Summit County (RIC) --RIC partially 

overlaps the western portion of the BOS landscape. The landscape has 

96 woodlots covering 25.7 percent of the area. Woodlots are highly 
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dissected and have a meqian size of 9.23 hectares. The average 

interisland distance is 1381 meters. 

(14) Hudson landscapes, Summit County (HUD) -- This landscape 

lies one kilometer east of BOSon the border dividing irregular plains 

from tablelands. It has 14.5 percent cover divided among 102 woodlots. 

The median island size is 5.42 hectares and the interisland distance is 
l 

1419 meters. Like LIB, the island shapes are less irregular than those 

of hilly landscapes. 

(15) Green landscape, Summit County (GRN) -- This landscape is in 

the southern-most portion of Summit County in glaciated tablelands. 

There are 135 woodlots covering 9.8 percent of the landscape with 

forest. Median woodlot size is 4.82 hectares and the average 

interisland distance is 1513 meters. It is similar to the LIB 

landscape in many respects. 

Forest Island Pattern Description 

Factor analysis (a type of principal components analysis) was 

initially employed to describe the forest island aspect of landscape 

pattern variation. Principal components analysis is a statistical 

technique which reduces the dimensionality of a data matrix to a 

smaller number of orthogonal (independent) components or factors. 

These factors are linear combinations of the original variables, and 

there are as many factors as there are variables. The generated 

factors decrease in order of importance, that is, the first factor 

accounts for more variation than the second and so on. Theoretically, 

a factor analysis of the landscape variables could account for most of 

the variation between landscapes in the first one or two factors. 

• 
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. A landscape can be located in a hyperspace whose dimensions are 

defined by the values of the landscape variables. A factor analysis of 

landscapes creates a hyperspace whose dimen~ions are the factors 

themselves. The advantage of.factor space lies in the ability of the 

first few dimensions to capture most of the variation among. landscape 

variables. This reduces dimensionality so that one or two factors may 

account for most of the variation found in six or seven landscape 

variables. Two factors (the first two principal components) can then 

be used as the axes of a plot, graphically depicting the relative 

arrangement of landscapes, an array based solely on the characteristics 

of the forest islands within the landscapes.· This type of arrangement 

is analogous to an indirect ordin~tion of vegetation stands, e.g., 

Curtis and Mcintosh (1951) and Bray and Curtis (1957). 

A facto~ analysis was performed on the data using cover, density, 

l~ndscape 01, mean 01, median 01, median area, and the logarithm of the 

mean distance index (ln-mean~distance) a~ the variables. The logarithm 

transformation of the mean distance index linearizes the relationship 

between cover and interisland distance and was used because nonlinear 

intercorrelations of the variqbles used in a factor analysis tend to 

distort the results (Pimentel 1979). The skewnes~ of island size 

distribution (skew-area) was not used because it is a function of 

cover, density, and median area. Variables that are functions of other 

variables in the data are termed linear dependencies and should not be 

used in a factor analysis because they represent redundant information 

(Pimentel 1979). The skewness of island shape distribution (skew-01) 
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was not used for that same reason, since skew-DI is a function of the 

mean and median island DI. 

The results of the factor analysis showed that 90 percent of the 

variation among landscape variables was accounted for in the first two 

factors. These first two factors best discriminate (produce the 

maximum distances) among landscapes and were therefore u~ed as axes in 

an ordination (Fig. 6). This ordination proved to be a useful vi~ual 

summary of landscape variation. 

Interpretation of a factor analysis is somewhat subjective and 

often confusing, but in this project it was straightforward and 

productive. Inspection of the eigenvector coefficients of the first 

two factors (Table 3) revealed the nature of the interplay between 

variables. The magnitude of the coefficient for a particular variable 

was interpreted as the relative importance or weight of that variable 

in a given factor. The coefficient•s sign indicates whether a variable 

adds to or subtracts from the factor. Variables with the same sign 

increase or decrease together. For these data, factor 1 was 

interpreted as an axis weighted, in decreasing order of importance, 

toward cover, mean DI, mediah area, and median OI. Factor 2 was an 

axis composed primarily of density and landscape DI. Ln-mean-distance 

was of intermediate importance in both factors. 

Another, perhaps more straightforward approach, is to run linear 

regressions (Proc RSQUARE of SAS) of the landscape variables on 

factors 1 and 2 (Table 4). Inspection of the square of the multiple 

correlation coefficient (R 2) revealed how much variation in a 

variable was explained by a given factor or conversely, how mu~h 
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unlikely. 
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Table 3. Eigenvector coefficients for. the first two 
factors of a factor analysis of 15 Ohio 
landscapes. The seven landscape variables 
describe forest island ,pattern. 

V ar i ab 1 e Factor l Factor 2 

Mean or 0.89532 0.32295 

Median area 0.92681 .. 0.23417 

Median or 0.88637 0.40420 

Cover 0.95011 0.23579 

Density 0.00278 0.98788 

Landscape DI 0.34398 0.92869 

Ln-mean-distance -0.74605 -0 .57897' 

Table 4. Coefficients of determination (R2) for the 
regression of seven landscape variables on 
the first two factors of a factor analysis 
of 15 Ohio landscapes. 

Factor 1 and 
Factor 1 Factor 2 Factor 2 

Density 0.0000 0.9759 0.9759 

Landscape or 0.1183 0.8625 0.9808 

Ln-mean-distance 0.5566 0.3352 0.8918 

Median or 0.7856 0. 1634 0.9490 

Mean or 0.8016 0. 1043 0.9059 

Median Area 0.8590 0.0548 0.9138 

Cover 0.9027 0.0556. 0.9583 
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variation .in a factor was explained by one or more variables. Table 4 

lists R2 values for the regression models in which landscape 

variables are dependent variables and factors 1 and 2 are independent 

variables. Much of the variation in cover, median area, mean DI and 

median DI was accounted for in factor 1. The variables skew-area, 

skew-DI, and ln-mean-di~tance are correlated to a lesser degree, and 

density and landsc~pe DI are virtually independent of factor 1. 

Density and landscape DI were highly correlated with factor 2 and are 

its primary components. Ln-mean-distance was only moderately 

correlated with factor 2. Taken together though, the first two factors 

accounted for 88 percent of the variation in ln-mean-distance. The 

third column of Table 4 lists how much variation in each landscape 

variable is accounted for by the first two factors. 

The interpretation of a factor analysis in terms of eigenvector 

coefficients and correlation coefficients is a necessary but 

insufficient st~p. It is also necessary to expfess the meaning of the 

factors in verbal, nonmathematical terms easily understo.od bythose not 

familiar with multiva~iate statistics. In this example, interpretation 

of the factor plot was straightforward for two reasons: (1) Most of 

the variation in the data was accounted for in the first two factors; 

(2) Except for ln-mean-distance, most of the weighting of the landscape 

variahles fell into one factor or. the other, i.e., the factors were 

prim~ri.ly compnserl of equally weighted, covarying variables. 

Factor. 1 was ipterpreted a~ a gradient correlated with cover, mean 

DI, median DI, skewnes~ of size and shape distributions, and inversely 

correlated with interisland distance. Values for factor 1 ranged from 
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-1.1 to 2.3. The second axis (factor 2) was correlated with density 

and landscape DI. It ranged from -1~4 to 1.7. Landscapes with low 

values (less than -0.5 for factor and -0.6 for factor 2) for both 

factors, such as CON, STA, and NEW, had less than ten percent forest 

cover, divided among a relatively low density (<100) of small 

(4-6 hectare), somewhat rectangular forest islands. As factor 

increased, the pattern (exemplified by WAS) becam~ one of greater 

coverage with larger, more irregularly shaped islands and an 

increasingly skewed island size distribution. As factor 2 increased, 

the pattern became one of increasing density and landscape DI, e.g., 

SOM. Landscapes with low values for· factor 1 b~t with relatively 

higher factor 2 values (<-0.3) had the smallest median woodlot sizes, 

e.g., MON, BED, and LIB. The mean distance index is dependent upon 

both factors. The mean distance index is large in landscapes with low. 

numbers of small, widely scattered islands, such as CON, and is small 

in landscapes, such as WAS, having a high number of large islands~ just 

as would be expected from the hypothetical model of landscape pattern. 

The intercorrelated nature of the variables composing each factor 

is shown in a matrix of Pearson product-moment correlation· coefficients. 

(Table 5). Cover, median area, median DI, ln-mean-distance, skew-~rea, 

and skew-DI we~e highly correlated as were density and landscape DI. 

Some correlations were intuitively expected. For example, one would 

not expect mean and median DI to be totally independent. In another 

case, landscape DI is simply the square root of density in the 

hypothetical landscapes of circular islands. In reality, landscape DI 

is an integrator of fragmentation (density), island shape, and, to some 



63 

Table 5. Matrix of Pearson product-moment correlation coefficients for seven variables used to 
describe the forest island patterns of 15 Ohio landscapes. 

Median 
Mean 0! Area Median 01 Cover Density Landscape D! 

Median ar-ea 0.68455* 

Median 0! 0.925<13** 0.73070** 

Cover 0.92683** 0. 79822** 0.92413** 

Density 0.28441 -0.19574 0.41064 o. 24025 

Landscape 01 0.61679* 0.11831 O.od566H O.i2563* 0.91657** 

~~-medn-distanc~ -:).8?.171** -0.55433** -0.34160** -0.35104:** -0.56181** -0. 77293 ..... 

*Significant 1t the 0.05 1e•1e 1. 

**Significant at the, 0.01 leve 1. 
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degree, island size distribution. Increasing fragmentation and 

irregularity of island shapes inflate landscape 01, while a skewed size 

distribution reduces it. A landscape with one large island and several 

much, much smaller islands would have a smaller Dl than expected on the 

basis of density alone. Other correlations were not expected. For 

example, there was no a priori reason for expecting landscapes with 

relatively high coverage to have increasingly skewed island size 

distributions. 

The significance of high intercorrelations among the variables 

composing factors 1 and 2 is that some of the variables can be dropp~d 

with little loss of ability to discriminate among landscapes. For 

example, the plots of density vs. cover and DI vs. cover (Figs. 7, 8) 

look much like the factor plot (Fig. 6). This phenomenon is discussed 

in greater depth later. 

These plots (Figs. 6, 7, 8) are two dimensional representations of 

the distribution of landscapes in hyperspace. The distribution is 

based on only 15 landscapes and has gaps or empty regions that need 

explaining. One gap, located roughly between the SOM and WAS 

landscapes, is an unsampled region simply because of chance and not 

because the forest patterns of that region are inherently unlikely. 

SOM and WAS landscapes are in Belmont County and appear to lie on an 

east-west gradient of increasing forest fragmentation and decreasing 

forest cover. They are separated from each other only by Wayne 

township. Although not tested, it is likely that the Wayne landscape, 

had it been measured, would have been located between SOM and WAS in 

the hyperspace describing forest pattern. 
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Empty regions appear in the upper right and left corners of all 

three plots. These regions represent landscapes with theoretically 

possible but highly unlikely forest patterns. A landscape appearing in 

the upper left corner would have a low ~overage and be populated by a 

large number of very small islands. In reality, the size distribution 

of forest islands is truncated below approximately two hectares, thus 

restricting the range of probable landscapes to those with a mean or 

median island size greater than two hectares. A landscape appearing in 

the upper right corner would have high coverage and a large number of 

forest islands. This is an unlikely situation because as coverage 

approaches 100 percent,.the distance between woodlots approaches zero. 

Forest islands begin to coalesce into fewer and fewer units, thereby 

depressing density and landscape DI, the parameters measuring 

fragmentation. The WAS landscape (Fig. 2) is a good example of this 

concept. It has the highest cover (44 percent) and the lowest mean 

distance index (403 meters) of all the landscapes studied, yet its 

density is less than several of the others (SOM, UNI, BED, MEC). The 

forest pattern of WAS is probably close to the upper limits of 

fragmentation likely to be found in a landscape with that degree of 

forest cover. 

The phenomenon of empty regions in the hyperspace describing 

forest pattern restricts the range of probable existing landscapes to a 

hump-shaped region in which peak forest fragmentation (as measured by· 

density and landscape DI) corresponds with 20-30 percent forest cover. 

It remains to be shown what factors account for the variation within 

that region. 
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Environmental Factors and Forest Island Patterns 

Land use practices, espec1ally the clearing of forests for 

cropland and pastureland, were responsible for the patterns of forest 

islands evident in Ohio during the late 1930's. Presumably, the 

und~rlying patterns of topography and soils strongly influenced these 

land use practices. A farmer would be less inclined to clear forest, 

plow the ground, and plant crops on a steep, rocky hillside than on a 

smooth, fertile plain. One would therefore expect forest island 

patterns to be related to environmental patterns of topography, soils, 

and glacial history. Specifically, landscapes with rough topography 

and soils of low farming capability would have greater forest coverage 

than landscapes with smooth topogtaphy and fertile_soils. 

To test this hypothesis, all landscapes were initially classified 

according to land surface form, soils glacial_ history, original 

presettlement vegetation, and potential natural vegetation (Table 6). 

The classifications were th~n recorded beside each land~cape on a 

factor analysis plot (Figs. 9, 10, 11, 12, 13), and the results 

interpreted. 

Land surface form classification was us~d as an. index of 

topographical variation. It is composed of three parts (Table 7). The 

first part is a letter (A,B,C,D) referring to the percentage of land 

area classed as having a surface of gentle inclination (less than eight 

pe~cent slope angle). The second component is a number measuring local 

relief, i.e., the maximum difference in elevation within an area the 

size of a township. The third letter designates profile type, which is 

the percentage of gently inclined surface lying in the lower half of 

local relief. Sometimes the third letter is not used. 
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Table 6. Nominal (noncontinuous) variables used to describe 15 sel~cted 
Ohio landscapesa 

Symbo 1 County 

SOM Belmont 

UNI Belmont 

WAS Belmont 

BED Coshocton 

TIV Coshocton 

MEC Holmes 

LIB Knox 

MON · Knox 

CON Miami 

NEW Miami 

STA Miami 

BOS Summit 

GRN Summit 

HUD Summit 

RIC Summit 

Land 
Surface 

Formb 

D3 

D3 

D3 

D3 

D3 

03 

628 

B3C 

A2C 

A2C 

A2C 

B3C 

B3C 

B2B 

B3C 

Soil 
Typeb 

I84 

I84 

I84 

I84 

I84 

I84 

A74 

A74 I84 

A74 

A74 

A74 

A715 

A69 

A69 

A715 

Glacial 
Historyc 

UNGL 

UNGL 

UNGL 

UNGL 

UNGL 

IJNGL 

wrsc 
ILLI 

WISC 

wrsc 
WISC 

WISC 

WISC 

WISC 

wrsc 

Original 
Vegetationd 

MOF 

MOF 

MOF 

MMF 

MOF 

MOF 

BF. 

MMF 

BF 

BF 

BF 

MMF 

MOF 

MMF 

MOF 

Potential 
Natura 1 . 

Vegetatione 

AOF 

AOF 

AOF 

BMF 

AOF 

AOF 

BMF 

BMF-AOF 

BMF 

BMF 

BMF 

BMF 

AOF 

BMF 

BMF 

aFar definitions of variations see "Key to Nominal Landscape Variables 
in Table 6." 

bsource: U.S.D.I. · 1970. The nationJl at)as of the United States of 
America. Washington, D.C. 417 pp. 

csource: Ohio Depa,rtment of Natural Resources. 1966. Division of 
geological survey. U.S.G.$. Misc. GeoJ. Tnv. Map {.316. 

dsource: Gordon, R. B. 1966. Natural vegetation of Ohio, at the 
time of the earliest surveys. Ohio Biological Survey, Columbus. 

esource: KUchler, A. W. 1964. Potentfal natural vegetation of the 
conterminous United States. Amer. Geog. Soc. Spec. Publ. No. 36. 
New York. 
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Key to the Nominal Landscape Variables in Table 6 

Land surface form classes 

A2c Smooth plains - ~reater than 80% gently sloping (less thari 8% 
slope angle); relief 30-91 m; 50-75% of gentle slope in on 
uplands. 

B2b Irregular plains ~ 50-80% gently sloping; relief 30-91 m; 50-75% 
of gentle slope is on lowland. 

B3c Tablelands moderate relief- 50-80% gently sloping; .relif 91-152 
m; 50-75% of gentle slope is on uplands. 

03 Hills - less than 20% gently sloping; relief 91-152 m. 

Soil classes 

A74 Hapludalfs plus Argiaquolls, gently sloping (les~ than 10% slope 
angle). 

A69 Fragiudalfs ~lus Ochraqualfs and Fragiaqu~lfs, gentle sloping. 

A715 Hapludalfs plus Ochraqualfs, gentle sloping. 

I84 Dystrochrepts, steep slopes (greater than 25% slope angle) plus 
Hapludalfs and Hapludults both moderately sloping (10-25%). 

Glacial history 

UNGL Area was unglaciated throughout its history. 

ILLI Area was mo~t recently covered by the Illinoian glaciation. 

WISC Area was most recently covered by th~ Wisconsin glaciation. 

Original (presettlement) vegetation 

BF Beech forests 

MOF Mixed oak forests 

MMF Mixed Mesophytic forests 

Potential natural vegetation 

BMF Beech-maple forests 

AOF Appalachian oak forests 
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Table 7. Classification scheme for the land surface 
form index. The index has three components 
corresponding to slope, local relief, and 
profile type, e.g., A2C. 

SLOPE (Capital letter) 

A More than 80 percent of area gently sloping 

B 50-80 percent of area gently sloping 

c 20-50 percent of area gently sloping 

0 Less than 20 percent of area gently sloping 

LOCAL RELIEF (Numeral) 

0-100 feet 

2 100-300 feet 

3 300-500 feet 

4 500-1000 feet 

5 1000-3000 feet 

6 Over 3000 feet 

PROFILE TYPE (Lower case letter) 

a More than 75 percent of gentle slope is in 

b 50-75 percent of gentle slope is in .lowland 

c 50-75 percent of gentle slope is on upland 

d More than 75 percent of gentle slope is on 

lowland 

upland 

Source: U.S.D.I. 1970. The national atlas of 
the United States of America. Washington 
D.C. 417 pp. 
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Together, the three components produce an index that integrates 

information pertinent to slope, local relief, and profile. For 

example, land classed A2c is more than 80 percent gently sloping, with 

most of the gentle slope in the uplands, and it has a relief of only 30 

to 91 meters (100 to 300 feet). Land designated B2b is 50-80 percent 

gently sloping (mostly in the lowlands) and has a relief of 10-31 

meters. Land classed 03 is less than 20 percent gently sloping, but it 

has a relief of 31 to 152 meters. 

The description of the four land surface form classes found in 

this study (Table 6) suggests a gradient of topographi~al ruggedness 

starting with smooth plains, progressing through irregular plains with 

low relief to tablelands of moderate relief and culminating in hill 

country. This gradient is reflected in the overlay of topographical 

information onto the factor analysis plot (Fig. 9), thus c6nfirming the 

·hypothesis that forest island pattern is related to topography. The 

two dimensional factor space can be broken down into a sequence of 

regions corresponding to a topographical gradient aligned obliquely 

with respect to the factor axes. 

Landscapes with gentle topography (CUN, STA, NEW) also hav~ a 

relatively low number of small rectangular islands. All three of these 

landscapes are in intensively agricultural Miami County, where there 

are f~w limitations to farming. As the percentage of relatively flat 

land decreases to between 50 and 80 percent (classes B2b and B3c), and 

the relief increases to between 91 and 152 meters, the forest coverage 

increases. The increased coverage is due to both an increase in the 

density of islands, e.g., LIB, GRN, MON, and in the size of islands, 
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e.g., HUD, RIC, and BOS. In addition, island shapes become 

progressively more irregular and the skewness of woodlot size 

distributions more pronounced. These trends continued as the 

percentage of flat land dropped below 20 percent. Hilly landscapes had 

the highest density of woodlots (SOM, MEC), the largest islands (TIV), 

the most skewed island size and shape distribution (BOS, WAS) and the 

most dissected island shapes (WAS) of all landscapes studied. 

Glacial history, soils, and original or potential natural 

vegetation are related to topography and therefore to certain regions 

in the factor space describing landscapes (Figs. 9, 10, 11, 12, 13). 

For example, glacial history exerts its effects on landscape pattern by 

dividing Ohio topography into two sections; the nonglaciated hills in 

the southeast and the glaciated plains or tablelands in the remaining 

portion of the state (Fig. 2). Landscapes in.the glaciated sections of 

the state have forest island patterns characteristic of smooth to 

slightly irregular topography, while the nonglaciated landscapes have 

forest island patterns characteristic of the rough, hilly topography 

(Figs. 9, 11). One landscape (MON) was in the older Illinoian 

glaciation, rather than in the more recent Wisconsin glacial 

topography. It has a topography intermediate between the flatter 

glaciated west and the nonglaciated east, and its forest island pattern 

reflects this condition by having higher density, cover, and median DI 

than its neighbor, LIB, only seven kilometers to the southwest in the 

Wisconsin glaciation. 

Given that pedogenic processes are strongly influenced py 

topography~ parent material, and plant cover, it is entirely consistent 
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to expect soil classes to be related to forest island pattern (Fig. 10). 

For example, the soil mosaic of the nonglaciated hills in southeast 

Ohio is characterized by having a large proportion of dystrochrepts, 

(soils with weakly differentiated horizons and low base saturation, 

formed on steep slopes) and is classified 184. The soil type {A74) of 

the glaciated plains of Miami County and western Knox County is a mosaic 

of hapludalfs and argiaquols. Hapludalfs are a type of alfisol (soils 

marked by grey to brown surface horizons and medium to high base 

saturation) that are seasonally dry and have a horizon of clay 

accumulation. Argiaquols are a type of aquol (seasonally wet soils 

with dark, organic-rich, base-saturated surface horizons) that have a 

horizon of clay accumulation. 

High base saturation is characteristic of young, glacially 

derived soils, because insufficient time has passed for the carbonate 

content of the parent material laid down by the glaciers to have been 

leached away by weathering. Jhe seasonally wet or dry nature of a soil 

is a function of topography and climate. Seasonally wet soils are 

usually found in low places with poor drainage, and summer-dry soils 

are usually found on well drained slopes. High organic matter content 

in the surface horizons of argiaquols results from the input of plant 

material and may signify a past history of wet prairie since grasses 

usually add more organic matter to the soil ·than trees. 

Again, the MON landscape exhibited its intermediate nature by 

lying on the boundary dividing the 184 class from the A74 class. It 

was not possible to assign MON to either soil type because of the small 

scale of the map, so it was classed as a combination of the two 

(A74-184). 
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The remaining landscapes (RIC, BOS, HUD, and GRN) have somewhat 

different soils. The partially overlapping landscapes of RIC and BOS 

have a mosaic of hapludalts and ochraqualfs (poorly-drained, seasonally 

wet alfisols). The soil type in GRN and HUD landscapes (A69) is marked 

by ochraqualfs, fragiudalfs (seasonally dry alfisols with a fragipan) 

and fragiaqualfs (seasonally wet alfisols with a fragipan). The lack 

of dystrochrepts is evidence of an absence of steep hilly topography, 

and the absence of argiaquolls distinguishes these soils from the soils 

found in other parts of glaciated Ohio. 

The original presettlement vegetation as described by Gordon 

(1966) and KUchler's (1964) potential natural vegetation classes are 

also related to regions in factor space (Figs. 12, 13) .. KUchler's map 

is on a smaller scale and has fewer vegetation classes (in Ohio) than 

Gordon's but both present essentially the same relationships between 

vegetation, topography, and·forest island pattern. In both cases, 

beech-maple forests were thought to inhabit. the glaciated portions of 

Ohio, while oak forests occupied the unglaciated hills (Forsyth 1970). 

Three of.the forest types recognized by Gordon (beech, mixed 

mesophytic, and mixed oak) were associated with the study areas. Beech 

forests were associated with forest island patterns characteristic of 

the glaciated plains while mixed oak forests were associated with 

forest patterns found mostly in the unglaciated hills. All three 

forest types inhabited the glaciated sites of intermediate 

topographical ruggedness. Only two of KUchler's forest types were 

assigned to the landscapes. The glacial boundary proved very important 

in separating Appalachian oak forests from beech-maple forests. MON 
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and GRN were the only glaciated landscapes not classified into the 

beech-maple forest type. 

Because of the intercorrelations between variables, the plots of 

cover versus density (Fig. 8, p. 66) and cover versus landscape DI 

(Fig. 7, p. 65) are very similar to the plot of factor 1 versus 

factor 2. In a similiar fashion; overlaying an environmental class, 

e.g., land surface form, on these plots (Figs. 14, 15) presents 

essentially the same information depicted in Fig. 9, p. 71. This was a 

parsimony in the analysis, since only two variables (instead of seven) 

were sufficient to distinguish among the forest island patterns of Ohio 

landscapes and relate them to environmental factors. In. other 

circumstances, the variables pertaining directly to size, shape, and 

interisland distance might be required to satisfactorily investigate a 

problem. 

The decisions as to what variables ~o use will depend upon the 

purposes of the investigator and the time, effort, and expense required 

to make appropriate measurements. Some of the measurements in this 

project were easier to make than others. For example, density was 

easier to measure than landscape DI, jet it contained much the same 

information. Conversely, once the required measurements of cover and 

landscape DI were taken, it was a relatively easy task to calculate 

mean island DI, median island OJ, and median island size. 

Discriminant Analysis 

In this project, the variation in forest island pattern among 

landscapes was believed to reflect the inherently continuous 
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variability of topography and soils. Land use was assumed to be 

constant in that most land suitable for cultivation or pasture was used 

for those purposes and therefore landscapes with similar topography and 

soils would have similar forest island patterns. In accordance with 

this model, certain aspects of forest pattern were measured with 

continuous. variables and differences among landscapes were graphically 

portrayed and interpreted with the aid of factor analysis. 

Unfortunately, available data on topography and soils were not directly 

interpretable in terms of the model because the variables were nominal 

instead of continuous. With noncontinuous variables, it was impossible 

to quantitatively explain forest island pattern in terms of continuous 

variation in the topographic and edaphic features of landscapes. 

Overlay of the land surface form classes on the factor analysis 

plot crudely defined a series of groups or regions which could be 

interpreted as a gradient of topographical ruggedness. Even though the 

model assumes continuous variation, the land surface form classes were, 

for the moment, considered as discrete groups. Stepwise discriminant 

analysis was then employed to determine to what degree landscapes could 

be separated into topographic classes, solely on the basis of forest 

island patterns. 

The philosophical emphasis of discriminant analysis differs from 

that of factor analysis, even though both techniques use continuous 

data and rely on some of the same matrix algebra procedures. Factor 

analysis seeks to condense the v~riation among observations into a few 

independent axes. Conversely, discriminant analysis seeks to define 

axes maximizing the statistical distance between groups of 
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observations. The distance between groups in the space defined by the 

discriminant functions can be used as a measure of group integrity and, 

in some cases the axes themselves may be explainable. Discriminant 

analysis emphasizes discrete classes and factor analysis does not, 

though both define axes that may be subject to interpretation. 

The same set of data can often be analyzed in a number of 

different ways depending upon the investigator•s model of the nature of 

variation within the data set. If the model assumes that observations 

fall into classes, then techniques like discriminant analysis are used, 

but if the variation among observations is believed to be continuous, 

then techniques like factor analysis or canonical correlation are used. 

The seven variables employed in the factor analysis (cover, 

density, landscape Dl, mean Dl, median DI, median area, and 

ln-mean-distance) were used in a discriminant analysis with land 

surface form as the classification variable. The· first discriminant 

function was generated. Distance between group centroids was 

interpreted as a measure of class integrity, and the relative order of 

the groups was interpreted as the placement along the topographical 

gradient. Since the groups representing landscapes with similar 

topography were arranged serially, albeit obliquely, with respect to 

the factor axes, the expectatfon was that the first discriminant axis 

would pass through these groups. Landscapes with forest patterns 

characteristic of smooth topography (class A2c) and landscapes with 

forest patterns characteristic of rough topography (class D3) would be 

at opposing ends of the axis. The intermediate groups (B2b and B3c) 

would occupy an intermediate position and would probably be poorly 

separated from each other. 1 
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Because the model of landscape pattern was founded on the concept 

of continuous variation among landscapes, discriminant analysis was 

meant only to support and illuminate the interpretations of the factor 

analysis and its related plots, and not stand as the primary means of 

investigating the relationships between forest island pattern and 

environmental factors. 

The results of the discriminant analysis indicated no 

statistically significant differences between the land surface form 

classes, probably because of the small sample size and the continuous 

nature of the data. As expected, landscapes were arranged along the 

first discriminant function according to topographic class (Fig. 16). 

Cover and landscape or were best suited for classifying landscapes. 

Addition of the other variables did not greatly enhance classification 

ability because they were highly correlated with either cover or 

landscape or. No meaningful interpretations could be made for the 

second discriminant function. 

The discriminant analysis was simply another way of presenting 

the same information found in the overlay of land surface form classes 

on the factor analysis plot. By collapsing most of·the topographic 

variation among landscapes into a single dimension, it achieved a 

certain parsimony for explaining forest island pattern in terms of 

topography. Some information was hidden, because the separation of 

landscapes within groups was ·reduced as a result of maximizing 

separation between groups. 

Discriminant analysis using glacial history as the classification 

variable gave results similar to those for topography. Glaciated 
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landscapes were separated from unglaciated landscapes on the first 

discriminant function, but the separation was not statistically 

significant. 

Desirability of Continuous Data 

Topographic and edaphic data were taken because topography and 

soils are the most important factors influencing the agricultural land 

uses that determined forest distributional patterns in Ohio. Because 

of a lack of time and appropriate maps, the data were discrete 

(classificatory). If the data had been continuous, then other 

statistical techniques could have been employed to explain the 

relationships between forest patterns and topography .. For example, the 

three components of land surface form can be measured directly from 

topographic maps. Functions derived from the values for relief and 

percent of land with gentle slope could then be regressed on the factor 

scores describing forest island patterns or used as the predictor 

variables in a canonical correlation analysis. Another set of 

potentially useful measurements could be derived from maps showing land 

capability classes. Land capability classes integrate topography and 

soils and show agricultural limitations of a landscape~ The 

percentages of a landscape in the various capability classes should be 

a good predictor or forest patterns. 

There was considerable variability in the forest island patterns 

of hilly landscapes not explained by the soils or land surface form. 

Perhaps continuous measurements or indices of topography and soils 

could better explain why some hilly landscapes had many small islands 
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(UNI, BED) while others had fewer but larger islands (TIV, WAS). As in 

any project, the extra time and effort required to collect detailed 

measurements has to be weighed against the desired resolution of the 

results. The extra effort needed to make continuous measurements of 

topography and soils may not have resulted in greater understanding of 

landscape pattern. 

Integration with Other Ecological Concepts 

This study focused on a methodology for quantifying different 

afpects of landscape pattern. Important differences between landscapes 
' . . 

can be measured with variables reflecting the ecologically important 

structures and processes that occur at a landscape scale. As one goal 

of regional ecology is to quantify the various spatial, temporal, and 

functional aspects of landscapes (Klopatek, Shugart et al. 1979), the 

methods are applicable to the study of the forest component of regional 

systems. 

"Man's role is an integral part or functional component of a 

regional system--'' (Klopatek, Shugart et al. 1979). His cultural and 

Lechr1uluyical systems ·affect all levels of envitonmental systems and 

need to be included in any evaluation. Forests are but one aspect of 

man's environment affected by culture and technology. Large scale 

forest patterns can provide an index for assessing man's impacts on 

forests in general. Other aspects of the environment may modify the 

impact of cultural and technological systems on forests, e.g., 

topography and soils. A quantitative evaluation of the impacts of 

culture and technology on large scale forest patterns therefore 
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requires the measurement, at an appropriate scale, of several landscape 

variables, some describing forest pattern and some describing other 

environmental features such as topography and soils. 

This study is a specific example of how the response of regional 

landscape properties to man•s activities can be measured. By relating 

forest island distribution patterns to certain topographic and edaphic 

landscape features, this project, in effect, measured the cumulative 

regional response of Ohio forests to the i~pacts associated with 

agricultural development and related that response to topography and 

correlated features. Other examples of how landscape variables can be 

used to approach regional problems are conceivable. For example, 

landscape variables could be used to develop data bases for evaluqting 

and anticipating regional environmental impacts of activities 
' . 

associated with land use which singly or in unison have far reaching 

effects. The similarities and differences between different parts of 

the eastern deciduous forest could be quant1tied in terms ot forest 

island distribution patterns and other environmental attributes. Areas 

having similar landscape attributes can be designated as special 

regions and portrayed as homogeneous map units. Because these regions 

have similar characteristics, they would be expected to exhibit a 

characteristic response to a given disturbance. 

Another example using landscape variables involves the evaluation 

of how a species population responds to the dissection and 

fragmentation of its forest habitat (Whitcomb 1977). Landscape 

variables could describe forest island patterns and relate these to the 
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abundance of a species ·in the region as a whole and, in doing so, test 

concepts of island biogeography theory. 

Island biogeography has been used to explain the dynamics of 

semi-isolated populations. The first application was to oceanic 

islands· (MacArth~r and Wilson 1963, 1967), but the concepts have since 

been generalized to include terrestrial habitats such as caves, 

mountain tops, and woodlots (Culver 1970, Picton 1979, Brown 1971, 

Elfstrom 1974, Patterson 1980, Forman and Elfstrom 1975, Suhweir 1976, 

Levenson 1976, Ranney and Johnson 1977). Several parameters associated 

with island biogeography concepts can be included as landscape 

variables, e.g., measures of forest island size, shape, and interisland 

distance. The possibility exists to use some measures of species 

abundance and persistence as dependent variables and a series of 

landscape variables as independent variables in an effort to relate 

species populations to landscape patterns. This approach can be used 

to determine the optimal configuration of nature reserves (as discussed 

by Diamond 1975, 1976; Sullivan and Shaffer 1975; Simberloff and Abele 

1976; Terborgh 1974, 1976; Whitcomb et al. 1976; Faaborg 1979; Game 

1980) or the impacts of forest fragmentation on bird populations (as 

discussed by Moore and Hooper 1975, Forman et al. 1976, Galli et al~. 

1976, and Whitcomb 1977). 

The advantage of using landscape variables in some studies is 

that the properties of ecosystems emergent at that scale may influence 

populations in ways not easily detected with studies made at smaller 

scales. For example, a landscape with a few large forest islands might 

support a larger population density of a certain bird species than a 
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nearby landscape with a larger number of smaller islands, even though 

the forests of both areas are composed of the same tree species and 

cover the same total area. 

This study was concerned with only one point in time and in 

essence presented a "snapshot•• of the forest island patterns in Ohio 

during the late l930 1 s. But landscape patterns are not static. The 

nature of the disturbance regimes associated with changing land use and 

the inherent successional properties of forests combine to bring about 

changes in the distribution patterns of forest cover. Data from Curtis 

(1956) chronicle the history of change in the forest island pattern of 

Cadiz township, Green County, Wisconsin from 1831 (the year of the 

General Land Office Survey) up to 1950 (Fig. l, p. 18). Except for a 

prairie opening, forest cover was continuous across Cadiz township in 

1831. Subsequent settlement led to the forest•s destruction and 

fragmentation. Forest coverage decreased rapidly from 1831 until 1882, 

then more slowly afterwards, so that by 1950, only four percent of the 

township remained in forest (Fig. l7a). Meanwhile, the degree of 

forest fragmentation, as measured by landscape 01, increased rapidly 

until 1882 then more slowly afterwards (Fig. l7b). 

Examples like Cadiz township illustrate how changes in landscape 

pattern over time can trace a vector through the n-dimensional 

hyperspace describing that landscape (Fig. 18). Given enough 

information, it should be possible to predict the direction and 

velocity of the vector. Consequently, for certain scenarios of land 

use, it should be possible to develop mathematical models of how 

landscape features change over time. 
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One feature of landscapes that has been successfully modeled is 

cover type, that is, the type of vegetation (or types .of land use) that 

are associated with a region. Changes in landscape patterns can be 

modeled by measuring the areal extent of the cover types on old maps 

and comparing them to measurements taken from newer maps. From those 

measurements, a matrix of transformation co~fficients can then be used 

as rate constants in dynamic mathematical models that predict changes 

in landscape cover (Hett 1971; Auclair 1976; Zeimetz et al. 1976; 

Johnson and Sharpe 1976).· Models of this type are similar to Markov 

models of forest succession (Horn 1976), in the fact that the actual 

sizes, shapes, and locations of cover types, e.g., forests, are unknown 

but are integrated into a limited number of measurements. Markov 

models are possible because of the mathematical properties of cover 

type as a variable. Other variables, such as median island size and 

interisland distance, do not have these properties and would have to be 

modeled using nonlinear techniques. 



V. SUMMARY AND CONCLUSIONS 

The goal of this study was to quantify various aspects of forest 

island distribution patterns and relate those patterns to other 

landscape features. Toward that end, literature pertinent to concepts 

of landscape pattern in general and to forest pattern in particular was 

reviewed. Several maps showing the forest cover of var1ous counties in· 

Ohio were chosen as representative examples of forest patterns to be 

quantified. Ten thousand hectare study areas (landscapes) were. 

delineated on each map. The landscapes were chosen to represent a wide 

variety of forest island patterns. Their placement was dependent upon 

the grain and intensity inherent in the forest island patterns. 

The raw data taken from each landscape included measurements of 

the perimeter and area of each woodlot and measurements of the 

distances between woodlots. The raw data were then converted into a 

series of continuous landscape variables representing properties 

appropriate for the scale of landscapes. rhese landscape vat1ables 

contained information pertinent to the sizes, shapes, numbers, and 

spacing of woodlots within a landscape. 

The landscape variables were used in a factor analysis to· 

describe the variation among landscapes in terms of forest island 

pattern. Most of the variation among landscapes was accounted for by 

the first two factors. An inspection of the factor loadings indicated 

that the first factor was weighted toward the percent of the study area 

covered by forest as measured by the variable percent cover. The 

second factor was interpreted as an axis of forest fragmentation as 

96 
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measured by the variables island density and landscape DI (the two were 

highly correlated). An ordination of landscapes was then derived from 

first two axes of the factor analysis. The ordination proved to be an 

effective graphic summary of landscape variation and it became the 

basis of a theoretical framework on which to test hypotheses concerning 

forest island patterns. 

Other features of the landscapes (topography, soils, glacial 

history, original vegetation, and potential natural vegetation) were 

measured with non-continuous nominal variables. These environmental 

features were related to the forest island patterns by: (1) overlaying 

environmental information on to the ordination plots; and (2) using 

discriminant analysis with the environmental features as the criteria 

of discrimination. The results showed that forest island patterns are 

related-to topography and other environmental features correlated with 

topography. Landscapes with smooth topography and arable land had but 

a few percent forest coverage divided among a relatively low number of 

small woodlots. As the roughness of topography increased, the size 

and/or number of forest islands increased. The greatest degree of 

forest fragmentation was associated with 20-30 percent cover in hilly 

topography. Since forest pattern is a result of the cumulative effects 

of land use over time, these results were interpreted to mean that the 

patterns of land use in Ohio were somewhat dependent upon topography 

and related factors. 

The ability to quantify landscape pattern on a regional basis has 

applications to regional ecology. Mathematical models can be developed 

to predict changes in landscape patterns for given land use scenarios, 
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and parameters of landscape pattern can be analyzed as indicators of 

habitat and resource distribution and long-term ecosystem stability. 

The ability to measure forest island pattern and other aspects of 

landscape pattern can be one part of quantitative approaches to solving 

regional problems. 
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