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ABSTRACT 

BOWEN, G. W . ,  and R. L. BURGESS. 1981. A q u a n t i t a t i v e  
a n a l y s i s  of  f o r e s t  i s l a n d  p a t t e r n  i n  s e l e c t e d  Ohio 
landscapes. ORNL/TM-7759. Oak Ridge N a t i o n a l  
Labora to ry ,  Oak Ridge, Tennessee. 122 pp. 

The purpose o f  t h i s  s t u d y  was t o  q u a n t i t a t i v e l y  d e s c r i b e  t h e  

v a r i o u s  aspec ts  o f  r e g i o n a l  d i s t r i b u t i o n  p a t t e r n s  o f  f o r e s t  i s l a n d s  and 

r e l a t e  those  p a t t e r n s  t o  o t h e r  landscape f e a t u r e s .  Severa l  maps 

showing t h e  f o r e s t  cover  o f  v a r i o u s  c o u n t i e s  i n  Ohio were s e l e c t e d  as 

r e p r e s e n t a t i v e  examples o f  f o r e s t  p a t t e r n s  t o  be q u a n t i f i e d .  Ten 

thousand h e c t a r e  s t u d y  areas  ( landscapes)  were d e l i n e a t e d  on each map. 

A t o t a l  of 15 landscapes r e p r e s e n t i n g  a w ide  v a r i e t y  of f o r e s t  i s l a n d  

p a t t e r n s  was chosen. 

and i n t e n s i t y  i n h e r e n t  i n  t h e  f o r e s t  i s l a n d  p a t t e r n s .  

Landscape p lacement  was dependent upon t h e  g r a i n  

Raw d a t a  taken  f r o m  each landscape i n c l u d e d  measurements o f  t h e  

p e r i m e t e r  and area o f  each wood lo t  and measurements o f  t h e  d i s t a n c e s  

between wood lo ts .  The raw d a t a  were conver ted  i n t o  a s e r i e s  o f  

con t i nuous  v a r i a b l e s  which c o n t a i n e d  i n f o r m a t i o n  p e r t i n e n t  t o  t h e  

s i z e s ,  shapes, numbers, and spac ing  of wood lo ts  w i t h i n  a landscape. 

Other  f e a t u r e s  o f  landscapes ( topography ,  s o i l s ,  g l a c i a l  h i s t o r y ,  

o r i g i n a l  v e g e t a t i o n ,  and p o t e n t i a l  n a t u r a l  v e g e t a t i o n )  were reco rded  as 

non-cont inuous  nominal  v a r i a b l e s .  

The con t inuous  v a r i a b l e s  were used i n  a f a c t o r  a n a l y s i s  t o  

d e s c r i b e  t h e  v a r i a t i o n  among landscapes i n  terms o f  f o r e s t  i s l a n d  

p a t t e r n .  Most o f  t h e  v a r i a t i o n  among landscapes was accounted f o r  by 

two f a c t o r s .  One f a c t o r  was s t r o n g l y  r e l a t e d  t o  t h e  p o r t i o n  o f  t h e  
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s t u d y  a r e a  covered b y  f o r e s t ,  as  measured b y  t h e  v a r i a b l e  p e r c e n t  

f o r e s t  cover .  

f ragmen ta t i on ,  as measured b y  e i t h e r  t h e  t o t a l  number o f  wood lo ts  i n  a 

landscape ( i s l a n d  d e n s i t y )  o r  landscape DI ( a  f u n c t i o n  o f  f o r e s t  

p e r i m e t e r / a r e a  r a t i o ) .  

The o t h e r  i m p o r t a n t  f a c t o r  was t h e  degree o f  f o r e s t  

The f a c t o r s  p e r t a i n i n g  t o  f o r e s t  cove r  and f r a g m e n t a t i o n  were used 

as t h e  b a s i s  of a two-d imens iona l  o r d i n a t i o n  o f  landscapes. The 

o r d i n a t i o n  proved t o  be a u s e f u l  g r a p h i c  summary o f  landscape v a r i a t i o n  

on wh ich  t o  t e s t  hypotheses concern ing  f o r e s t  i s l a n d  p a t t e r n s .  

The env i ronmen ta l  f e a t u r e s  o f  landscapes (as  measured b y  nominal  

( 1 )  o v e r l a y i n g  v a r i a b l e s )  were r e l a t e d  t o  f o r e s t  i s l a n d  p a t t e r n s  by:  

env i ronmen ta l  i n f o r m a t i o n  on t o  o r d i n a t i o n  p l o t s ;  and ( 2 )  u s i n g  

d i s c r i m i n a n t  a n a l y s i s  w i t h  t h e  env i ronmen ta l  f e a t u r e s  as t h e  c r i t e r i a  

o f  d i r c r i m  n a t i o n .  The r e s u l t s  showed t h a t  f o r e s t  i s l a n d  p a t t e r n s  a r e  

r e l a t e d  t o  topography  and o t h e r  env i ronmen ta l  f e a t u r e s  c o r r e l a t e d  w i t h  

topography  Landscapes w i t h  smooth topography  and a r a b l e  l a n d  had b u t  

a few p e r c e n t  f o r e s t  coverage d i v i d e d  among a r e l a t i v e l y  low number o f  

sma l l  wood lo ts .  N i t h  i n c r e a s i n g  t o p o g r a p h i c a l  roughness, t h e  s i z e  

and/or d e n s i t y  o f  f o r e s t  i s l a n d s  inc reased.  The g r e a t e s t  degree o f  

f o r e s t  Fragmenta t ion  was a s s o c i a t e d  w i t h  20-30 p e r c e n t  f o r e s t  cove r  i n  

h i l l y  topography. S ince  f o r e s t  p a t t e r n  i s  a r e s u l t  o f  t h e  c u m u l a t i v e  

e f f e c t s  o f  l a n d  use ove r  t ime ,  these  r e s u l t s  were i n t e r p r e t e d  t o  mean 

t h a t  t h e  p a t t e r n s  o f  l a n d  use i n  Ohio were somewhat dependent on 

topography  and r e l a t e d  f a c t o r s .  

The a b i l i t y  t o  q u a n t i f y  landscape p a t t e r n  on a r e g i o n a l  b a s i s  has 

a p p l i c a t i o n s  t o  r e g i o n a l  eco logy .  Mathemat ica l  models can be developed 
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t o  p r e d i c t  changes i n  landscape p a t t e r n  f o r  g i v e n  l a n d  use scenar ios ,  

and parameters o f  landscape p a t t e r n  can be ana lyzed as i n d i c a t o r s  o f  

h a b i t a t  and r e s o u r c e  d i s t r i b u t i o n  and long - te rm ecosystem s t a b i l i t y .  

The a b i l i t y  t o  measure f o r e s t  i s l a n d  p a t t e r n  and o t h e r  aspects  o f  

landscape p a t t e r n  can be one p a r t  of q u a n t i t a t i v e  approaches t o  s o l v i n g  

r e g i o n a l  e c o l o g i c a l  and l a n d  use problems. 

v i  i 
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I .  INTRODUCTION 

Since the arrival of European settlers, the forests o f  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 o f  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 o f  the eastern United States was dominated by 

man. In these man-dominated landscapes, the process o f  settlement, 

including the growth o f  agriculture, industry, and urban centers has 

led to extensive fragmentation o f  the original forest, creating a 

landscape characterized by isolated patches, termed "forest islands," 

set in a variable matrix o f  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 o f  forests 

requires quantitative analysis and is important in present and future 

efforts t o  maintain local and regional landscape diversity; a diversity 

that is important not  only for the survival o f  plant and animal 

populations, but also for the fulfillment o f  the  aesthetic and 

recreational needs o f  the human population. 
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The concept  of landscape p a t t e r n  as used i n  t h i s  t h e s i s  needs t o  

be d e f i n e d .  A landscape i s  d e f i n e d  as "a p o r t i o n  o f  t e r r i t o r y  t h a t  t h e  

eye can comprehend i n  a s i n g l e  v iew"  (Wool f  1974).  An example would be 

t h e  area  o f  l a n d  t h a t  would be v iewed f r o m  t h e  vantage p o i n t  o f  a 

h i l l t o p ,  an a i r p l a n e ,  o r  an a e r i a l  photo.  P a t t e r n  i s  s i m p l y  a 

" c o n f i g u r a t i o n "  o r  " r e l a t i v e  arrangement o f  p a r t s "  (Wool f  1974) .  Some 

of t h e  d i s t i n c t i v e  p a r t s  o r  f e a t u r e s  o f  a landscape i n c l u d e  i t s  

v e g e t a t i o n ,  topography, and s o i l s .  Landscape p a t t e r n  can t h e r e f o r e  be 

d e f i n e d  by t h e  r e l a t i v e  arrangement o f  v e g e t a t i o n ,  topography,  s o i l s  o r  

any o t h e r  f e a t u r e s  o f  i n t e r e s t .  

Depending upon t h e  purpose o f  t h e  i n v e s t i g a t o r ,  one o r  more 

landscape f e a t u r e s  may be emphasized when d e s c r i b i n g  o r  c h a r a c t e r i z i n g  

an area  o r  r e g i o n .  I n  e c o l o g i c a l  research ,  a t t e n t i o n  i s  o f t e n  focused 

on v e g e t a t i o n  p a t t e r n s .  

i n c l u d e s  a d i s c u s s i o n  o f  spec ies  compos i t ion ,  s p a t i a l  arrangement, 

r e l a t i o n  t o  env i ronmenta l  g r a d i e n t s ,  c l i m a t i c  h i s t o r y ,  c u l t u r a l  

h i s t o r y ,  and success iona l  p a t t e r n s  p e r t i n e n t  t o  t h e  v e g e t a t i o n  i n  

q u e s t i o n .  

e x p l a i n  t h e  pas t ,  as w e l l  as d e s c r i b e  t h e  p r e s e n t ,  i t  must i n c l u d e  n o t  

o n l y  a d e s c r i p t i o n  o f  v e g e t a t i o n ,  b u t  a l s o  a c o n s i d e r a t i o n  o f  t h e  

p a t t e r n s  and processes t h a t  i n f l u e n c e  i t , t h a t  i s ,  t h e  s p a t i a l  p a t t e r n s  

of env i ronmenta l  f a c t o r s  and t h e  random and d e t e r m i n i s t i c  processes 

a s s o c i a t e d  w i t h  t h e  development and m a t u r a t i o n  o f  v e g e t a t i o n  and w i t h  

t h e  a c t i v i t i e s  o f  man. I n  t h i s  t h e s i s ,  landscapes a r e  q u a n t i t a t i v e l y  

c h a r a c t e r i z e d  p r i m a r i l y  b y  one d i s t i n c t i v e  f e a t u r e ,  t h e  s p a t i a l  

arrangement o r  p a t t e r n  o f  f o r e s t  i s l a n d s .  The f o r e s t  i s l a n d  p a t t e r n s  

An a n a l y s i s  o f  v e g e t a t i o n  p a t t e r n  u s u s a l l y  

I f  an a n a l y s i s  o f  v e g e t a t i o n  i s  t o  p r e d i c t  t h e  f u t u r e  and 
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a r e  then  r e l a t e d  t o  t h e  topography, s o i l s ,  g l a c i a l  h i s t o r y  and c u l t u r a l  

h i s t o r y  of t hose  landscapes. 

Topographic,  edaphic ,  and v e g e t a t i o n  p a t t e r n s  a l l  a f f e c t  t h e  

processes o f  s e t t l e m e n t ,  l a n d  use ( a g r i c u l t u r a l  and urban development) ,  

and subsequent landscape change, t h a t  a r e  p r i m a r i l y  r e s p o n s i b l e  f o r  

modern landscape p a t t e r n s ,  

c o r r e l a t i o n s  o f  t opograph ic ,  edaphic  and p r e s e t t l e m e n t  v e g e t a t i o n  

p a t t e r n s  w i t h  modern p a t t e r n s  of a g r i c u l t u r a l  l a n d  use and f o r e s t  cove r  

i n  Dane County, Wisconsin.  Modern landscape p a t t e r n s  i n  t u r n  i n f l u e n c e  

c u r r e n t  ecosystem processes b y  d e f i n i n g  one o r  more b i o t i c  components 

A u c l a i r  (1976) found s i g n i f i c a n t  

o f  ecosystems, e.g., v e g e t a t i o n  and w i l d l i f e .  S ince ecosystem 

processes a r e  d e f i n e d  i n  terms o f  t h e  i n t e r a c t i o n s  o f  t h e i r  b i o t i c  and 

a b i o t i c  components, a change i n  t h e  b i o t i c  component may i n f l u e n c e  such 

ecosystem c h a r a c t e r i s t i c s  as spec ies  rep lacement  p a t t e r n s ,  spec ies  

e x t i n c t i o n  r a t e s ,  n u t r i e n t  c y c l i n g ,  p r o d u c t i v i t y ,  and s t a n d i n g  c r o p  

biomass. For  example, Aucla i r  and Cottam (1971) r e p o r t  t h a t  i n  t h e  

h i g h l y  f ragmented f o r e s t s  of sou the rn  Wisconsin,  sugar maple and 

basswood (Acer I_ saccharum and T i l i a  arnericana) seem t o  be dec reas ing  i n  

impor tance,  w h i l e  b l a c k  c h e r r y  (Prunus -__. s e r o t i n a )  has i nc reased  

[Nomenclature of v a s c u l a r  p l a n t s  i s  based on G r a y ' s  Manual o f  Botany 

(Fe rna ld ,  1 9 5 0 ) l .  I s o l a t e d  patches o f  n a t u r a l  h a b i t a t  i n  urban areas 

a r e  a l s o  prone t o  i nc reased  r a t e s  o f  spec ies  e x t i n c t i o n  ( G r e l l e r  1975; 

Dav is  and G I  i c k  1978). 

D e s p i t e  ev idence t h a t  v e g e t a t i o n  p a t t e r n  can marked ly  a f f e c t  

ecosystem processes, t h i s  phenomenon has n o t  become a ma jo r  area o f  

r e s e a r c h  concern.  For t h e  most p a r t ,  v e g e t a t i o n  s t u d i e s  have been 
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concerned w i t h  d e s c r i b i n g  and c l a s s i f y i n g  p l a n t  communit ies and 

r e l a t i n g  t h o s e  communit ies t o  env i ronmenta l  f a c t o r s  i n  wh ich  t h e  

e f f e c t s  o f  man a r e  c o n s i d e r e d  min ima l .  A q u a n t i t a t i v e  method f o r  

d e s c r i b i n g  t h e  s p a t i a l  aspects  o f  v e g e t a t i o n  p a t t e r n  inust be developed 

b e f o r e  v e g e t a t i o n  p a t t e r n  can become an o b j e c t  o f  s t u d y  t o  be r e l a t e d  

t o  env i ronmenta l  f a c t o r s  and ecosystem processes.  

I n  genera l ,  t h e  o b j e c t i v e s  o f  t h i s  t h e s i s  were t o  deve lop  a 

methodology f o r  q u a n t i t a t i v e l y  d e s c r i b i n g  t h e  f o r e s t  i s l a n d  p a t t e r n s  of  

s e l e c t e d  Ohio landscapes and t h e n  t o  r e l a t e  t h o s e  p a t t e r n s  t o  

env i ronmenta l  f a c t o r s .  The s p e c i f i c  g o a l s  were t o :  ( 1 )  Review t h e  

p e r t i n e n t  l i t e r a t u r e ;  ( 2 )  I d e n t i f y  and measure a s e r i e s  o f  s e v e r a l  

v a r i a b l e s  s u i t a b l e  f o r  q u a n t i f y i n g  v a r i o u s  aspects  o f  landscape p a t t e r n  

f o r  a s i n g l e  s t u d y  area. These v a r i a b l e s  r e p r e s e n t  p r o p e r t i e s  emergent 

w i t h  t h e  s c a l e  of landscape types;  ( 3 )  Use m u l t i v a r i a t e  s t a t i s t i c a l  

techn iques  t o  ana lyze  t h e  da ta ;  ( 4 )  I n t e r p r e t  t h e  v a r i a t i o n  among 

1 andscape p a t t e r n s  i n  e c o l o g i c a l l y  mean ing fu l  terms; and ( 5 )  Discuss 

t h e  i m p l i c a t i o n s  o f  t h i s  r e s e a r c h  f o r  o t h e r  e c o l o g i c a l  concepts and 

env i ronmenta l  problems. 



11. LITERATURE REVIEW 

T h i s  rev ew, 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 i s  the 

pattern changing over time?; and (5) How ar2 the vegetation dynamics of 

forest islands affected by landscape pattern? 

A vegetation analysis i s  essentially a human creation "serving t o  

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

communities" (Whittaker 1957). An a n a l y s i s  of vegetation i s  affected 

n o t  only by the objectives o f  the investigator but a l s o  by his 

techniques and h i s  philosophical framework. Those who view vegetation 

as occuring i n  discrete u n i t s  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 and distance will probably choose 

ordination techniques for relating communities to each other (McIntosh 

1967; Whi ttaker 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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i m p o r t a n t  s ta tements  can be made c o n c e r n i n g  t h e  o b j e c t i v e s  ( C l i n e  1943, 

K u c h l e r  1967).  If t h e  e v e n t u a l  goa l  of a v e g e t a t i o n  s t u d y  i s  t o  

produce a v e g e t a t i o n  map, t h e n  some s o r t  of c l a s s i f i c a t i o n  scheme i s  

needed, because mapping r e q u i r e s  t h e  d e l i n e a t i o n  o f  d e f i n i t e  boundar ies  

around homogeneous u n i t s  ( K u c h l e r  1973).  The works o f  Braun-B1 anquet 

(1932) b e s t  e x e m p l i f y  t h e  school  o f  t h o u g h t  t h a t  p e r c e i v e s  v e g e t a t i o n  

as o c c u r i n g  i n  r e l a t i v e l y  d i s c r e t e  u n i t s  termed a s s o c i a t i o n s .  

D e t e r m i n i n g  t h e  l o c a t i o n  o f  boundar ies  on a v e g e t a t i o n  map can he 

a problem i f  t h e  t r a n s i t i o n  between v e g e t a t i o n  t y p e s  i s  g radua l  

( K u c h l e r  197.3). A1 though sharp  boundar ies  do occur  between n a t u r a l  

v e g e t a t i o n  types ,  t h e  e x i s t e n c e  o f  g radua l  t r a n s i t i o n s  p r o v i d e d  t h e  

impetus f o r  d e v e l o p i n g  o r d i n a t i o n  techn iques  t o  d e s c r i b e  cont inuous  

v a r i a t i o n .  I n  o r d i n a t i o n ,  t h e  u n i t s  of s t u d y  ( p l a n t  communi t ies)  a r e  

d e s c r i b e d  b y  v a r i a b l e s  e x h i b i t i n g  cont inuous  v a r i a t i o n  and a r e  arranged 

i n  a u n i -  o r  m u l t i - d i m e n s i o n a l  o r d e r  based on t h e  a c t u a l  va lues  o f  t h e  

d e s c r i p t i v e  v a r i a b l e s .  T h i s  arrangement, termed an o r d i n a t i o n  b y  

Goodal l  (1952, 1954), i s  t r a n s l a t e d  d i r e c t l y  f r o m  the  German word 

"Ordnung" (Ramensky 1930). 

The p h i l o s o p h i c a l  b a s i s  o f  o r d i n a t i o n  i s  f i r m l y  r o o t e d  i n  t h e  

i n d i v i d u a l i s t i c  concept  of spec ies  a s s o c i a t i o n  (Ramensky 1924; Gleason 

1917, 1926, 1939).  Res ta ted  b y  McIntosh (1975),  t h i s  concept  s i m p l y  

says t h a t  each spec ies  responds " i n  i t s  own way t o  each env i ronmenta l  

v a r i a b l e ,  i n c l u d i n g  o t h e r  species,  which a f f e c t  i t ." Therefore,  p l a n t  

communit ies a r e  i n d i v i d u a l i s t i c  i n  t h a t  t h e y  a r e  e x p r e s s i o n s  o f  t h e i r  

l o c a l  znv i ronments.  E a r l y  s u p p o r t  f o r  Gleason's  i d e a s  came f r o m  Cooper 

(1926) who emphasized i hc  dynamic n a t u r e  o f  p l a n t  communit ies.  But  i t  
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was n o t  u n t i l  t h e  works of C u r t i s  and McIntosh (1951),  W h i t t a k e r  

(1956) ,  and Bray  and C u r t i s  (1957),  t h a t  Gleason's  concepts began t o  he 

r e f l e c t e d  i n  t h e  methodology o f  v e g e t a t i o n  s t u d i e s .  For t h e  f i r s t  t i m e  

t h e  o b j e c t s  o f  s t u d y  ( v e g e t a t i o n  stands) were arranged or o r d i n a t e d  i n  

a sequence which was then  r e l a t e d  t o  an env i ronmen ta l  g r a d i e n t  such as 

s o i l  m o i s t u r e  o r  e l e v a t i o n  (McIntosh 1967, W h i t t a k e r  1967). 

Many of t h e  v e g e t a t i o n  analyses on a r e g i o n a l  o r  l o c a l  s c a l e  i n  

t h e  Urr i ted S t a t e s  employ o r d i n a t i o n  techniques t o  r e l a t e  v e g e t a t i o n  t o  

env i ronmen ta l  f a c t o r s ,  whenever t h e  o b j e c t i v e  i n v o l v e s  v e g e t a t i o n  

o r d e r  t o  

n s i c  

because t h e  

map s c a l e  and degree of  c o n t r a s t  ( r a p i d i t y  o f  change) between p l a n t  

communi t i e s  determine how and where boundar ies a r e  drawn (Kuch le r  

1973). I n  most s t u d i e s  where t h e  goal  was t o  produce small s c a l e  maps, 

e.g., 1:750000O, o f  t h e  e n t i r e  e a s t e r n  deciduous f o r e s t ,  c l a s s i f i c a t i o n  

o f  ma jo r  f o r e s t  t ypes  was t h e  most common approach. 

mapping, some t y p e  o f  c l a s s i f i c a t i o n  scheme i s  

d e l i n e a t e  boundar ies.  F o r t u n a t e l y  t h e r e  i s  se 

c o n f l i c t  between o r d i n a t i o n  and c l a s s i f i c a t i o n  

r e q u i r e d  i n  

dom an i n t r  

approaches, 

V e g e t a t i o n  P a t t e r n  o f  t h e  Eas te rn  Deciduous F o r e s t  

The e a s t e r n  deciduous f o r e s t  r o u g h l y  encompasses t h e  r e g i o n  

between t h e  M i s s i s s i p p i  V a l l e y  and t h e  A t l a n t i c  seaboard. It s t r e t c h e s  

n o r t h  f rom t h e  G u l f  o f  Mexico t o  t h e  v i c i n i t y  o f  t h e  Canadian bo rde r ,  

and i s  dominated th roughou t  most o f  i t s  range b y  t a l l ,  b road - leaved  

t r e e s  t h a t  shed t h e i r  leaves c o m p l e t e l y  i n  w i n t e r .  Evergreen t r e e s  

dominate o n l y  where l o c a l  env i ronmen ta l  c o n d i t i o n s  p e r m i t .  The 

topograph ic ,  edaphic,  and c l i m a t i c  d i v e r s i t y  i n h e r e n t  i n  t h e  r e g i o n  has 
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l e d  t o  a c o r r e l a t e d  d i v e r s i t y  o f  v e g e t a t i o n ,  and has spawned a v a r i e t y  

o f  c l a s s i f i c a t i o n  schemes t h a t  a t tempt  t o  d e s c r i b e  t h e  f o r e s t  as i t  

would appear e s s e n t i a l l y  u n a f f e c t e d  b y  man. 

Small s c a l e  v e g e t a t i o n  maps d e s c r i b i n g  f o r e s t  p a t t e r n s  have been 

based on c l a s s i f i c a t i o n  schemes developed b y  Shantz and Zon (1924) ,  

Weaver and Clements (1938),  Braun (1950),  Kuch ler  (1964),  B a i l e y  

(1976) ,  and Daubenmire (1978) .  The c l a s s i f i c a t i o n s  a t t e m p t  t o  o r g a n i z e  

a coherent  body o f  knowledge f r o m  t h e  w e a l t h  o f  i n f o r m a t i o n  concern ing  

t h e  e a s t e r n  deciduous f o r e s t ,  and f r o m  t h e  body, t o  e x t r a c t  an 

u n d e r s t a n d i n g  o f  t h e  f o r e s t .  The c l a s s i f i c a t i o n s  a r e  s i m i l a r  i n  t h a t  

t h e y  o f t e n  r e c o g n i z e  r o u g h l y  t h e  same areas (e.g., t h e  beech-maple 

r e g i o n ,  t h e  maple-basswood r e g i o n ,  t h e  o a k - h i c k o r y  r e g i o n ,  e t c . ) .  More 

i m p o r t a n t l y ,  t h e s e  systems d i f f e r  i n  t h e i r  b a s i c  p h i l o s o p h i c a l  

approaches and i n  t h e i r  g o a l s  as t o  what i s  t o  he understood.  These 

d i f f e r e n c e s ,  i n  t u r n ,  a f f e c t  t h e  way i n  wh ich  ev idence on n a t u r a l  

communit ies i s  s e l e c t e d ,  t r e a t e d ,  and i n t e r p r e t e d .  

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

h i e r a r c h i c a l  c l a s s i f i c a t i o n  systems based on t h e  p l a n t  f o r m a t i o n  as t h e  

m a j o r  u n i t  o f  v e g e t a t i o n .  

as a f o r m a t i o n  e x p r e s s i n g  t h e  c l i m a t i c  c o n t r o l  o f  v e g e t a t i o n .  W i t h i n  

t h e  e a s t e r n  deciduous f o r e s t ,  l e s s e r  u n i t s ,  termed a s s o c i a t i o n s  o r  

c l i m a x  communit ies,  were d i s t i n g u i s h e d  a c c o r d i n g  t o  physiognomy, 

f l o r i s t i c  compos i t ion ,  h i s t o r y ,  and e c o l o g i c a l  r e l a t i o n s h i p s .  Dominant 

p l a n t  spec ies  p r o v i d e d  v i s i b l e  u n i t y  and were b e l i e v e d  t o  e x e r t  a 

c o n t r o l l i n g  i n f l u e n c e  on t h e  r e s t  o f  t h e  c l i m a x  community. Braun 's  

c l a s s i f i c a t i o n  was i n t e n d e d  t o  serve  as t h e  b a s i s  of d e t a i l e d  

The e a r t e r n  deciduous f o r e s t  was r e c o g n i z e d  
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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 i s ,  the vegetation that would be 

present i f  the effects of man were removed and succession were 

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

information and is somewhat more accurate and detailed than the Shantz 

and Zon map. 

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 i n  the eastern U.S., and the amount of detail to be 

portrayed. 

I n  the area roughly corresponding to the eastern 

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 Sect on)  are based on 

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

forest is classified a5 one o f  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 



10 

t r a d i t i o n a l l y  cons idered as p a r t  o f  t h e  e a s t e r n  deciduous f o r e s t  a r e  

c o n t a i n e d  i n  e i g h t  s e c t i o n s  d i v i d e d  among f o u r  o t h e r  p r o v i n c e s .  The 

and purpose of  t h i s  system i s  t o  p r o v i d e  a framework f o r  r e g i o n a l  

management. 

The above schemes a t t e m p t  t o  c l a s s i f y  t h e  n a t u r a l  v e g e t a t  

p a t t e r n  as i t  would e x i s t  when a f f e c t e d  p r i m a r i l y  b y  c l i m a t i c ,  

t opogr aph 

d i f f e r e n t  

r e g i o n  ( K  

on 

edaphic ,  

c,  and p y r i c  c o n d i t i o n s .  The a c t u a l  v e g e t a t i o n  i s  o f t e n  f a r  

f rom what would be cons idered t h e  n a t u r a l  v e g e t a t i o n  o f  a 

opatek and Olsen e t  a l .  1979). C u l t u r a l  v e g e t a t i o n ,  such as 

c rops  and orchards ,  and s e m i n a t u r a l  v e g e t a t i o n ,  such as p a s t u r e s ,  o f t e n  

exceed n a t u r a l  v e g e t a t i o n  i n  a r e a l  e x t e n t .  

The p a t t e r n  o f  t h e  e a s t e r n  deciduoi-is f o r e s t  t h a t  has e v o l v e d  i s  

q u i t e  complex and ranges f r o m  areas o f  a lmost  complete coverage t o  

areas where t h e  f o r e s t  has been reduced t o  i s o l a t e d  i s l a n d - l i k e  

e n t i t i e s  i n  a landscape g r e a t l y  m o d i f i e d  b y  a g r i c u l t u r e  and 

u r b a n i z a t i o n .  The p a t t e r n  o f  v e g e t a t i o n  i s  now v i r t u a l l y  dependent 

upon t h e  a c t i v i t i e s  o f  man and h i s  p a t t e r n s  o f  l a n d  use. Landscape 

u t i l i z a t i o n  i s  i n  t u r n  a f f e c t e d  b y  p a t t e r n s  of l a n d  ownership and a 

v a r i e t y  of  s o c i a l  and env i ronmenta l  f o r c e s .  

I have d iscussed how v e g e t a t i o n  p a t t e r n  has been viewed on a biome 

s c a l e .  S t u d i e s  of v e g e t a t i o n  p a t t e r n  have a l s o  been done on r e g i o n a l  

s c a l e s  ( W h i t t a k e r  1956, McIntosh 1972, d e l  Mora l  and Denton 1977, d e l  

Mora l  and Watson 1978), and i n v e s t i g a t i o n s  o f  l o c a l  v e g e t a t i o n  p a t t e r n  

a r e  t o o  numerous t o  l i s t .  A n e g l e c t e d  s c a l e  o f  s t u d y  i s  t h e  p a t t e r n  of 

f o r e s t  patches o r  i s l a n d s  i n  man-dominated landscapes and t h e  r e l a t i o n  

between p a t t e r n  and ecosystem processes. T h i s  l i t e r a t u r e  r e v i e w  now 
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s h i f t s  t o  a c o n s i d e r a t i o n  o f  f o r e s t  i s l a n d s  and t h e i r  r e l a t i o n s h i p  t o  

l a n d  use and v e g e t a t i o n  dynamics. 

Occurrence o f  F o r e s t  I s l a n d s  i n  P r e s e t t l e m e n t  Times 

I n  p r e s e t t l e m e n t  t imes,  t h e  e a s t e r n  deciduous f o r e s t  was 

e s s e n t i a l l y  con t inuous  excep t  f o r  sma l l  areas m o d i f i e d  b y  I n d i a n s  o r  

w i d e l y  s c a t t e r e d  n a t u r a l  c a t a s t r o p h e s  (Brornley 1935, Day 1953). Other  

areas were u n s u i t e d  f o r  f o r e s t  cove r  because o f  pecu l  

o f  c l i m a t i c ,  edaphic,  and t o p o g r a p h i c  c o n d i t i o n s ,  e.g 

a r  combinat ions 

, t h e  hea th  b a l d s  

and s h a l e  ba r rens  of t h e  Appalachians, t h e  cedar  g lades of Tennessee, 

t h e  b l a c k  b e l t  p r a i r i e s  of M i s s i s s i p p i  and Alabama, and t h e  Hempstead 

p l a i n s  o f  Long I s l a n d  (Burgess 1978).  On i t s  wes te rn  edge, t h e  f o r e s t  

graded i n t o  p r a i r i e  a l o n g  t h e  p r a i r i e - f o r e s t  t r a n s i t i o n  zone s t r e t c h i n g  

f rom Texas n o r t h  th rough  Oklahoma, M i s s o u r i ,  I l l i n o i s ,  I nd iana ,  

Wisconsin,  and Minnesota  i n t o  t h e  aspen p a r k l a n d s  o f  Canada. It i s  

a l o n g  t h i s  t r a n s i t i o n  zone t h a t  t h e  f o r e s t  cove r  was reduced t o  t h e  

p o i n t  where t r e e s  o c c u r r e d  s i n g l y  o r  i n  groves o f  v a r i o u s  s i z e s  and 

shapes. 

The p r a i r i e - f o r e s t  t r a n s i t i o n  zone c o u l d  be d e s c r i b e d  as a mosaic 

of f o r e s t ,  g rass land ,  and savanna. Oak-h ickory  savanna was p r e v a l e n t  

f rom c e n t r a l  Texas th rough  c e n t r a l  Oklahoma i n t o  sou the rn  Kansas i n  an 

a rea  known as t h e  Cross Timbers. The dominant spec ies  were b l a c k j a c k  

oak (Quercus m a r i l a n d i c a )  and p o s t  oak (Q. - s t e l l a t a )  w i t h  l e s s e r  

amounts of b l a c k  h i c k o r y  (Carya texana)  (Bruner  1931, D y k s t e r h u i s  1948, 

Braun 1950, R i c e  and Penfound 1959). The t r a n s i t i o n  zone from 

sou theas t  Kansas t h r o u g h  n o r t h w e s t  M i s s o u r i  i n t o  sou theas t  Iowa, e a s t  
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across  I 1 1  i n o i s  i n t o  no r thwes t  I n d i a n a  and Ohio ( t h e  " P r a i r i e  

P e n i n s u l a " )  was c h a r a c t e r i z e d  b y  p r a i r i e  and oak sc ruh  on t h e  open 

up lands  and oak -h i cko ry  o r  oak-basswood f o r e s t s  on p r o t e c t e d  s lopes ,  

and i n  r a v i n e s  and s t ream v a l l e y s  (Gleason 1922; Transeau 1935; Aikman 

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

K i j ch le r  1964). L i k e  i t s  c o u n t e r p a r t  i n  Texas and Oklahoma, t h e  

t r a n s i t i o n  zone i n  no r thwes te rn  Ind iana ,  n o r t h e r n  I l l i n o i s ,  sou thwest  

Wisconsin,  and p a r t s  o f  c e n t r a l  Minnesota was dominated b y  oak savanna 

and p r a i r i e  w i t h  l e s s e r  amounts o f  oak f o r e s t  i n  p r o t e c t e d  areas 

(Gleason 1922, S t o u t  1944, Cot-tam 1949, B u e l l  and Can t lon  1951, Potzger  

e t  a l .  1956, C u r t i s  1959, Kuch le r  1964). The most common t r e e  i n  t h i s  

landscape was b u r  oak (Quercus  macrocarpa) w i t h  l e s s e r  amounts o f  w h i t e  

oak ( Q .  -~ a l b a ) ,  b l a c k  oak complex ( Q .  - v e l u t i n a ,  - -  Q. e l l i p s o i d a l i s ,  

.- Q .  . b o r e a l i s ) ,  and shagbark h i c k o r y  (Carya -- o v a t a ) .  

savanna and maple-basswood f o r e s t  formed a r e l a t i v e l y  nar row s t r i p  

between t h e  p r a i r i e  on t h e  west and c o n i f e r  f o r e s t  on t h e  e a s t  

I n  Minnesota, oak 

(Daubenmire 1936).  

a b r u p t l y  a t  t h e  p r a i r i e ,  o r  i t  graded i n t o  t h e  b rush  p r a i r i e  composed 

of  i s o l a t e d  s tands  of bur  oak, Cory lus  americana, Populus _l___l__ t r emu lo ides ,  

and ___. Rhus g l a b r a .  

s tage  t r a n s i t i o n a l  f r o m  p r a i r i e  t o  f o r e s t  i n  t h e  absence o f  f i r e .  

Rrush p r a i r i e  ex tends  i n t o  Canada where i t  forms t h e  m a t r i x  o f  t h e  

aspen p a r k l a n d  ( B i r d  1961). 

The maple-basswood community sometimes ended 

Brush p r a i r i e  was cons ide red  b y  Ewing (1924),  t o  be a 

The i n t e r a c t i o n  o f  f i r e  w i t h  c l i m a t i c ,  t opograph ic ,  and edaph ic  

c o n d i t i o n s  c o n t r o l l e d  t h e  p r e s e t t l e m e n t  v e g e t a t i o n  p a t t e r n  (Gleason 

1922; Transeau 1935; Daubenmire 1936; R o r c h e r t  1950; We l l s  1970a, 
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1970b). W i t h  58 t o  102 cm of annual r a i n f a l l  (Bailey 1978), the region 

was  subject  t o  per iodic  d r o u g h t  and widespread f i r e s ,  b o t h  natural  a n d  

manmade. The local edaphic and  topographic conditions fu r the r  affected 

water r e l a t ions  which influenced p l a n t  g r o w t h .  In the warmer areas ,  

f ine- textured s o i l s  favored grassland communities, while more porous 

s o i l s  with deep, slowly permeable layers favored the g r o w t h  of t r ees  

(Dyksterhuis 1957) .  I n  Minnesota, deep, coarse,  sandy s o i l s  favored 

grasslands and heavier so i  Is favored t r ees  (Buell and Facey 1960). 

Topographic posit ion influenced the degree of exposure t o  dessicat ing 

elements of sun and wind. In general, t r e e  growth was favored by mesic 

combinations o f  soils and topography.  

years r e s t r i c t e d  closed fo re s t  t o  protected mesic s i t e s ,  such as 

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

The occurrence of f i r e  every few 

f i r e  maintained grassland, and in large areas i t  created savanna 

consis t ing of large f i r e - r e s i s t a n t  t r ees  (Quercus macrocarpa or 

- Q. s t e l l a t a  a n d  - Q. marilandica) sca t te red  in a grass landscape (Rice 

and Penfound 1950, Gleason 1922, Daubenmire 1936, S t o u t  1944, Cottam 

1949, Steyermark 1963, Buell and Facey 1960). 

The pat tern of f o r e s t  islands i n  the t r ans i t i on  zone re f lec ted  

Forest is lands tended t o  be l inear  in shape s ince they topography. 

followed stream courses and ravines.  They varied f r o m  a few t o  

hundreds o f  hectares in s i z e .  To the e a s t ,  individual f o r e s t  islands 

l o s t  t h e i r  character and merged t o  form increasingly continuous f o r e s t  

cover. 
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Land Use and Landscape P a t t e r n  F o l l o w i n g  European C o l o n i z a t i o n  I .-. .- 
I__ 

Since European c o l o n i z a t i o n ,  l a n d  use p a t t e r n s  a s s o c i a t e d  w i t h  

a g r i c u l t u r e  and urban development have come t o  supercede n a t u r a l  

d i s t u r b a n c e  i n  impor tance as a f a c t o r  i n f l u e n c i n g  r e g i o n a l  ecosystems 

and landscape p a t t e r n .  Land use i n  t u r n  has been s t r o n g l y  i n f l u e n c e d  

b y  s o c i a l  t r e n d s  and has become c o r r e l a t e d  w i t h  p a t t e r n s  o f  l a n d  

ownership and env i ronmenta l  f a c t o r s  such as topography and s o i l s .  

Throughout t h e  e a s t e r n  deciduous f o r e s t ,  a landscape c h a r a c t e r i z e d  t o  a 

g r e a t e r  o r  l e s s e r  degree b y  f o r e s t  i s l a n d s  has become e v i d e n t  wherever 

t h e  l a n d  has been s u i t a b l e  f o r  a g r i c u l t u r e  and u r b a n i z a t i o n .  These 

c o n d i t i o n s  may have i m p o r t a n t  consequences f o r  ecosystem dynamics as 

w e l l  as f o r  i n d i v i d u a l  spec ies .  

To s t u d y  t h e  dynamics o f  changing landscape p a t t e r n ,  i t  i s  

necessary t o  s t u d y  t h e  c o n c u r r e n t  changes i n  l a n d  use p a t t e r n s .  One 

approach t o  t h i s  problem has been t o  compare p r e s e t t l e m e n t  v e g e t a t i o n  

p a t t e r n s  t o  modern p a t t e r n s  and r e l a t e  t h e  changes t h e r e i n  t o  l a n d  use 

( A u c l a i r  1976).  

and government r e c o r d s  a r e  v a l u a b l e  t o o l s  f o r  d e t e r m i n i n g  o r i g i n a l  

landscape p a t t e r n .  Other  r e c o r d s  such as maps and a e r i a l  photos can be 

used t o  s t u d y  changes i n  l a n d  use and landscape p a t t e r n  over  t i m e .  

H i s t o r i c a l  w r i t i n g s  b y  e a r l y  e x p l o r e r s  and s e t t l e r s  

An i m p o r t a n t  source o f  i n f o r m a t i o n  i s  t h e  r e c o r d s  o f  t h e  General  

Land O f f i c e  Survey. The Congress ional  Ord inance o f  

t h e  General Land O f f i c e  Survey t o  d i v i d e  t h e  p u b l i c  

S t a t e s  i n t o  6 - m i l e  square townships.  Each townsh ip  

i n t o  36 s e c t i o n s ,  each one m i l e  square (2.59 km’). 

( n o r t h - s o u t h  l i n e s )  and b a s e l i n e s  (eas t -west  l i n e s )  

1785 e s t a b l i s h e d  

lands  o f  t h e  U n i t e d  

was f u r t h e r  d i v i d e d  

M e r i d i a n s  

were t h e  b a s i s  f o r  
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t h e  r e c t a n g u l a r  c o o r d i n a t e  system by which townships were surveyed. A t  

t h e  i n t e r s e c t i o n  o f  s e c t i o n  l i n e s  and a t  p o i n t s  h a l f w a y  between, 

s u r v e y e r s  marked two o r  f o u r  nea rby  t r e e s  des igna ted  as " w i t n e s s "  

t r e e s .  The su rvey  no tes  i n c l u d e d  t h e  common name, d iameter ,  d i r e c t i o n ,  

and d i s t a n c e  f rom t h e  c o r n e r  f o r  each w i t n e s s  t r e e  and commented on 

s o i l s ,  v e g e t a t i o n ,  and o t h e r  f e a t u e s  (Bomrdo 1956, Marschner 1959, 

Stearns 1974). Q u a n t i t a t i v e  and q u a l i t a t . i v e  d a t a  f r o m  t h i s  source and 

o t h e r s  have enabled i n v e s t i g a t o r s  t o  c r e a t e  maps d e p i c t i n g  v e g e t a t i o n  

as i t  e x i s t e d  a t  t h e  t i m e  o f  t h e  survey.  T h i s  has been done f o r  

I n d i a n a  (Po tzge r  e t  a l .  1956), Wisconsin ( F i n l e y  19761, Ohio (Gordon 

1969), Minnesota (Marschner 1976), M ich igan  (Veatch 19591, Flebraska 

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

Changes i n  l a n d  use and landscape p a t t e r n  have been documented f o r  

d i f f e r e n t  p a r t s  o f  t h e  e a s t e r n  deciduous f o r e s t .  The f o r e s t s  o f  New 

England were among t h e  f i r s t  t o  f e e l  t h e  e f f e c t s  o f  a g r i c u l t u r e .  

(1966),  i n  h i s  d i s c u s s i o n  o f  t h e  l a n d  use h i s t o r y  o f  t h e  area around 

Petersham, Massachusetts,  p o i n t s  o u t  t h a t  from 1733 t o  1791 o n l y  

15  p e r c e n t  o f  t h e  a rea  had been c l e a r e d  o f  i t s  mixed hardwood f o r e s t s .  

W i th  an improved r o a d  network and r e s u l t i n g  p r o s p e r i t y ,  t h e  p r o p o r t i o n  

o f  c l e a r e d  l a n d  r o s e  t o  perhaps as h i g h  as 90 p e r c e n t  by 1850. The 

remnant f o r e s t  was r e s t r i c t e d  t o  r a v i n e s ,  s teep  s lopes  and h i l l t o p s .  

The opening of t r a n s p o r t a t i o n  r o u t e s  f r o m  t h e  e a s t e r n  p o p u l a t i o n  

c e n t e r s  t o  t h e  r i c h  fa rm lands  o f  t h e  midwest meant t h a t  c rops  f r o m  

Petersham's  rocky ,  h a n d - l a b o r - i n t e n s i v e  farms were no l o n g e r  

c o m p e t i t i v e .  W i t h i n  20 yea rs ,  h a l f  t h e  l a n d  c l e a r e d  f o r  f a r m i n g  had 

heen abandoned. I n v a s i o n  b y  w h i t e  p i n e  (P inus  s t r o b u s )  f rom t h e  

Raup 
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remnant f o r e s t s  l e d  t o  t h e  commercial  lumber ing  o f  t h i s  s p e c i e s  

t h r o u g h o u t  t h e  r e g i o n  f r o m  1900 t o  1920. Today t h e  area  i s  85 p e r c e n t  

f o r e s t e d .  T h i s  i l l u s t r a t e s  how n a t u r a l  processes and man's a c t i v i t i e s  

work hand i n  hand t o  e f f e c t  changes i n  t h e  landscape. 

A s i m i l a r  s t o r y  can be t o l d  f o r  t h e  South. Much o f  t h e  Georg ia 

Piedmont had Seen c l e a r e d  and p u t  i n t o  c u l t i v a t i o n  b y  t h e  e a r l y  

1800's .  D e s t r u c t i v e  f a r m i n g  methods, t h e  C i v i l  War, an a g r i c u l t u r a l  

depress ion ,  and t h e  b o l l  w e e v i l  ep idemic r e s u l t e d  i n  who lesa le  f a r m  

abandonment d u r i n g  t h e  l a t e  1800 's  and e a r l y  1 9 0 0 ' s  (Brender  1974).  

Never the1 ess 

f o r e s t .  By 

and Johnson 

Piedmont f o r  

b y  1920 o n l y  35 p e r c e n t  o f  t h e  l a n d  

972 t h i s  percentage had i n c r e a s e d  t o  

981) .  F u r t h e r  changes i n  t h e  compos 

s t  a r e  expected because o f  success io i  

was covered 

64 p e r c e n t  

t i o n  o f  t h e  

a1 processe 

b y  

Sharpe 

Georg i a 

l e a d i n g  

t o  an i n c r e a s e d  impor tance o f  hardwoods (Johnson and Sharpe 1976). 

The landscape p a t t e r n  o f  t h e  Piedmont i s  k e p t  i n  a f u r t h e r  s t a t e  

o f  change because o f  t u r n o v e r  between c l e a r e d  l a n d  and f o r e s t e d  land.  

For  ins tance,  i n  t h e  upper Piedmont o f  Georg ia between 1961 and 1972, 

a p p r o x i m a t e l y  151,000 h e c t a r e s  of  f o r e s t  were c l e a r e d  w h i l e  

116,000 h e c t a r e s  of l a n d  f o r m e r l y  c l a s s e d  as n o n f o r e s t  r e v e r t e d  back t o  

f o r e 5 t  ( K n i g h t  1974).  In c o n t r a s t  t o  t h e  Piedmont, where t h e  r a t e  o f  

c l e a r i n g  has a lmost  been balanced w i t h  t h e  r a t e  o f  abandonment, t h e r e  

i s  a c o n t i n u i n g  t r e n d  o f  d e f o r e s t a t i o n  i n  the Lower M i s s i s s i p p i  

V a l l e y .  N e a r l y  75 p e r c e n t  o f  t h e  bo t tomland hardwood f o r e s t s  have been 

c l e a r e d  i n  response t o  a g r i c u l t u r a l  p ressures .  I t  i s  expected t h a t  

f u r t h e r  c l e a r i n g  w i l l  l e a v e  o n l y  20 p e r c e n t  o f  t h e  hardwood f o r e s t s  

i n t a c t  ( S t e r n i  t z k e  1976).  
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Land use change i n  p r e d o m i n a t e l y  p r a i r i e  r e g i o n s  has been 

documented. Burgess (1964) used General Land O f f i c e  su rvey  reco rds ,  

a e r i a l  photos,  f i e l d  s t u d i e s ,  and U.S. G e o l o g i c a l  Survey topograph ic  

maps w i t h  v e g e t a t i o n  o v e r p r i n t ,  t o  document v e g e t a t i o n  change i n  

He lenda le  townsh ip  i n  s o u t h e a s t e r n  N o r t h  Dakota. From 1871 t o  1961, 

a g r i c u l t u r a l  l a n d  grew t o  occupy 89.5 p e r c e n t  of t h e  township.  P r a i r i e  

decreased i n  a r e a l  e x t e n t  f r o m  81 t o  1.5 pe rcen t ,  savanna shrank f r o m  

9.13 t o  2.77 pe rcen t ;  and f o r e s t  decreased from 8.41 t o  3.50 pe rcen t .  

S ince s e t t l e m e n t ,  a g r i c u l t u r e  and urban development have changed 

much o f  t h e  landscape o f  Ohio and Wisconsin.  A t  t h e  t i m e  o f  s e t t l e m e n t  

i n  1788, about 95 p e r c e n t  o f  t h e  Ohio t e r r i t o r y  was f o r e s t e d .  T h i s  

p r o p o r t i o n  decreased so r a p i d l y  t h a t  b y  1890 o n l y  18 p e r c e n t  o f  t h e  

o r i g i n a l  f o r e s t  cover  remained. By 1944 o n l y  14.8 p e r c e n t  remained, 

and most o f  t h a t  was c o n c e n t r a t e d  i n  t h e  rugged sou theas te rn  p a r t  o f  

t h e  s t a t e  ( O i l l e r  1944). For  i ns tance ,  i n  Miami County, Ohio ( g l a c i a l  

t i l l  p l a i n ,  once h e a v i l y  wooded), o n l y  3.4 p e r c e n t  o f  t h e  c o u n t y  was 

f o r e s t e d  as o f  1941, and 87 p e r c e n t  o f  t h a t  was on p r i v a t e l y  owned 

fa rms .  The average wood lo t  s i z e  on each farm was 4.1 h e c t a r e s  

(Schlemmer 1941 ) . By 1968 f o r e s t  cover  had inc reased  t o  24 p e r c e n t  o f  

t h e  s t a t e  w i t h  a l l  o f  t h e  g a i n s  o c c u r i n g  i n  t h e  k i l l  c o u n t r y  o f  t h e  

sou theas t  ( K i n g s l e y  and Mayer 1970). 

Us ing  r e c o r d s  f r o m  t h e  General Land O f f i c e  Survey and t h e  

Wiscons in  Land Economic I n v e n t o r y ,  C u r t i s  (1956) showed t h e  change i n  

wooded a rea  (maple-basswood f o r e s t )  i n  Cadiz Township, Green County, 

Wisconsin ( F i g .  1 ) .  By 1882, 80 p e r c e n t  o f  t h e  1831 p r e s e t t l e m e n t  
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F i g ,  1 .  Changes i n  wooded a rea  o f  Cadiz Towtiship, Green County, 
Wisconsin (89 5 4 '  W . ,  43 3 0 '  N . ) ,  d u r i n g  t h e  p e r i o d  o f  
European s e t t l e m e n t .  The shaded areas r e p r e s e n t  t h e  l a n d  
r e m a i n i n g  i n  o r  r e v e r t i n g  t o  f o r e s t  i n  1882, 1902, and 1950. 

Source: C u r t i s ,  J .  T. 1956.  The m o d i f i c a t i o n  o f  m i d - l a t i t u d e  
g rass lands  and f o r e s t s  by man. pp. 721-736. I N  W .  L. Thomas 
(ed,) ,  Man's Ro le  i n  Changing t h e  F a c t  o f  t h e  E a r t h .  
Copywr igh t  b y  U n i v e r s i t y  o f  Chicago Press,  Chicago, I l l i n o i s .  
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forest had been cleared. 

1935, and to 96 percent by 1950. 

This proportion increased to 90 percent by 

The development of forest islands ifi the prairie-forest transition 

zone involved more than just the leaving behind o f  remnant forests. I n  

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, 

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

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

dynamics o f  the region. Agricultural clearing broke LIP 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 o f  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 i s  restricted to rocky, 

thin-soiled hilltops not suited for crops or pasture. 
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The type of l a n d  survey exer t s  a s t r o n g  influence on pat terns  o f  

l a n d  ownership a n d  therefore  an ind i rec t  influence on l a n d  use and 

landscape pa t te rn .  

u t i  1 ized topography and n a t u r a l  fea tures  a s  reference p o i n t s ,  r esu l t ing  

i n  property l ines  tending t o  follow the lay of the l a n d  (Marschner 

1 9 5 9 ) .  In  areas covered by the General Land Office Survey, property 

l i nes  and l a n d  use followed the a rb i t r a ry  g r i d  system. Not un t i l  

90 percent of the l a n d  in Dane county, Wisconsin had been p u t  i n t o  

agr icu l ture ,  d i d  fo re s t  is lands begin to r e f l e c t  topography ra ther  t h a n  

the system of l a n d  survey (Cur t i s  1956). Clearing of woodlands 

generally began nearest  t o  sect ion l i ne  r o a d s ,  often leaving f o r e s t  

is lands i n  the center of sect ions and  on farms i n  areas f a r t h e s t  from 

r o a d s .  Forest islands i n  these areas tend t o  be square or rectangular 

and  somewhat evenly d is t r ibu ted  over the land, unlike those f o u n d  i n  

areas surveyed by metes and bounds  (D i l l e r  1944) .  

The system of metes and  bounds (used before 1785) 

I have discussed some o f  the f ac to r s  influencing landscape pat tern 

i n  man-dominated landscapes. I t  remains t o  be shown how landscape 

pat tern i t s e l f  may a f f ec t  ecosystem processes. 

Dvnarnics of  Forest Islands 

Creation of a landscape pattern composed of isolated f o r e s t  

is lands i n  a sea of nonforest lends i t s e l f  t o  an appl icat ion of island 

biogeography concepts, by analogy i f  n o t  i n  quant i f iab le  f a c t .  Island 

biogeography theory (MacArthur a n d  Wilson 1963, 1967)  predicts  t h a t  

species richness o f  an island a t  equilibrium i s  determined by a balance 

between immigration a n d  ext inct ion r a t e s  as affected by island s i ze  a n d  
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distance from mainland sources. 

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 o f  

the more mesic species found in valleys or bottomlands and heavily 

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

classes of trees normally important as wildlife habitat. 

principles have been applied to the design of w ldlife refuges (Diamond 

1975, 1976; Faaborg 1979; Simberloff and Abele 976; Sullivan and 

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

(Picton 1979). 

The theary has been expanded to 

These 

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

the number of tree species increased rapidly with increasing island 

s i z e  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. Kanney and Johnson (1977) studied the relationship between seed 

dispersal and interisland distance. Increased isolation of forest 

islands tends to prevent the easy exchange o f  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 1956, Auclair 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 

I_ 
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b y  b i r d s .  Species r i c h n e s s  may t h e r e f o r e  be i n v e r s e l y  r e l a t e d  t o  t h e  

degree of i s l a n d  i s o l a t i o n  (Levenson 1976). 

Species compos i t ion  and d i s t r i b u t i o n  i s  i n f l u e n c e d  b y  i s l a n d  s i z e  

and shape and b y  success iona l  processes. The s i z e  and shape a f f e c t  t h e  

r n i c r o c l i n i a t i c  c o n d i t i o n s  w i t h i n  an i s l a n d .  F o r e s t  edge c o n d i t i o n s  tend 

t o  be more x e r i c  than those i n  t h e  i n t e r i o r  and f a v o r  p i o n e e r  spec ies  

such as oaks, h i c k o r i e s ,  and w i l l o w s ,  w h i l e  beech and sugar  maple a r e  

o f t e n  c o n f i n e d  t o  t h e  i n t e r i o r  (Wales 1972, Levenson 1976).  I s l a n d s  

l a r g e r  than 2.3 h e c t a r e s  a r e  capab le  o f  d e v e l o p i n g  r e l a t i v e l y  mesic  

i n t e r i o r s  b y  a m e l i o r a t i n g  t h e  d e s s i c a t i n g  e f f e c t s  o f  sun and wind. 

I s l a n d s  s m a l l e r  than 2.3 h e c t a r e s  o r  w i t h  a l a r g e  p e r i m e t e r /  a rea  r a t i o  

(e.g., Great  P l a i n s  s h e l t e r b e l t s )  a r e  r e l a t i v e l y  x e r i c  t h r o u g h o u t  and 

tend t o  be a l l  "edge." I n  s m a l l  i s l a n d s  o r  i s l a n d s  r e s t r i c t e d  t o  x e r i c  

s i t e s ,  success ion  may be a r r e s t e d  a t  a subcl imax s tage e f f e c t i v e l y  

s e l f - i n s u l a t i n g  t h e  i s l a n d  f r o m  t h e  development o f  more mesic  c l i m a x  

spec ies  such as beech and maple. I n  t h e  l a r g e r  f o r e s t  i s l a n d s ,  t r e e  

s p e c i e s  r i c h n e s s  i s  g r e a t e s t  a l o n g  i s l a n d  edges where an imal -  and 

w ind-d ispersed spec ies  t e n d  t o  be concent ra ted ,  and decreases i n  t h e  

i s l a n d  i n t e r i o r  where a few shade t o l e r a n t  mesic  spec ies  become 

domi nan 1; (Levenson 1976, Ranney 1978). 

The degree o f  c o n n e c t i v i t y  between i s l a n d s  has been shown t o  be a 

r e l e v a n t  landscape f e a t u r e .  Av ian d i v e r s i t y  i s  improved w i t h  t h e  

presence o f  c o r r i d o r s  between i s l a n d s  (Whitcomb 1977).  H a b i t a t  

c o r r i d o r s  such as fence rows a r e  h e a v i l y  used b y  b i r d s  and s m a l l  

mammals and may r e l i e v e  ( t o  some degree)  t h e  i s o l a t i n g  e f f e c t  o f  

f a r m l a n d  s u r r o u n d i n g  a f o r e s t  i s l a n d  (Megner and Merr iam 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 cupid0 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 o f  rough terrain or poor soils 

(Curtis 1956, Auclair and Cottam 1971, Auclair 1976). 

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

inherently unsuitable for some species due t o  a lack of proper 

rnicrosites. This loss o f  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. 

These areas may 

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

islands are cut and new ones created from abandoned farm o r  pasture 

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

turnover can be expected to correlate with the age o f  forest islands 

and their composition, in terms o f  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 o f  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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r a t e s .  F o r e s t  i s l a n d s  and o t h e r  areas o f  n a t u r a l  h a b i t a t  o f t e n  a r e  

r e s t r i c t e d  t o  parks,  cemeter ies ,  g o l f  courses, and rough t e r r a i n .  I t  

i s  expected t h a t  c o n t i n u i n g  u r b a n i z a t i o n  w i l l  f u r t h e r  reduce i s l a n d  

s i z e  and i n c r e a s e  i s l a n d  i s o l a t i o n  ( G r e l l e r  1975, Davis  and G l i c k  1978).  

Land use may a l s o  have d i r e c t  e f f e c t s  on v e g e t a t i o n  dynamics. The 

degree and t y p e  o f  d i s t u r b a n c e ,  e.¶., g r a z i n g ,  d isease,  s e l e c t i v e  

l o g g i n g  and f i r e  s t r o n g l y  a f f e c t  t h e  c o m p o s i t i o n  and s t r u c t u r e  o f  

f o r e s t  i s l a n d s .  I n  Wisconsin,  t h e  c o m p o s i t i o n  o f  oak-dominated f o r e s t  

i s l a n d s  s h i f t s  t.oward maple-basswood dominance i f  l e f t  u n d i s t u r b e d  

(Cot tam 1949).  

a c c e l e r a t e  t h i s  t r e n d ,  i f  maple and basswood seeds a r e  a v a i l a b l e ,  w h i l e  

g r a z i n g  tends  t o  m a i n t a i n  t h e  f o r e s t  i n  a more x e r i c  p i o n e e r  s t a g e  

(Cot tam 1949, A u c l a i r  and Cottam 1971). Repeated l o g g i n g  and g r a z i n g  

i n  Ohio wood lo ts  has r e s u l t e d  i n  l i m i t e d  t r e e  r e p r o d u c t i o n  o r  

p r e f e r e n t i a l  r e p r o d u c t i o n  o f  p r o l i f i c  seed producers,  e.g., American 

elm, w h i t e  ash, and sugar  maple (Schlemmer 1941, D i l l e r  1944).  

S e l e c t j v e  l o g g i n g  o f  oaks and oak w i l t  d i s e a s e  t e n d  t o  

D e s c r i p t i o n  of Landscape P a t t e r n  

One goa l  o f  eco logy  i s  t o  o r g a n i z e  and e x p l a i n ,  w i t h i n  a 

t h e o r e t i c a l  framework, t h e  growing  body o f  knowledge c o n c e r n i n g  

ecosystems and t h e i r  f u n c t i o n s .  L i t t l e  i s  known about  how ecosystems 

processes a r e  a f f e c t e d  i n  i i ian-dominated landscapes. One l o g i c a l  s t e p  

toward address ing  t h i s  problem i s  t h e  i d e n t i f i c a t i o n  and measurement of  

e c o l o g i c a l l y  r e l e v a n t  landscape p r o p e r t i e s  which emphasize t h e  dynamics 

o f  f o r e s t  i s l a n d s .  Q u a n t i f i a b l e  v a r i a b l e s  a r e  needed t o  d e s c r i b e  

landscape p a t t e r n  and r e l a t e  p a t t e r n  t o  ecosystem processes.  These 
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variables include measures and indices relat 

islands and their interactions, i.e., island 

measures or indices of general landscape att 

variables; and measures of how the landscape 

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

ng to specific forest 

variables; synthesized 

ibutes, i.e., landscape 

pattern is changing over 

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 i s  

of the form 

where TP i s  the total perimeter and A is the area. D I  campares 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 o f  1.5 indicates that the forest has 50 percent more 

perimeter than a circle o f  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 i s  usually some type of natural or cultural vegetation i n  the 

sense of Kuchler (1969). 
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Synthes ized i n d i c e s  o f  i s o l a t i o n  can be c a l c u l a t e d  f o r  each 

i s l a n d .  An average measure o f  i s o l a t i o n  ( K i n g  1969) i s  d e r i v e d  b y  

d e t e r m i n i n g  t h e  d i s t a n c e ,  rij, between a p a r t i c u l a r  i s l a n d ,  j ,  t o  a 

number, n, o f  i t s  r ie ighbors : 

The c o n n e c t i v i t y  between f o r e s t  i s l a n d s  as measured b y  t h e  number o f  

i n t e r i s l a n d  l i n k a g e s  o r  c o r r i d o r s ,  can be summarized i n  t h e  

a c c e s s i b i l i t y  index  (A)  which f o r m a l i z e s  t h e  c o n n e c t i v i t y  between a 

s p e c i f i c  patch,  j, and o t h e r s  i n  i t s  v i c  n i t y  as: 

where dij i s  t h e  presence o f  a l i n k a g e  between i s l a n d s  i and j (Lowe 

and Moryadas 1975). 

Other  v a r i a b l e s  which have been used i n  v e g e t a t i o n  and 

env i ronmenta l  a n a l y s i s  i n c l u d e  e l e v a t i o n ,  aspect ,  s l o p e  p e r c e n t ,  

landscape t o p o g r a p h i c  p o s i t i o n ,  s o i l s c a p e  p o s i t i o n  index,  s o i l  

p r o p e r t i e s ,  and s o i l  management c l a s s e s  ( A u c l a i r  1976).  The v a r i a b l e s  

can be used t o  d e s c r i b e  t h e  l o c a t i o n  o f  i s l a n d s  a l o n g  env i ronmenta l  

g r a d i e n t s .  

Landscape v a r i a b l e s  a r e  s y n t h e s i z e d  measures o f  genera l  landscape 

a t t r i b u t e s .  Some examples i n c l u d e  s t a n d a r d  d i s t a n c e  index,  

c o n n e c l i v i t y  index,  p a t c h  d i s t r i b u t i o n  (random, u n i f o r m ,  c l u s t e r e d ) ,  

and p a t c h  g r a i n  ( d e n s i t y  p e r  u n i t  a rea) .  Table 1 l i s t s  landscape 
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Table 1 .  Sample landscape pattern variables for Cadiz Township, Green County 
Wisconsin. Variables 1-3, 7, 12 based on Curtis (1956). 

Var i ab 1 es 1831 1882 1902 1950 
- - _  

1. Total forest area (ha)  8720 2582 84 1 318 

2. Number o f  forest islands 1 70 61 55 

3. Average size (ha) 87 20 36.9 13.8 5.8 

4. Average interisland distance, r ( m )  - 758 751 760 
C 

(centroid to centroid) 

5. Average interisland distance, r (a)  - 153 332 339 
e 

(edge to edge) 

6. Total periphery o f  woodlots (kin) 39.8 159.3 98.5 64.1 

7 .  Amount o f  edge (rn) per ha of forest 4.6 61.7 117 202 

8 .  Amount o f  edge (m) per ha  of study area 4.1 17.1 10.6 6.9 

9. Nearest neighbor statistic, R 1.31 1.21 1.17 

(centroid to centroid) 

10. Nearest neighbor statistic, R 0.27 0.45 0.44 

edge to edge 

1 1 .  Percent of study area in forest vegetation 93.5 27.7 9 .o 3.4 

12. Percent o f  original forest area 100 29.6 9.6 3.6 
- 
r 

r 
4.85 2 .24  2.25 c 1 3 .  

I 

f 

1 4 .  Connectivity index 32 6 0 
__ I.-- 

~ 

Source: Curtis, ,I. T. 1956. The modification of mid-latitude qrasslands and forests 
by man. pp. 121-736. I N  W .  L .  Thomas ( e d . ) ,  Man's Role i n  Changing the Face 
of the Farth. University of Chicago Press ,  Chicago, Illinois. 



a t t r i b u t e s  t h a t  have been c a l c u l a t e d  f o r  t h e  landscape ( F i g .  1, p. 18) 

s t u d i e d  by C u r t i s  (1956) .  

The s t a n d a r d  d i s t a n c e  index  i s  a measure o f  aggregate d i s t a n c e  

between a s e r i e s  o f  p o i n t s ,  and t h u s  i s  an i n d i r e c t  measure o f  t h e  

i s o l a t i o n  o f  f o r e s t  i s l a n d s :  

2 i n  wh ich  uX and c? a r e  t h e  v a r i a n c e s  o f  t h e  x and y c o o r d i n a t e s  o f  a 

number o f  i s l a n d  c e n t r o i d s  (Lowe and Moryadas 1975).  
Y 

The c o n n e c t i v i t y  index  ( T a b l e  1, row 14) summarizes t h e  number o f  

l i n k a g e s  between p o i n t s  (Lowe and Moryadas 1975).  

t a l l y  o f  l i n k a g e s  between p a i r s  o f  i s l a n d s ,  and i n v o l v e s  s e t t i n g  up a 

c o n n e c t i v i t y  m a t r i x  showing t h i s  i n f o r m a t i o n  f o r  a l l  i s l a n d s  i n  t h e  

s t u d y  area. 

I t i s  based on a 

One measure o f  i s l a n d  d i s t r i b u t i o n  i s  t h e  C l a r k  and Evans measure 

o f  a g g r e g a t i o n  ( C l a r k  and Evans 1954, 1979; P i e l o u  1977; S i m b e r l o f f  

1979) : 

- 
R, = 2 r  ( h l n )  

C 

i n  which r i s  t h e  average d i s t a n c e  f r o m  a f o r e s t  i s l a n d  t o  i t s  

n e a r e s t  n e i g h b o r  ( c e n t r o i d  t o  c e n t r o i d )  and A i s  t h e  d e n s i t y  o f  

f o r e s t  i s l a n d s  (number p e r  h a ) .  I n  a randomly d i s t r i b u t e d  p o p u l a t i o n  

of i s l a n d s ,  R c  equa ls  1 ;  f o r  aggregated p o p u l a t i o n s  R c  i s  l e s s  t h a n  

1 and f o r  u n i f o r m l y  d i s t r i b u t e d  p o p u l a t i o n s ,  R approaches a maximum 

C 

C 
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of 2.1491. I f  the density of forest islands is known with certainty, 

then deviation from randomness can be tested. 

computed using the edge to edge distances in calculating the averagc2 

Rc can also be 

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

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

b e  useful for studying relative change over time. 

correlated with land use patterns and the type o f  land survey used to 

e 
Re should be 

divide up the public domain. 

concerning the nature o f  changing landscape pattern (Table 1 ,  

Changes in Re over time can give clues 

rows 9-12). 
- 
r 

r 
The ratio 4 - , where re is the average edge to edge distance from 

e 
a forest island to i t s  nearest neighbor, gives indirect information 

concerning the size and distribution o f  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). 

Spatio-temporal variables are measures o f  how the landscape 

pattern is changing 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 o f  landscape pattern. Rates of change in island and landscape 

variables a l s o  can be quantified. 



30 

There has been l i t t l e  r e s e a r c h  address ing  t h e  q u e s t i o n  o f  how t o  

d e s c r i b e  t h e  s p a t i o - t e m p o r a l  p a t t e r n  o f  man-dominated landscapes 

c h a r a c t e r i z e d  b y  f o r e s t  i s l a n d  ecosystems. There i s  a l s o  a l a c k  o f  

u n d e r s t a n d i n g  about how t h e  landscape p a t t e r n  a f f e c t s  b a s i c  ecosystem 

processes i n  these landscapes. There a r e  many q u e s t i o n s  t o  be answered 

c o n c e r n i n g  ecosystem s t a b i l i t y  w i t h  r e s p e c t  t o  l a n d  use, b i o l o g i c a l  

d i v e r s i t y ,  and spec ies  e x t i n c t i o n  b e f o r e  e c o l o g i c a l l y  o r i e n t e d  

i n f o r m a t i o n  o f  t h i s  n a t u r e  can be i n c o r p o r a t e d  i n t o  r e s o u r c e  management 

d e c i s i o n s  on a r e g i o n a l  s c a l e .  I t  may be p o s s i b l e  t h a t  m u l t i v a r i a t e  

a n a l y s i s  i n v o l v i n g  i s l a n d  v a r i a b l e s ,  landscape v a r i a b l e s ,  and 

s p a t i o - t e m p o r a l  v a r i a b l e s  can be used t o  d e s c r i b e  and c l a s s i f y  f o r e s t  

i s l a n d  landscape p a t t e r n  i n  c o n j u n c t i o n  w i t h  mathemat ica l  models 

d e s c r i b i n g  i t s  dynamics. T h i s  can l e a d  t o  a g r e a t e r  unders tand ing  o f  

how b a s i c  ecosystein f u n c t i o n s  a r e  a f f e c t e d  b y  landscape p a t t e r n  and how 

man can b e t t e r  i n t e g r a t e  h i s  a c t i v i t i e s  w i t h  t h e  env i ronment .  



111. METHODS 

I n t r o d u c t i o n  

A p r i m a r y  goal  o f  t h i s  s t u d y  was t o  develop a methodology t o  

q u a n t i t a t i v e l y  d e s c r i b e  landscapes i n  terms of t h e  d i s t r i b u t i o n  

p a t t e r n s  o f  f o r e s t  i s l a n d s  and s e l e c t e d  env i ronmen ta l  parameters.  

Accomplishment o f  t h i s  goa l  r e q u i r e d  t h e  i d e n t i f i c a t i o n  and measurement 

o f  v a r i a b l e s  s u i t a b l e  f o r  r e p r e s e n t i n g  p r o p e r t i e s  emergent w i t h  t h e  

s c a l e  of  a s i n g l e  u n i t  of s t u d y  ( a  landscape)  and y e t  c a p t u r i n g  t h e  

essence of v a r i a t i o n  among landscapes. 

As a f i r s t  s tep,  t h e  u n i t s  o f  s t u d y  ( landscapes)  had t o  be d e f i n e d  

i n  more c o n c r e t e  terms. A l though t h e  d i c t i o n a r y  d e f i n e s  a landscape as 

an area of  l a n d  seen by an observer ,  i t  does n o t  s t a t e  how l a r g e  t h a t  

p o r t i o n  must be, because., o f  course, t h e  s i z e  depends upon t h e  vantage 

p o i n t  o f  t h e  observer .  For example, an obse rve r  on a h i l l t o p  can 

u s u a l l y  see more t e r r i t o r y  t h a n  one i n  a v a l l e y ,  b u t  l e s s  t h a n  an 

a i r p l a n e  p i l o t  f l y i n g  overhead, and f a r  l e s s  than  an a s t r o n a u t  i n  an 

o r b i t i n g  capsule.  The landscape p r o p e r t i e s  t h a t  may be of i n t e r e s t  t o  

an i n v e s t i g a t o r  a r e  i n  t u r n  dependent upon landscape sca le .  R e l a t i v e  

d e n s i t y ,  f requency,  and basa l  area of t r e e  species,  i n d i c e s  o f  

s i m i l a r i t y ,  s lope,  aspect,  and s o i l  t y p e  a r e  a l l  landscape p r o p e r t i e s  

adequa te l y  c a p t u r e d  f r o m  t h e  one- ten th  h e c t a r e  p l o t s  n o r m a l l y  used i n  

v e g e t a t i o n  s t u d i e s .  On t h e  o t h e r  hand, i n f o r m a t i o n  p e r t a i n i n g  t o  

landscape p a t t e r n  i n  terms o f  t h e  s i zes ,  shapes, and numbers o f  f o r e s t  

i s l a n d s ,  l a n d  f o r m  c lasses ,  and soi l  mosaics r e p r e s e n t  p r o p e r t i e s  

emergent o n l y  a t  a s c a l e  measured i n  hundreds o r  thousands o f  

31 
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h e c t a r e s .  The s i z e  o f  a s t u d y  area  i s  t h e r e f o r e  dependent upon t h e  

purpose o f  t h e  i n v e s t i g a t o r .  For t h i s  i n v e s t i g a t i o n ,  t h e  s t u d y  areas 

were s e v e r a l  thousand h e c t a r e s  i n  s i z e .  

Data Sources ___ 

The i d e a l  sources o f  f o r e s t  i s l a n d  i n f o r m a t i o n  f o r  t h i s  s t u d y  

would have been a s e r i e s  o f  maps showing t h e  e x t e n t  and l o c a t i o n  o f  

f o r e s t  cover  a t  a s c a l e  s u f f i c i e n t l y  l a r g e  t o  make d i s t a n c e  and area  

measurements r e a s o n a b l y  a c c u r a t e l y ,  b u t  s u f f i c i e n t l y  s m a l l  t o  c o n t a i n  a 

reasonab le  number o f  p o t e n t i a l l y  c o n t r a s t i n g  landscape t y p e s .  I t was 

necesary  t o  sample a number o f  landscapes w i t h  c o n t r a s t i n g  f o r e s t  

i s l a n d  p a t t e r n s  i n  o r d e r  t o  t e s t  t h e  f e a s i b i l i t y  o f  d i s t i n g u i s h i n g  

d i f f e r e n t  landscape t y p e s  on t h e  b a s i s  o f  t h e  s e l e c t e d  q u a n t i t a t i v e  

measurements. I d e a l l y ,  t h e  sources o f  topograph ic ,  edaphic ,  and o t h e r  

env i ronmenta l  i n f o r m a t i o n  would have been maps a t  t h e  same s c a l e  as 

t h o s e  o f  f o r e s t  cover .  As i s  o f t e n  t h e  case, however, t h e  most 

av a 

t h e  

l a b l e  and conven ien t  sources o f  d a t a  f e  

The source used f o r  f o r e s t  i s l a n d  d a t a  

s t a t e  of Ohio d e p i c t i n g  f o r e s t  cover- on 

i n c h  t o  t h e  m i  

F o r e s t r y ,  were 

A d m i n i s t r a t i o n  

d e t a i l e d ,  l a r g  

f o r  r e g i o n s  i n  

1 s h o r t  o f  t h e  i d e a  . 
was a s e t  o f  c o u n t y  maps o f  

a s c a l e  o f  1:63,360 (one 

e ) .  The maps, produced b y  t h e  Ohio Department o f  

based on d a t a  c o l l e c t e d  w i t h  Works P r o j e c t s  

(WPA) a s s i s t a n c e  i n  t h e  l a t e  1930 's .  The maps p r e s e n t  a 

sca le ,  g r a p h i c  r e p r e s e n t a t i o n  o f  f o r e s t  i s l a n d  p a t t e r n s  

Ohio t h a t  d i f f e r  i n  s o i l ,  topography,  g l a c i a l  and l a n d  

use h i s t o r y .  Some o f  t h e  c o u n t y  f o r e s t  maps a r e  hand-colored,  t h e  

f o r e s t  i s l a n d s  coded a c c o r d i n g  t o  fo res t .  t ype ,  e.g., Knox and Miami 
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counties.  Others are  coded by condition c l a s s ,  e.g., Summit and 

Franklin count ies ,  while o thers ,  e.g., Belmont County, showed only 

f o r e s t  shape and location without regard t o  f o r e s t  type o r  condition 

c l a s s .  Aerial photos can convey the same information regarding f o r e s t  

is land s i z e ,  shape, and locat ion,  b u t  were l e s s  readi ly  avai lable  and 

convenient t o  work w i t h  than the county f o r e s t  vegetation maps. 

t he  time period of the f o r e s t  is land data was i r r e l e v a n t ,  the 1939 

county f o r e s t  vegetation maps were judged  adequate f o r  t h i s  pro jec t .  

Since 

Aerial photographs were not avai lable  f o r  checking the accuracy o f  

t h e  1939 county vegetation maps. A q u a l i t a t i v e  evaluation o f  the 

accuracy o f  the  Miami County map was accomplished with the aid o f  a 

t a b l e  containing per t inent  f o r e s t  island information (Scklemmer 1941) 

and a e r i a l  photos f o r  the years 1949 and 1968. Twenty woodlots were 

se lec ted  f o r  analysis  i n  Newberry township in the northwest corner o f  

Miami County. These woodlots appeared i n  the 1939 map and i n  the 

a e r i a l  photos and were j u d g e d  t o  be s t a b l e  because the t r e e s  of t h e  

woodlots were mature out t o  the f o r e s t  edge and woodlot s i z e s  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 ae r i a l  photos. 

map were portrayed with la rger  s i z e s  and rounder shapes than those on 

the  a e r i a l  photos. These errors may have been due t o  a systematic bias 

associated with drawing the borders of woodlots.  T h e  t a b l e  o f  f o r e s t  

is land information l i s t e d  a greater  densi ty  of is lands than was found 

on the map. The ae r i a l  photos indicated t h a t  woodlots smaller than two 

hectares were l i k e l y  t o  have been oniitted from the map. This 

The results showed t h a t  woodlots on the 
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observation agrees w i t h  the  statement by Schlemmer (1941) tha t  only 

woodlots three acres ( 1 . 2  ha) o r  la rger  were included i n  h i s  analysis .  

These two types of e r ro r s  were assumed t o  be systematic,  t ha t  i s ,  a l l  

of the vegetation maps were assuiiied t o  omit small is lands and portray 

the res t  s l i g h t l y  la rger  and rounder than should have been the  case.  

The e r r o r s  were j u d g e d  small enough not t o  obscure o r  d i s t o r t  

comparisons made between sample landscapes portrayed on the 1939 maps 

b u t  were large enough t o  preclude accurate time s e r i e s  comparisons 

between the  1939 maps and the ae r i a l  photos. 

Topographic and edaphic information was obtained from the  National 

Atlas of the  United S ta tes  of America (USDI 1970). Glacial h i s to ry  was 

determined from a map showing the  g lac ia l  deposi ts  of O h i o  (Ohio Dept. 

o f  Natural Resources 1966). Information concerning potent ia l  natural  

vegetat ion,  as defined by Kuchler (1964) ,  was obtained from the 

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

vegetation of presett lement Ohio. 

Data Collection 

As a f i r s t  s tep i n  quantifying f o r e s t  is land pa t te rns ,  study areas 

( 1  andscapes) \were del imi ted on selected county vegetation maps and 

assigned a th ree  l e t t e r  i d e n t i f i e r .  Because of the  time required t o  

measure necessary var iables  in an area containing possibly hundreds o f  

f o r e s t  i s lands ,  only a l imi ted  niirnber o f  landscapes could be measured. 

W i t h  t h i s  cons t ra in t  in m i n d ,  the primary consideration was t o  obtain a 

sample of landscapes representing a var ie ty  of f o r e s t  is land pa t te rns .  

Therefore the placement of study areas was based so le ly  on perceived 
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v a r i a t i o n  of f o r e s t  i s l a n d  p a t t e r n ,  b o t h  w i t h i n  a s i n g l e  coun ty  and 

among d i f f e r e n t  c o u n t i e s .  

p o s s i b l e ,  w h i l e  m i n i m i z i n g  b i a s  toward o t h e r  c o n s i d e r a t i o n s .  

landscapes were w i d e l y  d i s t r i b u t e d  th roughou t  Ohio and were l o c a t e d  i n  

areas w i t h  d i s t i n c t l y  d i f f e r e n t  p a t t e r n s  o f  topography,  s o i l s ,  and 

g l a c i a l  h i s t o r y  ( F i g .  2) even though no s p e c i a l  e f f o r t s  were made 

toward  those ends. 

The goa l  was t o  c a p t u r e  as much v a r i a t i o n  as 

The 

M i a m i  County was i n i t i a l l y  chosen as a r e g i o n  r e p r e s e n t i n g  maximum 

d e s t r u c t i o n  and f r a g m e n t a t i o n  o f  o r i g i n a l  f o r e s t  due t o  man's 

a c t i v i t i e s .  

f o r e s t  i s l a n d s  were smal l ,  more o r  l e s s  square t o  r e c t a n g u l a r ,  and 

w i d e l y  separated.  I n  c o n t r a s t ,  Belmont County was chosen f o r  sampl ing 

because i t  c o n t a i n e d  landscapes w i t h  f o r e s t  i s l a n d  p a t t e r n s  much 

d i f f e r e n t  f r o m  those  o f  M i a m i  County. The coun ty  as a whole had much 

more f o r e s t  coverage w i t h  a l a r g e r  number o f  b i g g e r  and more 

i r r e g u l a r l y  shaped f o r e s t  i s l a n d s .  Knox, Summit, Holmes, and Coshocton 

c o u n t i e s  were sampled because t h e y  con ta ined  landscapes t h a t  were 

p e r c e i v e d  t o  be d i f f e r e n t  f rom landscapes i n  Miami and Belmont c o u n t i e s  

i n  terms o f  t h e  s i zes ,  shapes, and numbers o f  f o r e s t  i s l a n d s .  F i g u r e  3 

i s  an example of t h e  f o r e s t  i s l a n d  p a t t e r n s  f o r  s e v e r a l  af t h e  

landscapes used i n  t h e  study. 

F o r e s t  covered o n l y  about  t h r e e  p e r c e n t  o f  t h e  coun ty  and 

The t h r e e  aspects  o f  f o r e s t  i s l a n d  p a t t e r n  gove rn ing  t h e  s i z e  and 

placement o f  s t u d y  areas were d e n s i t y ,  i n t e n s i t y ,  and g r a i n .  The 

d e n s i t y  o f  f o r e s t  i s l a n d s  i s  s i m p l y  t h e  number o f  i s l a n d s  pe r  u n i t  

area. I n t e n s i t y  i s  t h e  " e x t e n t  t o  which d e n s i t y  v a r i e s  f rom p l a c e  t o  

p l a c e "  ( P i e l o u  1977), b u t  f o r  t h e  purposes o f  t h i s  p r o j e c t ,  i n t e n s i t y  
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i s  g e n e r a l i z e d  t o  i n c l u d e  any n o t i c e a b l e  v a r i a t i o n  of  f o r e s t  p a t t e r n  i n  

t e r m  o f  t h e  s i z e s ,  shapes, numbers, and spacings of f o r e s t  i s l a n d s .  

Used i n  t h i s  manner, i n t e n s i t y  i s  synonymous w i t h  c o n t r a s t  (sensu _I_-- 

K i jch le r  1973) .  Thus, c o u n t i e s  w i t h  p a t t e r n s  o f  h i g h  i n t e n s i t y  w i l l  

have areas of  s h a r p l y  c o n t r a s t i n g  f o r e s t  i s l a n d  p a t t e r n s .  Count ies  

w i t h  low i n t e n s i t y  p a t t e r n s  w i l l  appear t o  be somewhat homogeneous 

t h r o u g h o u t .  G r a i n  i s  independent  o f  i n t e n s i t y  and r e f e r s  t o  t h e  s i z e  

o f  t h e  area  c o n t a i n i n g  t h e  whole range o f  p a t t e r n  i n t e n s i t i e s  ( P i e l o u  

1977).  There fore ,  a r e g i o n  w i t h  coarsed-gra ined p a t t e r n  w i  11 have 

r e l a t i v e l y  l a r g e  c o n t r a s t i n g  areas compared t o  a f i n e d - g r a i n e d  r e g i o n  

w i t h  s ina l le r ,  b u t  more numerous, areas o f  c o n t r a s t .  

The d e n s i t y  o f  f o r e s t  i s l a n d s  governed t h e  i n i t i a l  c h o i c e  o f  s t u d y  

area s i z e .  The d e s i r e  ( i n  landscapes w i t h  l i t t l e  f o r e s t  c o v e r )  was t o  

have a t  l e a s t  40 f o r e s t  i s l a n d s  p e r  landscape i n  o r d e r  t o  adequate ly  

capture ,  i n  one sample, t h e  "essence" o f  t h e  f o r e s t  i s l a n d  p a t t e r n .  

For  examp e, a s t u d y  a r e a  t h a t  was t o o  s m a l l  t o  adequate ly  measure 

f o r e s t  i s  and d e n s i t y  would be more l i k e l y ,  on t h e  b a s i s  o f  chance 

a lone,  t o  o v e r -  o r  under - represent  some landscape p r o p e r t y ,  thus  

r e q u i r i n g  a d d i t i o n a l  samples t o  compensate f o r  t h e  v a r i a t i o n  among 

samples. The i n i t i a l  c h o i c e  o f  s i z e  was based upon i n s p e c t i o n  o f  Miami 

County, Ohio, where t h e  d e n s i t y  and coverage o f  f o r e s t  i s l a n d s  were t h e  

lowest o f  a l l  r e g i o n s  s t u d i e d .  An area t h e  s i z e  of one townsh ip  

(9324 h e c t a r e s  o r  36 square m i l e s )  appeared t o  adequate ly  r e p r e s e n t  

f o r e s t  i s l a n d  p a t t e r n  even i n  t h e  l e a s t  dense r e g i o n s  o f  Miami County. 

But  because t h e  boundar ies  o f  t h e  townships i n  Miami County were 
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somewhat i r r e g u l a r ,  s t u d y  areas were c o n v e n i e n t l y  d e f i n e d  as squares 

t e n  k i l o m e t e r s  on a s i d e  (10000 h e c t a r e s ) .  

A l though n o t  q u a n t i t a t i v e l y  t e s t e d ,  10000 h e c t a r e s  was b e l i e v e d  t o  

be a s u f f i c i e n t l y  l a r g e  landscape t o  adequa te l y  c a p t u r e  t h e  essence of 

t h e  l e a s t  dense f o r e s t  i s l a n d  p a t t e r n  t h a t  was l i k e l y  t o  be 

encountered.  For  t h e  sake of cons is tency ,  10000 h e c t a r e  landscapes 

were d e l i m i t e d  i n  a l l  o t h e r  c o u n t i e s ,  excep t  one, even though i n  some 

cases a much s m a l l e r  s t u d y  a rea  m i g h t  have s u f f i c e d .  

County, t h e  s t u d y  areas were 9324 h e c t a r e s  and corresponded t o  t h e  

boundar ies  o f  c o n v e n i e n t l y  l o c a t e d  Lownships. The r e l a t i v e l y  smal l  

d i f f e r e n c e  between 10000 h e c t a r e s  and 9324 h e c t a r e s  was n o t  b e l i e v e d  t o  

be an i m p o r t a n t  source o f  v a r i a t i o n  i n  f u t u r e  analyses because t h e  

landscape v a r i a b l e s  t h a t  were e v e n t u a l l y  c a l c u l a t e d  were expressed i n  

u n i t s  independent o f  s t u d y  a rea  s i z e .  C e r t a i n  townships (Sommerset, 

Union, and Washington) were used t o  d e l i n e a t e  landscapes i n  Belmont 

County f o r  t h r e e  reasons: ( 1 )  The townships were c o n v e n i e n t l y  l o c a t e d ;  

( 2 )  Belmont County had a r e l a t i v e l y  h i g h  d e n s i t y  o f  f o r e s t  i s l a n d s  t h a t  

r e q u i r e d  t e d i o u s  measurement. Therefore, s m a l l e r  s t u d y  areas c o u l d  be 

used t o  o b t a i n  t h e  d e s i r e d  i n f o r m a t i o n  i n  l e s s  t ime ;  and ( 3 )  W i t h i n  t h e  

county ,  t h e r e  was an east -west  g r a d i e n t  o f  l a r g e  t o  smal l  i s l a n d s .  

T h i s  g r a d i e n t  tended t o  genera te  a f i n e r  g r a i n e d  p a t t e r n  (compared t o  

t i l e  o t h e r  c o u n t i e s )  t h a t  was s l i g h t l y  more s u i t e d  t o  s m a l l e r  s i z e d  

s t u d y  areas.  

In Belmont 

Placement o f  s t u d y  areas, b o t h  w i t h i n  and among c o u n t i e s ,  was 

based on p e r c e i v e d  p a t t e r n  i n t e n s i t y .  I n  a lmost  a l l  cases, t h e  g r a i n  

o f  t h e  p a t t e r n  was coarse enough so t h a t  10000 h e c t a r e  landscapes c o u l d  
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be p l a c e d  w i t h i n  areas where t h e  i n t e r n a l  f o r e s t  i s l a n d  p a t t e r n  

appeared t o  be r e l a t i v e l y  homogeneous. I n  o n l y  one case ( T I V )  was t h e  

shape o f  t h e  s t u d y  area changed f r o m  a square t o  a r e c t a n g l e  i n  o r d e r  

t o  b e t t e r  f i t  t h e  g r a i n  o f  t h e  p a t t e r n .  It was l a t e r  d i s c o v e r e d  t h a t  

an a d j a c e n t  c o u n t y  had a s i m i l a r  f o r e s t  i s l a n d  p a t t e r n  b u t  no s t u d y  

areas were p l a c e d  t h e r e  t o  t e s t  t h a t  apparent  s i m i l a r i t y .  

I n  another  case, i t  was d iscovered,  a f t e r  t h e  measurements were 

taken,  t h a t  a landscape i n  Summit Co. (BOS) appeared t o  s t r a d d l e  two 

"t.ypes" o f  f o r e s t  i s l a n d  p a t t e r n .  I n  o r d e r  t o  b e t t e r  sample t h e  two 

t y p e s  o f  p a t t e r n ,  two o t h e r  landscapes (RIC and HUD) were d e l i m i t e d  

s l i g h t l y  o f f s e t  f r o m  and/or p a r t l y  o v e r l a p p i n g  t h e  o r i g i n a l  landscape. 

The d a t a  f r o m  t h e  BOS landscape were r e t a i n e d  f o r  comparison w i t h  t h e  

o t h e r  landscapes i n  subsequent analyses.  

W i t h i n  each landscape, t h e  f o l l o w i n g  measurements were made: 

( 1 )  t h e  p e r i m e t e r  ( i n  m e t e r s )  and area ( i n  h e c t a r e s )  o f  each f o r e s t  

i s l a n d ,  ( 2 )  t h e  t o t a l  number o f  i s l a n d s ,  and ( 3 )  t h e  d i s t a n c e  ( i n  

m e t e r s )  between f o r e s t  i s l a n d  edges. The l o c a t i o n s  o f  t h e  landscapes 

were p l o t t e d  on t h e  s m a l l e r  s c a l e  topograph ic ,  edaphic ,  and v e g e t a t i o n  

maps, and each area c l a s s i f i e d  a c c o r d i n g  t o  l a n d  s u r f a c e  form, s o i l  

t y p e ,  g l a c i a l  h i s t o r y ,  p o t e n t i a l  n a t u r a l  v e g e t a t i o n  and o r i g i n a l  

p r e s e t t l e m e n t  v e g e t a t i o n .  

Area measurements were made w i t h  a t r a n s p a r e n t  g r i d  o v e r l a y  whose 
2 c e l l s  were two m i l l i m e t e r s  on a s i d e  o r  f o u r  mm . The area o f  an 

i n d i v i d u a l  i s l a n d  was e s t i m a t e d  b y  c o u n t i n g  ( t o  t h e  n e a r e s t  h a l f  c e l l )  

t h e  number o f  g r i d  c e l l s  c o n t a i n e d  w i t h i n  i t .  A p l a n i m e t e r  was used on 

l a r g e ,  i r r e g u l a r l y  shaped i s l a n d s  because o f  t h e  d i f f i c u l t y  encountered 
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when attempting to count large numbers of cells, many of which were 

only partially filled. 

meaning that each millimeter represented 63.36 meters. 

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; 

The scale of the vegetation maps was 1:63360, 

A l l  

No. o f  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 o f  transects across a study area and 

measuring t h e  distances across the open spaces separating island 

edges. One hundred such 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 different parts 

o f  "fingers" o f  the same island. Perimeter and interisland distance 

measurements were converted t o  meters on the basis that each millimeter 

equaled 63.36 meters thus; 

No. of meters = No. o f  millimeters X 63 .36 .  

Data Analysis 

The goal of quantifying landscape pattern required a mathematical 

analysis o f  landscape data. 

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 

Since many aspects of landscape pattern 
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s p e c i f i c  t y p e s  o f  measures o r  v a r i a b l e s  a s s o c i a t e d  w i t h  each 

landscape. Wi th  t h i s  f o r m a t  i n  mind, m u l t i v a r i a t e  s t a t i s t i c a l  

techn iques  were chosen t o  a i d  i n  the  d a t a  analyses.  

P r i o r  t o  p e r f o r m i n g  s t a t i s t i c a l  analyses,  t h e  r a w  d a t a  f o r  each 

landscape had t o  be conver ted  f ro in  t h e  i n i t i a l  form, c o n s i s t i n g  o f  

hundreds O F  measurements, t o  a condensed m u l t i v a r i a t e  form, c o n s i s t i n g  

of  a s e r i e s  of  con t inuous  " landscape"  v a r i a b l e s ,  whose p r o p e r t i e s  were 

c o n s i s t e n t  w i t h  t h e  s c a l e  o f  t h e  s t u d y  areas.  

techn iques  ( F a c t o r  a n a l y s i s  and d i s c r i m i n a n t  a n a l y s i s )  were then used 

t u  ana lyze  t h e  v a r i a t i o n  o f  f o r e s t  i s l a n d  p a t t e r n  among landscapes and 

r e l a t e  t h a t  v a r i a t i o n  t o  env i ronmenta l  p a t t e r n s  o f  topography,  s o i l s ,  

g l a c i a l  h i s t o r y ,  p o t e n t i a l  n a t u r a l  v e g e t a t i o n  and o r i g i n a l  v e g e t a t i o n .  

M u l t i v a r i a t e  s t a t i s t i c a l  

A t h e o r e t i c a l  model o f  f o r e s t  i s l a n d  p a t t e r n  was used as a 

c o n c e p t u a l  b a s i s  f o r  c a l c u l a t i n g  landscape v a r i a b l e s  f r o m  t h e  raw 

d a t a .  The t h e o r e t i c a l  model c o n s i d e r s  a h y p o t h e t i c a l  landscape o f  

f i n i t e  a rea  t h a t  c o n t a i n s  a p o p u l a t i o n  o f  c i r c u l a r  f o r e s t  i s l a n d s ,  each 

equa l  t o  one u n i t  o f  area. Such a landscape has a known coverage and 

d e n s i t y  o f  i s l a n d s .  Both mean and median i s l a n d  s i z e  i s  equal  t o  one 

u n i t  area, t h e  average i s l a n d  shape i s  a c i r c l e ,  and t h e  d i s t a n c e  

between i s l a n d s  i s  a f u n c t i o n  o f  t h e i r  s i z e ,  spac ing,  and d e n s i t y .  I f  

we t a k e  t h a t  landscape and d i v i d e  each i s l a n d  i n t o  two equal  c i r c l e s ,  

t h e n  t h e  d e n s i t y  doubles b u t  t h e  coverage remains the  same. 

Conversely ,  i f  we i n c r e a s e  t h e  s i z e  o f  each i s l a n d  b u t  do n o t  c r e a t e  

any more i s l a n d s ,  then coverage increases  w h i l e  d e n s i t y  remains 

c o n s t a n t .  Adding new i s l a n d s  i n c r e a s e s  b o t h  coverage and d e n s i t y .  
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F i g u r e  4 p o r t r a y s  t h i s  concept  w i t h  h y p o t h e t i c a l  landscapes, w h i l e  

F i g u r e  5 i s  a more mathemat ica l  r e p r e s e n t a t i o n ,  i .e.,  a nomogram. 

An a c t u a l  landscape d i f f e r s  f rom a h y p o t h e t i c a l  landscape p a t t e r n  

i n  two ways. For  a g i v e n  cove r  and d e n s i t y ,  t h e  f o r e s t  i s l a n d s  i n  a 

s t u d y  area have n e i t h e r  u n i f o r m  s i z e s  n o r  c i r c u l a r  shapes. I t  i s  these  

d i f f e r e n c e s  between h y p o t h e t i c a l  and a c t u a l  landscapes t h a t  can be used 

t o  c a l c u l a t e  c e r t a i n  landscape v a r i a b l e s .  

Nine con t inuous  landscape v a r i a b l e s  were c a l c u l a t e d  f r o m  t h e  s e t  

of  p e r i m e t e r ,  area, and i n t e r i s  and d i s t a n c e  measurements f o r  each 

s t u d y  area. These i n c l u d e d :  ( ) t o t a l  f o r e s t  cove r  as a p e r c e n t  o f  

t h e  s t u d y  area; ( 2 )  t h e  d e n s i t y  o f  f o r e s t  i s l a n d s  expressed as a number 

p e r  10000 h e c t a r e s ;  ( 3 )  t h e  median i s l a n d  s i z e  i n  h e c t a r e s ;  ( 4 )  an 

average d i s t a n c e  between f o r e s t  edges; (5,6) two i n d i c e s  of i s l a n d  

shape; ( 7 )  an i ndex  o f  t h e  degree o f  f o r e s t  f r a g m e n t a t i o n ;  and 

(8,9) skewness i n d i c e s  o f  t h e  s i z e  and shape d i s t r i b u t i o n s  f o r  t h e  

p o p u l a t i o n  o f  f o r e s t  i s l a n d  measurements i n  each landscape. Mean 

i s l a n d  s i z e  can be c a l c u l a t e d  as c o v e r / d e n s i t y ,  b u t  t h e  s i z e  

d i s t r i b u t i o n  was c o n s i s t e n t l y  skewed toward s m a l l e r  i s l a n d s .  For t h a t  

reason, t h e  median i s l a n d  s i z e  was cons ide red  a b e t t e r  measure o f  

c e n t r a l  tendency. An index o f  t h i s  skewness was c a l c u l a t e d  as t h e  

d i f f e r e n c e  between t h e  mean and median i s l a n d  s i z e  expressed as a 

pe rcen tage  o f  the mean: 

Skew-area = (mean a rea  - median area)/mean area. 
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he index of island shape (DI = Dissection Index) f o r  an 

d u a l  f o re s t  island was defined as the perimeter- of an island 

divided by the perimeter o f  a c i r c l e  w i t h  an area equal t o  the area o f  

t h e  is land:  

DI = P / ( 2  

where P i s  the perimeter a n d  A i s  the area expressed as square meters. 

The basic DI calculat ion was o r ig ina l ly  used i n  limnology (Wetzel 

1375) b u t  was adapted f o r  t e r r e s t r i a l  ecology s tudies  as an index of 

edge h a b i t a t  ( P a t t o n  1975, Thomas e t  a l .  1979) o r  a s  an index o f  shape 

(Game 1980). When used as an index of edge hab i t a t ,  DI meant Diversity 

Index because the amount of edge habi ta t  was considered a component of 

h a b i t a t  d ive r s i ty .  I n  t h i s  study, DI stands for  Dissection Index 

because i t  i s  primarily used as an index 0.f the i r r e g u l a r i t y  o r  degree 

of dissect ion o f  island shape. 

A landscape w i t h  a number o f  fo re s t  islands can be t h o u g h t  of as 

having a mean and median island DI w i t h  some degree o f  skewness, 

analogous t o  the mean, median, and skewness of island s i z e  

d i s t r i b u t  on. Mean D I ,  median D I ,  and skew-DI were calculated f o r  each 

1 andscape 

n 
mean DI = D I / N  , a n d  

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

where N = the  nuriiber of f o r e s t  is lands in a landscape. 
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The genera l  f o r m u l a  f o r  D I  can 

and a rea  o f  a l l  f o r e s t  i s l a n d s  i n  a 

I n 
DI = i&l 

01 '  i s  e s s e n t i a l l y  t h e  same t y p e  o f  

be a p p l i e d  t o  t h e  t o t a l  p e r i m e t e r  

landscape. 

p / ( 2  d.1 A )  . 
1 =1 

measurement as was made b y  P a t t o n  

(1975) and Thomas e t  a l .  (1979),  b u t  i t  i s  n o t  e n t i r e l y  s u i t a b l e  f o r  

t h i s  p r o j e c t  because i t  i s  n o t  s t a n d a r d i z e d  f o r  s t u d y  a rea  s i z e ,  t h a t  

i s ,  landscapes w i t h  i d e n t i c a l  f o r e s t  i s l a n d  p a t t e r n s  b u t  unequal s i z e s  

w i l l  have unequal va lues  of D I  . The s t a n d a r d i z i n g  t r a n s f o r m a t i o n  
I 

was s i m p l y  t o  d i v i d e  t h e  t o t a l  p e r i m e t e r  and t h e  t o t a l  f o r e s t  area b y  

s t u d y  a rea  s i z e  ( S )  and m u l t i p l y  t h e  r e s u l t i n g  f o r m u l a  b y  a s c a l i n g  

f a c t o r  (100) .  T h i s  t r a n s f o r m a t i o n  i s  e q u i v a l e n t  t o  m u l t i p l y i n g  DI 

b y  loo/&. 

I 

The t ransformed v a r i a b l e  i s  termed Landscape DI, 

n 
Landscape DI = 100 Z P / 2  

i =1 i =1 

An index  o f  i n t e r i s l a n d  d i s t a n c e  was c a l c u l a t e d  as t h e  average of 

100 edge-to-edge t r a n s e c t  d i s t a n c e  measurements taken between i s l a n d s  

on each landscape, 

100 
Mean D is tance  Index = iGl d/100 , 

where d i s  an edge-to-edge d i s t a n c e .  T h i s  i ndex  denotes an average 

d i s t a n c e  between f o r e s t  i s l a n d  edges. 
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The computed v a r i a b l e s  (cover ,  d e n s i t y ,  median area, mean D I ,  

landscape D I ,  and mean d i s t a n c e  i n d e x )  embody an adequate d e s c r i p t i o n  

o f  f o r e s t  i s l a n d  d i s t r i b u t i o n  p a t t e r n s .  These v a r i a b l e s  were 

m a t h e m a t i c a l l y  con t inuous .  The c l a s s i f i c a t i o n s  o f  landscapes a c c o r d i n g  

t o  topography,  s o i l s ,  g l a c i a l  h i s t o r y ,  p o t e n t i a l  n a t u r a l  v e g e t a t i o n ,  

and o r i g i n a l  ( p r e s e t t l e m e n t )  v e g e t a t i o n  were c o n s i d e r e d  as v a r i a b l e s  

t h a t  d e s c r i b e d  env ronmenta l  c h a r a c t e r i s t i c s  o f  landscapes. These were 

nominal  v a r i a b l e s ,  i m p l y i n g  n e i t h e r  rank n o r  c o n t i n u i t y .  

t 

F a c t o r  ana lys  s was used t o  d e s c r i b e  t h e  v a r i a t i o n  o f  f o r e s t  

i s l a n d  p a t t e r n s  among t h e  s t u d i e d  landscapes i n  terms of t h e  

d i f f e r e n c e s  i n  s i z e s ,  shapes, numbers, and spacings o f  f o r e s t  i s l a n d s .  

D i s c r i m i n a n t  a n a l y s i s  was used t o  deter i i i ine t o  what degree f o r e s t  

i s l a n d  p a t t e r n s  c o u l d  be separa ted  a c c o r d i n g  t o  t h e  env i ronmenta l  

c l a s s i f i c a t i o n s  o f  t h e  landscapes. These c l a s s e s  were then o v e r l a i d  on 

f a c t o r  a n a l y s i s  p l o t s  t o  de termine i f  t h e  v a r i a t i o n  among f o r e s t  i s l a n d  

p a t t e r n s  was r e l a t e d  t o  env i ronmenta l  g r a d i e n t s .  A l l  s t a t i s t i c a l  

computer programs were w r i t t e n  u s i n g  SAS ( S t a t i s t i c a l  I - A n a l y s i s  - System) 

s o f t w a r e  ( B a r r  e t  a l .  1979) and s u b m i t t e d  t o  an IBM 360-91 computer.  

A l l  programs and d a t a  were w r i t t e n ,  5 t o r e d ,  and s u b m i t t e d  th rough a 

PDP-10 i n t e r a c t i v e  computer t e r m i n a l .  Some p l o t s ,  genera ted  i n  t h e  

course  o f  t h e  research  were made w i t h  DISPLA - - D i s p l a y  - I n t e g r a t e d  

- Sof tware  I System and - P l o t t i n g  - LAnguage ( I n t e g r a t e d  Sof tware Systems 

C o r p o r a t i o n  1978) and p l o t t e d  on a Calcomp p l o t t e r .  

The methodology d e s c r i b e d  i n  t h i s  s e c t i o n  i s  t h e  c u l m i n a t i o n  o f  an 

e v o l u t i o n a r y  thought  process.  Severa l  p h i l o s o p h i c a l  and m e t h o d o l o g i c a l  

approaches were t r i e d  and r e j e c t e d  as inadequate.  The f i r s t  approach 
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i n v o l v e d  u s i n g  IMGRID - - I n f o r m a t i o n  - Management on a GRID C e l l  System 

(Holmes and J o l l y  1980) t o  analyze t h e  landscape p a t t e r n s  o f  Miami Co., 

Ohio. A g r i d  (composed o f  one h e c t a r e  c e l l s )  was l a i d  o v e r  p o r t i o n s  of 

t h e  f o r e s t  v e g e t a t i o n  map o f  Miami Co. and f o r e s t  i s l a n d  d a t a  were 

d i g i t i z e d  on a c e l l  by c e l l  b a s i s .  The r e s u l t i n g  d a t a  m a t r i x  c o u l d  

then  be man ipu la ted  t o  produce maps and v a r i o u s  s t a t i s t i c s .  

The problem w i t h  I M G R I D  was t h a t  i t  c o u l d  n o t  e a s i l y  produce 

s t a t i s t i c s  w i t h  p r o p e r t i e s  a p p r o p r i a t e  f o r  t h e  s c a l e  o f  t h e  landscapes 

about  which t h e  r e s e a r c h  q u e s t i o n s  were b e i n g  asked. I t s  a l g o r i t h m s  

l a c k e d  t h e  f l e x i b i l i t y  t o  t r e a t  f o r e s t  i s l a n d s  on an i n d i v i d u a l  b a s i s  

o r  c a l c u l a t e  parameters t h a t  were r e l e v a n t  t o  t h e  d e s c r i p t i o n  o f  f o r e s t  

i s l a n d  p a t t e r n .  I n  a d d i t i o n ,  t h e  h i g h  l e v e l  o f  r e s o l u t i o n  o f  i n p u t  

d a t a  (one h e c t a r e )  r e q u i r e d  l a r g e  amounts o f  t i m e  j u s t  t o  encode 

i n f o r m a t i o n  f o r  one 10000 ha landscape. The I M G R I D  approach was 

e v e n t u a l l y  abandoned b u t  t h e  q u e s t i o n s  i t  r a i s e d  about t h e  n a t u r e  o f  

" d e s i r a b l e "  d a t a  soon l e d  t o  more f r u i t f u l  endeavors. 



I V .  RESULTS AND D I S C U S S I O N  

I n t r o d u c t i o n  

Each Ohio landscape chosen f o r  s t u d y  was d e s c r i b e d  b y  a s e r i e s  o f  

c o n t i n u o u s  v a r  ab les  ( T a b l e  2 ) .  D i f f e r e n c e s  between landscape p a t t e r n s  

can be a t t r i b u  ed t o  v a r i a t i o n  which can be random o r  s y s t e m a t i c ,  

depending upon t h e  n a t u r e  o f  t.he f a c t o r s  u n d e r l y i n g  p a t t e r n  f o r m a t i o n .  

If one o r  more u n d e r l y i n g  f a c t o r s ,  e.g., topography, a f f e c t  landscape 

p a t t e r n  i n  a d e f i n i t e ,  non-random f a s h i o n ,  then t h e  v a r i a t i o n  among 

landscapes w i l l  be s y s t e m a t i c a l l y  c o r r e l a t e d  w i t h  those f a c t o r s .  

F a c t o r  a n a l y s i s  ( a  m u l t i v a r i a t e  s t a t i s t i c a l  t e c h n i q u e )  was chosen t o  

d e s c r i b e  t h e  n a t u r e  o f  v a r i a t i o n  among landscapes, t h a t  i s ,  whether  

landscape v a r i a b l e s  changed randomly o r  s y s t e m a t i c a l l y .  The 

env i ronmen t a l  i n f o r m a t i  on ( topography,  s o i  1 s, g l  a c i  a1 h i  s t o r y ,  

p r e s e t t l e m e n t  v e g e t a t i o n ,  and p o t e n t i a l  n a t u r a l  v e g e t a t i o n )  was t h e n  

used t o  e x p l a i n  and i n t e r p r e t  t h e  landscape v a r i a t i o n .  

D e s c r i p t i o n  ..-..-.I_ o f  Study Areas I__ 

Throughout t h i s  t h e s i s  i n d i v i d u a l  landscapes a r e  r e f e r r e d  t o  as i f  

t h e y  a r e  d e f i n i t e  e n t i t i e s  w i t h  un ique c h a r a c t e r i s t i c s .  Indeed t h e y  

are .  Even though landscape boundar ies  may be somewhat s u b j e c t i v e ,  t h a t  

i s ,  the,y may o n l y  e x i s t  i n  t h e  mind of  t h e  beho lder ,  t h e  landscapes 

themselves a r e  n e v e r t h e l e s s  d e f i n i t e  e n t i t i e s  w i t h  measureable 

p r o p e r t i e s  e x i s t i n g  independent  o f  t h e  mind. Landscapes can be l o o k e d  

a t ,  photographed, and walked upon. The landscapes t h a t  a r e  t h e  s u b j e c t  

o f  t h i s  t h e s i s  were p o r t i o n s  o f  Ohio i n  t h e  l a t e  1930's  r e p r e s e n t e d  b y  

d e s i g n a t e d  segments o f  c o u n t y  v e g e t a t i o n  maps and c h a r a c t e r i z e d  b y  
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5 2  

c e r t a i n  v e g e t a t i v e  and env i ronmenta l  f e a t u r e s .  The purpose o f  t h i s  

s e c t i o n  i s  t o  b r i e f l y  d e s c r i b e  each landscape i n  o r d e r  t o  p r o v i d e  a 

b e t t e r  frame o f  r e f e r e n c e .  

Landscapes a r e  i d e n t i f i e d  b y  a t h r e e  l e t t e r  code d e r i v e d  from t h e  

townsh ip  name i n  which t h e  l a r g e s t  percentage o f  t h e  landscape i s  

l o c a t e d .  I n  t h r e e  cases (SOM, U N I ,  and WAS) t h e  landscapes covered 

9324 h e c t a r e s  and had boundar ies  c o i n c i d e n t  w i t h  t h e  c i v i l  townsh ip  

boundar ies .  I n  a l l  o t h e r  cases t h e  landscapes were 10000 h e c t a r e s  and 

i n c l u d e d  p o r t i o n s  o f  two or  more townships.  

The landscapes a r e  p r i m a r i l y  c h a r a c t e r i z e d  b y  c e r t a i n  aspects  o f  

f o r e s t  p a t t e r n ,  t h a t  i s ,  s i z e s ,  shapes, d e n s i t y ,  and s p a c i n g  of 

wood lo ts .  D e n s i t y  i s  expressed as t h e  number o f  wood lo ts  p e r  

10000 h e c t a r e s .  D e n s i t y  i s  e x a c t l y  e q u i v a l e n t  t o  t h e  number o f  f o r e s t  

i s l a n d s  i n  10000 h e c t a r e  landscapes, b u t  i n  SOM, U N I ,  and WAS, d e n s i t y  

i s  s l i g h t l y  g r e a t e r  than t h e  a c t u a l  i s l a n d  number. I s l a n d  s i n e  i s  

d iscussed i n  terms o f  t h e  median i s l a n d  s i z e ;  shape i s  i n  terms o f  t h e  

degree o f  i r r e g u l a r i t y  o r  d i s s e c t i o n ;  and spac ing  i s  i n  terms o f  t h e  

average i n t e r i s l a n d  d i s t a n c e .  'The f o l l o w i n g  s e c t i o n  i s  a b r i e f  

d e s c r i p t i o n  o f  each s t u d y  area.  

( 1 )  Somerset landscape, Belrnont County (SOM) -- The s t u d y  area  

l i e s  i n  t h e  southwest  c o r n e r  o f  Belmont County and i s  c h a r a c t e r i z e d  b y  

a h i g h l y  f ragmented f o r e s t .  Over 200 i r r e g u l a r l y  shaped wood lo ts  

account  f o r  t h e  22.7 p e r c e n t  f o r e s t  coverage. The median i s l a n d  s i z e  

i s  5.62 hec tares ,  a l t h o u g h  s e v e r a l  much l a r g e r  i s l a n d s  skew t h e  s i z e  

d i s t r i b u t i o n .  The average d i s t a n c e  between wood lo ts  i s  728 meters .  

The SOM landscape, l i k e  a l l  o f  Belmont County, i s  p a r t  o f  t h e  

Appalachian P l a t e a u  and has n o n g l a c i a t e d  h i  1 l y  topography.  
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( 2 )  Union landscape, Belmont County (UNI) -- Union Township l i e 5  

t e n  k i l o m e t e r s  n o r t h e a s t  o f  SOM i n  t h e  n o r t h w e s t  q u a r t e r  o f  Belmont 

County. It has 17.7 p e r c e n t  cove r  w i t h  a median i s l a n d  s i z e  o f  

6.42 h e c t a r e s  and an average i n t e r i s l a n d  d i s t a n c e  o f  691 meters.  There 

were 164 woodlots  i n  t h e  township f o r  a d e n s i t y  o f  178 p e r  

10000 hec ta res ,  somewhat less t han  i n  SOM. 

( 3 )  Washington landscape, Belrnont County (WAS) -- WAS l i e s  i n  t h e  

s o u t h e a s t  q u a r t e r  o f  Belmont County. I t  has t h e  l a r g e s t  amount o f  

f o r e s t  coverage (44  p e r c e n t )  o f  a l l  t h e  s t u d y  areas and a median i s l a n d  

s i z e  o f  11.24 h e c t a r e s .  I t s  129 wood lo ts  a r e  v e r y  d i s s e c t e d  and t h e  

average i n t e r i s l a n d  d i s t a n c e  i s  o n l y  403 meters.  

( 4 )  Bed fo rd  1 andscape, Coshocton County (BED) -- The 1 andscape 

l i e s  i n  west c e n t r a l  Coshocton County, j u s t  t e n  k i l o m e t e r s  e a s t  o f  t h e  

g l a c i a l  bo rde r .  I t  has 12.3 p e r c e n t  cove r  and one o f  t h e  s m a l l e s t  

median i s l a n d  s i z e s  a t  3.6 h e c t a r e s .  The d e n s i t y  was r e l a t i v e l y  h i g h  

a t  175 wood lo ts  p e r  10000 hec ta res ,  and t h e  average i n t e r i s l a n d  

d i s t a n c e  was 1153 meters.  

( 5 )  T i v e r t o n  landscape, Coshocton County (T IV )  -- XIV l i e s  e i g h t  

k i l o m e t e r s  n o r t h  o f  BED i n  t h e  n o r t h w e s t  c o r n e r  o f  Coshocton County. 

I t  has t h e  t h i r d  h i g h e s t  cove r  a t  32 p e r c e n t ,  and t h e  l a r g e s t  median 

i s l a n d  s i z e  a t  12.85 hec ta res .  I s l a n d  shape i s  v e r y  i r r e g u l a r ;  t h e  

i s l a n d  d e n s i t y  i s  112; and t h e  average i n t e r i s l a n d  d i s t a n c e  i s  o n l y  

627 meters.  T I V  l i e s  j u s t  e a s t  o f  t h e  g l a c i a l  b o r d e r  i n  h i l l y  t e r r a i n .  

( 6 )  Mechanic landscape, Holmes County (MEC) -- MEC landscape l i e s  

on t h e  s o u t h  c e n t r a l  bo rde r  o f  Holmes County, f o u r  k i l o m e t e r s  n o r t h e a s t  

o f  t h e  T I V  landscape i n  u n g l a c i a t e d  topography. I t i s  s i m i l a r  t o  t h e  
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SOM landscape i n  t h a t  i t  has a h i g h  d e n s i t y  o f  wood lo ts  (243 p e r  

10000 h e c t a r e s )  and an a lmost  i d e n t i c a l  degree of coverage 

(22.4 p e r c e n t )  and i n t e r i s l a n d  d i s t a n c e  ( 7 4 3  m e t e r s ) .  I t  d i f f e r s  f r o m  

SOM i n  h a v i n g  a more pronounced skewness of s i z e  d i s t r i b u t i o n .  The 

inedian i s l a n d  s i z e  i s  4.82 h e c t a r e s .  

( 7 )  L i b e r t y  landscape, Knox County ( L I B )  -- L IB i s  i n  

w e s t - c e n t r a l  Knox County, two k i l o m e t e r s  i n s i d e  o f  t h e  Wisconsin 

g l a c i a l  b o r d e r .  T h i s  landscape i s  i n  an i r r e g u l a r  p l a i n  and has f o r e s t  

i s l a n d s  more c h a r a c t e r i s t i c  o f  e a s i l y  c u l t i v a t e d  l a n d .  F o r e s t  covers  

7.6 p e r c e n t  o f  t h e  landscape, and t h e  median i s l a n d  s i z e  i s  

3.62 h e c t a r e s .  Woodlot shape i s  l e s s  i r r e g u l a r  than landscapes i n  

h i l l y  topography because wood lo t  borders  tend t o  be more l i n e a r .  

Average d i s t a n c e  between i s l a n d s  i s  l a r g e  (1586 m e t e r s )  because o f  a 

r e l a t i v e l y  smal l  i s l a n d  s i z e  (3.6 h e c t a r e s )  and low d e n s i t y  

(111 i s l a n d s ) .  

( 8 )  Monroe landscape, Knox County (MON) --  T h i s  landscape l i e s  

t e n  k i l o m e t e r s  n o r t h e a s t  o f  L IB,  o u t s i d e  o f  t h e  Wisconsin g l a c i a t i o n  

b u t  w i t h i n  t h e  o l d e r  I l l i n o i a n  g l a c i a l  topography.  MON's t a b l e l a n d  

topography c o n t r i b u t e s  t o  an i n c r e a s e d  cover  ( 1  1.8 p e r c e n t )  and d e n s i t y  

(180 i s l a n d s )  compared w i t h  t h a t  o f  LIB. Also,  MON's wood lo ts  a r e  more 

d i s s e c t e d .  The median i s l a n d  s i z e  i s  3.6 h e c t a r e s  and t h e  i n t e r i s l a n d  

d i s t a n c e  i s  1000 meters.  

( 9 )  Concord 

e a s t - c e n t r a l  Miami 

c h a r a c t e r i z e d  b y  a 

a g r i c u l t u r a l l y  dom 

andscape, M i a m i  County (CON) --  CON l i e s  i n  

County i n  smooth g l a c i a l  topography  and i s  

f o r e s t  p a t t e r n  one would expec t  t o  f i n d  i n  

na ted  landscapes. F o r e s t  covers  o n l y  2.7 p e r c e n t  o f  
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t h e  landscape and i s  d i v i d e d  among 48 woodlots ,  t h e  median s i z e  b e i n g  

4.11 hec ta res .  The wood lo ts  t e n d  t o  have r e c t a n g u l a r  shapes, u n l i k e  

those i n  h i l l y  topography, and t h e  average i n t e r i s l a n d  d i s t a n c e  i s  b y  

f a r  t h e  l a r g e s t  a t  3520 meters.  

(10) Newberry landscape, Miami County (NEW) -- NEW i s  t h e  

n o r t h - w e s t  c o r n e r  o f  Miami County and has a topography  and f o r e s t  

p a t t e r n  s i m i l a r  t o  t h a t  of CON. 

d i s t r i b u t e d  among 87 woodlots ,  whose median s i z e  i s  5.97 h e c t a r e s .  

Average i n t e r i s l a n d  d i s t a n c e  i s  1271 meters.  

It has 6.0 p e r c e n t  f o r e s t  cove r  

(11) Staunton landscape, M 

one k i l o m e t e r  e a s t  o f  CON and i s  

There a r e  o n l y  48 f o r e s t  i s l a n d s  

The wood lo ts  t e n d  t o  be r e c t a n g u  

5.42 h e c t a r e s .  

ami County (STA) -- The landscape 

t y p i c a l  o f  Miami County landscapes 

t o t a l i n g  3.3 p e r c e n t  f o r e s t  cove r .  

a r  and t h e i r  median s i z e  i s  

( 1 2 )  Boston landscape, Summit County (BOS) -- BOS l i e s  i n  t h e  

S 

n o r t h - c e n t r a l  p a r t  o f  Summit County on g l a c i a t e d  t a b l e l a n d s  of moderate 

r e l i e f .  

d e n s i t y  o f  83 woodlots  pe r  10000 hec ta res .  The i s l a n d s  a r e  h i g h l y  

d i s s e c t e d  and t h e  median s i z e  i s  8.03 hec ta res ,  b u t  t h e  skewness o f  t h e  

s i z e  d i s t r i b u t i o n  i s  more pronounced than i n  any o f  t h e  o t h e r  

landscapes, meaning t h a t  most o f  t h e  f o r e s t  cove r  i s  c o n c e n t r a t e d  i n t o  

a r e l a t i v e l y  sma l l  number o f  woodlots .  Average i n t e r i s l a n d  d i s t a n c e  i s  

625 meters.  

It has t h e  second h i g h e s t  coverage a t  33.8 p e r c e n t  and a 

( 1 3 )  R i c h f i e l d  landscape, Summit County (RIC) -- R I C  p a r t i a l l y  

o v e r l a p s  t h e  wes te rn  p o r t i o n  o f  the UOS landscape. 

96 woodlots  c o v e r i n g  25.7 p e r c e n t  o f  t h e  area. 

The landscape h a s  

Woodlots a r e  h i g h l y  
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d i s s e c t e d  and have a median s i z e  o f  9.23 h e c t a r e s .  The average 

i n t e r i s l a n d  d i s t a n c e  i s  1381 meters.  

( 1 4 )  Hudson 1 andscapes, Summit County (HUD) --  T h i s  1 andscape 

l i e s  one k i l o m e t e r  e a s t  o f  60s on t h e  b o r d e r  d i v i d i n g  i r r e g u l a r  p l a i n s  

f r o m  t a b l e l a n d s .  I t  has 14.5 p e r c e n t  cover  d i v i d e d  among 102 wood lo ts .  

The median i s l a n d  s i z e  i s  5.42 h e c t a r e s  and t h e  i n t e r i s l a n d  d i s t a n c e  i s  

1419 meters.  L i k e  LIB, t h e  i s l a n d  shapes a r e  l e s s  i r r e g u l a r  t h a n  those 

o f  h i l l y  landscapes. 

(15)  Green landscape, Summit County ( G R N )  -- Th is  landscape i s  i n  

t h e  southern-most p o r t i o n  o f  Summit County i n  g l a c i a t e d  t a b l e l a n d s .  

There a r e  135 wood lo ts  c o v e r i n g  9.8 p e r c e n t  o f  t h e  landscape w i t h  

f o r e s t .  Median wood lo t  s i z e  i s  4.82 h e c t a r e s  and t h e  average 

i n t e r i s l a n d  d i s t a n c e  i s  1513 meters.  I t  i s  s i m i l a r  t o  t h e  L I B  

landscape i n  many r e s p e c t s .  

F o r e s t  I s l a n d  P a t t e r n  D e s c r i p t i o n  

F a c t o r  a n a l y s i s  ( a  t y p e  o f  p r i n c i p a l  components a n a l y s i s )  was 

i n i t i a l l y  employed t o  d e s c r i b e  t h e  f o r e s t  i s l a n d  aspec t  of landscape 

p a t t e r n  v a r i a t i o n .  P r i n c i p a l  components a n a l y s i s  i s  a s t a t i s t i c a l  

t e c h n i q u e  which reduces t h e  d i m e n s i o n a l i t y  o f  a d a t d  m a t r i x  t o  a 

sinal l e r  number o f  o r t h o g o n a l  ( independent )  components o r  f a c t o r s .  

These f a c t o r s  a r e  l i n e a r  combina t ions  o f  t h e  o r i g i n a l  v a r i a b l e s ,  and 

t h e r e  a r e  as many f a c t o r s  as t h e r e  a r e  v a r i a b l e s .  The generated 

f a c t o r s  decrease i n  o r d e r  o f  impor tance,  t h a t  i s ,  t h e  f i r s t  f a c t o r  

accounts f o r  more v a r i a t i o n  t h a n  t h e  second and so on. T h e o r e t i c a l l y ,  

a f a c t o r  a n a l y s i s  o f  t h e  landscape v a r i a b l e s  c o u l d  account  f o r  most of 

t h e  v a r i a t i o n  between landscapes i n  t h e  f i r s t  one o r  two f a c t o r s .  



57 

A landscape can be located in a hyperspace whose dimensions are 

defined by the values of the landscape variables. 

landscapes creates a hyperspace whose dimensions are the factors 

themselves. The advantage o f  factor space lies in the ability o f  the 

first few dimensions to capture most of the variation among landscape 

variables. 

account for most o f  the variation found in six or seven landscape 

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

be used as the axes o f  a plot, graphically depicting the relative 

arrangement o f  landscapes, an array based solely on the characteristics 

of the forest islands within the landscapes. This type o f  arrangement 

is analogous to an indirect ordination of vegetation stands, e.g., 

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

A factor analysis o f  

This reduces dimensionality so that one or two factors may 

A factor analysis was performed on the data using cover, density, 

landscape 01, mean DI, median DI, median area, and the logarithm of the 

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

transformation o f  the mean distance index linearizes the relationship 

between cover and interisland distance and was used because nonlinear 

intercorrelations of the variables used in a factor analysis tend to 

distort the results (Pimentel 1979). The skewness o f  island size 

distribution (skew-area) was not used because it i s  a function o f  

cover, density, and median area. Variables that are functions o f  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 o f  island shape distribution (skew-DI) 
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was n o t  used f o r  t h a t  same reason, s i n c e  skew-DI i s  a f u n c t i o n  o f  thP 

w a n  and med an i s l a n d  D I .  

The r e s  I t s  o f  t h e  f a c t o r  a n a l y s i s  showed t h a t  90 p e r c e n t  o f  the  

v a r i a t i o n  among landscape v a r i a b l e s  was accounted f o r  i n  t h e  f i r s t  two 

f a c t o r s .  These f i r s t  two f a c t o r s  b e s t  d i s c r i m i n a t e  (produce t h e  

maximum d i s t a n c e s )  among landscapes and were t h e r e f o r e  used as axes i n  

an o r d i n a t i o n  ( F i g .  6 ) .  T h i s  o r d i n a t i o n  proved t o  be a u s e f u l  v i s u a l  

summary of  1 andscape v a r i a t i o n .  

I n t e r p r e t a t i o n  o f  a f a c t o r  a n a l y s i s  i s  somewhat s u b j e c t i v e  and 

o f t e n  confus ing ,  b u t  i n  t h i s  p r o j e c t  i t  was s t r a i g h t f o r w a r d  and 

p r o d u c t i v e .  I n s p e c t i o n  o f  t h e  e i g e n v e c t o r  c o e f f i c i e n t s  o f  t h e  f i r s t  

two f a c t o r s  ( T a b l e  3 )  r e v e a l e d  t h e  n a t u r e  of t h e  i n t e r p l a y  between 

v a r i a b l e s .  The magnitude o f  t h e  c o e f f i c i e n t  f o r  a p a r t i c u l a r  v a r i a b l e  

was i n t e r p r e t e d  as t h e  r e l a t i v e  impor tance o r  w e i g h t  o f  t h a t  v a r i a b l e  

i n  a g i v e n  f a c t o r .  The c o e f f i c i e n t ' s  s i g n  i n d i c a t e s  whether a v a r i a b l e  

adds t o  o r  s u b t r a c t s  f r o m  t h e  f a c t o r .  V a r i a b l e s  w i t h  t h e  same s i g n  

i n c r e a s e  o r  decrease t o g e t h e r .  For these da ta ,  f a c t o r  1 was 

i n t e r p r e t e d  as an a x i s  weighted,  i n  d e c r e a s i n g  o r d e r  o f  impor tance,  

toward cover ,  mean D I ,  median area, and median D I .  F a c t o r  2 was an 

a x i s  composed p r i m a r i l y  o f  d e n s i t y  and landscape DI. Ln-mean-distance 

was o f  i n t e r m e d i a t e  impor tance i n  b o t h  f a c t o r s .  

Another,  perhaps more s t r a i g h t f o r w a r d  approach, i s  t o  r u n  l i n e a r  

r e g r e s s i o n s  (Proc RSQUARE o f  SAS) o f  t h e  landscape v a r i a b l e s  on 

f a c t o r s  1 and 2 (Tab le  4 ) .  I n s p e c t i o n  o f  t h e  square o f  t h e  m u l t i p l e  

c o r r e l a t i o n  c o e f f i c i e n t  ( R 2 )  r e v e a l e d  how much v a r i a t i o n  i n  a 

v a r i a b l e  was e x p l a i n e d  b y  a g i v e n  f a c t o r  o r  c o n v e r s e l y ,  how much 
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Table 3.  Eigenvector coefficients for the first two 
factors of a factor analysis o f  15 Ohio 
landscapes. The seven landscape variables 
describe forest island pattern. 

Variable Factor 1 Factor 2 

Mean D I  0.89532 0.32295 

Median area 0 "92681 -0.2341 7 

Median DI 0.8863 7 0.40420 

Cover 0.9501 1 0.23579 

Density 0.00278 o.9a:aa 

Landscape DI 0.34398 0.92869 

Ln-mean-distance -0.74605 -0.57897 

Table 4. Coefficients a f  determination ( R 2 )  for the 
regression of seven landscape variables on 
the first t w o  factors of a factor analysis 
of 15 Ohio landscapes. 

Factor 1 and 
Factor 1 F a c t o r  2 Factor 2 

Dens i t y  0 .oooo 0.9759 0.9759 

Landscape DI 0.1 I83 0.8625 0.9808 

Ln-mean-distance 0.5566 0.3352 0 ~ 9 1 8  

Xedian D I  0.7856 0.1634 0.9440 

Mean D I  3.801 6 0.1043 0.9059 

Median Area (3 3 5 9 0  0.0548 0.9138 

Cover 0.9027 0.0556 0 -9583 
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v a r i a t i o n  i n  a f a c t o r  was e x p l a i n e d  b y  one o r  more v a r i a b l e s .  

l i s t s  R va lues  f o r  t h e  r e g r e s s i o n  models i n  which landscape 

v a r i a b l e s  a r e  dependent v a r i a b l e s  and f a c t o r s  1 and 2 a r e  independent 

v a r i a b l e s .  Much o f  t h e  v a r i a t i o n  i n  cover,  median area, mean D I  and 

median D I  was accounted f o r  i n  f a c t o r  1. The v a r i a b l e s  skew-area, 

skew-DI, and ln -mean-d is tance a r e  c o r r e l a t e d  t o  a l e s s e r  degree, and 

d e n s i t y  and landscape D I  a r e  v i r t u a l l y  independent o f  f a c t o r  1. 

D e n s i t y  and landscape DI were h i g h l y  c o r r e l a t e d  w i t h  f a c t o r  2 and a r e  

i t s  p r i m a r y  components. Ln-mean-distance was o n l y  m o d e r a t e l y  

c o r r e l a t e d  w i t h  f a c t o r  2. 

accounted f o r  88 p e r c e n t  o f  t h e  v a r i a t i o n  n ln-mean-d is tance.  The 

t h i r d  column o f  Table 4 l i s t s  how much v a r  a t i o n  i n  each landscape 

v a r i a b l e  i s  accounted f o r  by t h e  f i r s t  two f a c t o r s .  

Table 4 
2 

Taken t o g e t h e r  though, t h e  f i r s t  two f a c t o r s  

The i n t e r p r e t a t i o n  o f  a f a c t o r  a n a l y s i s  i n  terms o f  e i g e n v e c t o r  

c o e f f i c i e n t s  and c o r r e l a t i o n  c o e f f i c i e n t s  i s  a necessary  b u t  

i n s u f f i c i e n t  s tep .  I t  i s  a l s o  necessary  t o  express t h e  meaning o f  t h e  

f a c t o r s  i n  v e r b a l ,  nonmathernatical terms e a s i l y  understood b y  those  n o t  

f a m i l i a r  w i t h  m u l t i v a r i a t e  s t a t i s t i c s .  I n  t h i s  example, i n t e r p r e t a t i o n  

o f  t h e  f a c t o r  p l o t  was s t r a i g h t f o r w a r d  f o r  t w o  reasons: 

t h e  v a r i a t i o n  i n  t h e  d a t a  was accounted f o r  i n  t h e  f i r s t  two f a c t o r s ;  

( 2 )  Except f o r  ln-mean-distance, most o f  t h e  w e i g h t i n g  of t h e  landscape 

v a r i a b l e s  f e l l  i n t o  one f a c t o r  o r  t h e  o t h e r ,  i.e., t h e  f a c t o r s  were 

p r i m a r i l y  composed o f  e q u a l l y  weighted, c o v a r y i n g  v a r i a b l e s .  

(1 )  Most o f  

F a c t o r  1 was i n t e r p r e t e d  as a g r a d i e n t  c o r r e l a t e d  w i t h  cover ,  mean 

DI, median 01, skewness o f  s i z e  and shape d i s t r i b u t i o n s ,  and i n v e r s e l y  

c o r r e l a t e d  w i t h  i n t e r i s l a n d  d i s t a n c e .  Values f o r  f a c t o r  1 ranged f r o m  
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-1.1 t o  2.3. The second a x i s  ( f a c t o r  2 )  was c o r r e l a t e d  w i t h  d e n s i t y  

and landscape D I .  I t  ranged f r o m  -1.4 t o  1.7. Landscapes w i t h  low 

va lues  ( l e s s  t h a n  -0.5 f o r  f a c t o r  1 and -0.6 f o r  f a c t o r  2 )  f o r  b o t h  

f a c t o r s ,  such as CON, STA, and NEW, had l e s s  t h a n  t e n  p e r c e n t  f o r e s t  

cover ,  d i v i d e d  among a r e l a t i v e l y  low d e n s i t y  (<1OQ) o f  s m a l l  

( 4 - 6  h e c t a r e ) ,  somewhat r e c t a n g u l a r  f o r e s t  i s l a n d s .  

inc reased,  t h e  p a t t e r n  ( e x e m p l i f i e d  b y  WAS) became one o f  g r e a t e r  

coverage w i t h  l a r g e r ,  more i r r e g u l a r l y  shaped i s l a n d s  and an 

i n c r e a s i n g l y  skewed i s l a n d  s i z e  d i s t r i b u t i o n .  As f a c t o r  2 inc reased,  

t h e  p a t t e r n  became one of i n c r e a s i n g  d e n s i t y  and landscape D I ,  e.g., 

SOM. 

h i g h e r  f a c t o r  2 va ues (<-0.3) had t h e  s m a l l e s t  median wood lo t  s i z e s ,  

e.g., MON, BED, an L I B .  The mean d i s t a n c e  index  i s  dependent upon 

b o t h  f a c t o r s .  The mean d i s t a n c e  index  i s  l a r g e  i n  landscapes w i t h  low 

numbers o f  s m a l l ,  w i d e l y  s c a t t e r e d  i s l a n d s ,  such as CON, and i s  s m a l l  

i n  landscapes, such as WAS, h a v i n g  a h i g h  number of l a r g e  i s l a n d s ,  j u s t  

as would be expected f r o m  t h e  h y p o t h e t i c a l  model o f  landscape p a t t e r n .  

The i n t e r c o r r e l a t e d  n a t u r e  o f  t h e  v a r i a b l e s  composing each f a c t o r  

As f a c t o r  1 

Landscapes w t h  low v a l u e s  f o r  fact .or  1 b u t  w i t h  r e l a t i v e l y  

i s  shown i n  a m a t r i x  o f  Pearson product-moment c o r r e l a t i o n  c o e f f i c i e n t s  

( T a b l e  5 ) .  Cover, median area, median D I ,  ln-mean-distance, skew-area, 

and skew-DI were h i g h l y  c o r r e l a t e d  as were d e n s i t y  and landscape DI. 

Some c o r r e l a t i o n s  were i n t u i t i v e l y  expected. For  example, one would 

n o t  expec t  mean and median D I  t o  be t o t a l l y  independent .  I n  another  

case, landscape D I  i s  s i m p l y  t h e  square r o o t  of d e n s i t y  i n  t h e  

h y p o t h e t i c a l  landscapes o f  c i r c u l a r  i s l a n d s .  I n  r e a l i t y ,  landscape D I  

i s  an i n t e g r a t o r  of f r a g m e n t a t i o n  ( d e n s i t y ) ,  i s l a n d  shape, and, t o  some 
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Tab le  5. Matrix o f  Pearson product-moment correlation coefficient; f o r  seven variables ~irtfd t o  
describe the fores t  i s l d n d  patterns o f  15 Ohio landscaper. 

Med i an 
Mean DI Area Median DI Cover frensi ty Landscaoe DI 

Median drea 0.68455* 

Yedisn DI 0.92543"+ 3.73070** 

Cover 0.92583** 0.7Q822** 0.92413"" 

3er ls i  t j  I). ?8441 -9.19q74 0.11 064 3.24025 

iandscipe OI n. 6 1670* 0.1 183 1 O.id566*+ c ) . i 2 5 i i *  q.91657** 

L l -nean-o l j t ance  -7.d2171** -0.55533*+ -0.54160** -0.55194** A?. j 6 i 8 1 * * -0 . 7  7 2 a 3 *+ 

xS1gnlfiCant 3t t h e  3.35 lc?vzl. 

**Significant It tne  'l.Ji l eve l .  
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degree, i s l a n d  s i z e  d i s t r i b u t i o n .  I n c r e a s i n g  f r a g m e n t a t i o n  and 

i r r e g u l a r i t y  o f  i s l a n d  shapes i n f l a t e  landscape D I ,  w h i l e  a skewed s i z e  

d i s t r i b u t i o n  reduces i t . A landscape w i t h  one l a r g e  i s l a n d  and s e v e r a l  

much, much s m a l l e r  i s l a n d s  would have a s m a l l e r  D I  than  expected on t h e  

b a s i s  of d e n s i t y  a lone.  Other  c o r r e l a t i o n s  were n o t  expected.  For  

example, t h e r e  was no - a -.-- p r i o r i  reason f o r  e x p e c t i n g  landscapes w i t h  

n g l y  skewed i s l a n d  size r e l a t i v e l y  h i g h  coverage t o  have i n c r e a s  

d i s t r i b u t i o n s .  

The s i g n i f i c a n c e  o f  h i g h  i n t e r c o r r e  a t i o n s  among t h e  v a r i a b l e s  

composing f a c t o r s  1 and 2 i s  t h a t  some o f  t h e  v a r i a b l e s  can be dropped 

w i t h  l i t t l e  loss o f  a b i l i t y  t o  d i s c r i m i n a t e  among landscapes. For  

example, t h e  p l o t s  o f  d e n s i t y  vs.  cover  and D I  vs.  cover  ( F i g s .  7, 8 )  

l o o k  much l i k e  t h e  f a c t o r  p l o t  ( F i g .  6 ) .  T h i s  phenomenon i s  d iscussed 

i n  g r e a t e r  depth l a t e r .  

These p l o t s  ( F i g s .  6, 7, 8) a r e  two d imens iona l  r e p r e s e n t a t i o n s  of 

t h e  d i s t r i b u t i o n  o f  landscapes i n  hyperspace. The d i s t r i b u t i o n  i s  

based on o n l y  1 5  landscapes and has gaps o r  empty r e g i o n s  t h a t  need 

e x p l a i n i n g .  One gap, l o c a t e d  r o u g h l y  between t h e  SOM and WAS 

landscapes, i s  an unsampled r e g i o n  s i m p l y  because o f  chance and n o t  

because t h e  f o r e s t  p a t t e r n s  o f  t h a t  r e g i o n  a r e  i n h e r e n t l y  u n l i k e l y .  

SOP1 and WAS landscapes a r e  i n  Belmont County and appear t o  l i e  on an 

eas t -west  g r a d i e n t  of i n c r e a s i n g  f o r e s t  f r a g m e n t a t i o n  and d e c r e a s i n g  

f o r e s t  cover .  

township.  A l though n o t  t e s t e d ,  i t  i s  l i k e l y  t h a t  t h e  Wayne landscape, 

had i t  been measured, would have been l o c a t e d  between SOM and WAS i n  

t h e  hyperspace d e s c r i b i n g  f o r e s t  p a t t e r n .  

They a r e  separa ted  f r o m  each o t h e r  o n l y  b y  Wayne 



65 

250 

200 

150 
>. 
c 

w 
n 

100 

50 

0 

IVI t L 

I 

0 
T I V  

0 
RIC 0 

ROS 

ORNL DWG 80 17070 ESD 

10 20 30 40 50 0 

PERCENT COVER 

Fig. 7. First alternative site ordination of 15 Ohio landscapes. 
are the variables percent cover and island density. 
line delimits the region where landscapes are possible. 
existence of landscapes in the upper right and upper left 
corners is unlikely. 

Axes 
The s o l i d  

The 



66 

24 

20 

8 

4 

ORNL DWG 80G17016 €SI) 

0 10 20 30 40 50 

P E R C E N T  COVER 

F i g .  8. Second a l t e rna t ive  s i t e  ordination o f  15 Ohio landscapes. 
Axes are the var iables  percent cover a n d  landscape D I .  
so l id  l i ne  del imits  the region where landscapes are possible.  
The existence o f  landscapes in the upper r igh t  and  upper l e f t  
corners i s  i in l  ikely.  
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Empty r e g i o n s  appear i n  t h e  upper r i g h t  and l e f t  c o r n e r s  o f  a l l  

t h r e e  p l o t s .  These r e g i o n s  r e p r e s e n t  landscapes w i t h  t h e o r e t i c a l l y  

p o s s i b l e  b u t  h i g h l y  u n l i k e l y  f o r e s t  p a t t e r n s .  A landscape appear ing i n  

t h e  upper l e f t  c o r n e r  would have a low coverage and be popu la ted  b y  a 

l a r g e  number o f  v e r y  sma l l  i s l a n d s .  I n  r e a l i t y ,  t h e  s i z e  d i s t r i b u t i o n  

o f  f o r e s t  i s l a n d s  i s  t r u n c a t e d  below a p p r o x i m a t e l y  two hec ta res ,  t h u s  

r e s t r i c t i n g  t h e  range o f  p r o b a b l e  landscapes t o  those  w i t h  a mean o r  

median i s l a n d  s ze g r e a t e r  t h a n  two h e c t a r e s .  A landscape appear ing  

t h e  upper r i g h t  c o r n e r  would have h i g h  coverage and a l a r g e  number o f  

f o r e s t  i s l a n d s .  Th is  i s  an u n l i k e l y  s i t u a t i o n  because as coverage 

n 

approaches 100 pe rcen t ,  t h e  d i s t a n c e  between woodlots  approaches zero.  

F o r e s t  i s l a n d s  b e g i n  t o  coa lesce  i n t o  fewer  and fewer units ,  t h e r e b y  

depress ing  d e n s i t y  and landscape D I ,  t h e  parameters measur ing  

f r a g m e n t a t i o n .  The WAS landscape ( F i g .  2) i s  a good example of t h i s  

concept .  It has t h e  h i g h e s t  cove r  (44  p e r c e n t )  and t h e  l owes t  mean 

d i s t a n c e  index  (403 mete rs )  o f  a l l  t h e  landscapes s t u d i e d ,  y e t  i t s  

d e n s i t y  i s  l e s s  than  s e v e r a l  of t h e  o t h e r s  (SOM, U N I ,  BED, MEC).  The 

f o r e s t  p a t t e r n  o f  WAS i s  p r o b a b l y  c l o s e  t o  t h e  upper l i m i t s  o f  

f r a g m e n t a t i o n  l i k e l y  t o  be found i n  a landscape w i t h  t h a t  degree o f  

f o r e s t  cover .  

The phenomenon o f  empty r e g i o n s  i n  t h e  hyperspace d e s c r i b i n g  

f o r e s t  p a t t e r n  r e s t r i c t s  t h e  range of p r o b a b l e  e x i s t i n g  landscapes t o  a 

hump-shaped r e g i o n  i n  which peak f o r e s t  f r a g m e n t a t i o n  (as measured b y  

d e n s i t y  and 1 andscape 01) corresponds w i t h  20-30 p e r c e n t  f o r e s t  cove r .  

I t  remains t o  be shown what f a c t o r s  account f o r  t h e  v a r i a t i o n  w i t h i n  

t h a t  r e g i o n .  
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Envi ronmenta l  F a c t o r s  and F o r e s t  I s l a n d  P a t t e r n s  

Land use p r a c t i c e s ,  e s p e c i a l l y  t h e  c l e a r i n g  o f  f o r e s t s  f o r  

c r o p l a n d  and pas tu re land ,  were r e s p o n s i b l e  f o r  t h e  p a t t e r n s  o f  f o r e s t  

i s l a n d s  e v i d e n t  i n  Ohio d u r i n g  t h e  l a t e  1930's .  Presumably, t h e  

u n d e r l y i n g  p a t t e r n s  o f  topography and s o i l s  s t r o n g l y  i n f l u e n c e d  these 

l a n d  use p r a c t i c e s .  A farmer would be l e s s  i n c l i n e d  t o  c l e a r  f o r e s t ,  

p low t h e  ground, and p l a n t  c rops  on a steep, r o c k y  h i l l s i d e  than  on a 

smooth, f e r t i l e  p l a i n .  One would t h e r e f o r e  expect  f o r e s t  i s l a n d  

p a t t e r n s  t o  be r e l a t e d  t o  env i ronmen ta l  p a t t e r n s  of  topography, s o i l s ,  

and g l a c i a l  h i s t o r y .  S p e c i f i c a l l y ,  landscapes w i t h  rough topography  

and s o i l s  o f  low f a r m i n g  c a p a b i l i t y  would have g r e a t e r  f o r e s t  coverage 

than  landscapes w i t h  smooth topography  and f e r t i l e  s o i l s .  

To t e s t  t h i s  hypo thes i s ,  a l l  landscapes were i n i t i a l l y  c l a s s i f i e d  

acco rd ing  t o  l a n d  s u r f a c e  form, s o i l s  g l a c i a l  h i s t o r y ,  o r i g i n a l  

p r e s e t t l e m e n t  v e g e t a t i o n ,  and p o t e n t i a l  n a t u r a l  v e g e t a t i o n  (Tab le  6 ) .  

The c l a s s i f i c a t i o n s  were then reco rded  bes ide  each landscape on a 

f a c t o r  a n a l y s i s  p 

i n t e r p r e t e d .  

Land s u r f a c e  

t o p o g r a p h i c a l  v a r  

o t  ( F i g s .  9, 10, 11, 12, 13),  and t h e  r e s u l t s  

f o r m  c l a s s i f i c a t i o n  was used as an index o f  

a t i o n .  I t  i s  composed o f  t h r e e  p a r t s  ( T a b l e  7 ) .  The 

f i r s t  p a r t  i s  a l e t t e r  (A,B,C,D) r e f e r r i n g  t o  t h e  percentage o f  l a n d  

area c l a s s e d  as hav ing  a s u r f a c e  o f  g e n t l e  i n c l i n a t i o n  ( l e s s  than  e i g h t  

p e r c e n t  s l o p e  a n g l e ) .  The second component i s  a number measur ing l o c a l  

r e l i e f ,  i .e. ,  t h e  maximum d i f f e r e n c e  i n  e l e v a t i o n  w i t h i n  an area t h e  

s i z e  of a township.  The t h i r d  l e t t e r  des igna tes  p r o f i l e  type,  which i s  

t h e  percentage of g e n t l y  i n c l i n e d  s u r f a c e  l y i n g  i n  t h e  l ower  h a l f  o f  

l o c a l  r e l i e f .  Sometimes t h e  t h i r d  l e t t e r  i s  n o t  used. 
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, Table 6 .  Nominal (noncontinuous) variables used to describe 15 selected 
Chio  landscapesa 

Land Potent i a1 
Surface Soil Glacial Original Natura 1 

Symbol County Formh Typeb His tory' Vege tat i ond Vegetat i one 

S OM 

UN I 

WAS 

BE0 

T I V  

MEC 

LIB 

MON 

CON 

N E W  

S TA 

80s 

GRN 

HUO 

R IC 

Be 1 mon t 

B e  lmon t 

Belrnont 

Coshoc ton 

Coshoc ton 

Holmes 

Knox 

Knox 

Miami 

Miami 

Mi a m i  

Summ i t 

Summit 

Summit 

Summi t 

03 

03 

03 

03 

03 

03 

B 2 B  

B3C 

A 2 C  

A 2 C  

a2c 

B 3 C  

8 3 C  

B23 

33c 

I84 UNGL 

I84 UNGL 

I84 UNGL 

I84 UNGL 

I84 UNGL 

I84 LJNGL 

A74 YISC 

A74 - I84 I L L 1  

A 7 4  WISC 

A74 W I S C  

A74 SrI sc 
A71 5 WISC 

A69 WISC 

A6 9 W I S C  

A 7 1  5 W I S C  

MO F 

MOF 

MOF 

MMF 

MOF 

MO F 

BF 

MMF 

BF 

BF 

8F 

MM F 

:!OF 

MM F 

MOF 

A0 F 

A0 F 

AOF 

BMF 

AOF 

AOF 

BMF 

BMF-AOF 

BMF 

3MF 

BMF 

BMF 

A0 F 

BMF 

8M F 

aFor definitions o f  variations see "Key t o  Nominal Landscape Variables 
in Table 6 . "  

bSource: U.S.O.I. 1970. The national atlas o f  the Un i ted  States o f  
America. Washington, D.C. 417 pp. 

LSource: Ohio  Oepartrnent o f  Natural Resources. 1965. D i v i s i o n  o f  
geological survey. IJ.S.G.8. Mise. Geol. Inv. Map 1-316. 

dSource: Gordon, R. 5. 1966. Natural vegetation o f  O h i o ,  at the 

"Source: Kuchler, A .  M. 1964. Poteniial natural J e g e t a t i o n  o f  t h e  

time o f  the earliest surveys. Ohia Eiological Survey, Calumbus. 

conterminous United States. h e r .  Geog. SOC. Spec. Publ. No. 3 6 .  
New Yort. 
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Key t o  t h e  Nominal Landscape V a r i a b l e s  i n  Table 6 

I..and s u r f a c e  f o r m  c l a s s e s  

Siiiooth p l a i n s  - g r e a t e r  than 80% g e n t l y  s l o p i n g  ( l e s s  t h a n  8% 
s l o p e  ang le) ;  r e l i e f  30-91 m; 50-75% o f  g e n t l e  s l o p e  i n  on 
up1 ands. 

I r r e g u l a r  p l a i n s  - 50-80% g e n t l y  s l o p i n g ;  r e l i e f  30-91 m; 50-754’0 
o f  g e n t l e  s l o p e  i s  on low land.  

y s l o p i n g ;  r e l i f  91-152 Table lands moderate r e l i e f  - 50-80% gent  
m; 50-75% o f  g e n t l e  s l o p e  i s  on uplands.  

H i l l s  - l e s s  than 20% g e n t l y  s l o p i n g ;  r e  i e f  91-152 rn .  

S o i l  c l a s s e s  

H a p l u d a l f s  p l u s  A r g i a q u o l l s ,  g e n t l y  s l o p i n g  ( l e s s  t h a n  10% s l o p e  
a n g l e ) .  

F r a g i u d a l f s  p l u s  Ochraqua l fs  and F r a g i a q u a l f s ,  g e n t l e  s l o p i n g .  

H a p l u d a l f s  p l u s  Ochraqua l fs ,  g e n t l e  s l o p i n g .  

D y s t r o c h r e p t s ,  s teep s l o p e s  ( g r e a t e r  t h a n  25% s l o p e  a n g l e )  p l u s  
H a p l u d a l f s  and H a p l u d u l t s  b o t h  modera te l y  s l o p i n g  (10-25%). 

G1 ac i a1 h i s t o r y  

Area was u n g l a c i a t e d  t h r o u g h o u t  i t s  h i s t o r y .  

Area was most r e c e n t l y  covered b y  t h e  I l l i n o i a n  g l a c i a t i o n .  

Area was most r e c e n t l y  covered b y  t h e  Wisconsin g l a c i a t i o n .  

O r i g i n a l  ( p r e s e t t l  emen t )  v e g e t a t i o n  

Beech f o r e s t s  

Mixed oak f o r e s t s  

Mixed Mesophyt ic  f o r e s t s  

P o t e n t i a l  n a t u r a l  v e g e t a t i o n  

Beech-maple f o r e s t s  

Appalachian oak f o r e s t s  
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Tab le  7.  C l a s s i f i c a t i o n  scheme f o r  t h e  l a n d  s u r f a c e  
fo rm index.  The index  has t h r e e  components 
cor respond ing  t o  s lope,  l o c a l  r e l i e f ,  and 
p r o f i l e  type,  e .g . ,  A X .  

SLOPE ( C a p i t a l  l e t t e r )  

A 

B 

C 

D 

More than  80 pe rcen t  o f  a rea  g e n t l y  s l o p i n g  

50-80 pe rcen t  o f  a rea  g e n t l y  s l o p i n g  

20-50 pe rcen t  o f  a rea  g e n t l y  s l o p i n g  

Less than  20 pe rcen t  o f  a rea  g e n t l y  s l o p i n g  

LOCAL RELIEF (Numeral ) 

1 0-100 f e e t  

2 100-300 f e e t  

3 300-500 f e e t  

4 500-1000 f e e t  

5 1000-3000 f e e t  

6 Over 3000 f e e t  

PROFILE TYPE (Lower case l e t t e r )  

a More than  7 5  pe rcen t  o f  g e n t l e  s l o p e  i s  i n  l ow land  

b 50-75 pe rcen t  o f  g e n t l e  s lope  i s  i n  low land 

c 50-75 pe rcen t  of g e n t l e  s lope  i s  on up land 

d More than  75 pe rcen t  o f  g e n t l e  s lope  i s  on up land  

Source: U.S.D.1. 1970. The n a t i o n a l  a t l a s  o f  
t h e  Un i ted  S ta tes  o f  America. 
D.C. 417 pp. 

Washington 
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Together,  t h e  t h r e e  components produce an i ndex  t h a t  i n t e g r a t e s  

i n f o r m a t i o n  p e r t i n e n t  t o  s lope,  l o c a l  r e l i e f ,  and p r o f i l e .  For  

example, l a n d  c l a s s e d  A2c i s  more than  80 p e r c e n t  g e n t l y  s l o p i n g ,  w i t h  

most o f  t h e  g e n t l e  s l o p e  i n  t h e  uplands,  and i t  has a r e l i e f  o f  o n l y  30 

t o  91 meters (100 t o  300 f e e t ) .  Land des igna ted  B2b i s  50-80 p e r c e n t  

g e n t l y  s l o p i n g  ( m o s t l y  i n  t h e  l ow lands )  and has a r e l i e f  o f  10-31 

meters.  Land c l a s s e d  03 i s  l e s s  than  20 p e r c e n t  g e n t l y  s l o p i n g ,  b u t  i t  

has a r e l i e f  o f  31 t o  152 meters.  

The d e s c r i p t i o n  o f  t h e  f o u r  l a n d  s u r f a c e  f o r m  c l a s s e s  found i n  

t h i s  s t u d y  ( T a b l e  6 )  suggests  a g r a d i e n t  of t o p o g r a p h i c a l  ruggedness 

s t a r t i n g  w i t h  smooth p l a i n s ,  p r o g r e s s i n g  th rough  i r r e g u l a r  p l a i n s  w i t h  

low r e l i e f  t o  t a b l e l a n d s  o f  moderate r e l i e f  and c u l m i n a t i n g  i n  h i l l  

c o u n t r y .  Th i s  g r a d i e n t  i s  r e f l e c t e d  i n  t h e  o v e r l a y  o f  t o p o g r a p h i c a l  

i n f o r m a t i o n  o n t o  t h e  f a c t o r  a n a l y s i s  p l o t  ( F i g .  9 ) ,  t h u s  c o n f i r m i n g  t h e  

h y p o t h e s i s  t h a t  f o r e s t  i s l a n d  p a t t e r n  i s  r e l a t e d  t o  topography. The 

two d imensional  f a c t o r  space can be broken down i n t o  a sequence o f  

r e g i o n s  co r respond ing  t o  a t o p o g r a p h i c a l  g r a d i e n t  a l i g n e d  o b l i q u e l y  

w i t h  r e s p e c t  t o  t h e  f a c t o r  axes. 

Landscapes w i t h  g e n t l e  topography  (CON, STA, NEW) a l s o  have a 

r e l a t i v e l y  low number of sma l l  r e c t a n g u l a r  i s l a n d s .  A l l  t h r e e  o f  t hese  

landscapes a r e  i n  i n t e n s i v e l y  a g r i c u l t u r a l  Miami County, where t h e r e  

a r e  few l i m i t a t i o n s  t o  f a rm ing .  As t h e  percentage o f  r e l a t i v e l y  f l a t  

l a n d  decreases t o  between 50 and 80 p e r c e n t  ( c l a s s e s  B2b and B ~ c ) ,  and 

t h e  r e l i e f  i nc reases  t o  between 91 and 152 meters,  t h e  f a r e s t  coverage 

inc reases .  The i n c r e a s e d  coverage 7;s due t o  b o t h  an j nc rease  i n  t h e  

d e n s i t y  of i s l a n d s ,  e.g., L I B ,  GRN, MON, and i n  t h e  s i z e  of i s l a n d s ,  
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e.g., HUD, R I C ,  and BOS. I n  a d d i t i o n ,  i s l a n d  shapes become 

p r o g r e s s i v e l y  more i r r e g u l a r  and t h e  skewness o f  woodlot  s i z e  

d i s t r i b u t i o n s  more pronounced, These t r e n d s  con t inued  as t h e  

percentage o f  f l a t  l a n d  dropped below 20 pe rcen t .  H i l l y  landscapes had 

t h e  h i g h e s t  d e n s i t y  o f  wood lo ts  (SOM, M E C ) ,  t h e  l a r g e s t  i s l a n d s  (T IV ) ,  

t h e  most skewed i s l a n d  s i z e  and shape d i s t r i b u t i o n  (BOS, WAS) and the  

most d i s s e c t e d  i s l a n d  shapes (WAS)  o f  a l l  landscapes s t u d i e d .  

G l a c i a l  h i s t o r y ,  s o i l s ,  and o r i g i n a l  o r  p o t e n t i a l  n a t u r a l  

v e g e t a t i o n  are  r e l a t e d  t o  topography and t h e r e f o r e  t o  c e r t a i n  r e g i o n s  

i n  t h e  f a c t o r  space d e s c r i b i n g  landscapes (F igs .  9, 10, 11, 12, 13 ) .  

For  example, g l a c i a l  h i s t o r y  e x e r t s  i t s  e f f e c t s  on landscape p a t t e r n  b y  

d i v i d i n g  Ohio topography i n t o  two s e c t i o n s ;  t h e  n o n g l a c i a t e d  h i l l s  i n  

t h e  southeas t  and t h e  g l a c i a t e d  p l a i n s  o r  t a b l e l a n d s  i n  t h e  rema in ing  

p o r t i o n  o f  t h e  s t a t e  ( F i g .  2 ) .  Landscapes i n  t h e  g l a c i a t e d  s e c t i o n s  of 

t h e  s l a t e  have f o r e s t  i s l a n d  p a t t e r n s  c h a r a c t e r i s t i c  o f  smooth t o  

s l i g h t l y  i r r e g u l a r  topography, w h i l e  t h e  n o n g l a c i a t e d  landscapes have 

f o r e s t  i s l a n d  p a t t e r n s  c h a r a c t e r i s t i c  o f  t h e  rough, h i l l y  topography 

( F i g s .  9, 11) .  One landscape (MON) was i n  t h e  o l d e r  I l l i n o i a n  

g l a c i a t i o n ,  r a t h e r  than  i n  t h e  more r e c e n t  Wisconsin g l a c i a l  

topography.  It has a topography i n t e r m e d i a t e  between t h e  f l a t t e r  

g l a c i a t e d  west and t h e  n o n g l a c i a t e d  eas t ,  and i t s  f o r e s t  i s l a n d  p a t t e r n  

r e f l e c t s  t h i s  c o n d i t i o n  by  hav ing  h i g h e r  d e n s i t y ,  cover ,  and median DI 

t han  i t s  ne ighbor ,  LIB, o n l y  seven k i l o m e t e r s  t o  t h e  southwest  i n  t h e  

N i s c o n s i n  g l a c i a t i o n .  

Given t h a t  pedogenic processes are  s t r o n g l y  i n f l u e n c e d  by  

topography, pa ren t  m a t e r i a l ,  and p l a n t  cover ,  i t  i s  e n t i r e l y  c o n s i s t e n t  
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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 

O h i o  i s  characterized by having a large proportion of dystrochrepts, 

(soils with weakly differentiated horizons and low base saturation, 

formed on steep slopes) and i s  classified 184. The soil type (A74) of 

the glaciated plains o f  Miami County and western Knox County is a mosaic 

o f  hapludalfs and argiaquols. Hapludalfs are a type of alfisol (soils 

marked by grey t o  brown surface horizons and medium to high base 

saturation) that are seasonally dry and have a horizon o f  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. 

is a function o f  topography and climate. 

usually found in low places with poar 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 s o i l  than trees. 

The seasona l y  wet or d r y  nature of a soil 

Seasonally wet soils are 

Again, the MON landscape exhibited its intermediate nature by 

lying on the boundary dividing the I 8 4  class from the A74 class. 

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 af the two 

It 

(A74-184). 
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The r e m a i n i n g  landscapes ( R I C ,  BOS, HUD, and GRN) have somewhat 

d i f f e r e n t  s o i l s .  The p a r t i a l l y  o v e r l a p p i n g  landscapes o f  R I C  and BOS 

have a mosaic o f  h a p l u d a l f s  and o c h r a q u a l f s  ( p o o r l y - d r a i n e d ,  s e a s o n a l l y  

wet  a l f i s o l s ) .  The s o i l  t y p e  i n  GRN and HUD landscapes (A69) i s  marked 

b y  o c h r a q u a l f s ,  f r a g i u d a l f s  ( s e a s o n a l l y  d r y  a l f i s o l s  w i t h  a f r a g i p a n )  

and f r a g i a q u a l f s  ( s e a s o n a l l y  wet a l f i s o l s  w i t h  a f r -ag ipan) .  The l a c k  

of d y s t r o c h r e p t s  i s  ev idence o f  an absence o f  s t e e p  h i l l y  topography, 

and t h e  absence o f  a r g i a q u o l l s  d i s t i n g u i s h e s  t h e s e  s o i l s  f r o m  t h e  s o i l s  

found i n  o t h e r  p a r t s  of  g l a c i a t e d  Ohio. 

The o r i g i n a l  p r e s e t t l e m e n t  v e g e t a t i o n  as d e s c r i b e d  b y  Gordon 

(1966) and K u c h l e r ' s  (1964) p o t e n t i a l  n a t u r a l  v e g e t a t i o n  c l a s s e s  a r e  

a l s o  r e l a t e d  t o  r e g i o n s  i n  f a c t o r  space ( F i g s .  12, 13) .  K u c h l e r ' s  map 

i s  on a s m a l l e r  s c a l e  and has fewer  v e g e t a t i o n  c l a s s e s  ( i n  Ohio)  t h a n  

Gordon's b u t  b o t h  p r e s e n t  e s s e n t i a l  y t h e  same r e l a t i o n s h i p s  between 

v e g e t a t i o n ,  topography, and f o r e s t  s l a n d  p a t t e r n .  I n  b o t h  cases, 

beech-maple f o r e s t s  were t h o u g h t  t o  i n h a b i t  t h e  g l a c i a t e d  p o r t i o n s  o f  

Ohio, w h i l e  oak f o r e s t s  occup ied  t h e  u n g l a c i a t e d  h i l l s  ( F o r s y t h  1970).  

Three o f  t h e  f o r e s t  t y p e s  r e c o g n i z e d  b y  Gordon (beech, mixed 

mesophyt ic ,  and mixed oak) were a s s o c i a t e d  w i t h  t h e  s t u d y  areas. Beech 

f o r e s t s  were a s s o c i a t e d  w i t h  f o r e s t  i s l a n d  p a t t e r n s  c h a r a c t e r i s t i c  o f  

t h e  g l a c i a t e d  p l a i n s  w h i l e  mixed oak f o r e s t s  were a s s o c i a t e d  w i t h  

f o r e s t  p a t t e r n s  found m o s t l y  i n  t h e  u n g l a c i a t e d  h i l l s .  A l l  t h r e e  

f o r e s t  t y p e s  i n h a b i t e d  t h e  g l a c i a t e d  s i t e s  o f  i n t e r m e d i a t e  

t o p o g r a p h i c a l  ruggedness. Only  two o f  K u c h l e r ' s  f o r e s t  types  were 

ass igned t o  t h e  landscapes. The g l a c i a l  boundary proved v e r y  i m p o r t a n t  

i n  s e p a r a t i n g  Appalachian oak f o r e s t s  f r o m  beech-maple f o r e s t s .  MON 
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and GRN were the only glaciated landscapes not classified into the 

beech-maple forest type. 

Recause of the intercorrelativns between variables, the plots o f  

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 

prob 1 em. 

The decisions as t o  what variables t o  use will depend upon the 

purposes of the investigator and the time, effort, and expense required 

to make appropriate measurements. Some o f  the measurements i n  this 

project were easier to make than others. For example, density was 

easier to measure than landscape DI, yet 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 DI, and median island size. 

Discriminant Analysis 

I n  this project, the variation in forest island pattern among 

landscapes was believed to reflect the inherently continuous 
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v a r  i a b i  1 i t y  o f  topography and s o i  1 s . l..and 

c o n s t a n t  i n  t h a t  most l a n d  s u i t a b l e  f o r  cu  

f o r  those purposes and t h e r e f o r e  landscape 

p o r t r a y e d  and 

U n f o r t u n a t e l y ,  

i n t e r p r e t a b l e  

use was assumed t o  be  

t i v a t i o n  o r  p a s t u r e  was used 

w i t h  s i m i  1 a r  topography and 

s o i l s  would have s i m i l a r  f o r e s t  i s l a n d  p a t t e r n s .  I n  accordance w i t h  

t h i s  model, c e r t a i n  aspects  o f  f o r e s t  p a t t e r n  were measured w i t h  

c o n t i n u o u s  v a r i a b l e s  and d i f f e r e n c e s  among landscapes were g r a p h i c a l l y  

n t e r p r e t e d  w i t h  t h e  a i d  o f  f a c t o r  a n a l y s i s .  

a v a i l a b l e  d a t a  on topography and s o i l s  were n o t  d i r e c t l y  

n terms o f  t h e  model because t h e  v a r i a b l e s  were noininal  

i n s t e a d  o f  con t inuous .  Wi th noncont inuous v a r i a b l e s ,  i t  was i m p o s s i b l e  

t o  q u a n t i t a t i v e l y  e x p l a i n  f o r e s t  i s l a n d  p a t t e r n  i n  terms o f  c o n t i n u o u s  

v a r i a t i o n  i n  t h e  t o p o g r a p h i c  and edaphic  f e a t u r e s  o f  landscapes. 

O v e r l a y  o f  t h e  l a n d  s u r f a c e  f o r m  c l a s s e s  on t h e  f a c t o r  a n a l y s i s  

p l o t  c r u d e l y  d e f i n e d  a s e r i e s  o f  groups o r  r e g i o n s  which c o u l d  be 

i n t e r p r e t e d  as a g r a d i e n t  o f  t o p o g r a p h i c a l  ruggedness. Even though t h e  

model assumes cont inuous  v a r i a t i o n ,  t h e  l a n d  s u r f a c e  f o r m  c l a s s e s  were, 

f o r  t h e  moment, cons idered as d i s c r e t e  groups. Stepwise d i s c r i m i n a n t  

a n a l y s i s  was then employed t o  de termine t o  what degree landscapes c o u l d  

be separa ted  i n t o  topograph ic  c lasses ,  s o l e l y  on t h e  b a s i s  o f  f o r e s t  

i s l a n d  p a t t e r n s .  

The p h i l o s o p h i c a l  emphasis o f  d i s c r i m i n a n t  a n a l y s i s  d i f f e r s  f rom 

t h a t  o f  f a c t o r  a n a l y s i s ,  even though b o t h  techn iques  use c o n t i n u o u s  

d a t a  and r e l y  on some o f  t h e  same m a t r i x  a l g e b r a  procedures.  F a c t o r  

a n a l y s i s  seeks t o  condense the  v a r i a t i o n  among o b s e r v a t i o n s  i n t o  a few 

independent  axes. Conversely ,  d i s c r i m i n a n t  a n a l y s i s  seeks t o  d e f i n e  

axes max imiz ing  t h e  s t a t i s t i c a l  d i s t a n c e  between groups o f  
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observations. 

discriminant functions can be used as a measure o f  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 distance between groups in the space defined by the 

The same set of data can often be analyzed in a number of 

different ways depending upon the investigator's model o f  the nature of 

variation within the data set. If the model assumes that observations 

fall 

but 

then 

dens 

into classes, then techniques like discriminant analysis are used, 

f the variation among observations i s  believed to be continuous, 

techniques like factor analysis or  canonical correlation are used. 

The seven variables employed in the factor analysis (cover, 

ty, landscape DI, mean DI, 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 o f  

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 expectation 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. 

would occupy an intermediate position and would probably be poorly 

separated from each other. 

The intermediate groups (82b and 83c) 
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Becaiise t h e  model o f  landscape p a t t e r n  was founded on t h e  concept  

o f  c o n t i n u o u s  v a r i a t i o n  among landscapes, d i s c r i m i n a n t  a n a l y s i s  was 

meant o n l y  t o  s u p p o r t  and i l l u m i n a t e  t h e  i n t e r p r e t a t i o n s  o f  t h e  f a c t o r  

a n a l y s i s  and i t s  r e l a t e d  p l o t s ,  and n o t  s tand as t h e  p r i m a r y  means o f  

i n v e s t i g a t i n g  t h e  r e l a t i o n s h i p s  between f o r e s t  i s l a n d  p a t t e r n  and 

env i ronmentd l  f a c t o r s .  

The r e s u l t s  o f  t h e  d i s c r i m i n a n t  d n a l y s i s  i n d i c a t e d  no 

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between t h e  l a n d  sur face  form 

c l a s s e s ,  p r o b a b l y  because o f  t h e  smal l  sample s i r e  and t h e  c o n t i n u o u s  

n a t u r e  o f  t h e  da ta .  As expected, landscapes were arranged a l o n g  t h e  

f i r s t  d i s c r i m i n a n t  f u n c t i o n  a c c o r d i n g  t o  t o p o g r a p h i c  c l a s s  ( F i g .  16) .  

Cover and landscape D I  were b e s t  s u i t e d  f o r  c l a s s i f y i n g  landscapes. 

A d d i t i o n  o f  t h e  o t h e r  v a r i a b l e s  d i d  n o t  g r e a t l y  enhance c l a s s i f i c a t i o n  

a b i l i t y  because t h e y  were h i g h l y  c o r r e l a t e d  w i t h  e i t h e r  cover  o r  

landscape DI. No mean ing fu l  i n t e r p r e t a t i o n s  c o u l d  be made f o r  t h e  

second d i s c r i m i n a n t  f u n c t i o n .  

The d i s c r i m i n a n t  a n a l y s i s  was s i m p l y  another  way o f  p r e s e n t i n g  

t h e  same i n f o r m a t i o n  found i n  t h e  o v e r l a y  o f  l a n d  s u r f a c e  f o r m  c l a s s e s  

on t h e  f a c t o r  a n a l y s i s  p l o t .  

v a r i a t i o n  among landscapes i n t o  a s i n g l e  dimension, i t  achieved a 

c e r t a i n  parsimony f o r  e x p l a i n i n g  f o r e s t  i s l a n d  p a t t e r n  i n  terms o f  

topography.  Some i n f o r m a t i o n  was hidden, because t h e  s e p a r a t i o n  o f  

landscapes w i t h i n  groups was reduced as a r e s u l t  o f  max imiz ing  

s e p a r a t i o n  between groups. 

By c o l l a p s i n g  most o f  t h e  t o p o g r a p h i c  

D i s c r i m i n a n t  a n a l y s i s  u s i n g  g l a c i a l  h i s t o r y  as t h e  c l a s s i f i c a t i o n  

v a r i a b l e  gave r e s u l t s  s i m i l a r  t o  t h o s e  f o r  topography.  G l a c i a t e d  
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F i g .  16. One d imensional  s i t e  o r d i n a t i o n  o f  15 Ohio landscapes. Axes 
are d e r i v e d  f r o m  a d i s c r i m i n a n t  a n a l y s i s  based on seven 
landscape v a r i a b l e s  and u s i n g  l a n d  f o r m  as t h e  d i s c r i m i n a n t  
c r i t e r i o n .  
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landscapes were separated f rom u n g l a c i a t e d  landscapes on t h e  f i r s t  

d i s c r i m i n a n t  f u n c t i o n ,  b u t  t h e  s e p a r a t i o n  was n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t  . 

D e s i r a b i l i t y  o f  Cont inuous Data -- 

Topographic and edaphic  d a t a  were taken because topography  and 

s o i l s  a r e  t h e  most i m p o r t a n t  f a c t o r s  i n f l u e n c i n g  t h e  a g r i c u l t u r a l  l a n d  

uses t h a t  determined f o r e s t  d i s t r i b u t i o n a l  p a t t e r n s  i n  Ohio. Because 

of  a l a c k  o f  t i m e  and a p p r o p r i a t e  maps, t h e  d a t a  were d i s c r e t e  

( c l a s s i f i c a t o r y ) .  I f t h e  d a t a  had been cont inuous,  t hen  o t h e r  

s t a t i s t i c a l  t echn iques  c o u l d  have been employed t o  e x p l a i n  t h e  

r e l a t i o n s h i p s  between f o r e s t  p a t t e r n s  and topography. For example, t h e  

t h r e e  components o f  l a n d  s u r f a c e  f o r m  can be measured d i r e c t l y  f r o m  

t o p o g r a p h i c  maps. Func t i ons  d e r i v e d  f rom t h e  va lues  f o r  r e l i e f  and 

p e r c e n t  o f  l a n d  w i t h  g e n t l e  s l o p e  c o u l d  then  be reg ressed  on t h e  f a c t o r  

scores d e s c r i b i n g  f o r e s t  i s l a n d  p a t t e r n s  o r  used as t h e  p r e d i c t o r  

v a r i a b l e s  i n  a c a n o n i c a l  c o r r e l a t i o n  a n a l y s i s .  Another s e t  o f  

p o t e n t i a l l y  u s e f u l  measurements c o u l d  be d e r i v e d  f r o m  maps showing l a n d  

c a p a b i l i t y  c l a s s e s .  Land c a p a b i l i t y  c l a s s e s  i n t e g r a t e  topography  and 

s o i l s  and show a g r i c u l t u r a l  l i m i t a t i o n s  o f  a landscape. The 

percentages o f  a landscape i n  t h e  v a r i o u s  c a p a b i l i t y  c l a s s e s  shou ld  be 

a good p r e d i c t o r  o r  f o r e s t  p a t t e r n s .  

There was c o n s i d e r a b l e  v a r i a b i l i t y  i n  t h e  f o r e s t  i s l a n d  p a t t e r n s  

o f  h i l l y  landscapes n o t  e x p l a i n e d  b y  t h e  s o i l s  o r  l a n d  s u r f a c e  form. 

Perhaps con t inuous  measurements o r  i n d i c e s  o f  topography  and s o i l s  

c o u l d  b e t t e r  e x p l a i n  why some h i l l y  landscapes had many smal l  i s l a n d s  
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(UNI, BED) while others had fewer but larger islands ( T I V ,  WAS) .  As i n  

any project, the extra time and effort required to collect detailed 

measurements has to be weighed against the desired resolution o f  the 

results. The extra effort needed to make continuous measurements of 

topography and soils may not have resulted in greater understanding o f  

1 andscape pattern. 

Integration with Other Ecological Concepts 

This study focused on a methodology f o r  quantifying different 

aspects o f  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 t o  quantify the various spatial, tein oral, and 

functional aspects o f  landscapes (Klopatek, Shugart et a l .  979), the 

methods are applicable to the study of the forest component of regional 

systems. 

"Man's role i s  an integral part o r  functional component o f  a 

regional system--" (Klopatek, Shugart et al. 1979). His cultural and 

technological systems affect all levels of environmental systems and 

need to be included in any evaluation. Forests are but one aspect of 

inan's environment affected by culture and technology. 

forest patterns can provide an index for assessing man's impacts on 

forests in general. 

impact o f  cultural and technological systems on forests, e.g., 

topography and so i l s .  A quantitative evaluation of the impacts of 

culture and technology on large scale forest patterns therefore 

Large scale 

Other aspects of the environment may modify the 



90 

r e q u i r e s  t h e  measurement, a t  an a p p r o p r i a t e  sca le ,  o f  s e v e r a l  landscape 

v a r i a b l e s ,  some d e s c r i b i n g  f o r e s t  p a t t e r n  and some d e s c r i b i n g  o t h e r  

env i ronmenta l  f e a t u r e s  such as topography  and s o i l s .  

T h i s  s t u d y  i s  a s p e c i f i c  example o f  how t h e  response o f  r e g i o n a l  

landscape p r o p e r t i e s  t o  man's a c t i v i t i e s  can be measured. By r e l a t i n g  

f o r e s t  i s l a n d  d i s t r i b u t i o n  p a t t e r n s  t o  c e r t a i n  t o p o g r a p h i c  and edaphic  

landscape f e a t u r e s ,  t h i s  p r o j e c t ,  i n  e f f e c t ,  measured t h e  c u m u l a t i v e  

r e g i o n a l  response o f  Ohio f o r e s t s  t o  t h e  impacts  a s s o c i a t e d  w i t h  

a g r i c u l t u r a l  development and r e l a t e d  t h a t  response t o  topography  and 

c o r r e l a t e d  f e a t u r e s .  Other  examples o f  how landscape v a r i a b l e s  can be 

used t o  approach r e g i o n a l  problems a r e  conce ivab le .  For  example, 

landscape v a r i a b l e s  c o u l d  be used t o  deve lop  d a t a  bases f o r  e v a l u a t i n g  

and a n t i c i p a t i n g  r e g i o n a l  env i ronmenta l  impacts  o f  a c t i v i t i e s  

a s s o c i a t e d  w i t h  l a n d  use which s i n g l y  o r  i n  u n i s o n  have f a r  r e a c h i n g  

e f f e c t s .  The s i m i l a r i t i e s  and d i f f e r e n c e s  between d i f f e r e n t  p a r t s  of 

t h e  e a s t e r n  deciduous f o r e s t  c o u l d  be q u a n t i f i e d  i n  terms o f  f o r e s t  

i s l a n d  d i s t r i b u t i o n  p a t t e r n s  and o t h e r  env i ronmenta l  a t t r i b u t e s .  Areas 

h a v i n g  s i m i l a r  landscape a t t r i b u t e s  can be d e s i g n a t e d  as s p e c i a l  

r e g i o n s  and p o r t r a y e d  as homogeneous map u n i t s .  Because these r e g i o n s  

have s i m i l a r  c h a r a c t e r i s t i c s ,  t h e y  would be expected t o  e x h i b i t  a 

c h a r a c t e r i s t i c  response t o  a g i v e n  d i s t u r b a n c e .  

Another example u s i n g  landscape v a r i a b l e s  i n v o l v e s  t h e  e v a l u a t i o n  

o f  how a spec ies  p o p u l a t i o n  responds t o  t h e  d i s s e c t i o n  and 

f r a g m e n t a t i o n  o f  i t s  f o r e s t  h a b i t a t  (Whitcomb 1977).  Landscape 

v a r i a b l e s  c o u l d  d e s c r i b e  f o r e s t  i s l a n d  p a t t e r n s  and r e l a t e  these t o  t h e  
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abundance o f  a species i n  t h e  r e g i o n  as a whole and, i n  d o i n g  so, t e s t  

concepts of i s l a n d  b iogeography  t h e o r y .  

I s l a n d  b iogeography  has been used t o  e x p l a i n  t h e  dynamics o f  

s e m i - i s o l a t e d  p o p u l a t i o n s .  The f i r s t  a p p l i c a t i o n  was t o  oceanic  

i s l a n d s  (MacArthur and Wi lson 1963, 1967), b u t  t h e  concepts have s i n c e  

been g e n e r a l i z e d  t o  i n c l u d e  t e r r e s t r i a l  h a b i t a t s  such as caves, 

mounta in  tops,  and wood lo ts  ( C u l v e r  1970, P i c t o n  1979, Brown 1971, 

E l f s t r o m  1974, P a t t e r s o n  1980, Forman and E l f s t r o m  1975, Suhweir 1976, 

Levenson 1976, Ranney and Johnson 1977). Severa l  parameters a s s o c i a t e d  

w i t h  i s l a n d  b iogeography  concepts can be i n c l u d e d  as landscape 

v a r i a b l e s ,  e.g., measures o f  f o r e s t  i s l a n d  s i z e ,  shape, and i n t e r i s l a n d  

d i s t a n c e .  The p o s s i b i l i t y  e x i s t s  t o  use some measures of spec ies 

abundance and p e r s i s t e n c e  as dependent v a r i a b l e s  and a s e r i e s  o f  

landscape v a r i a b l e s  as independent v a r i a b l e s  i n  an e f f o r t  t o  r e l a t e  

spec ies  p o p u l a t i o n s  t o  landscape p a t t e r n s .  Th is  approach can be used 

t o  de te rm ine  t h e  o p t i m a l  c o n f i g u r a t i o n  o f  n a t u r e  r e s e r v e s  (as d i scussed  

b y  Diamond 1975, 1976; S u l l i v a n  and S h a f f e r  1975; S i m b e r l o f f  and Abele 

1976; Terborgh 1974, 1976; Whitcomb e t  a l .  1976; Faaborg 1979; Game 

1980) o r  t h e  impacts o f  f o r e s t  f r a g m e n t a t i o n  on b i r d  p o p u l a t i o n s  (as 

e t  a l .  1976, G a l l i  e t  a l .  d i scussed  b y  Moore and Hooper 1975, Forman 

1976, and Whitcomb 1977). 

The advantage o f  u s i n g  landscape v a r  

t h a t  t h e  p r o p e r t i e s  o f  ecosystems emergent 

ab les  i n  some s t u d i e s  i s  

a t  t h a t  s c a l e  may i n f l u e n c e  

p o p u l a t i o n s  i n  ways n o t  e a s i l y  d e t e c t e d  w i t h  s t u d i e s  made a t  s m a l l e r  

s c a l e s .  

s u p p o r t  a l a r g e r  p o p u l a t i o n  d e n s i t y  of a c e r t a i n  b i r d  spec ies  t h a n  a 

Fo r  example, a landscape w i t h  a f e w  l a r g e  f o r e s t  i s l a n d s  m i g h t  
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nearby landscape w i t h  a l a r g e r  number o f  s m a l l e r  i s l a n d s ,  even though 

t h e  f o r e s t s  o f  b o t h  areas a r e  composed o f  t h e  same t r e e  species and 

cover  t h e  same t o t a l  area. 

T h i s  s t u d y  was concerned w i t h  o n l y  one p o i n t  i n  t i m e  and i n  

es5ence p resen ted  a "snapshot"  o f  t h e  f o r e s t  i s l a n d  p a t t e r n s  i n  Ohio 

d u r i n g  t h e  l a t e  1930's .  But landscape p a t t e r n s  a r e  n o t  s t a t i c .  The 

n a t u r e  o f  t h e  d i s t u r b a n c e  regimes a s s o c i a t e d  w i t h  changing l a n d  use and 

t h e  i n h e r e n t  success iona l  p r o p e r t i e s  o f  f o r e s t s  combine t o  b r i n g  about 

changes i n  t h e  d i s t r i b u t i o n  p a t t e r n s  o f  f o r e s t  cover .  Data f rom C u r t i s  

(1956) c h r o n i c l e  t h e  h i s t o r y  o f  change i n  t h e  f o r e s t  i s l a n d  p a t t e r n  o f  

Cadiz township,  Green County, Wisconsin f rom 1831 ( t h e  yea r  o f  t h e  

General  Land O f f i c e  Survey) up t o  1950 ( F i g .  1, p. 18) .  Except f o r  a 

p r a i r i e  opening, f o r e s t  cove r  was con t inuous  across Cadiz township i n  

1831. Subsequent s e t t l e m e n t  l e d  t o  t h e  f o r e s t ' s  d e s t r u c t i o n  and 

f r a g m e n t a t i o n .  F o r e s t  coverage decreased r a p i d l y  f rom 1831 u n t i l  1882, 

t h e n  more s l o w l y  a f te rwards ,  so t h a t  b y  9950, o n l y  f o u r  p e r c e n t  o f  t h e  

township remained i n  f o r e s t  ( F i g .  17a).  Meanwhile, t h e  degree o f  

f o r e s t  f ragmen ta t i on ,  as measured b y  landscape D I ,  i nc reased  r a p i d l y  

u n t i l  1882 then  more s l o w l y  a f t e r w a r d s  ( F i g .  17b) .  

Examples l i k e  Cadiz township i l l u s t r a t e  how changes i n  landscape 

p a t t e r n  over  t i m e  can t r a c e  a v e c t o r  t h rough  t h e  n-d imensional  

hyperspace d e s c r i b i n g  t h a t  landscape ( F i g .  18) .  Given enough 

i n f o r m a t i o n ,  i t  shou ld  be p o s s i b l e  t o  p r e d i c t  t h e  d i r e c t i o n  and 

v e l o c i t y  o f  t h e  v e c t o r .  Consequently, f o r  c e r t a i n  scenar ios  o f  l a n d  

use, i t  should be p o s s i b l e  t o  develop mathemat ica l  models o f  how 

landscape f e a t u r e s  change ove r  t ime.  
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One fea ture  of landscapes t h a t  has been successful ly  modeled i s  

cover type,  t h a t  i s ,  the type o f  vegetation (o r  types of l a n d  use) t h a t  

are associated w i t h  a r e g i o n .  Changes i n  landscape pat terns  can be 

modeled by measuring the areal  extent  o f  the cover types on old maps 

and comparing them t o  measurements taken from newer maps. 

measurements, a matrix of transformation coe f f i c i en t s  can then be used 

as r a t e  constants i n  dynamic mathematical models t h a t  predict  changes 

in landscape cover (Hett 1971; Auclair 1976; Zeirnetz e t  a l .  1976; 

Johnson and Sharpe 1976) .  Models o f  t h i s  type are s imi la r  t o  Markov 

models of f o r e s t  succession (Horn 1976), in the f a c t  t h a t  the actual 

s i z e s ,  shapes, and locations o f  cover types,  e.g., f o r e s t s ,  are  u n k n o w n  

b u t  are  integrated into a l imited number of measurements. Markov 

models are possible because of the mathematical propert ies  of cover 

type as a var iable .  Other var iab les ,  such as median island s i z e  and 

in te r i s land  dis tance,  do  not  have these propert ies  and  would  have t o  be 

modeled u s i n g  nonlinear techniques. 

From those 



V. SUMMARY A N D  C O N C L U S I O N S  

The goal  o f  t h i s  study was t o  quantify various aspects of f o r e s t  

island d i s t r ibu t ion  pat terns  a n d  r e l a t e  those pat terns  t o  other  

landscape fea tures .  Toward t h a t  end, l i t e r a t u r e  per t inent  t o  concepts 

o f  landscape pat tern i n  general and t o  f o r e s t  pat tern in pa r t i cu la r  was 

reviewed. Several maps showing the f o r e s t  cover o f  various counties i n  

O h i o  were chosen as  representat ive examples of f o r e s t  pat terns  t o  be 

quant i f ied.  Ten thousand hectare study areas (landscapes) were 

delineated on each i m p .  

va r i e ty  of fo re s t  island pat terns .  Their placement was dependent upon 

the g r a i n  a n d  i n t ens i ty  inherent i n  the f o r e s t  island pat terns .  

The landscapes were chosen t o  represent a wide 

The raw d a t a  taken from each landscape included measurements of 

the perimeter and  area o f  each woodlot and  measurements of the 

dis tances  between woodlots. The raw d a t a  were then converted in to  a 

s e r i e s  of continuous landscape var iables  representing propert ies  

appropriate f o r  the sca le  o f  landscapes. These landscape var iables  

contained information per t inent  t o  the s i zes ,  shapes, numbers, and 

spacing o f  woodlots w i t h i n  a landscape. 

The landscape var iables  were used i n  a f ac to r  analysis  t o  

describe the var ia t ion among landscapes i n  terms o f  f o r e s t  island 

pa t te rn .  

the f i r s t  two f ac to r s .  An inspection of the f ac to r  loadings indicated 

t h a t  the f i r s t  f ac to r  was weighted toward the percent o f  the s t u d y  area 

covered by fo re s t  as measured by the var iable  percent cover. The 

second fac tor  was interpreted as  an axis of f o r e s t  fragmentation as 

Most of the var ia t ion  among landscapes was accounted f o r  by 
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ineasured b y  t h e  v a r i a b l e s  i s l a n d  d e n s i t y  and landscape DI ( t h e  two were 

h i g h l y  c o r r e l a t e d ) .  An o r d i n a t i o n  o f  landscapes was t h e n  d e r i v e d  f r o m  

f i r s t  two axes o f  t h e  f a c t o r  a n a l y s i s .  The o r d i n a t i o n  proved t o  be an 

e f f e c t i v e  g r a p h i c  summary o f  landscape v a r i a t i o n  and i t  became t h e  

b a s i s  o f  a t h e o r e t i c a l  framework on which t o  t e s t  hypotheses concern ing  

f o r e s t  i s l a n d  p a t t e r n s .  

O the r  f e a t u r e s  o f  t h e  landscapes ( topography,  s o i l s ,  g l a c i a l  

h i s t o r y ,  o r i g i n a l  v e g e t a t i o n ,  and p o t e n t i a l  n a t u r a l  v e g e t a t i o n )  were 

measured w i t h  non-cont inuous nominal  v a r i a b l e s .  These env i ronmen ta l  

f e a t u r e s  were r e l a t e d  t o  t h e  f o r e s t  i s l a n d  p a t t e r n s  by: 

env i ronmen ta l  i n f o r m a t i o n  on t o  t h e  o r d i n a t i o n  p l o t s ;  and ( 2  u s i n g  

d i s c r i m i n a n t  a n a l y s i s  w i t h  t h e  env i ronmen ta l  f e a t u r e s  as t h e  c r i t e r i a  

o f  d i s c r i m i n a t i o n .  The r e s u l t s  showed t h a t  f o r e s t  i s l a n d  p t t e r n s  a r e  

r e l a t e d  t o  topography  and o t h e r  env i ronmen ta l  f e a t u r e s  c o r r e l a t e d  w i t h  

topography.  Landscapes w i t h  smooth topography  and a r a b l e  l a n d  had b u t  

a few p e r c e n t  f o r e s t  coverage d i v i d e d  among a r e l a t i v e l y  low number o f  

s m a l l  wood lo ts .  As t h e  roughness of topography  increased,  t h e  s i z e  

and/or number o f  f o r e s t  i s l a n d s  increased.  The g r e a t e s t  degree of 

f o r e s t  f r a g m e n t a t i o n  was a s s o c i a t e d  w i t h  20-30 p e r c e n t  cove r  i n  h i l l y  

topography. 

o f  l a n d  use ove r  t ime, these  r e s u l t s  were i n t e r p r e t e d  t o  mean t h a t  t h e  

p a t t e r n s  o f  l a n d  use i n  Ohio were somewhat dependent upon topography  

and r e l a t e d  f a c t o r s .  

( 1 )  o v e r l a y i n g  

Since f o r e s t  p a t t e r n  i s  a r e s u l t  o f  t h e  c u m u l a t i v e  e f f e c t s  

The a b i l i t y  t o  q u a n t i f y  landscape p a t t e r n  on a r e g i o n a l  b a s i s  has 

a p p l i c a t i o n s  t o  r e g i o n a l  eco logy .  Mathemat ica l  models can be developed 

t o  p r e d i c t  changes i n  landscape p a t t e r n s  f o r  g i v e n  l a n d  use scenar ios ,  



98 

and parameters o f  landscape p a t t e r n  can be analyzed as i n d i c a t o r s  of 

h a b i t a t  and r e s o u r c e  d i s t r i b u t i o n  and long- te rm ecosystem s t a b i l i t y .  

The a b i l i t y  t o  measure f o r e s t  i s l a n d  p a t t e r n  and o t h e r  aspects  o f  

landscape p a t t e r n  can be one p a r t  o f  q u a n t i t a t i v e  approaches t o  s o l v i n g  

r e g i o n a l  problems. 
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