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ABSTRACT 

Themat ic  Mapper (TM) imagery  was i n t e g r a t e d  i n  a  
Geographic  I n f o r m a t i o n  System ( G I s )  t o  d e v e l o p  
au toma ted  models t o  e v a l u a t e  and map r u f f e d  g r o u s e  
h a b i t a t ,  and s e l e c t  p o t e n t i a l  r e l e a s e  s i t e s  f o r  
t h a t  s p e c i e s  i n  n o r t h e a s t e r n  Kansas (U.S.A.) .  For-  
e s t  c o v e r  was mapped from a  TM image u s i n g  a  mixed 
s p e c t r a l / c o n t e x t u a l  app roach .  The h i g h  r e s o l u t i o n  
of t h e  TM imagery  a l l o w e d  a  d e t a i l e d  mapping of  
f o r e s t  edge ,  a  c r i t i c a l  e l emen t  o f  p o t e n t i a l  g r o u s e  
h a b i t a t  i n  t h i s  r e g i o n .  F o r e s t  a r e a s  were t h e n  
e v a l u a t e d  a s  p o t e n t i a l  r u f f e d  g r o u s e  h a b i t a t  by  a  
s p a t i a l  model u s i n g  t h e  f o l l o w i n g  e l emen t s :  ( 1 )  
woodlo t  s i z e ,  ( 2 )  woodlo t  i n t e r c o n n e c t i o n ,  ( 3 )  
amount o f  f o r e s t  e d g e ,  ( 4 )  d i s t a n c e  t o  woodlo t  
edge ,  and ( 5 )  f o r e s t  t y p e .  Another  model g e n e r a t e d  
a  map of r e l e a s e  s i t e  s u i t a b i l i t y  b a s e d  on t h e  
r e g i o n a l  amount and  q u a l i t y  of  a p p r o p r i a t e  h a b i t a t .  
The r e s u l t s  o b t a i n e d  were e v a l u a t e d  by w i l d l i f e  
management p r o f e s s i o n a l s  f a m i l i a r  w i t h  t h e  g r o u s e  
and t h e  l o c a l  h a b i t a t  c o n d i t i o n s .  I t  was conc luded  
t h a t  t h e  t e c h n i q u e s  employed have s u b s t a n t i a l  po- 
t e n t i a l  a s  t o o l s  i n  g r o u s e  management. 

1  . I N T R O D U C T I O N  

The low ground r e  s o l u t i o n  o f  t h e  Mu1 t i s p e c t r a l  Scanne r  (MSS ) (79x79m) 
h a s  been  a  major  f a c t o r  l i m i t i n g  t h e  u s e  o f  i t s  imagery  i n  h a b i t a t  s t u d i e s .  
N e v e r t h e l e s s  many p a p e r s  have  been p u b l i s h e d  on t h e  s u b j e c t  i n  t h e  l a s t  few 
y e a r s  showing a  wide r a n g e  of a p p l i c a t i o n s  when a  h i g h  ground r e s o l u t i o n  i s  
n o t  c r i t i c a l  ( f o r  a n  ove rv iew s e e  Pa lme i r im ,  i n  p r e p . ) .  I n  p a r t i c u l a r  t h e  
u s e f u l n e s s  of  MSS Landsa t  imagery  i n  t h e  s e l e c t i o n  of s i t e s  f o r  r e i n t r o d u c -  
t i o n  of l o c a l l y  e x t i n c t  s p e c i e s  h a s  been  d e m o n s t r a t e d  by v a r i o u s  p r o j e c t s .  
Wild t u r k e y s  ( M e l e a g r i s  g a l l o p a v o )  were r e l e a s e d  a t  s i t e s  s e l e c t e d  u s i n g  a n  
MSS-based l a n d  cover  c l a s s i f i c a t i o n  ( K a t i b a h  and  Graves ,  1 9 7 8 ) ;  m o n i t o r i n g  
t h e  r a t e s  of  c o n v e r s i o n  of r a n g e l a n d  t o  a g r i c u l t u r a l  l a n d  u s i n g  MSS imagery  
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a s s i s t e d  i n  t h e  c h o i c e  o f  r e l e a s e  s i t e s  o f  p r o n g h o r n  a n t e l o p e  ( A n t i l o c a p r a  
a m e r i c a n a )  i n  Kansas  ( M a r t i n k o ,  1 9 7 8 ) .  The h i g h e r  r e s o l u t i o n  o f  t h e  Thema t i c  
Mapper (TM)  (3Ox30m) c o n s i d e r a b l y  i n c r e a s e d  t h e  p o t e n t i a l  t o  u s e  s a t e l l i t e -  
b o r n e  s e n s o r s  i n  w i l d l i f e  s t u d i e s .  

Most of  t h e  p r e v i o u s  work f o c u s s e d  upon s i m p l e  i d e n t i f i c a t i o n  o f  h a b i t a t  
e l e m e n t s ,  s u c h  as v e g e t a t i o n .  I n  s p i t e  o f  t h e  u s e f u l n e s s  o f  t h a t  work ,  i t  i s  
u n f o r t u n a t e  t h a t  s o  l i t t l e  e f f o r t  h a s  b e e n  expended i n  r e l a t i n g  t h e s e  e l e -  
ments  t o  t h e  a c t u a l  n e e d s  o r  p r e f e r e n c e s  o f  t h e  i n d i v i d u a l  a n i m a l  s p e c i e s  
( b u t  s e e  Thompson, e t  a l . ,  1980;  Lyon, 1 9 8 3 ) .  I n  t h i s  p r o j e c t  I a t t e m p t e d  t o  
d o  t h i s  u s i n g  TM i m a g e r y  t o  g e n e r a t e  a v e g e t a t i o n  map, and GIs models  b a s e d  
on t h e  b i o l o g y  o f  t h e  r u f f e d  g r o u s e  (Bonasa  Umbel lus)  were  u sed  t o  m a n i p u l a t e  
t h e  v e g e t a t i o n  map. An a u t o m a t e d  model was d e v e l o p e d  t o  e v a l u a t e  t h e  q u a l i t y  
of  t h e  i d e n t i f i e d  v e g e t a t i o n  t y p e s  a s  h a b i t a t  f o r  t h e  r u f f e d  g r o u s e .  T h i s  
model g e n e r a t e d  a  h a b i t a t  s u i t a b i l i t y  map which w a s  t h e n  u s e d  i n  a n o t h e r  
model t h a t  s e l e c t e d  p o t e n t i a l  s i t e s  f o r  r e i n t r o d u c t i o n  o f  t h e  g r o u s e .  

The r u f f e d  g r o u s e  i s  a  f o r e s t  s p e c i e s  w i t h  a  wide  r a n g e  i n  N o r t h  Ameri- 
c a .  Due t o  i t s  i m p o r t a n c e  a s  a game b i r d  v a r i o u s  a g e n c i e s  h a v e  been  r e e s t a -  
b l i s h i n g  t h e  g r o u s e  i n  a r e a s  where  i t  became e x t i n c t  i n  h i s t o r i c a l  t i m e s ,  o r  
e v e n  i n t r o d u c i n g  it o u t s i d e  i t s  h i s t o r i c  r a n g e  ( G u l l i o n ,  1 9 8 4 ) .  The Kansas  
F i s h  and  Game Commission i s  c u r r e n t l y  a t t e m p t i n g  t o  r e s t o r e  t h i s  s p e c i e s  i n  
wooded a r e a s  i n  n o r t h e a s t e r n  Kansa s .  Throughout  mos t  o f  i t s  r a n g e  t h e  g r o u s e  
depends  h e a v i l y  on a s p e n  ( P o p u l u s  t r e m u l o i d e s ,  P. g r a n d i d e n t a t a )  f o r  f o o d  a n d  
c o v e r  ( G u l l i o n  and  Svoboda ,  1 9 7 2 ) .  However, i n  t h e  s o u t h e r n  p a r t  o f  i t s  
r a n g e ,  i n  t h e  a b s e n c e  o f  a s p e n ,  t h e  g r o u s e  seems t o  b e  m o s t l y  d e p e n d e n t  on 
u n d e r s t o r y  g rowth  of s h r u b s ,  v i n e s ,  and  h e r b s  f o r  t h o s e  r e q u i r e m e n t s  ( H a l e  e t  . a 1 1 9 8 2 ) .  Not s u r p r i s i n g l y  i t  i s  b e l i e v e d  t h a t  i n  t h e s e  r e g i o n s  i t  w a s ,  
p r i o r  t o  s e t t l e m e n t  by Europeans  a n d  w i d e s p r e a d  e x t i n c t i o n s ,  l i m i t e d  t o  
e c o t o n e s  a n d  e a r l y  s u c c e s s i o n a l  a r e a s  (Hunyadi ,  1 9 8 4 ) .  S i n c e  Kansas  i s  on 
t h e  s o u t h e r n  edge  of t h e  h i s t o r i c a l  r a n g e  of  r u f f e d  g r o u s e  t h e s e  a r e  t h e  
h a b i t a t s  where  i t  i s  most l i k e l y  t o  t h r i v e  i n  t h e  s t a t e .  

The s t u d y  a r e a  i s  l o c a t e d  a round  t h e  i n t e r s e c t i o n  o f  Doug la s ,  Leaven- 
w o r t h  a n d  J e f f e r s o n  c o u n t i e s ,  j u s t  n o r t h  o f  Lawrence ,  Kansa s .  I t  i n c l u d e s  52 
km2 (240x240 TM p i x e l s )  of i n t e r m i x e d  r a n g e l a n d ,  c r o p l a n d ,  d e c i d u o u s  f o r e s t  
and  o l d  f i e l d s .  

2.  MATERIALS AND METHODS 

S i n c e  many w i l d l i f e  b i o l o g i s t s  have  l i t t l e  knowledge of image p r o c e s s i n g  
methods ,  t h e  o b j e c t i v e s  of  t h e  v a r i o u s  o p e r a t i o n a l  methods c a r r i e d  o u t  i n  
t h i s  p r o j e c t  a r e  e x p l a i n e d  i n  g e n e r a l  t e r m s .  A t e x t b o o k  on image p r o c e s s i n g  
( e . g .  Schowenge rd t ,  1983 )  may b e  c o n s u l t e d  f o r  a d d i t i o n a l  d e t a i l s  r e g a r d i n g  
some of t h e  t e c h n i q u e s  u sed .  

A l l  t h e  image p r o c e s s i n g  i n  t h i s  p r o j e c t  w a s  done on a Honeywell  66 DPS- 
3E compu te r .  The p h o t o g r a p h i c  image p r o d u c t s  were g e n e r a t e d  u s i n g  a Video 
D i s p l a y  I n t e r f a c e  ( V D I ) ,  i n s t a l l e d  on a  D i g i t a l  Equipment C o r p o r a t i o n  PDP- 
1 1 / 2 3 ,  and  a  Te rak  8510/23  G r a p h i c s  Computer Sys tem.  

2.1 SPECTRAL LAND COVER CLASSIFICATION 

An a u t o m a t i c  s u p e r v i s e d  s p e c t r a l  c l a s s i f i c a t i o n  was f i r s t  pe r fo rmed .  
The image was s u b d i v i d e d  i n t o  v a r i o u s  c o v e r  t y p e s ,  a c c o r d i n g  t o  t h e i r  spe -  
c t r a l  c h a r a c t e r i s t i c s .  A s e r i e s  of  t r a i n i n g  a r e a s  o f  known c o v e r  was s e l e c t -  
e d  t o  c h a r a c t e r i z e  e a c h  c o v e r  t y p e ,  and  a s e t  o f  t r a i n i n g  s t a t i s t i c s  was 
d e v e l o p e d .  These  t r a i n i n g  a r e a s  were  i d e n t i f i e d  b a s e d  b o t h  on  t h e  a n a l y s i s  o f  
h i g h  a l t i t u d e  c o l o r  i n f r a r e d  p h o t o g r a p h s  ( N a t i o n a l  High  A l t i t u d e  P h o t o g r a p h y  
Program)  , and on f i e l d  c h e c k s .  A t o t a l  o f  59 t r a i n i n g  a r e a s  were  u sed  t o  
c h a r a c t e r i z e  s e v e n  i n f o r m a t i o n  c l a s s e s .  A f t e r  e x p e r i m e n t i n g  w i t h  v a r i o u s  
c o m b i n a t i o n s ,  TM bands  2 , 3 , 4 , 5 ,  and  7 were  chosen .  The TM image u s e d  w a s  
o b t a i n e d  by L a n d s a t  4  on Sep t embe r  3 ,  1982.  The s p e c t r a l  image c l a s s i f i c a -  
t i o n  was done u s i n g  a  m o d i f i e d  v e r s i o n  o f  t h e  Kansas  U n i v e r s i t y  T e a c h i n g  



Image P r o c e s s i n g  System (KUTIPS) program package  (Wi l l i ams  e t  a l . ,  1 9 8 3 ) .  
Two s e p a r a t e  l a n d  cover  maps were g e n e r a t e d  u s i n g  t h e  same t r a i n i n g  

s t a t i s t i c s  b u t  d i f f e r e n t  c l a s s i f i c a t i o n  a l g o r i t h m s .  The Maximum L i k e l i h o o d  
C l a s s i f i e r  produced t h e  map w i t h  t h e  h i g h e s t  o v e r a l l  a c c u r a c y ,  b u t  t h e  Mini- 
mum D i s t a n c e  C l a s s i f i e r  was more s u c c e s s f u l  i n  mapping wooded a r e a s .  To t a k e  
a d v a n t a g e  of  t h i s  s i t u a t i o n  t h e  two f o r e s t  c l a s s e s  of t h e  Minimum D i s t a n c e  
map were d i g i t a l l y  ove r l ayed  onto t h e  Maximum L i k e l i h o o d  image. The Map 
A n a l y s i s  Package (MAP) (Tomlin ,  1980) was used  t o  merge t h e  two c l a s s i f i e d  
images.  The f i n a l  l a n d  cove r  map used  was t h e r e f o r e  a  combina t ion  of t h e  
r e s u l t s  o f  b o t h  c l a s s i f i c a t i o n s .  

2.2 CONTEXTUAL LAND COVER CLASSIFICATION 

The c o n t e x t u a l  i n f o r m a t i o n  i n  a n  image can  b e  used t o  improve t h e  accu-  
r a c y  o f  p i x e l  i d e n t i f i c a t i o n  (e.& Gurney and  Townshend, 1 9 8 3 ) .  C o n t e x t u a l  
i n f o r m a t i o n  was i n c o r p o r a t e d  i n  t h e  l a n d  cover  c l a s s i f i c a t i o n  f o l l o w i n g  a  
s i m p l e  and c o m p u t a t i o n a l l y  i n e x p e n s i v e  approach .  P i x e l s  t h a t  c o u l d  n o t  be 
a s s i g n e d  w i t h  a c c e p t a b l e  c e r t a i n t y  t o  any of  t h e  cover  c l a s s e s  based  on t h e i r  
s p e c t r a l  c h a r a c t e r i s t i c s  a l o n e  were s u b m i t t e d  t o  t h e  s p a t i a l  c l a s s i f i e r ;  e a c h  
of t h e s e  p i x e l s  was a s s i g n e d  t o  t h e  m a j o r i t y  cover  i n  i t s  immediate  ne ighbor -  
hood.  

Two a p p r o a c h e s  were used t o  s p a t i a l l y  c l a s s i f y  p i x e l s ,  depend ing  on  t h e  
homogenei ty of  i t s  ne ighborhood:  ( 1 )  i f  a t  l e a s t  f i v e  of t h e  e i g h t  n e i g h b o r s  
i n  a  3x3 p i x e l  ne ighborhood of a  p a r t i c u l a r  p i x e l  be longed  t o  a  s i n g l e  cove r  
c l a s s  t h e  p i x e l  was a s s i g n e d  t o  t h a t  c l a s s ;  ( 2 )  t h e  i d e n t i t y  of  t h e  remain-  
i n g  u n c l a s s i f i e d  p i x e l s  was de t e rmined  by a  l a r g e r  (5x5  p i x e l )  ne ighborhood.  
However, s i n c e  a  p i x e l  a d j a c e n t  t o  a n  u n c l a s s i f i e d  p i x e l  p r o v i d e s  a  b e t t e r  
c l u e  t o  i t s  i d e n t i t y  t h a n  a  p i x e l  l o c a t e d  f u r t h e r  away, t h e  i n d i v i d u a l  con- 
t r i b u t i o n s  were p r o p o r t i o n a l  t o  t h e  d i s t a n c e  from t h e  p i x e l  b e i n g  c l a s s i f i e d .  
T h i s  c o n t e x t u a l  c l a s s i f i c a t i o n  was performed u s i n g  a  mod i f i ed  v e r s i o n  of  
ne ighborhood  f u n c t i o n s  a v a i l a b l e  i n  t h e  MAP package.  

2.3 H A B I T A T  A N D  RELEASE SITE EVALUATION 

E x t e n s i v e  p r o c e s s i n g  o f  t h e  l a n d  cover  map was needed t o  g e n e r a t e  t h e  
h a b i t a t  and r e l e a s e  s i t e  maps. A l l  t h e  o p e r a t i o n s  were per formed u s i n g  
unmodif ied  f u n c t i o n s  a v a i l a b l e  i n  t h e  MAP s o f t w a r e .  Although MAP i s  a n  
i n t e r a c t i v e  package ,  t h e  l a r g e  number of  o p e r a t i o n s  needed f o r  e a c h  model 
made i t  advan tageous  t o  l a y  ou t  s equences  of  commands i n  f i l e s ;  t h e  commands 
were t h e n  execu ted  a u t o m a t i c a l l y  i n  t h e  s e t  s equence .  T h i s  app roach  r e s u l t e d  
i n  c o n s i d e r a b l e  t ime s a v i n g s  due t o  t h e  need t o  make m o d i f i c a t i o n s  i n  t h e  
models d u r i n g  t h e i r  development .  Implementing t h e  same model i n  o t h e r  a r e a s  
a n d / o r  i n c l u d i n g  minor m o d i f i c a t i o n s  a l s o  becomes s i m p l e r  and more a c c u r a t e .  
F l o w c h a r t s  and  p r i n t o u t s  of t h e s e  command f i l e s  a r e  a v a i l a b l e  from t h e  au-  
t h o r .  

3. RESULTS AND DISCUSSION 

3.1 LAND COVER CLASSIFICATION 

The s e v e n  c l a s s  l a n d  cover  map g e n e r a t e d  i n c l u d e d  r a n g e l a n d ,  o l d  f i e l d s ,  
s t a n d i n g  c r o p ,  b a r e  s o i l ,  w a t e r ,  and two t y p e s  of  dec iduous  f o r e s t .  S i n c e  
t h e  r u f f e d  g r o u s e  i s  a  f o r e s t  s p e c i e s  I made a  p a r t i c u l a r  e f f o r t  t o  o p t i m i z e  
t h e  mapping o f  t h e s e  l a t t e r  cove r  t y p e s .  A comparison of t h e  r e s u l t s  o b t a i n -  
ed w i t h  a e r i a l  photography and f i e l d  checks  showed t h a t  t h e  g e n e r a t e d  map 
( F i g .  1 )  a c c u r a t e l y  r e p r e s e n t s  t h e  d i s t r i b u t i o n  of f o r e s t  i n  t h e  s t u d y  a r e a .  
Sma l l  clumps o f  t r e e s ,  t h e  w ide r  t r e e  rows,  and t h e  i n t r i c a t e  c o n t o u r s  o f  t h e  
i r r e g u l a r  woodlo ts  c h a r a c t e r i s t i c  of t h i s  a r e a  were e v i d e n t .  The g r a y  a r e a  



on t h e  c l a s s i f i e d  image ( F i g .  1 )  i n d i c a t e s  f o r e s t  a p p e a r i n g  y o u n g e r ,  m o s t l y  
on  s o u t h - f a c i n g  s l o p e s ,  and  b l a c k  r e p r e s e n t s  t h e  r e m a i n i n g  f o r e s t .  The 
c o m p o s i t i o n  and s t r u c t u r e  o f  t h e  f o r e s t  on t h e  s o u t h - f a c i n g  s l o p e s  d i f f e r s  
c o n s i d e r a b l y  f rom t h a t  of  o t h e r  e x p o s u r e s .  T h i s  seems t o  be a t  l e a s t  p a r t i -  
a l l y  r e l a t e d  t o  t h e i r  a g e  ( F i t c h  a n d  McGregor, 1956,  i n c l u d e  a  d e s c r i p t i o n  
and  h i s t o r y  of  some of  t h e  f o r e s t  l o t s  i n  t h e  s t u d y  a r e a ) .  The d e g r e e  o f  
c o n f u s i o n  be tween t h e  two t y p e s  o f  f o r e s t  on t h e  c l a s s i f i e d  map i s  h a r d  t o  
e s t i m a t e ,  b e c a u s e  no a b s o l u t e  c r i t e r i a  were e s t a b l i s h e d  t o  s e p a r a t e  them on 
t h e  ground.  

3 .2  H A B I T A T  EVALUATION 

When v i s u a l l y  c l a s  s i f  y i n g  r u f f e d  g r o u s e  h a b i t a t  s u i t a b i l i t y  u s i n g  a e r i a l  
p h o t o g r a p h s ,  t h e  e x p e r i e n c e d  w i l d l i f e  b i o l o g i s t  would make a  s e r i e s  of more 
o r  l e s s  s u b j e c t i v e  d e c i s i o n s .  The models u sed  a t t e m p t  t o  p r o c e s s  t h e  image ry  
making s i m i l a r  judgements .  T h i s  i s  a  p a r t i c u l a r l y  h a r d  t a s k  b e c a u s e  i t  i s  
o f t e n  n o t  p o s s i b l e  t o  s t a t e  a b s o l u t e  r u l e s  f o r  t h o s e  judgements .  I n  t h e  
f o l l o w i n g  pages  I w i l l  i l l u s t r a t e  t h e  v a r i o u s  " d e c i s i o n  s t e p s "  made, and  
e x p l a i n  t h e i r  b i o l o g i c a l  s i g n i f i c a n c e  i n  t h e  c o n t e x t  of  r u f f e d  g r o u s e  h a b i -  
t a t .  

Woodlot s i z e  and  i n t e r c o n n e c t i o n  -- 
The wooded a r e a s  were f i r s t  i s o l a t e d  from t h e  l a n d  cove r  map; o t h e r  

h a b i t a t s  were c o n s i d e r e d  a s  n o t  f u l f i l l i n g  t h e  minimal  r u f f e d  g r o u s e  h a b i t a t  
r e q u i r e m e n t s .  The a n a l y s i s  w i l l  n o t  be s e r i o u s l y  a f f e c t e d  i f  g r o u s e  u s e  
t h e s e  h a b i t a t s  s i n c e  t h i s  w i l l  o n l y  happen a l o n g  f o r e s t  e d g e s .  A l though  a l l  
f o r e s t e d  a r e a s  can  p o t e n t i a l l y  b e  g r o u s e  h a b i t a t  t h e  h i g h  r e s o l u t i o n  of  t h e  
TM imagery  (3Ox30m) a l l o w s  t h e  mapping o f  v e r y  s m a l l  c lumps o f  t r e e s ,  many o f  
which a r e  t o o  s m a l l  t o  b e  used  by t h e  g rouse .  I s o l a t e d  f o r e s t  p i x e l s  were  
t h e r e f o r e  e l i m i n a t e d .  Of t h e  r e m a i n i n g  wood lo t s  some a r e  s t i l l  t o o  s m a l l ,  
u n l e s s  t h e y  a r e  l o c a t e d  c l o s e  t o  o t h e r  w o o d l o t s .  F o r e s t  p a t c h e s  s e p a r a t e d  
f rom o t h e r  f o r e s t  p a t c h e s  by more t h a n  300 m e t e r s  were e l i m i n a t e d  u n l e s s  t h e y  
had  a n  a r e a  of 4 h a  o r  more ( F i g .  2 ) .  T h i s  a r e a  was c h o s e n  b e c a u s e  o n e  p a i r  
o f  g r o u s e  p e r  4 h a  i s  a b o u t  t h e  h i g h e s t  p o s s i b l e  d e n s i t y  unde r  most cond i -  
t i o n s  ( G u l l i o n  and Svoboda,  1 9 7 2 ) .  F i g .  2 s t i l l  i n c l u d e s  some w o o d l o t s  
s m a l l e r  t h a n  4 h a ;  t h i s  i s  b e c a u s e  t h e y  a r e  c l o s e  enough t o  o t h e r  f o r e s t  
p a t c h e s  t o  be c o n s i d e r e d  connec ted  t o  them. T h i s  f i g u r e  a l s o  shows t h a t  
t h e r e  i s  a  h i g h  l e v e l  o f  i n t e r c o n n e c t i o n  among t h e  w o o d l o t s  and  t h a t  s m a l l  
p a t c h e s  of f o r e s t  a r e  i m p o r t a n t  i n  t h e  i n t e r c o n n e c t i o n  o f  t h e  l a r g e r  wood- 
l o t s .  

Edge e f f e c t s  
The most i m p o r t a n t  l i m i t a t i o n  of  a  h a b i t a t  e v a l u a t i o n  model b a s e d  on 

L a n d s a t  imagery  i s  t h a t  i t  can  o n l y  i n c l u d e  v a r i a b l e s  t h a t  can  be  d i r e c t l y  
d e t e c t e d  and measured on t h e  image ry  o r  e a s i l y  i n c l u d e d  a s  d i g i t a l  a n c i l l a r y  
d a t a .  I n  t h e  c a s e  of  r u f f e d  g r o u s e  h a b i t a t  i n  Kansas ,  t h e  i n a b i l i t y  of  
L a n d s a t  images  t o  d e t e c t  t h e  s t r u c t u r e  o f  t h e  f o r e s t  u n d e r s t o r y  i s  a s e r i o u s  
l i m i t a t i o n  b e c a u s e  i n  t h e  s o u t h e r n  p a r t  o f  i t s  r a n g e  t h e  g r o u s e  seems t o  be  
m o s t l y  dependen t  on t h e  u n d e r s t o r y  (Ha le  - e t  -* a 1  9 1 9 8 2 ) .  The i m a g e r y  i s ,  
however ,  p a r t i c u l a r l y  s u i t e d  f o r  model ing  u s i n g  s p a t i a l  components  o f  t h e  
h a b i t a t  a n d  c l o s e l y  c o r r e l a t e d  v a r i a b l e s .  F o r e s t  e d g e s  a r e  a  good example - 
t h e y  c a n  be a c c u r a t e l y  mapped and a r e  c l o s e l y  a s s o c i a t e d  w i t h  a  d e n s e r  unde r -  
s t o r y .  O v e r g r a z i n g  h a s  d e s t r o y e d  much o f  t h e  f o r e s t  unde rg rowth  i n  n o r t h -  
e a s t e r n  Kansas .  T h i s  f a c t o r  i s  l i k e l y  t o  have been  a  ma jo r  c a u s e  f o r  t h e  
d i s a p p e a r a n c e  of  t h e  r u f f e d  g r o u s e  i n  t h e  s t a t e  (Goss ,  1 8 9 1 ) .  P r e s e n t l y ,  
d e n s e  unde rg rowth  o c c u r s  m o s t l y  a l o n g  e d g e s ,  where growing  c o n d i t i o n s  a r e  
more f a v o r a b l e  and  r e g e n e r a t i o n  f a s t e r .  F o r e s t  e d g e s  a r e  t h e r e f o r e  t h e  most  
i m p o r t a n t  s i n g l e  e l e m e n t  i n  t h i s  h a b i t a t  e v a l u a t i o n .  TM imagery  i s  w e l l  
s u i t e d  f o r  t h i s  p r o j e c t  because  i t  a l l o w s  a n  a c c u r a t e  mapping o f  t h e  f o r e s t e d  
a r e a s ,  and  i t s  c o m p a r a t i v e l y  h i g h  r e s o l u t i o n  p o r t r a y s  t h e  d e t a i l  o f  t h e  
wood lo t  e d g e s .  Using image ry  w i t h  a  p o o r e r  r e s o l u t i o n ,  such  a s  MSS, would 



r e s u l t  i n  a c o n s i d e r a b l e  l o s s  of d e t a i l  i n  t h e s e  e d g e s ,  which a r e  s o  c r i t i c a l  
f o r  t h e  g r o u s e .  F o r e s t  c l e a r i n g s  a r e  o f t e n  good h a b i t a t  f o r  t h e  r u f f e d  
g r o u s e  i n  t h i s  a r e a  s i n c e  t h e y  u s u a l l y  c r e a t e  an  edge e f f e c t  t h a t  g e n e r a t e s  a  
d e n s e r  u n d e r s t o r y  i n  t h e  f o r e s t  i n  t h e i r  v i c i n i t y .  However, v e r y  s m a l l  
c l e a r i n g s  a r e  p r o b a b l y  n o t  i m p o r t a n t  h a b i t a t ,  and t h e  l i k e l i h o o d  t h a t  t h e y  
a r e  t h e  r e s u l t  o f  a  m i s c l a s s i f i c a t i o n  o f  t h e  Landsa t  d a t a  i s  c o m p a r a t i v e l y  
h i g h .  To a v o i d  a  major  i n f l u e n c e  on t h e  f i n a l  h a b i t a t  e v a l u a t i o n  t h e  sma l l -  
e s t  c l e a r i n g s  were e l i m i n a t e d .  F i g .  3  shows t h e  r e s u l t s  of  t h i s  o p e r a t i o n .  
The a p p r o p r i a t e n e s s  of  t h i s  s t e p  i s  however q u i t e  d e b a t a b l e  b e c a u s e ,  w h i l e  i t  
e l i m i n a t e s  u n d e s i r a b l e  image n o i s e ,  i t  a l s o  c a u s e s  t h e  l o s s  o f  some h a b i t a t  
i n f o r m a t i o n .  S i n c e  t h e  f i n a l  r e s u l t  o f  t h e  model was a c c e p t a b l e ,  t h i s  s t e p  
was r e t a i n e d  i n  t h e  a n a l y s i s .  

S i n c e  f o r e s t  edges  a r e  most l i k e l y  t h e  b e s t  h a b i t a t  f o r  t h e  g rouse  i n  
t h i s  a r e a ,  t h e  edge p i x e l s  were g i v e n  t h e  h i g h e s t  r a t i n g s  on a  s c a l e  of 0 ( n o  
h a b i t a t ,  l i g h t e s t  on F i g .  4 )  t h rough  5 ( " b e s t "  h a b i t a t ,  d a r k e s t  on F i g .  4 ) .  
I n  t h e  map on F i g .  4  t h e  r e l a t i v e  q u a l i t y  of  e a c h  p i x e l  i s  p r o p o r t i o n a l  t o  
i t s  l o c a t i o n  i n  r e l a t i o n  t o  t h e  f o r e s t  edge.  R a t i n g  5  was g i v e n  t o  t h e  
a c t u a l  edge p i x e l s ,  3 t o  p i x e l s  between 30 and  90 m e t e r s  away from t h e  e d g e ,  
2 t o  t h e  p i x e l s  between 90 and 180 m e t e r s ,  and 1  t o  t h e  i n n e r m o s t  f o r e s t .  
Non- fo re s t  p i x e l s  were a s s i g n e d  a  r a t i n g  o f  0 .  The s c a l e  i s  a r b i t r a r y  and i s  
d e s i g n e d  t o  r e f l e c t  r e l a t i v e  p r o b a b i l i t y  of h a b i t a t  q u a l i t y :  t h e  p r o b a b i l i t y  
o f  a  p i x e l  b e i n g  s u i t a b l e  a s  h a b i t a t  f o r  t h e  g r o u s e  i s  h i g h e r  when l o c a t e d  
n e a r  an  edge  t h a n  i n  t h e  i n n e r m o s t  p a r t  of a woodlo t .  F u r t h e r  s t u d i e s  a r e  
needed  t o  s e l e c t  a n  o p t i m a l  r a t i n g  s c a l e .  

F o r e s t  t y p e  
The p r e f e r r e d  t y p e s  o f  f o r e s t  f o r  t h e  r u f f e d  g r o u s e  seem t o  v a r y  season-  

a l l y ,  even  though g rouse  seem t o  u s e  a l l  t y p e s  o f  hardwood f o r e s t  (Bump, e t  
a l . ,  1947;  Gud l in  and Dimmick, 1984)  . O v e r a l l ,  t h e  g r o u s e  seems t o  p r e f e r  - 
second growth hardwood f o r e s t  ove r  c l imax  f o r e s t ,  p a r t i c u l a r l y  f o r  brood 
cove r  (Bump e t  a l . ,  1 9 4 7 ) .  Al though p r e f e r e n c e s  shown i n  o t h e r  a r e a s  may n o t  
ho ld  i n  t h e  s t u d y  a r e a ,  t h e  r a t i n g s  o f  t h e  a r e a s  o f  younger  f o r e s t  ( F i g .  1 )  
were i n c r e a s e d  s l i g h t l y ,  by a d d i n g  one u n i t  t o  t h e  p r e v i o u s l y  a s s i g n e d  rat-  
i n g s  ( F i g .  5 ) .  The s u i t a b i l i t y  s c a l e  now v a r i e d  be tween 0  and 6,  t h e  h i g h e s t  
v a l u e  c o r r e s p o n d i n g  t o  second growth f o r e s t  edge p i x e l s .  

F i n a l  h a b i t a t  s u i t a b i l i t y  map 
H a b i t a t  s u i t a b i l i t y  i s  b e t t e r  measured by an a v e r a g e  of q u a l i t y  o v e r  a n  

a r e a  t h a n  by t h e  r a t i n g s  a s s i g n e d  t o  i n d i v i d u a l  p i x e l s  a s  i n  F i g .  5 .  The 
q u a l i t y  of  each  p i x e l  a s  p o t e n t i a l  h a b i t a t  f o r  t h e  g rouse  i s  n o t  o n l y  a 
f u n c t i o n  o f  i t s  c h a r a c t e r i s t i c s  b u t  a l s o  of  t h e  f o r e s t  p i x e l s  i n  i t s  ne igh -  
borhood.  The r a t i n g  o f  each p i x e l  was, c o n s e q u e n t l y ,  s u b s t i t u t e d  by t h e  
a v e r a g e  r a t i n g  of  t h e  f o r e s t  l o c a t e d  w i t h i n  a  c i r c l e  of a b o u t  30  h a  c e n t e r e d  
on t h e  p i x e l  ( F i g .  6 ) .  Although t h e  s i z e  o f  t h e  scann ing  a r e a  i s  n o t  c r i t i -  
c a l ,  ( b e c a u s e  t h e  t e c h n i q u e  i s  d e r i v i n g  a  r e l a t i v e  n o t  a b s o l u t e  q u a l i t y  
r a t i n g ) ,  t h e  c h o i c e  of 30 ha  a s  t h e  s c a n n i n g  a r e a  i s  based  on t h e  f a c t  t h a t  
t h i s  i s  a  r e a s o n a b l e  s i z e  f o r  t h e  home r a n g e  of a  male g r o u s e  ( G u d l i n  and  
Dimmick, 1984;  Woolf, e t  a l . ,  1 9 8 4 ) .  The c e l l  r a t i n g s  on  t h i s  image c a n ,  
t h u s ,  be c o n s i d e r e d  a  measure of t h e  r e l a t i v e  q u a l i t y  of home r a n g e  of  a  b i r d  
t h a t  u sed  t h e  a r e a  w i t h i n  a  c i r c l e  of 30 ha  c e n t e r e d  on e a c h  c e l l .  However, 
s i n c e  n o n f o r e s t e d  p i x e l s  were exc luded  from t h e s e  c a l c u l a t i o n s ,  t h e  a c t u a l  
a v e r a g e d  a r e a  may be much l e s s  t h a n  t h e  30 ha  s c a n n i n g  c i r c l e .  N o t i c e  on 
t h i s  f i g u r e  t h a t  t h e  h i g h e s t  r a t i n g s  have  been a s s i g n e d  t o  s m a l l  and /o r  
i r r e g u l a r l y  shaped  woodlo ts  due t o  t h e  g r e a t e r  impor t ance  of edges  i n  t h o s e  
l o t s .  The l o w e s t  p r o b a b i l i t y  h a b i t a t  s u i t a b i l i t y  r a t i n g s  were a s s i g n e d  t o  
t h e  i n n e r m o s t  a r e a s  of  t h e  l a r g e r  l o t s .  

The r o a d  ne twork  was d i g i t i z e d  and superimposed on t h e  h a b i t a t  s u i t a b i l -  
i t y  and  f o l l o w i n g  maps ( F i g s .  6 ,  7 ,  8 ,  and 9 )  t o  make them e a s i e r  t o  u s e .  
The s i g n a l  of t h e  r o a d s  on t h e  o r i g i n a l  imagery  was d e l e t e d  t o  a v o i d  con- 
f u s i o n  w i t h  t h e  road  o v e r l a y .  

The s u i t a b i l i t y  map on F i g .  6 i s  needed f o r  t h e  p r o c e s s  of  s e l e c t i o n  o f  
r e l e a s e  s i t e s ,  b u t  i t  can  a l s o  have o t h e r  a p p l i c a t i o n s  i n  a  g r o u s e  management 
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p r o j e c t .  For example,  it can  b e  used  t o  h e l p  i n  t h e  c h o i c e  of s i t e s  t o  p l a c e  
man made drumming l o g s ,  s i n c e  t h e  a r e a s  w i t h  d a r k e r  t o n e s  a r e  more l i k e l y  t o  3 

become g rouse  t e r r i t o r i e s .  

3.3 RELEASE SITE SELECTION 

D e s p i t e  i t s  u s e f u l n e s s  t h e  h a b i t a t  s u i t a b i l i t y  map g e n e r a t e d  ( F i g .  6 )  
s t i l l  l e a v e s  open t h e  q u e s t i o n  of where t h e  r e l e a s e  p o i n t s  s h o u l d  be l o c a t e d .  
One cou ld  s e l e c t  t h e s e  p o i n t s  u s i n g  t h e  h a b i t a t  s u i t a b i l i t y  map by v i s u a l l y  
choos ing  a r e a s  i n c l u d i n g  l a r g e  amounts of  good h a b i t a t .  To l o c a t e  t h e  b e s t  
c a n d i d a t e  s i t e s  a u t o m a t i c a l l y  t h e  r a t i n g  of each  f o r e s t  c e l l  was made propor-  
t i o n a l  t o  t h e  amount and q u a l i t y  of  t h e  f o r e s t  h a b i t a t  w i t h i n  a  c i r c l e  h a v i n g  
a  d i a m e t e r  o f  1800 me te r s  c e n t e r e d  on t h e  p i x e l  ( F i g .  7 ) .  The c h o i c e  of 
d i a m e t e r  i s  a  compromise between t h e  need  t o  sample a  c o n s i d e r a b l e  amount o f  
h a b i t a t  and t h e  a d v a n t a g e s  of  keep ing  a  s m a l l  s c a n n i n g  r a d i u s .  The use  o f  a  
l a r g e r  r a d i u s  c o u l d  r e s u l t  i n  s u g g e s t e d  r e l e a s e  s i t e s  l o c a t e d  f a r  from p a t -  
c h e s  o f  good h a b i t a t ;  t h e  s p a t i a l  c o r r e l a t i o n  between t h e  g e n e r a t e d  " r e l e a s e  
s i t e s "  map and t h e  " h a b i t a t  s u i t a b i l i t y "  map i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  
l e n g t h  of  t h e  r a d i u s  used .  The 1800 meter  d i a m e t e r  was chosen  t o  r e f l e c t  
known d i s p e r s i o n  p a t t e r n s  of  g r o u s e  away from r e l e a s e  s i t e s  ( ~ u d l i n  and 
Dimmick, 1 9 8 4 ) .  

Before  pe r fo rming  t h e  s c a n n i n g  o p e r a t i o n  t h e  v a l u e s  on  t h e  scanned  map 
( F i g .  6 )  were s q u a r e d .  The s q u a r i n g  o p e r a t i o n  was d e s i g n e d  t o  i n c r e a s e  t h e  
r e l a t i v e  c o n t r i b u t i o n  of  t h e  b e s t  h a b i t a t  t y p e s  i n  g e n e r a t i n g  t h e  " r e l e a s e  
s i t e s w  map ( F i g .  7 ) .  The r a t i n g  s c a l e  ranged  t h e n  from 0 ( l o w e s t ,  no h a b i -  
t a t )  t o  36 ( h i g h e s t ,  b e s t  h a b i t a t ) .  The v a l u e s  o f  a l l  t h e  p i x e l s  w i t h i n  t h e  
scanned  a r e a  were t h e n  a v e r a g e d ;  t h e  v a l u e  o b t a i n e d  was a s s i g n e d  t o  t h e  
c e n t e r  p i x e l .  

The I t r e l e a s e  s i t e s u  map i s  i n t e n d e d  t o  b e  a n  a i d  i n  t h e  l o c a t i o n  of 
s i t e s  t o  r e l e a s e  g r o u s e .  The s u i t a b i l i t y  of  t h e  a r e a s  h a v i n g  t h e  h i g h e s t  
r a n k s  s h o u l d  be  f i e l d  checked f i r s t .  Grouse can  t h e n  be  r e l e a s e d  e i t h e r  on 
t h e s e  h i g h  r a n k i n g  a r e a s  o r  i n  n e i g h b o r i n g  a r e a s  of  good h a b i t a t  ( a s  s u g g e s t -  
ed by t h e  " h a b i t a t  s u i t a b i l i t y "  map and f i e l d  c h e c k s ) .  

I n  t h e  c h o i c e  of r e l e a s e  s i t e s  t h e r e  a r e  u s u a l l y  two main c o n s i d e r a -  
t i o n s :  ( 1 )  s i t e  q u a l i t y ,  which was d i s c u s s e d  above and  i s  dependent  on t h e  
h a b i t a t  s u i t a b i l i t y  a round t h e  p o t e n t i a l  s i t e  ( F i g .  7 ) ,  and ( 2 )  conven ience ,  
a  component most  o f t e n  dependent  on t h e  a c c e s s i b i l i t y  of t h e  s i t e .  A v e r y  
good s i t e  may n o t  be used  because  i t  i s  t o o  c o s t l y  t o  r e a c h .  I n  t h i s  s t u d y  
a r e a  t h e  dense  r o a d  network and t h e  absence  o f  common o b s t a c l e s  such a s  l a r g e  
w a t e r  b o d i e s  and rough t e r r a i n  make t h e  a c c e s s  t o  a l l  a r e a s  f a i r l y  e a s y .  
However I i n c l u d e  h e r e ,  a s  a n  example, a  s imp le  e x t e n s i o n  o f  t h e  r e l e a s e  s i t e  
s e l e c t i o n  model t h a t  t a k e s  i n  c o n s i d e r a t i o n  conven ience .  

The convenience  of a  r e l e a s e  s i t e  d e c r e a s e s  w i t h  t h e  d i s t a n c e  from a 
r o a d .  S i n c e  i t  i s  much e a s i e r  t o  move i n  some l a n d  cove r  t y p e s  t h a n  i n  
o t h e r s ,  it would n o t  be a p p r o p r i a t e  t o  e v a l u a t e  convenience  w i t h  a  s i m p l e  
d i s t a n c e  measure ;  t h e  d i f f i c u l t y  o f  moving i n  t h e  v a r i o u s  cove r  t y p e s  s h o u l d  
a l s o  be i n c l u d e d .  I e s t i m a t e d  t h a t  i t  i s  a b o u t  t h r e e  t i m e s  h a r d e r  t o  walk 
t h r o u g h  t h e  f o r e s t  t h a n  t h r o u g h  t h e  o t h e r  major  cove r  t y p e s .  F i g .  8 shows 
f o u r  l e v e l s  of  r e l a t i v e  d i f f i c u l t y  i n  r e a c h i n g  t h e  v a r i o u s  p a r t s  o f  t h e  s t u d y  
a r e a ,  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  d i f f e r e n c e s  i n  m o b i l i t y .  F i g .  9 i s  a  
combina t ion  of F i g .  8 w i t h  t h e  r e l e a s e  s i t e s  map ( F i g .  7 ) ;  it combines t h e  
q u a l i t y  of r e l e a s e  s i t e s  w i t h  t h e i r  conven ience .  For  s a k e  o f  c l a r i t y  o n l y  
t h e  h i g h e r  r a n k i n g  a r e a s  a r e  shown i n  F i g .  7. The d a r k e s t  t o n e s  r e p r e s e n t  
v e r y  good q u a l i t y  and v e r y  good convenience  ( a c c e s s i b i l i t y )  r a t i n g s ;  t h e  
l i g h t e r  t o n e  a l s o  r e p r e s e n t s  v e r y  good q u a l i t y  b u t  l ower  conven ience  r a t i n g .  

3.4 VALIDITY OF THE MODELS 

A s e r i o u s  problem w i t h  t h e  models p r e s e n t e d  h e r e  i s  t h e  d i f f i c u l t y  i n  
t e s t i n g  t h e i r  v a l i d i t y .  Even i f  g r o u s e  a r e  r e l e a s e d  and t h e  s p e c i e s  becomes 
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e s t a b l i s h e d  i n  t h e  s t u d y  a r e a ,  it w i l l  t a k e  s e v e r a l  y e a r s  b e f o r e  i t s  d i s t r i -  
b u t i o n  and d e n s i t y  w i l l  become a  u s e f u l  i n d i c a t i o n  of h a b i t a t  s u i t a b i l i t y .  
However, t h e  e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  were e v a l u a t e d  by w i l d l i f e  manage- 
ment p r o f e s s i o n a l s  f a m i l i a r  w i t h  bo th  t h e  g r o u s e  and t h e  l o c a l  h a b i t a t  condi -  
t i o n s .  I t  was conc luded  t h a t  t h e  t e c h n i q u e s  employed have  s u b s t a n t i a l  p o t -  
e n t i a l  a s  t o o l s  i n  g r o u s e  management. F i e l d  checks  a l s o  s u p p o r t  t h e  u t i l i t y  
of  t h e s e  TM imagery  based  models and t h e y  w i l l  soon b e  implemented o p e r a t i o n -  
a l l y  i n  a  much l a r g e r  a r e a ,  which w i l l  h e l p  i n  t h e i r  e v a l u a t i o n .  

4.  CONCLUSIONS 

TM imagery  proved t o  be  a p p r o p r i a t e  f o r  t h i s  p r o j e c t ,  i n  which a c c u r a t e  
f o r e s t  c l a s s i f i c a t i o n  and d e t a i l e d  woodlo t  edge  mapping were needed.  The MAP 
package was a n  i n v a l u a b l e  GIs t o o l .  The many a v a i l a b l e  g e n e r a l  u s e  commands 
when combined a l l o w  t h e  imp lemen ta t ion  o f  complex image o p e r a t i o n s .  MAP was 
used  i n  t h i s  p r o j e c t  n o t  o n l y  t o  implement t h e  models ,  b u t  a l s o  t o  improve 
t h e  s p e c t r a l  l a n d  cove r  c l a s s i f i c a t i o n ,  i n t r o d u c i n g  c o n t e x t u a l  i n f o r m a t i o n  i n  
t h e  f i n a l  l a n d  cove r  map. The package a l s o  a l lowed  t h e  i n c l u s i o n  of  r o a d s  a s  
a  r e f e r e n c e  sys tem on t h e  f i n a l  maps g e n e r a t e d .  Var ious  v e r s i o n s  of t h e  MAP 
package a r e  now a v a i l a b l e ,  i n c l u d i n g  one f o r  microcomputers   MAP, S p a t i a l  
I n f o r m a t i o n  Sys t ems)  making t h i s  t echno logy  q u i t e  a c c e s s i b l e .  

The models implemented i n  t h i s  p a p e r  were d e s i g n e d  t o  b e  used  i n  n o r t h -  
e a s t e r n  Kansas.  I t  was assumed t h a t  most good r u f f e d  g r o u s e  h a b i t a t  l i e s  
a l o n g  t h e  f o r e s t  edges .  The models a r e ,  t h e r e f o r e ,  a p p l i c a b l e  o n l y  where 
t h i s  a s s u m p t i o n  i s  met ,  a s  i n  t h e  many a r e a s  l a c k i n g  a s p e n  a l o n g  much o f  t h e  
s o u t h e r n  r a n g e  o f  t h e  s p e c i e s .  Model a d j u s t m e n t s  can  be made t o  a d a p t  t h e  
model t o  d i f f e r e n t  a r e a s .  For example,  t h e  s u i t a b i l i t y  r a t i n g  o f  t h e  non- 
edge f o r e s t ,  v e r y  low i n  t h i s  s t u d y  a r e a ,  can  be i n c r e a s e d  i f  t h e  model i s  
a p p l i e d  t o  a r e a s  where t h e  f o r e s t  h a s  a  more dense  u n d e r s t o r y .  

Th i s  i s  one of  t h e  f i r s t  a t t e m p t s  t o  combine Landsa t  imagery and s p a t i a l  
model ing  i n  w i l d l i f e  b i o l o g y .  However, t h e  need f o r  h a b i t a t  models i s  g r e a t  
and many models based  on h a b i t a t  v a r i a b l e s  o b t a i n e d  i n  t h e  f i e l d  a r e  now 
a v a i l a b l e  ( f o r  t h e  r u f f e d  g r o u s e  s e e  Cade and  Sousa ,  1 9 8 5 ) .  These models 
have  t h e  advan tage  o f  b a s i n g  t h e i r  p r e d i c t i o n s  on v a r i a b l e s  t h a t  d e s c r i b e  
h a b i t a t  w i t h  more d e t a i l  t h a n  TM imagery .  The l i m i t e d  c a p a b i l i t y  of s a t e l -  
l i t e - b o r n e  s e n s o r s  t o  p r o v i d e  i n f o r m a t i o n  on c e r t a i n  i m p o r t a n t  h a b i t a t  com- 
ponen t s  r e s t r i c t s  t h e  r a n g e  of s i t u a t i o n s  were t h e  app roach  d e s c r i b e d  i n  t h i s  
p a p e r  can  be s u c c e s s f u l l y  implemented.  However, when a p p l i c a b l e ,  models 
based  on d i g i t a l  s a t e l l i t e  imagery can b e  implemented q u i c k l y  and inexpens  i v -  
e l y  o v e r  l a r g e  g e o g r a p h i c a l  a r e a s .  Because some of  t h e  v a r i a b l e s  employed 
(e.g. d e n s i t y  of u n d e r s t o r y )  a r e  n o t  d i r e c t l y  d e t e c t a b l e  b u t  a r e  i n f e r r e d  
from o t h e r  v a r i a b l e s  (2.g. d i s t a n c e  t o  e d g e ) ,  t h e  v a r i o u s  s u i t a b i l i t y  maps 
g e n e r a t e d  i n  t h i s  p r o j e c t  c a n n o t  be  c a l l e d  a b s o l u t e  maps. The r a t i n g  a s -  
s i g n e d  t o  a  p i x e l  on t h e s e  maps i s  i n t e n d e d  t o  be c o r r e l a t e d  w i t h  t h e  proba-  
b i l i t y  of t h a t  p i x e l  b e i n g  good h a b i t a t .  The maps produced might  t h e r e f o r e  
b e  b e t t e r  d e s c r i b e d  a s  " p r o b a b i l i t y n  maps t h a n  " s u i t a b i l i t y "  maps, a s  t h e y  
a r e  r e f e r e d  t o  f o r  conven ience  i n  t h i s  p a p e r .  The r e s u l t s  o b t a i n e d  s u p p o r t  
t h e  b e l i e f  t h a t ,  when t h e i r  l i m i t a t i o n s  a r e  n o t  u n d e r e s t i m a t e d ,  t h e s e  and 
s i m i l a r  models can be v e r y  u s e f u l  t o o l s  i n  d e c i s i o n  making f o r  w i l d l i f e  
management. 
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