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elimination of hardwoods, snags, and large diameter 

softwoods, could lead to low within-stand but high 

between-stand diversity of vegetation and bird 

assemblages. Even-age silvicultural systems, however, can 

integrate management objectives for timber production and 

bird habitat. 
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Ode to the Niche 

(An ~ c o l o ~ i s t ' s  Nightmare) 

With hypervolumetric grin, 
I grow more Hutchinsonian 
Despite intense investigation 
Of axial proliferation. 

Each bird I see expands in place 
To seventeen-dimension space; 
And should it light on forest floor, 
Then axes sprout a dozen more! 

Euclid would approve with glee 
How territoriality 
Of bunting perched upon a stone 
Is asymptote to hypercone. 

And should competing species brawl 
A tesseract defines the sprawl; 
Yet meaning loses in the end; 
We've lost the zero origin! 

- Bruce G. Marcot 
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PREFACE 

T h i s  r e p o r t  m a r k s  t h e  c o m p l e t i o n  o f  a  5 - y e a r  

A d m i n i s t r a t i v e  S t u d y  f u n d e d  b y  t h e  P a c i f i c  S o u t h w e s t  

R e g i o n ,  USDA F o r e s t  S e r v i c e ,  i n  c o o p e r a t i o n  w i t h  O r e g o n  

S t a t e  U n i v e r s i t y ,  C o r v a l l i s ,  a n d  r e p r e s e n t s  o n e  o f  s e v e r a l  

p a p e r s  f r o m  t h e  s t u d y  t h a t  a r e  i n  p r e p a r a t i o n ,  i n  p r e s s ,  

o r  a l r e a d y  p u b l i s h e d .  

T h e  s t u d y  w a s  i n i t i a t e d  i n  1 9 7 9  u n d e r  t h e  i m p e t u s  o f  

t h e  C a l i f o r n i a  W i l d l i f e  H a b i t a t  R e l a t i o n s h i p s  (WHR) 

P r o g r a m  o f  t h e  U.S. F o r e s t  S e r v i c e ,  f o l l o w i n g  t h e  l e a d  o f  

T h o m a s  ( 1 9 7 9 ) .  U n d e r  t h e  WHR P r o g r a m ,  t h e  P a c i f i c  

S o u t h w e s t  R e g i o n  ( C a l i f o r n i a )  o f  t h e  F o r e s t  S e r v i c e  w a s  

d i v i d e d  i n t o  f o u r  e c o l o g i c a l  z o n e s .  I n  e a c h  z o n e ,  

e x i s t i n g  i n f o r m a t i o n  o n  a m p h i b i a n s ,  r e p t i l e s ,  b i r d s ,  a n d  

m a m m a l s  w a s  s u m m a r i z e d  i n t o  w r i t t e n  a c c o u n t s  o f  l i f e  

h i s t o r i e s ,  m a p s  o f  s p e c i e s '  d i s t r i b u t i o n s ,  a n d  m a t r i c e s  

s h o w i n g  s p e c i e s '  u s e  o f  h a b i t a t s  ( v e g e t a t i o n  t y p e s  w i t h  

s u c c e s s i o n a l  a n d  s t r u c t u r a l  s t a g e s ) .  E v e n t u a l l y ,  much o f  

t h i s  i n f o r m a t i o n  w a s  c o d e d  f o r  r e t r i e v a l  o n  c o m p u t e r s ,  

f o r m i n g  t h e  b a s i s  f o r  s e v e r a l  WHR m o d e l s  t h a t  p r e d i c t e d  

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

o f  c o n d i t i o n s  o f  h a b i t a t .  

T h e  m o d e l s  b e g a n  t o  b e  u s e d  b y  F o r e s t  S e r v i c e  

p e r s o n n e l  a t  t h e  D i s t r i c t  l e v e l  t o  a s s e s s  i m p a c t s  o n  

w i l d l i f e  f r o m  h a r v e s t i n g  t i m b e r .  P e r s o n n e l  a t  t h e  F o r e s t  



l e v e l  e m p l o y e d  t h e  m o d e l  t o  a s sess  w i l d l i f e  u s e  o f  
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i n  t h e i r  u s e .  T h e  p r e s e n t  s t u d y  w a s  d e v i s e d  i n  r e s p o n s e  

t o  t h e  n e e d  f o r  v a l i d a t i o n .  C o n s i s t e n t  w i t h  t h e  o r i g i n a l  

s t u d y  o b j e c t i v e s ,  t h r e e  m a i n  f o c i  o f  t h e  s t u d y  h a v e  

r e s u l t e d .  

T h e  f i r s t  f o c u s  i n v o l v e s  s u m m a r y  a n d  i n t e r p r e t a t i o n  

o f  f i e l d  d a t a  on s p e c i e s  a b u n d a n c e  a n d  r e l a t i o n s h i p s  o f  
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H a b i t a t  R e l a t i o n s h i p s  o f  T e r r e s t r i a l  V e r t e b r a t e s .  7- 11  

O c t o b e r  1 9 8 4 ,  F a l l e n  L e a f ,  C a l i f o r n i a .  

T h e  t h r e e  f o c i  o f  t h e  o r i g i n a l  s t u d y  o b j e c t i v e s  - 
d e s c r i p t i o n  o f  s p e c i e s  d i s t r i b u t i o n s  f r o m  t h e  e m p i r i c a l  

s u r v e y s ,  v a l i d a t i o n  o f  t h e  e x i s t i n g  w i l d l i f e - h a b i t a t  

m o d e l s ,  a n d  e x t e n s i o n s  t o  new m o d e l  f o r m s  - e x p l i c i t l y  

a d d r e s s  i n f o r m a t i o n  n e e d s  a b o u t  y o u n g- g r o w t h  D o u g l a s - f i r  

a s  o r i g i n a l l y  i d e n t i f i e d  by N a t i o n a l  F o r e s t  m a n a g e r s .  T h e  

n e x t  o b j e c t i v e  i s  t o  i n t e g r a t e  t h e  t h r e e  f o c i  w i t h  r e s u l t s  

f r o m  s i m i l a r  s t u d i e s  b e i n g  c o n d u c t e d  o n  N a t i o n a l  F o r e s t  
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b i r d s  i n  m a t u r e  a n d  o l d - g r o w t h  f o r e s t  h a b i t a t s  i n  l i g h t  o f  

t h e i r  a b u n d a n c e s  i n  y o u n g- g r o w t h  h a b i t a t s ,  a s  d i s c u s s e d  i n  

t h i s  t h e s i s .  A n o t h e r  o b j e c t i v e  i s  t o  c o m p a r e  r e s u l t s  o f  

m o d e l  f o r m u l a t i o n  a n d  v a l i d a t i o n  i n  y o u n g- g r o w t h  h a b i t a t  

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

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



HABITAT RELATIONSHIPS OF BIRDS A N D  YOUNG-GROWTH 

DOUGLAS-FIR I N  NORTHWESTERN CALIFORNIA 

INTRODUCTION 

Much  o f  t h e  D o u g l a s - f i r  ( s c i e n t i f i c  n a m e s  o f  p l a n t  

s p e c i e s  a r e  i n  A p p e n d i x  1 )  r e g i o n  o f  t h e  P a c i f i c  N o r t h w e s t  

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

t h e  h a r v e s t i n g  o f  t i m b e r .  I n  t h e  f u t u r e ,  many t i m b e r  

s t a n d s  w i l l  b e  m a n a g e d  o n  r e l a t i v e l y  s h o r t  r o t a t i o n s ,  t h u s  

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

D u r i n g  t h e  l a s t  30 y e a r s  i n  w e s t e r n  O r e g o n  a n d  W a s h i n g t o n ,  ~ 

n e t  v o l u m e  o f  s a w t i m b e r  s o f t w o o d  h a s  b e e n  r e d u c e d  2 1  

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

r e d u c e d  34  p e r c e n t ,  a n d  a n n u a l  l c s s  a n d  r e m o v a l  o f  

D o u g l a s - f  i r  s a w t i m b e r  h a s  a v e r a g e d  3 t i m e s  a n n u a l  g r o w t h  

(Harr is  1 9 8 2 ) .  C o n v e r s i o n  o f  l a r g e  a r e a s  f r o m  m a t u r e  

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

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

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

S p e c i f i c a l l y ,  e v e n - a g e  t i m b e r  m a n a g e m e n t  o f  D o u g l a s -  

f i r  f o r e s t  h a s  t h e  p o t e n t i a l  t o  r e m o v e  s n a g s  a n d  h a r d w o o d  

t r ees ,  t o  r e d u c e  h o r i z o n t a l  h e t e r o g e n e i t y  o f  v e g e t a t i o n  

w i t h i n  s t a n d s ,  a n d  t o  s i m p l i f y  much o f  t h e  v e r t i c a l  

v e g e t a t i o n  s t r u c t u r e  i m p o r t a n t  t o  s o m e  f o r e s t  b i r d s  (e.g.,  

W i l l s o n  1 9 7 4 ,  B e e d y  1 9 8 1 ) .  T h e  r e g e n e r a t i o n  o f  f o r e s t  

s t a n d s  a f t e r  c l e a r c u t t i n g  r e s u l t s  i n  a  t e m p o r a l  s e r i e s  o f  



v a r i o u s  m i x e s  o f  p l a n t  s p e c i e s  a n d  v e g e t a t i o n  s t r u c t u r e s .  

I n s o f a r  a s  s t a n d  c o n d i t i o n s  a r e  g u i d e d  by i n t e n s i v e  

s i l v i c u l t u r a l  t r e a t m e n t s  -- s u c h  as  s i t e  p r e p a r a t i o n ,  

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

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

d u r a t i o n  a n d  i s  r e g a r d e d  as  a  s p e c i a l  c a s e  o f  s e c o n d a r y  

s u c c e s s i o n  ( T h o r n b u r g h  1 9 8 2 ) .  

I n  t h e  P a c i f i c  N o r t h w e s t ,  m a j o r  d i f f e r e n c e s  i n  t h e  

d i s t r i b u t i o n  a n d  a b u n d a n c e  o f  b i r d  s p e c i e s  were f o u n d  

among  d i f f e r e n t  a g e  o r  s t r u c t u r a l  c l a s s e s  o f  c l e a r c u t s  o r  

i n  y o u n g- g r o w t h  c o m p a r e d  w i t h  f o r e s t e d  s t a g e s  o f  t h e  

m a n a g e d ,  s e c o n d a r y  s e r e  (hagar  1 9 6 0 ,  M a n n a n  1 9 7 7 ,  M a n n a n  

e t  a l .  1 9 8 0 ,  M a r c o t  1 9 8 3 ,  M o r r i s o n  a n d  M e s l o w  1 9 8 3 ) .  

S i m i l a r  e f f e c t s  o n  t h e  d i s t r i b u t i o n  a n d  a b u n d a n c e  o f  b i r d s  

f r o m  c l e a r c u t  l o g g i n g  were r e p o r t e d  i n  A l a s k a  ( K e s s l e r  

1 9 7 9 ) ,  A r i z o n a  ( S z a r o  a n d  B a l d a  1 9 7 9 ) ,  M a i n e  ( T i t t e r i n g t o n  

e t  a l ,  1 9 7 9 ) ,  M i n n e s o t a  ( N i e m i  a n d  H a n o w s k i  1 9 8 4 ) ,  T e x a s  

( S t r e l k e  a n d  D i c k s o n  1 9 8 0 ) ,  U t a h  ( D e B y l e  1 9 8 1 ) ,  V i r g i n i a  

( C o n n e r  e t  a l .  1 9 7 5 ,  1 9 7 9 ;  M a u r e r  e t  a l .  1 9 8 1 ) ,  a n d  

e l s e w h e r e .  

T h e  g o a l s  o f  t h i s  s t u d y  were t o  q u a n t i f y  t h e  s e a s o n a l  

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

w i t h i n  y o u n g- g r o w t h  D o u g l a s - f i r  f o r e s t ;  t o  r e l a t e  b i r d  

d i s t r i b u t i o n  a n d  a b u n d a n c e  t o  h a b i t a t  s t r u c t u r e ;  a n d  t o  

q u a n t i f y  r e l a t i o n s h i p s  b e t w e e n  b i r d  a b u n d a n c e ,  h a b i t a t  
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s t r u c t u r e ,  a n d  e v e n - a g e  t i m b e r  m a n a g e m e n t .  T h e s e  g o a l s  

w e r e  a d d r e s s e d  t h r o u g h  t h e  f o l l o w i n g  s t u d y  o b j e c t i v e s :  

1) t o  c o n d u c t  y e a r - a r o u n d  s u r v e y s  o f  b i r d s  i n  D o u g l a s - f i r  

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

s u c c e s s i o n a l  s e q u e n c e  f o l l o w i n g  c l e a r c u t  t i m b e r  

h a r v e s t i n g ,  2 )  t o  d e s c r i b e  h a b i t a t  c o n d i t i o n s  b y  s a m p l i n g  

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

3 )  t o  q u a n t i t a t i v e l y  r e l a t e  b i r d  s p e c i e s  d i s t r i b u t i o n  a n d  

a b u n d a n c e  t o  h a b i t a t  c o n d i t i o n s ,  4 )  t o  s u m m a r i z e  t h e  

r e s u l t s  o f  t h e  h a b i t a t  s u r v e y s  i n  terms o f  t i m b e r  s t a n d  

m a n a g e m e n t  o b j e c t i v e s ,  a n d  5)  t o  r e l a t e  b i r d  d i s t r i b u t i o n  

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

v a r i o u s  p h a s e s  o f  e v e n - a g e  t i m b e r  m a n a g e m e n t .  T h e  p r i m a r y  

a u d i e n c e  f o r  whom t h i s  d o c u m e n t  i s  i n t e n d e d  i s  f o r e s t  

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

m a n a g e r s  a n d  s i l v i c u l t u r i s t s .  
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METHODS 

S t u d y  A r e a  

F i f t y - f i v e  v e g e t a t i o n  s t a n d s  r e p r e s e n t i n g  young-  

g r o w t h  D o u g l a s - f i r  w e r e  t h e  s i t e s  o f  t h i s  s t u d y  on t h e  

Lower  T r i n i t y  and  B i g  B a r  R a n g e r  D i s t r i c t s  o f  t h e  S i x  

R i v e r s  a n d  S h a s t a - T r i n i t y  N a t i o n a l  F o r e s t s ,  r e s p e c t i v e l y ,  

i n  n o r t h w e s t e r n  C a l i f o r n i a  ( F i g .  1) .  T h e  s t u d y  s t a n d s  

w e r e  b e t w e e n  6 7 0  a n d  1 3 7 0  m e l e v a t i o n .  A l l  s t u d y  s t a n d s  

w e r e  w i t h i n  t h e  Mixed E v e r g r e e n  F o r e s t  w i t h  C h i n q u a p i n  o r  

R h o d o d e n d r o n  ( K u c h l e r  1 9 7 7 )  a n d  D o u g l a s- f i r- T a n o a k- M a d r o n e  

(USDA F o r e s t  S e r v i c e  1 9 8 1 )  v e g e t a t i o n  t y p e s .  S t a n d s  w e r e  

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

w i n t e r  a c c e s s i b i l i t y .  

Much o f  t h e  c o m m e r c i a l  t i m b e r  l a n d  o n  t h e  two  

N a t i o n a l  F o r e s t s  i s  d o m i n a t e d  by D o u g l a s - f i r  (USDA F o r e s t  

S e r v i c e  1 9 8 1 ) .  The g e n e r a l  s t u d y  a r e a  h a s  u n d e r g o n e  

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

t w e n t i e t h  c e n t u r y  on p r i v a t e  l a n d  a n d  s i n c e  t h e  1 9 5 0 s  on 

F o r e s t  S e r v i c e  l a n d .  F o r  e x a m p l e ,  o n  t h e  S i x  R i v e r s  

N a t i o n a l  F o r e s t  d u r i n g  t h e  p e r i o d  1950- 1980 ,  t h e  a n n u a l  

t i m b e r  h a r v e s t  i n c r e a s e d  f r o m  2 m i l l i o n  b o a r d  f e e t  t o  a  

h i g h  o f  2 6 5  m i l l i o n  b o a r d  f e e t i n  1 9 6 4 ,  a n d  a v e r a g e d  1 5 6  

m i l l i o n  b o a r d  f e e t  d u r i n g  1970- 1979  (USDA F o r e s t  S e r v i c e  

1 9 8 0 ) .  

The  g e n e r a l  s t u d y  a r e a  i s  c h a r a c t e r i z e d  by warm d r y  

summers  a n d  c o o l  we t  w i n t e r s  ( F i g .  2). A v e r a g e  m o n t h l y  



precipitation was as high as 25- 40 cm during November to 

January, and as low a s  0- 2 cm during July and August. 

February and March 1983 appeared slightly wetter than 

normal. Mean minimum monthly temperatures varied less 

over the year than did mean maximum monthly temperatures; 

minimums ranged between 0- 4 C during winter and 7-11 C 

during summer, and maximums ranged between 7- 13 C during 

winter and 30- 35 C during summer. 



F i e l d  S u r v e y s  

S e l e c t i o n  o f  S t u d y  S t a n d s  

V e g e t a t i o n  s t a n d s  w e r e  s e l e c t e d  t o  r e p r e s e n t  y o u n g -  

g r o w t h  p h y s i o g n o m i c  c o n d i t i o n s  u n d e r  e v e n - a g e  t i m b e r  

m a n a g e m e n t  f o l l o w i n g  c l e a r c u t t i n g .  F i v e  s e c o n d a r y  

s u c c e s s i o n a l  s t a g e s  w e r e  r e c o g n i z e d :  g r a s s / f o r b ,  e a r l y  

s h r u b / s a p l i n g ,  l a t e  s h r u b / s a p l i n g ,  p o l e ,  a n d  medium 

s a w t i m b e r .  T h e  s t a n d s  s e l e c t e d  r e p r e s e n t e d  t w o  

d e v e l o p m e n t a l  s e q u e n c e s :  n a t u r a l  a n d  s i l v i c u l t u r a l .  I n  

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

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

c o l l e c t i v e l y .  T h e  g r a s s / f o r b  s t a g e  w a s  d e f i n e d  a s  b e i n g  

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

s p e c i e s ,  a n d  c o n t a i n i n g  ( 2 0 %  woody v e g e t a t i o n  c o v e r ;  

t h u s ,  s h r u b s  were p r e s e n t  o n  m o s t  g r a s s / f o r b  s i t e s ,  b u t  

w i t h  l o w  t o t a l  g r o u n d  c o v e r .  S i m i l a r l y ,  t h e  p o l e  a n d  

medium s a w t i m b e r  s t a g e s  a r e  r e f e r r e d  t o  a s  " f o r e s t e d  

s t a g e s , "  c o l l e c t i v e l y .  S i n c e  l i t t l e  c l e a r c u t t i n g  h a d  b e e n  

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

1 9 5 0 s ,  t h e  f o r e s t e d  s t a g e s  were n e c e s s a r i l y  s e l e c t e d  f r o m  

n a t u r a l  s t a n d  c o n d i t i o n s .  A l t h o u g h  m o s t  s t u d y  s t a n d s  i n  

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

were c h o s e n  t o  r e p r e s e n t  t h e  g e n e r a l  p h y s i o g n o m i c  

c o n d i t i o n s  t h a t  w o u l d  r e s u l t  f r o m  i n t e n s i v e  t i m b e r  

m a n a g e m e n t .  



T h e  s h r u b  s t a g e s  were c l e a r c u t ,  b u r n e d ,  p l a n t e d  w i t h  

s e e d l i n g  D o u g l a s - f i r ,  a n d ,  e x c e p t  f o r  t h e  g r a s s / f o r b  

s t a g e ,  s p r a y e d  w i t h  h e r b i c i d e s  (2,4-D o r  2 , 4 , 5 - T ;  T a b l e  

1). T h e  p r e d o m i n a n t  c o v e r  o n  m o s t  o f  t h e  s h r u b  s t a g e  

s t a n d s  w a s  p r o v i d e d  by s p e c i e s  o f  d e c i d u o u s  a n d  e v e r g r e e n  

s h r u b  a n d  b r o a d - l e a f  h a r d w o o d  t r ees .  Some o f  t h e  l a t e  

s h r u b / s a p l i n g  s t a g e  s t a n d s  c o n t a i n e d  p l a n t e d  p o n d e r o s a  

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

S t u d y  s t a n d s  o f  t h e  f o r e s t e d  s t a g e s  w e r e  s e l e c t e d  o n  

t h e  b a s i s  o f  t h e i r  e v e n - a g e  a p p e a r a n c e  a n d  m o d a l  d i a m e t e r  

a t  b r e a s t  h e i g h t  ( d b h )  o f  s o f t w o o d  stems. T h e  p o l e  s t a g e  

r e p r e s e n t e d  a  m o d a l  s t e m  d b h  o f  1 3 - 2 8  c m  a n d  t h e  m e d i u m  

s a w t i m b e r  s t a g e  r e p r e s e n t e d  a  m o d a l  stem d b h  o f  2 9- 5 3  cm 

(stem s i z e  c l a s s e s  f r o m  T i m b e r  S t a n d  C l a s s i f i c a t i o n  

S y s t e m ,  S i x  R i v e r s  N a t i o n a l  F o r e s t ,  USDA F o r e s t  S e r v i c e . )  

H a b i t a t  S u r v e y s  

V e g e t a t i o n  a n d  h a b i t a t  c h a r a c t e r i s t i c s  w e r e  m e a s u r e d  

a r o u n d  e a c h  o f  t h e  b i r d  c o u n t  p o i n t s .  T h r e e  f i x e d - a r e a  

p l o t s  were e a c h  s e t  a t  r a n d o m  d i s t a n c e s  b e t w e e n  15 a n d  7 7  

m f r o m  t h e  b i r d  c o u n t  p o i n t s  ( F i g .  3 ) ;  t h e  1 5  m m i n i m u m  

a s s u r e d  t h a t  n o  p l o t s  w o u l d  o v e r l a p ,  a n d  t h e  7 7  m maximum 

a s s u r e d  t h a t  v e g e t a t i o n  w o u l d  b e  s a m p l e d  w i t h i n  t h e  90 m 

d i s t a n c e  t h a t  m o s t  b i r d s  w e r e  d e t e c t e d .  C o m p a s s  d i r e c t i o n  

f r o m  t h e  c o u n t  p o i n t  t o  t h e  f i r s t  p l o t  w a s  c h o s e n  

r a n d o m l y ,  a n d  t h e  d i r e c t i o n s  t o  t h e  t w o  o t h e r  p l o t s  were 



t h e n  l o c a t e d  a t  i n c r e m e n t s  o f  1 2 0  d e g r e e s .  New random 

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

i n f l u e n c e  z o n e s ,  i n  a n o m a l o u s l y  l a r g e ,  b a r e  g r o u n d  

d i s t u r b e d  a r e a s ,  on r o a d s  o r  a s s o c i a t e d  d i s t u r b e d  a r e a s ,  

o r  i n  a n o m a l o u s l y  l a r g e  r o c k  o u t c r o p s  o r  l o g  p i l e s .  The  

f i x e d  a r e a  p l o t s  w e r e  a l i g n e d  a t  r i g h t  a n g l e s  t o  t h e  l i n e  

w h i c h  e x t e n d e d  b e t w e e n  t h e i r  c e n t e r s  a n d  t h e  b i r d  c o u n t  

p o i n t .  I n  s h r u b  s t a g e s ,  e a c h  f i x e d  a r e a  p l o t  c o n s i s t e d  o f  

a  2  x 3 0  m b e l t  t r a n s e c t ,  t h r e e  o f  w h i c h  t h e r e f o r e  t o t a l e d  

0 .018  h a  a t  e a c h  b i r d  c o u n t  p o i n t .  I n  f o r e s t e d  s t a n d s ,  

e a c h  p l o t  w a s  a n 1 1 . 3 - m r a d i u s  h a l f  o r  f u l l  c i r c l e ,  i n  

p o l e  a n d  medium s a w t i m b e r  s t a n d s  r e s p e c t i v e l y .  T o t a l  a r e a  

s u r v e y e d  t h u s  was  0.06 h a  a t  b i r d  c o u n t  p o i n t s  i n  p o l e  

s t a n d s  and  0.12 h a  a t  b i r d  c o u n t  p o i n t s  i n  medium 

s a w t i m b e r  s t a n d s .  

W i t h i n  e a c h  f i x e d - a r e a  p l o t ,  f o l i a g e  v o l u r n e , w a s  

m e a s u r e d  a s  a  f u n c t i o n  o f  h e i g h t  on a  c o n t i n u o u s  b a s i s  

w i t h  a  m o d i f i c a t i o n  o f  t h e  HTVOL p r o c e d u r e  o f  Mawson e t  

a l .  (1976) .  The HTVOL p r o c e d u r e  e n t a i l e d  v i s u a l l y  

e s t i m a t i n g  p l a n  a n d  p r o f i l e  s h a p e s  and  s i z e s  o f  a l l  

v e g e t a t i o n ,  e x c l u d i n g  s t e m s ,  g r e a t e r  t h a n  1 0  cm t a l l .  The  

HTVOL a l g o r i t h m  c o m p u t e s  f o l i a g e  v o l u m e s  o f  e a c h  

i n d i v i d u a l  p l a n t ,  t a l l y i n g  v o l u m e s  by s p e c i e s  a n d  g r o w t h  

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

s t r a t a  d e f i n e d  g p o s t e r i o r i .  F o r  a n a l y s i s ,  h e i g h t  s t r a t a  

i n c r e m e n t s  o f  0.2 m i n  t h e  s h r u b  s t a n d s ,  a n d  2 m i n  



f o r e s t e d  s t a n d s ,  w e r e  s e l e c t e d .  The  f i x e d  a r e a  p l o t s  a l s o  

a l l o w e d  e s t i m a t e s  o f  t r e e  c rown s i z e ,  v e g e t a t i o n  h e i g h t ,  

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

a n d  t r e e  a n d  s n a g  s t e m  d e n s i t i e s  a n d  b a s a l  a r e a s  by d b h  

c l a s s .  

I n  a d d i t i o n  t o  t h e  t h r e e  f i x e d - a r e a  p l o t s ,  i n  t h e  

f o r e s t e d  s t a n d s  a  c i r c u l a r  p l o t  3 0  m r a d i u s  was c e n t e r e d  

o n  t h e  b i r d  c o u n t  p o i n t s .  W i t h i n  t h i s  l a r g e r ,  0.28-ha 

p l o t ,  d i a m e t e r s  o f  a l l  t r e e  a n d  s n a g  s t e m s  a t  l e a s t  4 0  cm 

d b h  w e r e  m e a s u r e d .  

A t o t a l  o f  t h i r t y  1 m 2  s q u a r e  m i n i - p l o t s  w e r e  p l a c e d  

s y s t e m a t i c a l l y  a l o n g  e a c h  30-m t r a n s e c t  l i n e  ( s e e  F i g .  

3).  W i t h i n  t h e  m i n i - p l o t s ,  e s t i m a t e s  w e r e  made o f  

p e r c e n t  c o v e r  o f  t h e  f o l l o w i n g  i t e m s :  moss ,  b a r e  r o c k ,  

b a r e  s o i l ,  l i t t e r ,  and  v e g e t a t i o n  u n d e r  1 0  cm t a l l .  

P e r c e n t  c o v e r  e s t i m a t e s  w e r e  u s e d  t o  c a l c u l a t e  a v e r a g e  

p e r c e n t  c o v e r  a n d  p e r c e n t  f r e q u e n c y  o f  o c c u r r e n c e  of  e a c h  

c o v e r  i t e m .  L i t t e r  d e p t h  was a l s o  m e a s u r e d  a t  o n e  c o r n e r  

o f  e a c h  m i n i - p l o t .  

Volume .and mass  o f  woody d e b r i s  w e r e  c a l c u l a t e d  w i t h  

a  m o d i f i c a t i o n  o f  Brown's (1974)  t e c h n i q u e .  I n  a l t e r n a t e ,  

1 - m  t r a n s e c t  s e g m e n t s  a l o n g  e a c h  30-m l i n e  a t  e a c h  f i x e d -  

a r e a  p l o t ,  " h i t s "  w i t h  down wood w e r e  t a l l i e d  a c c o r d i n g  t o  

t h r e e  s i z e  c l a s s e s :  0- 0 .6 ,  0 .7- 2.5,  a n d  '2.6-7.6 cm 

d i a m e t e r .  A t o t a l  o f  f o r t y - f i v e  1 - m  s e g m e n t s  w e r e  u s e d  a t  



e a c h  b i r d  c o u n t  p o i n t  f o r  down wood t a l l i e s .  

A d d i t i o n a l l y ,  " h i t s "  of  l o g s  o v e r  7.6 cm d i a m e t e r  w e r e  

made a l o n g  t h e  t h r e e  30-m t r a n s e c t s .  

A t o t a l  o f  4 8  c a n o p y  c l o s u r e  m e a s u r e m e n t s  w e r e  made 

a r o u n d  e a c h  b i r d  c o u n t  p o i n t  w i t h  a  s p h e r i c a l  d e n s i o m e t e r  

(Lemmon 1957) .  D e n s i o m e t e r  r e a d i n g s  w e r e  t a k e n  a t  g r o u n d  

l e v e l  i n  t h e  s h r u b  s t a g e s  a n d  a t  e l b o w  h e i g h t  i n  t h e  

f o r e s t e d  s t a g e s ;  t h u s ,  t h e  r e a d i n g s  r e p r e s e n t  d e n s i t y  o f  

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

a n d  s h o u l d  be i n t e r p r e t e d  w i t h  t h i s  d i f f e r e n c e  i n  mind. 

S l o p e  a s p e c t  ( d e g r e e s  a z i m u t h )  a n d  s l o p e  a n g l e  w e r e  

m e a s u r e d  a t  e a c h  p l o t  w i t h  c o m p a s s  a n d  c l i n o m e t e r ,  

r e s p e c t i v e l y .  

B i r d  S u r v e y s  

B i r d s  w e r e  c o u n t e d  w i t h  t h e  v a r i a b l e  c i r c u l a r  

p l o t  (VCP) method ( R e y n o l d s  e t  a l .  1980) .  VCP c o u n t  

p o i n t s  w e r e  l o c a t e d  w i t h i n  e a c h  s t a n d  a t  l e a s t  1 8 0  m f r o m  

a n y  s t a n d  e d g e  and  u s u a l l y  no  c l o s e r  t h a n  3 6 0  

m f r o m  a n y  n e x t  n e a r e s t  VCP p o i n t  w i t h i n  t h e  same s t a n d ,  

u n l e s s  t h e  two p o i n t s  were  s e p a r a t e d  v i s u a l l y  and  a u r a l l y  

b y a  r i d g e .  T h e  n u m b e r  o f  V C P p o i n t s t o t a l e d  8 9  o v e r  a l l  

s t a n d s ,  a n d  r a n g e d  f r o m  1 4  t o  23  p o i n t s  p e r  s u c c e s s i o n a l  

s t a g e  ( T a b l e  2). 

VCP c o u n t s  w e r e  t a k e n  m o s t l y  b e t w e e n  s u n r i s e  a n d  

10:OO. Uncommonly, c o u n t s  w e r e  t a k e n  a f t e r  10:OO on 



n o r t h - f a c i n g  s l o p e s ,  d u r i n g  w i n t e r ,  o r  i n  a s m a l l  n u m b e r  

o f  o t h e r  c a s e s  when  c o n d i t i o n s  n e c e s s i t a t e d  l a t e  m o r n i n g  

c o u n t s .  I n  a n y  o n e  s e a s o n ,  e a c h  p o i n t  was v i s i t e d  o n  t w o  

c o n s e c u t i v e  o r  n e a r - c o n s e c u t i v e  m o r n i n g s .  D u r i n g  e a c h  

m o r n i n g  v i s i t ,  s i x  c o n s e c u t i v e  1 0 - m i n  c o u n t s  w e r e  m a d e ;  

t h u s ,  a  t o t a l  o f  1 2  VCP c o u n t s  w e r e  m a d e  p e r  c o u n t  p o i n t  

p e r  s e a s o n .  A d e c i s i o n  w a s  m a d e  f r o m  i n i t i a l  t e s t  s u r v e y s  

c o n d u c t e d  d u r i n g  summer  1 9 8 0  t o  r e p l i c a t e  c o u n t s  a t  

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

many  p o i n t s  w i t h i n  a s t a n d ,  b e c a u s e  m o s t  s t a n d s  w e r e  t o o  

s t e e p  a n d / o r  c l u t t e r e d  w i t h  woody  d e b r i s  t o  a l l o w  t i m e l y  

t r a v e r s i n g  b e t w e e n  m o r e  t h a n  j u s t  a f e w  p o i n t s .  One 

e s t i m a t e  o f  d e n s i t y  o f  e a c h  s p e c i e s  was d e r i v e d  f r o m  a 

m e a n  o f  t h e  t w e l v e  10-min  c o u n t s  t a k e n  a t  e a c h  p o i n t  

d u r i n g  e a c h  s e a s o n .  T h e  s a m p l i n g  f r a m e  I u s e d  f o r  

c o u n t i n g  b i r d s  w a s  a d e q u a t e  f o r  d e t e c t i n g  m o s t  b i r d  

s p e c i e s  a t  e a c h  c o u n t  p o i n t  ( u n p u b .  d a t a  f r o m  1 9 8 0  t r i a l  

r u n s ) .  B i r d  d e n s i t i e s  w e r e  s u b s e q u e n t l y  e s t i m a t e d  f o r  

e a c h  VCP c o u n t  p o i n t  r a t h e r  t h a n  b y  s t a n d  b e c a u s e  o f  t h e  

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

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

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

c r i t e r i a .  

E a c h  c o u n t  c o n s i s t e d  o f  r e c o r d i n g  s p e c i e s  o f  a l l  

i n d i v i d u a l  b i r d s  s e e n  o r  h e a r d  a n d  e s t i m a t i n g  t o  t h e  

n e a r e s t  meter a c r o s s - g r o u n d  d i s t a n c e .  O t h e r  i n f o r m a t i o n  



r e c o r d e d  i n c l u d e d  v i s u a l  o r  a u r a l  c u e  ( c a l l ,  s o n g ,  d r u m ,  

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

t o  b e  n e a r  t h e  e d g e  o f  t h e  s t a n d .  

B i r d  s u r v e y s  w e r e  c o n d u c t e d  y e a r - r o u n d ,  w e a t h e r  a n d  
I 

access p e r m i t t i n g .  C o u n t s  were a b o r t e d  o r  d e l a y e d  d u r i n g  

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

w e r e  d e l i n e a t e d :  b r e e d i n g  ( 1 5  A p r  - 3 0  J u n ) ,  summer  

( p o s t - b r e e d i n g  d i s p e r s a l ;  1 J u l  - 15 S e p ) ,  f a l l  (16 S e p  - 
30 N o v ) ,  w i n t e r  ( 1  D e c  - 2 8  o r  2 9  F e b ) ,  a n d  s p r i n g  (1 Mar 

- 1 4  A p r ) .  P i l o t  s u r v e y s  were c o n d u c t e d  f r o m  J u n e  t h r o u g h  

S e p t e m b e r  1 9 8 0  t o  e s t a b l i s h  t h e  s a m p l i n g  frame a n d  t o  

c o n d u c t  m e t h o d o l o g i c a l  t e s t s .  R e g u l a r  s u r v e y s  w e r e  

c o n d u c t e d  f r o m  J u l y  1981 t h r o u g h  M a r c h  1 9 8 3 .  A t o t a l  o f  

4 8 6  c o u n t - p o i n t  v i s i t s  were made  a n d  5 8 3 2  t e n - m i n u t e  VCP 

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

( T a b l e  3 ) .  

A s e r i e s  o f  f i e l d  t r a i n i n g  s e s s i o n s  a n d  

m e t h o d o l o g i c a l  t e s t s  w e r e  c o n d u c t e d  d u r i n g  p i l o t  s u r v e y s  

a n d  tw ice  y e a r l y  t h r o u g h o u t  t h e  s t u d y  i n  b o t h  

s h r u b / s a p l i n g  a n d  f o r e s t e d  s t a n d s .  T h e  t e s t s  i n c l u d e d  

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

i d e n t i f i c a t i o n  a n d  d i s t a n c e  e s t i m a t i o n .  T h e  t e s t s  e n s u r e d  

t h a t  a l l  o b s e r v e r s  w e r e  e q u a l l y  a b l e  t o  i d e n t i f y  b i r d s  by 

s i g h t  a n d  s o u n d  a n d  e q u a l l y  a b l e  t o  e s t ima te  d i s t a n c e s  

f r o m  v i s u a l  o r  a u r a l  c u e s .  R e s u l t s  ( u n p u b .  d a t a )  



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

a f t e r  i n i t i a l  t r a i n i n g ,  o b s e r v e r  s k i l l s  o f  b i r d  

i d e n t i f i c a t i o n  a n d  d i s t a n c e  e s t i m a t i o n  were a d e q u a t e  f o r  

s u b s e q u e n t  d a t a  a n a l y s i s .  

B i r d  s u r v e y  d a t a  w e r e  g a t h e r e d  b y  3 p r i m a r y  

o b s e r v e r s .  H e a r i n g  a b i l i t y  may g r e a t l y  i n f l u e n c e  t h e  

r e s u l t s  o f  b i r d  s u r v e y s  ( C y r  1981, Ramsey  a n d  S c o t t  

1 9 8 1 b ) ,  e s p e c i a l l y  i n  f o r e s t e d  h a b i t a t s  w h e r e  a s  many a s  

9 0  p e r c e n t  o f  a l l  d e t e c t i o n s  a r e  made a u r a l l y .  H i g h  

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

s p e c i e s  s u c h  a s  b r o w n  c r e e p e r  a n d  g o l d e n - c r o w n e d  k i n g l e t ,  

w h i c h  t y p i c a l l y  c a l l  i n  t h e  6 t o  8 k h z  f r e q u e n c y  r a n g e .  A 

s t a n d a r d  p u r e - t o n e  h e a r i n g  t e s t  w a s  a d m i n i s t e r e d  t o  a l l  3 

o b s e r v e r s  a t  t h e  S p e e c h  a n d  H e a r i n g  C l i n i c  a t  O r e g o n  S t a t e  

U n i v e r s i t y  a t  C o r v a l l i s .  R e s u l t s  o f  t h e  t e s t s  i n d i c a t e d  

t h a t  a l l  3 o b s e r v e r s  h a d  g o o d  t o  e x c e l l e n t  h e a r i n g  a b i l i t y  

i n  t h e  f r e q u e n c y  r a n g e  t e s t e d  ( u p  t o  8 k h z ) .  

D a t a  A n a l y s i s  

C l a s s i f i c a t i o n  o f  H a b i t a t  S t a g e s  

S t u d y  s i t e s  were i n i t i a l l y  c a t e g o r i z e d  f r o m  map a n d  

f i e l d  r e c o n n a i s s a n c e  a c c o r d i n g  t o  a s u c c e s s i o n a l  s e r i e s  

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

were f u r t h e r  a n a l y z e d  w i t h  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  

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

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



schema.  H i g h l y  c o r r e l a t e d  v a r i a b l e s  ( r  2 0.75) w e r e  

f i r s t  e l i m i n a t e d  f r o m  t h e  a n a l y s e s ,  w i t h  t h e  more  

e c o l o g i c a l l y  m e a n i n g f u l  o r  i n t e r p r e t a b l e  v a r i a b l e  b e i n g  

r e t a i n e d .  B o t h  d i r e c t  a n d  s t e p w i s e  d i s c r i m i n a n t  f u n c t i o n  

a n a l y s e s ,  w i t h  a  minimum W i l k ' s  l a m b d a  c r i t e r i o n  t o  

d i s c r i m i n a t e  g r o u p s ,  w e r e  e m p l o y e d  w i t h  t h e  SPSS 

s t a t i s t i c a l  p a c k a g e  ( N i e  e t  a l .  1975) .  

A d d i t i o n a l l y ,  v e g e t a t i o n  and  h a b i t a t  v a r i a b l e s  w e r e  

c o n v e r t e d  t o  p r i n c i p l e  componen t  s c o r e s  w i t h  t h e  p r i n c i p l e  

f a c t o r i n g  w i t h  i t e r a t i o n  o p t i o n  o f  t h e  SPSS p a c k a g e .  

A g a i n ,  h i g h l y  c o r r e l a t e d  v a r i a b l e s  w e r e  f i r s t  e l i m i n a t e d  

f r o m  t h e  a n a l y s i s .  F a c t o r  s c o r e s  w e r e  o r t h o g o n a l l y  

r o t a t e d  w i t h  t h e  V a r i m a x  c r i t e r i o n  ( K a i s e r  1 9 5 8 ;  SPSS 

o p t i o n  d i s c u s s e d  i n  K i m  1975)  t o  s i m p l i f y  f a c t o r  s t r u c t u r e  

a n d  e a s e  i n t e r p r e t a t i o n .  S i t e - s p e c i f i c  s c o r e s  o f  e a c h  

s t a t i s t i c a l l y  s i g n i f i c a n t  f a c t o r  were  f i r s t  i n t e r p r e t e d  by 

b a c k - c o r r e l a t i n g  w i t h  t h e  o r i g i n a l  v e g e t a t i o n  and  h a b i t a t  

v a r i a b l e s  and  were  t h e n  c o r r e l a t e d  w i t h  s i t e - s p e c i f i c  

e s t i m a t e s  o f  d e n s i t i e s  a n d  r i c h n e s s  v a l u e s  (number  o f  b i r d  

s p e c i e s ) .  I n  t h i s  way, h a b i t a t  c h a r a c t e r i s t i c s  t h a t  

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

c o u l d  b e  i d e n t i f i e d .  B i r d  s u r v e y  d a t a  f r o m  d i f f e r e n t  

s e a s o n s  and  y e a r s  w e r e  a s s e s s e d  s e p a r a t e l y  t o  

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



E s t i m a t i o n  o f  B i r d  D e n s i t i e s  

D e n s i t i e s  o f  b i r d  s p e c i e s  were c a l c u l a t e d  f o l l o w i n g  

t h e  t e c h n i q u e  o f  Ramsey  a n d  S c o t t  ( 1 9 8 1 a )  a n d  t h e  

a l g o r i t h m  d e s c r i b e d  b y  W i l d m a n  ( 1 9 8 4 ) .  E f f e c t i v e  

d e t e c t i o n  d i s t a n c e  o f  e a c h  b i r d  s p e c i e s  was c a l c u l a t e d  f o r  

e a c h  c o m b i n a t i o n  o f  s e a s o n  a n d  s u c c e s s i o n a l  s t a g e  ( p o l e  

a n d  medium s a w t i m b e r  s t a g e s  were c o m b i n e d ) ,  y e a r s  

c o m b i n e d ,  w h e r e  t h e  n u m b e r  o f  d i s t a n c e  e s t ima te s  t o t a l e d  

a t  l e a s t  15. 

B i r d  D i s t r i b u t i o n  a n d  A b u n d a n c e  

T h r e e  i n d i c e s  were u s e d  t o  d e s c r i b e  t h e  d e g r e e  o f  

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

d e n s i t y ,  c o e f f i c i e n t  o f  v a r i a t i o n  o f  d e n s i t y ,  a n d  p e r c e n t  

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

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

h i g h  d e n s i t i e s  a n d  l o w  v a r i a t i o n s  o f  d e n s i t y  o f  b i r d s  

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

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

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

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

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

( V a n  H o r n e  1 9 8 3 ) .  

C o e f f i c i e n t s  o f  v a r i a t i o n  ( C V  = SD/mean)  o f  s p e c i e s  

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

s p e c i e s '  a b u n d a n c e  l e v e l s  w i t h i n  s u c c e s s i o n a l  s t a g e s .  



C o m p a r i n g  CV v a l u e s  o f  a  s p e c i e s  a c r o s s  s u c c e s s i o n a l  

s t a g e s  w i t h i n  a s e a s o n  g a v e  s o m e  i n s i g h t  i n t o  t h e  d e g r e e  

o f  s u i t a b i l i t y  o f  d i f f e r e n t  s t a g e s .  H i g h  CV v a l u e s  

r e f l e c t e d  h i g h  w i t h i n - s t a g e  v a r i a t i o n  o f  d e n s i t y  e s t i m a t e s  

a m o n g  VCP c o u n t  p o i n t s ,  o w i n g  t o  e i t h e r  a s p e c i e s '  a b s e n c e  

a t  s o m e  o f  t h e  c o u n t  p o i n t s  o r  t o  i t s  h i g h e r  d e n s i t i e s  a t  

s o m e  c o u n t  p o i n t s  a n d  n o t  a t  o t h e r s .  I i n t e r p r e t e d  l o w  CV 

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

s u i t a b i l i t y  t h a n  h i g h  CV v a l u e s  ( V a n  H o r n e  1983), a l t h o u g h  

I d i d  n o t  p a r t i t i o n  t h e  r e l a t i v e  p r o p o r t i o n s  o f  d e n s i t y  

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

e r r o r  ( c h a n c e  v a r i a t i o n ) .  

P e r c e n t  o c c u r r e n c e  was c a l c u l a t e d  as  t h e  p e r c e n t  o f  

VCP c o u n t  p o i n t s  o f  a  g i v e n  s t a g e  s u r v e y e d  d u r i n g  a g i v e n  

s e a s o n  a t  w h i c h  a s p e c i e s  was d e t e c t e d  a t  l e a s t  o n c e .  

H i g h  v a l u e s  o f  p e r c e n t  o c c u r r e n c e  were i n t e r p r e t e d  a s  

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

l o w  v a l u e s .  

S t e p w i s e  m u l t i p l e  l i n e a r  r e g r e s s i o n  ( D r a p e r  a n d  S m i t h  

1 9 8 1 )  was u s e d  t o  f o r m u l a t e  e q u a t i o n s  p r e d i c t i n g  b r e e d i n g  

a n d  w i n t e r  d e n s i t i e s  o f  e a c h  b i r d  s p e c i e s  f r o m  v e g e t a t i o n  

a n d  h a b i t a t  v a r i a b l e s .  I u s e d  t h e  SPSS s t a t i s t i c a l  

p a c k a g e  (Nie e t  a l .  1975) t o  c o n d u c t  r e g r e s s i o n  a n a l y s e s .  

A v i a n  d e n s i t y  v a l u e s  w e r e  f i r s t  t r a n s f o r m e d  ( l o g [ x + l ] )  t o  

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

l e a s t - s q u a r e s  e s t i m a t i o n .  B e c a u s e  o f  t h e  g r e a t  n u m b e r  o f  



r e g r e s s i o n  e q u a t i o n s  g e n e r a t e d ,  i t  w a s  u n f o r t u n a t e l y  

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

i n t e r a c t i o n  terms, w h i c h  may a d d i t i o n a l l y  e x p l a i n  s o m e  

s p e c i e s  d i s t r i b u t i o n s  ( M e e n t s  e t  a l .  1 9 8 3 ) .  A m e a s u r e  o f  

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

e q u a t i o n  w a s  t h e  a d j u s t e d  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  

( a d j .  R * ) ,  w h i c h  was  c o m p u t e d  a s  

a d j .  R = R - ----- ( 1 - R )  
N - , K  

w h e r e  N i s  t h e  n u m b e r  o f  c a s e s ,  R' i s  t h e  u n a d j u s t e d  

c o e f f i c i e n t  o f  d e t e r m i n a t i o n  f r o m  t h e  r e z r e s s i o n ,  a n d  K i s  

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

( C o h e n  e t  a l .  1 9 8 1 ) .  

T h e  a b o v e  r e g r e s s i o n  a n a l y s e s  were u s e d  t o  

i n v e s t i g a t e  a s s o c i a t i o n s  o f  b i r d  s p e c i e s  d e n s i t i e s  w i t h  

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

( w i t h i n - h a b i t a t )  d i v e r s i t y .  A f u r t h e r  a n a l y s i s  

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

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

b e t a  ( b e t w e e n - h a b i t a t )  d i v e r s i t y .  T h e  q u e s t i o n  p o s e d  may 

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

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

d e n s i t y  t h a t  w e r e  n o t  e x p l a i n e d  by o n - s i t e ,  v e g e t a t i o n  a n d  

h a b i t a t  c h a r a c t e r i s t i c s ?  To i n v e s t i g a t e  t h i s  p o s s i b i l i t y  



w i t h  b i r d  d a t a  f r o m  s h r u b  a n d  f o r e s t e d  s t a g e s  d u r i n g  

b r e e d i n g  a n d  w i n t e r  s e a s o n s  i n  1 9 8 2 ,  I r e g r e s s e d  d e n s i t y  

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

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

a n d  h a b i t a t  v a r i a b l e s  ( A p p e n d i x  2 ) ;  s t o r e d  t h e  v a l u e s  o f  

t h e  r e s i d u a l s  ( i . e . ,  t h e  u n e x p l a i n e d  v a r i a t i o n ) ;  a n d  t h e n  

r e g r e s s e d ,  s t e p - w i s e ,  t h e  r e s i d u a l s  a g a i n s t  t h e  

t o p o p h y s i o g r a p h i c  v a r i a b l e s  ( A p p e n d i x  2 )  w h i l e  l o o k i n g  f o r  

s i g n i f i c a n t  v a l u e s  o f  p a r t i a l  c o r r e l a t i o n s .  

C o m m u n i t y  C o m p o s i t i o n  P a r a m e t e r s  a n d  C l a s s i f i c a t i o n  
o f  B i r d  C o m m u n i t i e s  

S a m p l e  e s t i m a t e s  of  b i r d  s p e c i e s  r i c h n e s s ,  t o t a l  

d e n s i t y ,  a n d  d i v e r s i t y  ( S h a n n o n- W e i n e r  i n f o r m a t i o n  

d i v e r s i t y  i n d e x ,  S h a n n o n  a n d  W e a v e r  1 9 4 9 )  w e r e  c a l c u l a t e d  

f o r  e a c h  c o m b i n a t i o n  o f  s i t e  a n d  s e a s o n  w i t h  t h e  AIDONE 

a n d  AIDN c o m p u t e r  p r o g r a m s  o f  O r e g o n  S t a t e  U n i v e r s i t y  a t  

C o r v a l l i s .  

T h e  A I D N  p r o g r a m s  c a l c u l a t e d  t a x o n o m i c  ( E u c l i d e a n )  

d i s t a n c e  m e a s u r e s  ( D I S T )  b e t w e e n  a l l  p a i r s  (m,n)  o f  

s u c c e s s i o n a l  s t a g e s  f r o m  s i t e - s p e c i f i c  e s t ima te s  o f  b i r d  

d e n s i t i e s .  T h e  f o r m u l a  u s e d  w a s  
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w h e r e  p  a n d  p  a r e  p r o p o r t i o n s  o f  t h e  j* s p e c i e s  i n  
m j n  j 

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

H a b i t a t  n i c h e  b r e a d t h  was e s t i m a t e d  f o r  e a c h  s p e c i e s  

i n  e a c h  s e a s o n  by u s i n g  L e v i n s '  ( 1 9 6 8 )  f o r m u l a :  

k 
w h e r e  R .  = r, p  i j ,  B = h a b i t a t  n i c h e  b r e a d t h  o f  t h e  

i j  3 

jtJ s p e c i e s ,  k = number o f  c o l l e c t i o n s  ( s i t e s  s a m p l e d )  i n  

a  g i v e n  s e a s o n ,  a n d  p i j  = p r o p o r t i o n  o f  t h e  js s p e c i e s  i n  

t h e  i& c o l l e c t i o n .  U n w e i g h t e d  mean h a b i t a t  n i c h e  b r e a d t h  
- 

f o r  t h e  i* c o l l e c t i o n ,  B i ,  was c a l c u l a t e d  a s  t h e  mean 

o v e r  a l l  s p e c i e s  o b s e r v e d  i n  t h e  c o l l e c t i o n  (Si ) :  

F u r t h e r ,  s i n c e  1 < B .  < k ,  and  s i n c e  k v a r i e d  among - 3 - 
s e a s o n s ,  e q u a t i o n s  ( 1 )  a n d  ( 2 )  w e r e  s t a n d a r d i z e d  by 

d i v i d i n g  by k ( L e v i n s  1968) .  T h u s ,  w i t h  a  m o d e r a t e  t o  

l a r g e  number o f  c o l l e c t i o n s ,  
- 

B B 



I n  t h i s  w a y ,  s p e c i e s - s p e c i f i c  m e a s u r e s  o f  h a b i t a t  n i c h e  

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

b r e a d t h  o v e r  a l l  s p e c i e s  w e r e  r e s c a l e d  t o  v a r y  b e t w e e n  0 

a n d  1, a n d  c o u l d  t h e r e b y  b e  c o m p a r e d  b e t w e e n  s e a s o n s .  

A l s o ,  r e s c a l e d  n i c h e  b r e a d t h  v a l u e s  may b e  i n t e r p r e t e d ,  i n  

a s e n s e ,  a s  p r o p o r t i o n s  o f  maximum p o s s i b l e  d i s t r i b u t i o n ;  

a v a l u e  o f  1.0 o c c u r s  o n l y  w h e n  a s p e c i e s  i s  e q u a l l y  

d i s t r i b u t e d  ( e q u a l l y  a b u n d a n t )  a t  a l l  s i t e s ,  a n d  v a l u e s  

p r o g r e s s i v e l y  l e s s  t h a n  1.0 o c c u r  a s  a s p e c i e s '  

d i s t r i b u t i o n  b e c o m e s  i n c r e a s i n g l y  u n e q u a l  a c r o s s  s i t e s .  

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

r e s i d e n t  b i r d  s p e c i e s  was c a l c u l a t e d  b y  A I D N  a s  

w h e r e  E S I M I . .  i s  t h e  s i m i l a r i t y  b e t w e e n  s p e c i e s  i a n d  j; 
1 J  

pih a n d  p .  a r e  p r o p o r t i o n s ,  r e s p e c t i v e l y ,  o f  s p e c i e s  i 
3 h  

a n d  j i n  t h e  h a  c o l l e c t i o n ;  a n d  SDi a n d  S D .  a r e  s a m p l e  
J 

s t a n d a r d  d e v i a t i o n s  o f  d e n s i t i e s  o f  s p e c i e s  i a n d  j ,  

r e s p e c t i v e l y .  E S I M I  i s  a n a l o g o u s  t o  a s i m 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  (S. O v e r t o n ,  D. M c I n t i r e ,  p e r s .  comm.) b e t w e e n  

s p e c i e s ,  a n d  v a r i e s  i n  t h e  i n t e r v a l  [ 0 , 1 ] .  

M e a s u r e s  o f  mean  c o m m u n i t y  o v e r l a p  (MCO) among 

r e s i d e n t  b i r d  s p e c i e s  i n  e a c h  s e a s o n  w e r e  c a l c u l a t e d  f o r  

t h e  i2 s p e c i e s  a s  



1 
M C O  = ----- z E S I M I  i f j, 

i S  - 1 j=1 i j 

a s  a  m o d i f i c a t i o n  o f  C o d y ' s  ( 1 9 7 4 )  f o r m u l a .  Mean  

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

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

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

a l l  s t u d y  s i t e s .  S p e c i e s  w i t h  h i g h  o v e r l a p  v a l u e s  i n  a  

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

o t h e r  p e r m a n e n t  r e s i d e n t s ;  s p e c i e s  w i t h  l o w  o v e r l a p  v a l u e s  

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

r e s t r i c t e d  d i s t r i b u t i o n s  a c r o s s  s i t e s  o r  s u c c e s s i o n a l  

s t a g e s .  

B i r d  c o m m u n i t i e s  were c l a s s i f i e d  ( r - t y p e  

c l a s s i f i c a t i o n )  w i t h  d e n s i t y  d a t a  f r o m  e a c h  s e a s o n  w i t h  

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

c l a s s i f i c a t i o n  i s  t o  d e s c r i b e  a s s e m b l a g e - l e v e l  p a t t e r n s  o f  

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

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

d e n s i t i e s .  T h e  p r o p e r t i e s  common t o  a g r o u p  o f  s p e c i e s  i n  

a p a r t i c u l a r  c l u s t e r  a r e  t h e n  u s e d  t o  d e s c r i b e  t h a t  se t  o f  

s p e c i e s  a s  a w h o l e .  

I n  e m p l o y i n g  c l a s s i f i c a t i o n ,  d e n s i t y  e s t ima te s  w e r e  

f i r s t  t r a n s f o r m e d  [ l o g ( x + l ) l  t o  r e d u c e  t h e  c o n t r o l l i n g  

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



a b u n d a n t  b i r d  s p e c i e s .  The  B r a y - C u r t i s  d i s s i m i l a r i t y  

i n d e x  ( B r a y  and  C u r t i s  1957)  was c a l c u l a t e d  f o r  e a c h  

s p e c i e s .  I u s e d  t h e  L a n c e- W i l l i a m s '  F l e x i b l e  Method  

( L a n c e  a n d  Will iams 1 9 6 7 )  as a c l u s t e r  f u s i o n  s t r a t e g y  

w i t h  t h e  b e t a  p a r a m e t e r  c h o s e n  a s  -0.25 t o  p r o v i d e  a  

m o d e r a t e  a n d  i n t e r p r e t a b l e  c l u s t e r i n g  i n t e n s i t y .  

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

s i m i l a r i t y  o f  b i r d  s p e c i e s .  



RESULTS A N D  DISCUSSION 

PART ONE: ECOLOGICAL RELATIONSHIPS 

H a b i t a t  S u r v e y s  

T h e  y o u n g- g r o w t h  s u c c e s s i o n a l  s e q u e n c e  was m a r k e d  ( i n  

p a r t )  by c h a n g e s  i n  p l a n t  s p e c i e s  c o m p o s i t i o n ,  f o l i a g e  

v o l u m e ,  s i z e  d i s t r i b u t i o n  o f  s o f t w o o d  a n d  h a r d w o o d  stems, 

g r o u n d  c o v e r  c h a r a c t e r i s t i c s ,  a n d  down wood a n d  l i t t e r .  

P l a n t  S p e c i e s  C o m p o s i t i o n  

A t o t a l  o f  189  p l a n t  s p e c i e s  w a s  i d e n t i f i e d  f r o m  a l l  

v e g e t a t i o n  s u r v e y s ,  i n c l u d i n g  4 6  t r e e s  a n d  s h r u b s  a n d  1 4 3  

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

w e r e  c o n i f e r o u s  e v e r g r e e n ,  2 3  were b r o a d l e a f  d e c i d u o u s ,  

a n d  1 6  were b r o a d l e a f  e v e r g r e e n .  

G r a s s l f o r b  s t a g e .  T h e  g r a s s / f o r b  s t a g e ,  a s  w e l l  a s  

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

b e t w e e n - s i t e  v a r i a b i l i t y  i n  p l a n t  s p e c i e s  c o m p o s i t i o n .  

G r a s s / f o r b  s i t e s  w e r e  d o m i n a t e d  b y  a v a r i e t y  o f  s p e c i e s ,  

i n c l u d i n g  l o w  c a n y o n  l i v e  o a k  s h r u b s  ( a v e r a g i n g  2 4 %  o f  

t o t a l  f o l i a g e  v o l u m e ) ,  b u l l  t h i s t l e  ( 1 6 % ) ,  l o w  t a n o a k  

s h r u b s  ( l o % ) ,  b e r r i e s  (7%), a n d  g o l d e n  c h i n q u a p i n  s h r u b s  

( 4 % ) ;  g r o u d s e l ,  s k e l e t o n  w e e d ,  a n d  C a l i f o r n i a  h a r e b e l l  

( e a c h  ( 2%) were a l s o  common. T h e  m o r e  f r e q u e n t l y  

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

f e s c u e s ,  d o g b a n e ,  d r a p e r i a ,  a n d  c h e a t  g r a s s  ( e a c h  ( 1%). 



S h r u b / s a p l i n g  s t a g e s .  I n  e a r l y  a n d  l a t e  

s h r u b / s a p l i n g  s t a g e s ,  t a n o a k  ( a v e r a g i n g  1 9 %  o f  t o t a l  

f o l i a g e  v o l u m e ) ,  D o u g l a s - f i r  (15%), P a c i f i c  m a d r o n e  ( l o % ) ,  

d e e r b r u s h  ( a%) ,  t o b a c c o  b r u s h  (8%), c a n y o n  l i v e  o a k  (5%),  

g o o s e b e r r y  ( 3 % ) ,  m o u n t a i n  w h i t e t h o r n  ( I % ) ,  a n d  b l u e  

e l d e r b e r r y  (1%) c o n t r i b u t e d  s e a s o n a l l y  a n d  h e a v i l y  t o  

f o l i a g e  v o l u m e s  a n d  p e r c e n t  c o v e r .  P l a n t  s p e c i e s  p r e s e n c e  

a n d  f o l i a g e  v o l u m e s  d i f f e r e d  s u b s t a n t i a l l y  by s i t e .  

F o r e s t e d  s t a g e s .  F o r e s t  s t a g e s  were d o m i n a t e d  m o s t l y  

by D o u g a s - f i r  ( a v e r a g i n g  7 1 %  o f  t o t a l  f o l i a g e  v o l u m e ) ,  

w i t h  s u b d o m i n a n t s  o f  t a n o a k  (7%),  C a l i f o r n i a  b l a c k  o a k  

(6%), a n d  P a c i f i c  m a d r o n e  ( 5 % ) .  T r e e  s p e c i e s  e n c o u n t e r e d  

l e s s  f r e q u e n t l y  i n c l u d e d  p o n d e r o s a  p i n e  ( 3 % ) ,  s u g a r  p i n e  

( 2 % ) ,  c a n y o n  l i v e  o a k  ( 2 % ) ;  a n d  b i g l e a f  m a p l e ,  J e f f r e y  

p i n e ,  w h i t e  f i r ,  a n d  i n s e n c e  c e d a r  ( e a c h  ( 1%). O r e g o n  

w h i t e  o a k  ( < I % )  a p p e a r e d  i n f r e q u e n t l y  i n  t h e  u n d e r s t o r y  o f  

m e d i u m  s a w t i m b e r  s t a n d s .  

F o l i a g e  V o l u m e  a n d  C a n o p y  S t r u c t u r e  

F o l i a g e  v o l u m e .  E s t i m a t e s  o f  t o t a l  f o l i a g e  v o l u m e  

v a r i e d  s u b s t a n t i a l l y  by s u c c e s s i o n a l  s t a g e  ( T a b l e  4). 

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

1.6 t i m e s  a s  g r e a t  a s  i n  t h e  e a r l y  s h r u b / s a p l i n g  s t a g e  a n d  

9.3 t i m e s  a s  g r e a t  a s  i n  t h e  g r a s s / f o r b  s t a g e .  T o t a l  

f o l i a g e  v o l u m e  a v e r a g e d  1 .9  t imes  a s  g r e a t  i n  t h e  medium 

s a w t i m b e r  s t a g e  a s  i n  t h e  p o l e  s t a g e .  T h e  p r o p o r t i o n  o f  



t o t a l  f o l i a g e  v o l u m e  f o u n d  i n  t h e  0.1- 2 m h e i g h t  s t r a t u m  

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

9 9 ,  73,  6 1 ,  2 ,  a n d  1 p e r c e n t  i n  t h e  g r a s s / f o r b  t h r o u g h  

m e d i u m  s a w t i m b e r  s t a g e s ,  r e s p e c t i v e l y .  

E v e r g r e e n  f o l i a g e ,  e s p e c i a l l y  o f  s o f t w o o d  t r e e s ,  

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

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

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

p o l e  s t a g e  o c c u r r e d  b e l o w  40  m h i g h ,  w h e r e a s  f o l i a g e  i n  

t h e  m e d i u m  s a w t i m b e r  s t a g e  s o m e t i m e s  e x t e n d e d  t o  56 m 

( F i g .  4 ) .  

F o l i a g e  c l o s u r e .  P e r c e n t  c l o s u r e  o f  u n d e r s t o r y  a n d  

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

s t a g e s .  D e n s i o m e t e r  e s t i m a t e s  o f  p e r c e n t  f o l i a g e  c l o s u r e  

a v e r a g e d  6 8  (S.E. = 3 ) ,  7 1  (S.E.= 3) ,  81 ( S . E . =  2 ) ,  9 0  

(S.E. = l ) ,  a n d  9 3  (S .E .  = 1) p e r c e n t ,  r e s p e c t i v e l y ,  i n  

t h e  g r a s s / f o r b  t h r o u g h  medium s a w t i m b e r  s t a g e s .  

F o l i a g e  p a t c h i n e s s .  T h e  d e g r e e  o f  u n d e r s t o r y  a n d  

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

s u c c e s s i o n a l  s e q u e n c e ,  c o n c o m i t a n t  w i t h  t h e  i n c r e a s e  o f  

p e r c e n t  c l o s u r e  o f  f o l i a g e .  F o l i a g e  p a t c h i n e s s  w a s  

m e a s u r e d  by t h e  c o e f f i c i e n t  o f  v a r i a t i o n  o f  d e n s i o m e t e r  

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

a n d  d e c r e a s e d  f r o m  a n  a v e r a g e  o f  1.11 i n  t h e  g r a s s / f o r b  

s t a g e  t o  0 . 0 4  i n  t h e  m e d i u m  s a w t i m b e r  s t a g e  ( F i g .  5).  

P a t c h i n e s s  d i f f e r e d  s i g n i f i c a n t l y  among  t h e  t h r e e  s h r u b  



s t a g e s  a n d  b e t w e e n  s h r u b  a n d  f o r e s t e d  s t a g e s ,  b u t  n o t  

s i g n i f i c a n t l y  b e t w e e n  t h e  t w o  f o r e s t e d  s t a g e s  ( P  < 0 .05 ,  

A N O V A s ,  S t u d e n t ' s  t). 

T r e e  c r o w n  s i z e s .  Crown s i z e s  o f  9 s p e c i e s  o f  t r e e s  - 
i n c r e a s e d  a s  s tem d i a m e t e r  i n c r e a s e d  ( F i g .  6 ) .  S p e c i e s  

w i t h  w i d e  c r o w n s  were p o n d e r o s a  p i n e ,  s u g a r  p i n e ,  D o u g l a s -  

f i r ,  P a c i f i c  m a d r o n e ,  a n d  c a n y o n  l i v e  o a k  w h i c h  o c c u r r e d  

i n  d o m i n a n t  o r  c o d o m i n a n t  c r o w n  p o s i t i o n s  i n  t h e  o v e r s t o r y  

c a n o p y  o f  t h e  f o r e s t e d  s t a n d s .  B i g l e a f  m a p l e ,  O r e g o n  

w h i t e  o a k ,  a n d  C a l i f o r n i a  b l a c k  o a k  w e r e  b r o a d - l e a f  

d e c i d u o u s  h a r d w o o d s  t h a t  f r e q u e n t l y  o c c u r r e d  i n  t h e  

u n d e r s t o r y .  T r e e  s p e c i e s  w i t h  f a s t - s p s e a d i n g  c r o w n s  i n  

t h e  1- 1 2  a n d  1 3- 2 7  cm d b h  c l a s s e s  i n c l u d e d  b i g - l e a f  m a p l e ,  

t a n o a k ,  a n d  O r e g o n  w h i t e  o a k ,  w h i c h  were p r e v a l e n t  i n  t h e  

u n d e r s t o r y .  

S i z e  D i s t r i b u t i o n  o f  S t e m s  

L i v e  s t e m  d e n s i t y .  I c a l c u l a t e d  d e n s i t y  o f  l i v e  -- 
s tems  a t  l e a s t  1 cm d b h  f r o m  v e g e t a t i o n  p l o t s  a t  e a c h  VCP 

b i r d  c o u n t  p o i n t .  T o t a l  s t e m  d e n s i t y  a v e r a g e d  2 0  s t e m s / h a  

i n  t h e  g r a s s / f o r b  s t a g e ,  384 s t e m s / h a  i n  t h e  e a r l y  

s h r u b / s a p l i n g  s t a g e ,  a n d  1 2 5 0  s t e m s / h a  i n  t h e  l a t e  

s h r u b / s a p l i n g  s t a g e  ( F i g .  7 ) .  P o l e  s t a n d s  a v e r a g e d  1 7 1 0  

s t e m s / h a  a n d  medium s a w t i m b e r  s t a n d s  a v e r a g e d  1 0 6 6  

s t e m s / h a .  I n  a l l  s t a g e s ,  t h e  m a j o r i t y  o f  stems o c c u r r e d  

i n  t h e  1- 1 2  cm d b h  c l a s s ,  w i t h  t h e  l a t e  s h r u b / s a p l i n g  



s t a g e  s h o w i n g  t h e  g r e a t e s t  v a r i a t i o n  i n  s tem d e n s i t y  

b e t w e e n  VCP b i r d  c o u n t  p o i n t s .  

T o t a l  n u m b e r s  o f  s o f t w o o d  s tems o v e r  a l l  d b h  c l a s s e s  

( F i g .  7 )  a v e r a g e d  0 ,  2 2 9 ,  4 3 5 ,  1390, a n d  5 3 7  s t e m s / h a  i n  

g r a s s / f o r b  t h r o u g h  medium s a w t i m b e r  s t a g e s ,  r e s p e c t i v e l y ;  

t o t a l  n u m b e r  o f  s o f t w o o d  stems 13 cm d b h  a n d  l a r g e r  a v e r a g e d  

0 ,  7 ,  1 4 ,  510, a n d  2 3 7  s t e m s / h a .  Medium s a w t i m b e r  s t a n d s  

a v e r a g e d  a g r e a t e r  p r o p o r t i o n  o f  d e n s i t y  o f  s o f t w o o d  stems 

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

T o t a l  n u m b e r s  o f  h a r d w o o d  stems o v e r  a l l  d b h  c l a s s e s  

( F i g .  7 )  a v e r a g e d  2 0 ,  155, 815, 3 2 0 ,  a n d  5 2 9  s t e m s l h a  i n  

g r a s s / f o r b  t h r o u g h  medium s a w t i m b e r  s t a g e s ,  r e s p e c t i v e l y ;  

t o t a l  n u m b e r s  o f  h a r d w o o d  stems 13 c m  d b h  a n d  l a r g e r  

a v e r a g e d  4 ,  4 ,  2 6 ,  150, a n d  2 1 5  s t e m s / h a .  G r a s s / f o r b  s t a n d s  

c o n t a i n e d  n o  s o f t w o o d  stems m e a s u r i n g  a t  l e a s t  1 cm dbh .  

T h e  b l o o m  o f  d e n s e  h a r d w o o d  s h r u b s  i n  t h e  s u b s e q u e n t  s h r u b  

s t a g e s  was r e f l e c t e d  by t h e  p e r c e n t a g e  o f  a l l  l i v e  stems 

t h a t  w e r e  h a r d w o o d s :  4 0  p e r c e n t  i n  e a r l y  s h r u b / s a p l i n g  

a n d  65 i n  l a t e  s h r u b / s a p l i n g  s t a g e s .  T h e  p r o p o r t i o n  a n d  

t o t a l  d e n s i t y  o f  h a r d w o o d  stems i n c r e a s e d  f r o m  e a r l y  t o  

l a t e  s h r u b / s a p l i n g  s t a g e s .  P o l e  s t a n d s  a v e r a g e d  1 9  

p e r c e n t  o f  a l l  stems a s  h a r d w o o d s ,  a n d  medium s a w t i m b e r  

s t a n d s  a v e r a g e d  50 p e r c e n t .  

M a n y  o f  t h e  s t e m s  4 0  cm d b h  a n d  l a r g e r  i n  t h e  

f o r e s t e d  s t a n d s  w e r e  r e s i d u a l  t r e e s  f r o m  e a r l i e r  s t a n d s .  



M o s t  o f  t h e  f o r e s t e d  s t a n d s  p r o b a b l y  d e v e l o p e d  t h e i r  

p r e s e n t ,  m o r e  o r  l e s s  e v e n - a g e  s t r u c t u r e s  f o l l o w i n g  

w i l d f i r e s  i n  1 9 1 0- 1 9 3 0  ( L o w e r  T r i n i t y  a n d  B i g  B a r  R a n g e r  

D i s t r i c t  F i r e  A t l a se s ) .  Many l a r g e  d i a m e t e r  s o f t w o o d s ,  

e s p e c i a l l y  D o u g l a s - f i r  a n d  p o n d e r o s a  p i n e ,  h a d  f i r e  s c a r s  

o n  t h e  l o w e s t 2 - 5  m o f  t h e t r u n k s ,  a n d  s u r v i v e d  a l o n g  w i t h  

l a r g e ,  o l d  C a l i f o r n i a  b l a c k  o a k s  a n d  P a c i f i c  m a d r o n e s .  I n  

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

a n d  e s p e c i a l l y i n  t h e l - 1 2  c m d b h  c l a s s ,  a t t e s t e d t o  t h e  

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

h a r d w o o d s  i n  t h o s e  s t a n d s .  

L i v e  s tem b a s a l  area. T o t a l  s tem b a s a l  a r e a  a v e r a g e d  -- 
2  0.1,  0.9, 2.6,  5 2 . 8 ,  a n d  4 9 . 9  m / h a  i n  g r a s s l f o r b  t h r o u g h  

m e d i u m  s a w t i m b e r  s t a g e s ,  r e s p e c t i v e l y  ( F i g .  8). T o t a l  

b a s a l  a r e a  o f  s o f t w o o d  stems o f  a l l  d i a m e t e r s  a v e r a g e d  0 ,  

2  0 . 7 ,  0 . 8 ,  3 8 . 7 ,  a n d  33.8 m / h a  i n  g r a s s / f o r b  t h r o u g h  

m e d i u m  s a w t i m b e r  s t a g e s ,  r e s p e c t i v e l y .  T h e  f e w ,  l a r g e  

r e m n a n t  s o f t w o o d s  p r e s e n t  i n  b o t h  p o l e  a n d  medium 

s a w t i m b e r  s t a g e s  c o n t r i b u t e d  g r e a t l y  t o  t o t a l  a v e r a g e  

s t a n d  b a s a l  a r e a  i n  t h e  5 3 t c m d b h  c l a s s ;  h o w e v e r ,  p o l e  

s t a n d s  e x h i b i t e d  a m o d e  o f  b a s a l  a r e a  i n  t h e  1 3 - 2 7  cm d b h  

c l a s s  ( F i g .  8).  

E s t i m a t e s  o f  a v e r a g e  b a s a l  a r e a  i n  e a c h  o f  t h e  

f o r e s t e d  s t a g e s  d e r i v e d  f r o m  t h e  t h r e e  h a l f -  o r  f u l l -  

c i r c l e  p l o t s  a t  e a c h  VCP b i r d  c o u n t  p o i n t ,  c o m p e r e d  

c l o s e l y  w i t h  e s t i m a t e s  d e r i v e d  f r o m  t h e  l a r g e r  s i n g l e ,  



0 .28- ha  c i r c u l a r  p l o t s  c e n t e r e d  o n  e a c h  c o u n t  p o i n t .  

H o w e v e r ,  d e s p i t e  t h e  c l o s e  a g r e e m e n t  o n  s t a g e - w i d e  

a v e r a g e s ,  t h e  t w o  m e t h o d s  a g r e e d  much l e s s  c l o s e l y  o n  a 

VCP p o i n t - b y - p o i n t  b a s i s .  A t  a n y  g i v e n  p o i n t ,  t h e  I - p l o t  

m e t h o d  s u r v e y e d  4.7 t i m e s  t h e  a r e a  a s  d i d  t h e  3 - p l o t  

m e t h o d  i n  p o l e  s t a n d s ,  a n d  2.3 t i m e s  t h e  a r e a  as  d i d  t h e  

3 - p l o t  m e t h o d  i n  medium s a w t i m b e r  s t a n d s .  A l s o ,  t h e  1- 

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

t h e  VCP b i r d  c o u n t  p o i n t s  t h a n  d i d  t h e  3 - p l o t  m e t h o d  ( F i g .  

3). B e c a u s e  s u b s t a n t i a l l y  g r e a t e r  a r e a  was s u r v e y e d ,  t h e  

I - p l o t  m e t h o d  g a v e  m o r e  p r e c i s e  s t a n d - s p e c i f i c  e s t i m a t e s  

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

3 - p l o t  m e t h o d ;  a n d ,  c o n v e r s e l y ,  t h e  3 - p l o t  m e t h o d  p r o v i d e d  

s o m e  i n s i g h t  i n t o  w i t h i n - s t a n d  v a r i a t i o n s  o f  s tem d e n s i t y  

a n d  b a s a l  a r e a ,  w h e r e a s  t h e  I - p l o t  m e t h o d  d i d  n o t .  

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

VCP b i r d  c o u n t  p o i n t  f r o m  b o t h  s u r v e y  m e t h o d s  w e r e  

r e t a i n e d  f o r  a l l  s u b s e q u e n t  a n a l y s e s .  

SnaR dens it^ and b a s a l  area. T h e  t h r e e  s h r u b  s t a g e s  

c o n t a i n e d  a f e w  s c a t t e r e d  l i v e  t r e e s  a n d  s n a g s  t h a t  w e r e  

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

b u t  t h e s e  r e s i d u a l  l i v e  t r e e s  a n d  s n a g s  were s e l d o m  

e n c o u n t e r e d  i n  t h e  f i x e d - a r e a  v e g e t a t i o n  s u r v e y  p l o t s .  

W h e r e  p r e s e n t  i n  t h e  s h r u b  s t a n d s ,  s n a g s  o v e r  13 cm d b h  

a n d  o v e r  1.8 m i n  h e i g h t  r a n g e d  2- 10 p e r  h a  w i t h i n  2 0 0  m 



o f  t h e  VCP b i r d  c o u n t  p o i n t s .  S n a g s  i n  a l l  s u c c e s s i o n a l  

s t a g e s  w e r e  mos t  commonly D o u g l a s - f i r ,  P a c i f i c  m a d r o n e ,  

t a n o a k ,  o r  C a l i f o r n i a  b l a c k  o a k .  

A g r e a t e r  a v e r a g e  d e n s i t y ,  and  a  g r e a t e r  p r o p o r t i o n  

o f  a l l  s n a g s ,  o f  t h e  o v e r - 5 2  c m  d b h  c l a s s  w e r e  f o u n d  i n  

p o l e  a s  compared  w i t h  medium s a w t i m b e r  s t a n d s  ( T a b l e  5) ,  

r e f l e c t i n g  a g a i n  t h e  w i l d f i r e - i n d u c e d  o r i g i n s  o f  t h e  p o l e  

s t a n d s  a n d  t h e  r e s i d u a  o f  e a r l i e r ,  p r e - f i r e  t r e e s .  B a s a l  

a r e a  o f  s n a g s  o v e r  4 0  c m d b h w a s  s l i g h t l y  g r e a t e r  i n  p o l e  

a s  c o m p a r e d  w i t h  medium s a w t i m b e r  s t a n d s  ( T a b l e  5). 

Ground C o v e r  C h a r a c t e r i s t i c s  

The g r a s s / f o r b  s t a g e  was d i s t i n g u i s h e d  f r o m  e a r l y  a n d  

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

p e r c e n t  g r o u n d  c o v e r  o f  g r e e n  v e g e t a t i o n  u n d e r  1 0  cm t a l l  

a n d  h i g h e r  a m o u n t s  o f  b a r e  s o i l  a n d  r o c k  ( F i g .  9 ) .  Among 

t h e  3 s h r u b  s t a g e s ,  p e r c e n t  g r e e n  v e g e t a t i o n  c o v e r  was 

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  number o f  y e a r s  s i n c e  t h e  

s t a n d s  w e r e  c l e a r c u t  ( r  = 0 . 4 2 ,  p  < 0 . 0 0 1 ,  n  = 5 2 ) .  P o l e  

a n d  medium s a w t i m b e r  s t a g e s  w e r e  s i m i l a r  i n  p e r c e n t  g r o u n d  

c o v e r  c h a r a c t e r i s t i c s ,  w i t h  t h e  medium s a w t i m b e r  s t a g e  

h a v i n g  s l i g h t l y  g r e a t e r  g r e e n  v e g e t a t i o n  c o v e r .  M o s t  o f  

t h e  g r o u n d  i n  b o t h  f o r e s t e d  s t a g e s  was c o v e r e d  w i t h  

l i t t e r .  

P e r c e n t  o c c u r r e n c e  o f  e a c h  c o v e r  i t e m  i n  t h e  m i n i -  

p l o t s  ( F i g .  9 )  may b e  v i e w e d  a s  i n d i c e s  o f  p a t c h i n e s s  a t  a  



s c a l e  r e l a t i v e  t o  t h e  s a m p l i n g  d e s i g n .  F o r  e x a m p l e ,  

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

s u b s t a n t i a l l y  o v e r  t h e  5 s u c c e s s i o n a l  s t a g e s ,  p e r c e n t  

o c c u r r e n c e  o f  l i t t e r  r e m a i n e d  h i g h ,  b e c a u s e  l i t t e r  w a s  

m o r e  o r  l e s s  e v e n l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  s u r v e y e d  

! a reas .  G r e e n  v e g e t a t i o n  < 1 0  cm t a l l  w a s  e v e n l y  a n d  

d e n s e l y  d i s t r i b u t e d  i n  t h e  3 s h r u b  s t a g e s  ( p e r c e n t  
I 

o c c u r r e n c e  o f  g r e e n  v e g e t a t i o n  was e q u a l l y  h i g h ) ,  b u t  was 

l e s s  e v e n l y  o r  l e s s  d e n s e l y  d i s t r i b u t e d  i n  f o r e s t e d  
i 

s t a g e s ;  f u r t h e r ,  g r e e n  v e g e t a t i o n  was much m o r e  p a t c h i l y  

d i s t r i b u t e d  i n  p o l e  s t a n d s  t h a n  i n  medium s a w t i m b e r  

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

I o c c u r r e n c e .  

Down Wood a n d  L i t t e r  

Down w o o d  mass a n d  v o l u m e .  Down w o o d  mass a t  VCP ------ 
b i r d  c o u n t  p o i n t s  a v e r a g e d  h i g h e s t  i n  e a r l y  a n d  l a t e  

s h r u b / s a p l i n g  s t a g e s  a n d  l o w e s t  i n  medium s a w t i m b e r  s t a g e s  

( T a b l e  6). T h e  p r o p o r t i o n  o f  t o t a l  mass t h a t  o c c u r r e d  i n  

t h e  s m a l l e r  down wood s i z e  c l a s s  (<= 7.6 cm d i a m e t e r )  w a s  

l o w e r  i n  s t a n d s  t h a t  h a d  b e e n  b u r n e d  ( T a b l e  1) a s  s i t e  

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

t h a t  h a d  n o t  b e e n  b u r n e d .  E s t i m a t e s  o f  a v e r a g e  down wood 

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

s t a g e s  (ANOVA, F = 2.50, p  = 0 . 0 5 ,  d f  = 4 , 8 4 ) ,  b u t  w e r e  

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



i c l e a r c u t t i n g  i n  t h e  3 s h r u b  s t a g e s  ( r  = - 0 . 0 2 ,  p  > 0 . 5 0 ,  

n  = 5 2 ) .  

Down wood v o l u m e  showed t h e  same t r e n d s  among 

s u c c e s s i o n a l  s t a g e s  a s  d i d  down wood m a s s  ( T a b l e  6). Down 

wood v o l u m e  was h i g h l y  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  down 

wood mass ( r  = 0 . 9 8 ,  p  < 0 . 0 0 1 ,  n  = 8 9 ) ;  t h e r e f o r e ,  down 

wood v o l u m e  was e x c l u d e d  f r o m  s u b s e q u e n t  a s s e s s m e n t s  o f  

b i r d - h a b i t a t  r e l a t i o n s h i p s .  

L i t t e r  d e p t h .  L i t t e r  d e p t h  m e a s u r e m e n t s  a r o u n d  VCP 

b i r d  c o u n t  p o i n t s  a v e r a g e d  2.3,  2 .2 ,  4 . 8 ,  6 . 0 ,  a n d  3 . 9  cm 

i n  g r a s s l f o r b  t h r o u g h  medium s a w t i m b e r  s t a g e s ,  

r e s p e c t i v e l y .  E s t i m a t e s  of  a v e r a g e  l i t t e r  d e p t h  d i f f e r e d  

s i g n i f i c a n t l y  a c r o s s  t h e  f i v e  s u c c e s s i o n a l  s t a g e s  (ANOVA, 

F = 19 .40 ,  p < 0 . 0 0 1 ,  d f  = 4 , 8 4 ) .  T h e  s u b s t a n t i a l l y  

g r e a t e r  a v e r a g e  d e p t h  i n  l a t e  s h r u h / s a p l i n g  a s  compared  

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

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

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

t o t a l  f o l i a g e  v o l u m e  was  r = 0 . 5 2 ,  p  < 0 . 0 0 1 ,  n  = 5 2 ) .  

Among t h e  3  s h r u b  s t a g e s ,  l i t t e r  d e p t h  c o r r e l a t e d  

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

= 0 . 4 3 ,  p  < 0 . 0 0 1 ,  n  = 5 2 ) .  

S e a s o n a l  C h a n g e s  o f  V e g e t a t i o n  

D e c i d u o u s  f o l i a g e .  The t h r e e  s h r u b  s t a g e s  e x h i b i t e d  

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



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

d e c i d u o u s  f o l i a g e  v o l u m e .  T h e  b u l k  o f  d e c i d u o u s  f o l i a g e  

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

l e v e l  a n d  t h e  mode o f  e v e r g r e e n  f o l i a g e  v o l u m e ;  i n  s o m e  

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

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

c a n o p y  p o s i t i o n .  

P l a n t  g r o w t h  p h e n o l o g y .  T h e  p o s t e r i o r i  d e f i n e d  

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

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

m o s t  l e a f  g r o w t h  s t a r t e d  ( A p r i l )  a n d  c o n t i n u e d  u n t i l  

l e a v e s  were f u l l y  g r o w n  ( l a t e  May). D u r i n g  t h e  a v i a n  

s u m m e r  s e a s o n ,  p l a n t  s e e d s  d e v e l o p e d ,  r i p e n e d  ( m i d - J u l y  t o  

m i d- A u g u s t ) ,  a n d  d i s s e m i n a t e d  ( l a t e  A u g u s t  t o  e a r l y  

S e p t e m b e r ) .  D u r i n g  t h e  a v i a n  f a l l  s e a s o n ,  l e a v e s  b e g a n  

a b c i s s i o n  ( S e p t e m b e r ) ,  d r i e d ,  a n d  b e g a n  t o  d r o p  ( O c t o b e r ) .  

D u r i n g  t h e  a v i a n  w i n t e r  s e a s o n ,  d e c i d u o u s  p l a n t s  were 

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

s e a s o n  ( l a t e  M a r c h  t o  A p r i l ) ,  l e a f  g r o w t h  b e g a n .  

S t a n d  P h y s i o g r a p h i c  C h a r a c t e r i s t i c s  

P h y s i o g r a p h i c  c h a r a c t e r i s t i c s  o f  t h e  55 s t u d y  s t a n d s  

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

( T a b l e  7) .  T h i s  r e s u l t e d  f r o m  t o p o g r a p h i c ,  p h y s i o g r a p h i c ,  

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

w h i c h  i n  t u r n  w e r e  i n f l u e n c e d  by e x i s t i n g  a n d  p a s t  



N a t i o n a l  F o r e s t  g u i d e l i n e s  a n d  p o l i c i e s  f o r  c l e a r c u t t i n g .  

F o r  e x a m p l e ,  t h e  s h r u b  s t a g e s  were  a l l  u n d e r  2 6  h a  i n  

c o n t i g u o u s  a r e a  a n d  b o r d e r e d  n o  m o r e  t h a n  8 a d j a c e n t  

s t a n d s .  I n  c o n t r a s t ,  t h e  ( u n h a r v e s t e d )  f o r e s t e d  s t a g e s  

r a n g e d  a s  l a r g e  a s  8 6  c o n t i g u o u s  h a a n d  b o r d e r e d  a s  m a n y  

a s  1 4  a d j a c e n t  s t a n d s .  T h e  f o r e s t e d  s t a n d s  v a r i e d  

c o n s i d e r a b l y  i n  s i z e  a n d  p h y s i o g r a p h i c  c h a r a c t e r i s t i c s .  

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

( g r a s s / f o r b  s t a g e )  were g e n e r a l l y  t h e  s m a l l e s t ,  s t e e p e s t ,  

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

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

s t a n d s  o c c u r r i n g  o n  u p p e r  s l o p e s  a n d  r i d g e l i n e s .  S u c h  

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

n e g a t i v e  c o r r e l a t i o n  b e t w e e n  a rea  a n d  e l e v a t i o n  ( r  = 

- 0 . 4 4 ,  p  < 0 . 0 0 1 ,  n  = 55 s t a n d s )  o v e r  a l l  s t a n d s .  

H o w e v e r ,  s l o p e  a n d  e l e v a t i o n  o f  a l l  s t a n d s  w e r e  n o t  

s i g n i f i c a n t l y  c o r r e l a t e d  ( r  = 0 . 1 7 ,  p  = 0 . 2 0 ,  n  = 55).  

S t a n d  s h a p e .  T h e  r e l a t i o n s h i p  b e t w e e n  s t a n d  a r e a  a n d  

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

P a t t o n  ( 1 9 7 5 )  ( T a b l e  7).  I n  g e n e r a l ,  t h e  i n d e x  r a n g e s  i n  

t h e  i n t e r v a l  [ I ,  m ), a t t a i n i n g  a v a l u e  o f  1 w h e n  t h e  

s t a n d  i n  q u e s t i o n  i s  p e r f e c t l y  c i r c u l a r ,  a n d  e x c e e d i n g  1 

as  s t a n d  s h a p e  d e v i a t e s  m o r e  m a r k e d l y  f r o m  c i r c u l a r i t y .  

A s  was a n t i c i p a t e d ,  t h e  m o r e  " b l o c k - s h a p e d "  c l e a r c u t  

s t a n d s  h a d  l o w e r  s h a p e  i n d e x  v a l u e s  t h a n  f o r e s t e d  s t a n d s .  



S l o p e  a s p e c t .  P r e s e n t  and  p a s t  t i m b e r  h a r v e s t i n g  i n  

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

s t a n d s ,  r e s u l t e d  i n  a  non- random d i s t r i b u t i o n  o f  a v e r a g e  

a s p e c t s  ( s l o p e  a z i m u t h )  o f  t h e  s t u d y  s t a n d s .  F o r t y - e i g h t  

o f  t h e  5 2  VCP b i r d  c o u n t  p o i n t s  i n  t h e  s h r u b  s t a g e s  w e r e  

s i t u a t e d  on s l o p e s  f a c i n g  n o r t h  ( b e t w e e n  270  a n d  8 9  

d e g r e e s  a z i m u t h )  f o r  a  non- random mean a s p e c t  o r i e n t a t i o n  

( R a y l e i g h ' s  R = 3 3 . 6 0 ,  p  < 0 . 0 0 1 ,  d f  = 5 2 ) .  I n  c o n t r a s t ,  

2 5  o f  t h e  3 6  VCP b i r d  c o u n t  p o i n t s  i n  t h e  f o r e s t e d  s t a g e s  

w e r e  s i t u a t e d  o n  s l o p e s  f a c i n g  s o u t h  ( b e t w e e n  9 0  a n d  269 

d e g r e e s  a z i m u t h )  f o r  a  non- random mean a s p e c t  o r i e n t a t i o n  

( R a y l e i g h ' s  R = 16 .30 ,  p  < 0 . 0 0 1 ,  d f  = 3 7 ) .  T h e  mean  

a s p e c t  o f  VCP b i r d  c o u n t  p o i n t s i n  s h r u b  s t a n d s  w a s  0  

d e g r e e s  a z i m u t h  (S.E. = 5 4 ) ,  w h e r e a s  t h e  mean a s p e c t  o f  

VGP b i r d  c o u n t  p o i n t s  i n  f o r e s t e d  s t a n d s  was 1 5 2  d e g r e e s  

a z i m u t h  (S.E. = 77) .  T h r o u g h o u t  t h i s  p a p e r ,  I h a v e  

a s s u m e d  t h a t  t h e  e f f e c t s  o f  a s p e c t  o n  b i r d  d i s t r i b u t i o n  

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

a s p e c t  on v e g e t a t i o n  and  h a b i t a t  c h a r a c t e r i s t i c s  o f  t h e  

s t a n d s .  F o r  e x a m p l e ,  g r e a t e r  f o l i a g e  v o l u m e s  o f  c a n y o n  

l i v e  o a k  w e r e  f o u n d  on s o u t h - f a c i n g  s l o p e s  t h a n  on n o r t h -  

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

m a p l e  w e r e  f o u n d  on n o r t h - f a c i n g  s l o p e s  t h a n  s o u t h - f a c i n g  

s l o p e s .  A c c o r d i n g l y ,  a s p e c t  was  n o t  e x p l i c i t l y  i n c l u d e d  

a s  a h a b i t a t  v a r i a b l e  i n  s u b s e q u e n t  a n a l y s e s .  



D i s t a n c e  w a t e r .  Mean d i s t a n c e  f r o m  t h e  s t a n d s  t o  

t h e  n e a r e s t  p e r m a n e n t  w a t e r ,  a s  r e p r e s e n t e d  o n  U.S. F o r e s t  

S e r v i c e  (USFS) t o p o g r a p h i c  m a p s  ( s c a l e s  1 : 1 2 , 0 0 0  o r  

1 : 2 4 , 0 0 0 )  a s  p e r m a n e n t  s t r e a m s  o r  r i v e r s ,  d i f f e r e d  a m o n g  t h e  

s t a g e s  ( T a b l e  7) .  I n  s o m e  s t a n d s ,  e p h e m e r a l  s e e p s ,  

s p r i n g s ,  s t r e a m s ,  a n d  s m a l l  p o n d s  o c c u r r e d  d u r i n g  w i n t e r  

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

p r e c i p i t a t i o n  ( F i g u r e  2).  T h e r e f o r e ,  d i s t a n c e  t o  

p e r m a n e n t  w a t e r  may i n c o m p l e t e l y  d e s c r i b e  y e a r - l o n g  

p r o x i m i t y  o f  t h e  v a r i o u s  s t a n d s  t o  o p e n  w a t e r  o r  w a t e r -  

i n f l u e n c e d  v e g e t a t i o n .  

D i s t a n c e  n e a r e s t  s i m i l a r  h a b i t a t .  D i s t a n c e  f r o m  

e a c h  s t u d y  s t a n d  t o  t h e  n e a r e s t  c o n t i g u o u s  o r  n o n -  

c o n t i g u o u s  s t a n d  h a v i n g  t h e  s a m e  USFS v e g e t a t i o n  

d e s i g n a t i o n  w a s  m e a s u r e d  f r o m  o r t h o g r a p h i c  m a p s  ( s c a l e s  

1 : 1 2 , 0 0 0  o r  1 : 2 4 , 0 0 0 )  a n d  USFS t i m b e r  t y p e  map o v e r l a y s  

u p d a t e d  f r o m  f i e l d  r e c o n n a i s s a n c e .  M o s t  s t a n d s  w e r e  i n  

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

a v e r a g e d  2 4 5  m d i s t a n c e  o v e r  a l l  55 s t a n d s  ( T a b l e  7 ) .  T h e  

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

o f  s t a n d  s t r u c t u r e s  a n d  a g e  c l a s s e s  u n d e r  n a t u r a l  

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

n a t u r a l  c o n d i t i o n s  ( h i g h  t o p o g r a p h i c  r e l i e f  a n d  h i g h  

d i v e r s i t y  o f  s o i l  a n d  s u b s t r a t e  t y p e s )  a n d  p a s t  f o r e s t  

m a n a g e m e n t  a c t i v i t i e s  ( c l e a r c u t t i n g  a n d  a s s o c i a t e d  

a c t i v i t i e s ) .  



C l a s s i f i c a t i o n  o f  H a b i t a t  S t a g e s  

D i r e c t  d i s c r i m i n a n t  f u n c t i o n  (DF) a n a l y s i s  o f  

summer t ime  v e g e t a t i o n  and  h a b i t a t  v a r i a b l e s ,  e x c l u d i n g  

t o p o p h y s i o g r a p h i c  v a r i a b l e s  ( A p p e n d i x  2 ) ,  w a s  c o n d u c t e d  

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

s t a g e s .  R e s u l t s  o f  t h e  a n a l y s e s  s u g g e s t e d  t h a t  no  

p a r t i c u l a r  s t a n d s  r e q u i r e d  r e l a b e l l i n g ;  c l a s s i f i c a t i o n  

s u c c e s s  was  1 0 0  p e r c e n t ,  n o t  s u r p r i s i n g l y ,  b e c a u s e  a  l a r g e  

number  o f  v e g e t a t i o n  a n d  h a b i t a t  v a r i a b l e s  was i n c l u d e d  i n  

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

w a s  b a s e d  upon  s a l i e n t  v e g e t a t i o n  a n d  h a b i t a t  

c h a r a c t e r i s t i c s .  

S h r u b  s t a g e s .  T h e  g r a s s / f o r b ,  e a r l y  s h r u b / s a p l i n g ,  

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

c o n t i n u u m  o f  s t a n d  s t r u c t u r e ,  a s  e v i d e n c e d  by a  p l o t  o f  5 2  

c a s e - s p e c i f i c  DF s c o r e s  ( F i g .  10 ) .  A v e r a g e  s t a n d  

c o n d i t i o n s ,  as  shown by t h e  w i d e  s e p a r a t i o n  of  g r o u p  

c e n t r o i d s ,  r e f l e c t e d  my g p r i o r i  c o n c e p t i o n s  o f  t h e  t h r e e  

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

v e g e t a t i o n a l l y  a l o n g  two main  DF g r a d i e n t s .  The  f i r s t  

g r a d i e n t  (84 p e r c e n t  o f  t o t a l  e x p l a i n e d  v a r i a t i o n ;  s e e  

T a b l e  8) d i f f e r e n t i a t e d  t h e  g r a s s / f o r b  s t a g e  a n d  

r e p r e s e n t e d  c h a n g e s  d u r i n g  t h e  i n i t i a l  1 0  o r  s o  y e a r s  

f o l l o w i n g  c l e a r c u t t i n g  and  b u r n i n g ,  d u r i n g  w h i c h  

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



p e r c e n t  b a r e  s o i l  c o v e r  d e c r e a s e s  ( F i g s .  4 , 9 ) .  T h e  s e c o n d  

g r a d i e n t  ( 1 6  p e r c e n t  o f  t o t a l  e x p l a i n e d  v a r i a t i o n )  

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

r e p r e s e n t e d  c h a n g e s  o c c u r r i n g  a f t e r  10 y e a r s ,  e s p e c i a l l y  

i n c r e a s i n g  l i t t e r  a c c u m u l a t i o n  a n d  d e c r e a s i n g  b a r e  r o c k  

a n d  s t u m p  c o v e r .  

P r i n c i p l e  c o m p o n e n t  f a c t o r  a n a l y s i s  o f  v e g e t a t i o n  a n d  

h a b i t a t  v a r i a b l e s  f r o m  t h e  t h r e e  s h r u b  s t a g e s  (52  VCP b i r d  

c o u n t  p o i n t s  t o t a l )  r e s u l t e d  i n  5 s i g n i f i c a n t  f a c t o r s  f r o m  

b r e e d i n g  a n d  summer  d a t a ,  6 f a c t o r s  f r o m  s p r i n g  a n d  f a l l  

d a t a ,  a n d  5 f a c t o r s  f r o m  w i n t e r  d a t a  ( A p p e n d i x  3) .  T h e  

f i r s t  f a c t o r s  i n  a l l  t h r e e  s e a s o n s '  d a t a  s e t s  r e p r e s e n t e d  

s h r u b  v o l u m e  d e v e l o p m e n t ,  c o r r e s p o n d i n g  w e l l  w i t h  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  o f  t h e  same d a t a  s e t .  F a c t o r s  

1 a n d  2 a c c o u n t e d  f o r  48  a n d  2 2  p e r c e n t  o f  t o t a l  e x p l a i n e d  

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

t h a t  o n  t h e  a v $ r a g e  7 0  p e r c e n t  o f  t h e  v a r i a t i o n  i n  

v e g e t a t i o n  among t h e  s h r u b  s t a g e s  w a s  a t t r i b u t e d  t o  

r e l a t i v e l y  f e w  v e g e t a t i o n  v a r i a b l e s  ( s h r u b  v o l u m e ,  s t e m  ~ 
d e n s i t y ,  a n d  l i t t e r  d e p o s i t i o n ) .  

F o r e s t e d  s t a g e s .  P o l e  a n d  medium s a w t i m b e r  s t a g e s  

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

r e v e a l e d  by a p l o t  o f  37 c a s e - s p e c i f i c  DF s c o r e s  ( F i g .  

10) .  T h e  p o l e  s t a g e  d i f f e r e n t i a t e d  f r o m  t h e  medium 

s a w t i m b e r  s t a g e  o n  t h e  b a s i s  o f  a g r e a t e r  d e n s i t y  a n d  



b a s a l  a r e a  o f  s o f t w o o d  s t e m s i n  t h e  13- 27  c m  d b h  c l a s s  a n d  

a s m a l l e r  a v e r a g e  d i a m e t e r  o f  D o u g l a s - f i r  s tems,  a s  s h o w n  

b y  t h e  s i n g l e  DF a x i s  ( see  T a b l e  8). DF c l a s s i f i c a t i o n  

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

a p r i o r i  c l a s s i f i c a t i o n  o f  s i t e s .  - 
F a c t o r  a n a l y s i s  o f  v e g e t a t i o n  a n d  h a b i t a t  v a r i a b l e s  

f r o m  t h e  f o r e s t e d  s t a g e s  ( 3 7  VCP c o u n t  p o i n t s  t o t a l )  

r e s u l t e d  i n  8 s i g n i f i c a n t  f a c t o r s  f r o m  b r e e d i n g  a n d  s u m m e r  

d a t a ,  9 f a c t o r s  f r o m  s p r i n g  a n d  f a l l  d a t a ,  a n d  10 f a c t o r s  

f r o m  w i n t e r  d a t a  ( A p p e n d i x  3) .  T h e  f i r s t  t w o  f a c t o r s  

c o n s i s t e n t l y  r e p r e s e n t e d  l o w  v e g e t a t i o n  c o v e r  a n d  f o l i a g e  

v o l u m e ,  a n d  d e n s i t y  a n d  b a s a l  a r ea  o f  l a r g e  d i a m e t e r  

s o f t w o o d s ,  a n d  o n  t h e  a v e r a g e  a c c o u n t e d  f o r  26  a n d  2 1  

p e r c e n t  o f  t o t a l  e x p l a i n e d  v a r i a t i o n ,  r e s p e c t i v e l y .  

Summary:  H a b i t a t  S u r v e y s  

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

h a b i t a t  c h a r a c t e r i s t i c s  s e r v e d  t o  d i s t i n g u i s h  t h e  f i v e  2 

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

c h a r a c t e r i s t i c s  r e f l e c t e d  r e c e n t  t i m b e r  h a r v e s t i n g  

p r a c t i c e s  o n  N a t i o n a l  F o r e s t  l a n d  w i t h i n  t h e  s t u d y  a r e a ;  

t h e  m o s t  r e c e n t  c l e a r c u t s  ( g r a s s l f o r b  s t a g e )  were s m a l l e r  

i n  a r e a  a n d  o f t e n  o c c u r r e d  o n  s t e e p e r ,  n o r t h - f a c i n g  

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

t o p o g r a p h i c  r e l i e f  a n d  m o s a i c - l i k e  p a t t e r n s  o f  s u r r o u n d i n g  

s t a n d  c o n d i t i o n s  a n d  a g e  c l a s s e s .  



S h r u b  s t a g e s  s h o w e d  h i g h  b e t w e e n - s i t e  v a r i a b i l i t y  i n  

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

d o m i n a n t  s p e c i e s  o f  f a s t - g r o w i n g  d e c i d u o u s  a n d  e v e r g r e e n  

b r o a d l e a f  s h r u b s .  F o l i a g e  v o l u m e  w a s  a p p r o x i m a t e 1  y  o n e  

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

s t a g e ,  a n d  n i n e  t i m e s  g r e a t e r  i n  t h e  l a t e  s h r u b / s a p l i n g  

s t a g e ,  t h a n  i n  t h e  g r a s s / f o r b  s t a g e ,  a n d  a p p r o x i m a t e l y  

t w i c e  a s  g r e a t  i n  t h e  medium s a w t i m b e r  s t a g e  a s  c o m p a r e d  

w i t h  t h e  p o l e  s t a g e .  A g r e a t e r  p r o p o r t i o n  o f  f o l i a g e  

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

s t a g e s  t h a n  i n  t h e  f o r e s t e d  s t a g e s .  O v e r s t o r y  a n d  

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

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

t h e  s u c c e s s i o n a l  s e q u e n c e .  I n  t h e  f o r e s t e d  s t a g e s ,  

d o m i n a n t  o r  c o d o m i n a n t  o v e r s t o r y  t r e e s  w i t h  w i d e  c r o w n s  

i n c l u d e d  p o n d e r o s a  p i n e ,  s u g a r  p i n e ,  D o u g l a s - f i r ,  P a c i f i c  

m a d r o n e ,  a n d  c a n y o n  l i v e  o a k ;  b i g l e a f  m a p l e ,  O r e g o n  w h i t e  

o a k ,  a n d  C a l i f o r n i a  b l a c k  o a k  f r e q u e n t l y  o c c u r r e d  i n  t h e  

u n d e r s t o r i e s .  

T o t a l  s t e m  d e n s i t y  w a s  1 9  t i m e s  g r e a t e r  i n  t h e  e a r l y  

s h r u b / s a p l i n g  s t a g e ,  a n d  63 t i m e s  g r e a t e r  i n  t h e  l a t e  

s h r u b l s a p l i n g  s t a g e ,  t h a n  i n  t h e  g r a s s / f o r b  s t a g e ,  a n d  1.6 

t i m e s  g r e a t e r i n t h e  p o l e  s t a g e  t h a n  i n  t h e  m e d i u m  

s a w t i m b e r  s t a g e .  Many o f  t h e  s o f t w o o d ,  h a r d w o o d ,  a n d  d e a d  

( s n a g )  s tems 2 40 cm d b h  i n  t h e  p o l e  a n d  medium s a w t i m b e r  

s t a n d s  w e r e  p r o b a b l y  l e f t  f r o m  e a r l i e r ,  p r e - w i l d f i r e  



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

s t a n d  b a s a l  a r e a ;  none  o f  t h e s e  v e g e t a t i o n  e l e m e n t s  w e r e  

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

c o n t a i n e d  s i g n i f i c a n t l y  h i g h e r  d e n s i t i e s  o f  s n a g s  13- 40  cm 

d b h  as  compared  w i t h  medium s a w t i m b e r  s t a n d s .  

Burned s t a n d s  c o n t a i n e d  a  s i g n i f i c a n t l y  l o w e r  

p r o p o r t i o n  o f  t o t a l  down wood i n  t h e  s m a l l  d i a m e t e r  (<  7.6 

c m ) ' c a t e g o r y  t h a n  d i d  u n b u r n e d  o r  f o r e s t e d  s t a n d s .  

D i s c r i m i n a n t  f u n c t i o n  c l a s s i f i c a t i o n  a n d  p r i n c i p l e  

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

v a r i a b l e s  s u g g e s t e d  t h a t  t h e  s h r u b  s i t e s  r e p r e s e n t e d  a  

c o n t i n u u m  of  s t a n d  s t r u c t u r e ,  d i s t i n g u i s h e d  by a n  i n c r e a s e  

i n '  v e g e t a t i o n  h e i g h t ,  t h e  d e v e l o p m e n t  o f  s h r u b  v o l u m e ,  a  

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

a c c u m u l a t i o n  o f  l i t t e r .  P o l e  s t a n d s  d i f f e r e n t i a t e d  f rom 

medium s a w t i m b e r  s t a n d s  on t h e  b a s i s  o f  a  g r e a t e r  d e n s i t y  

a n d  b a s a l  a r e a  o f  s o f t w o o d  s t e m s  1 3- 2 7  cm d b h ,  a  l o w e r  

t o t a l  v e g e t a t i o n  h e i g h t ,  and  a  l o w e r  mean d i a m e t e r  o f  

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

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

v a r i o u s  v e g e t a t i o n  and h a b i t a t  v a r i a b l e s  a n d  a l s o  s e r v e d  

t o  u n d e r s c o r e  t h e  g p r i o r i  d e f i n e d  c r i t e r i a  on  w h i c h  s t u d y  

s i t e s  w e r e  o r i g i n a l l y  s e l e c t e d .  



Patterns of Bird Distribution and Abundance 

Species Densities by Successional Stage and Season 

Ninety-one species of birds were encountered during 

surveys over all seasons (Appendix 4). Families that were 

especially well represented included woodpeckers (7 

species), flycatchers (5 species), and new-world warblers 

(9 species). 

Effective detection areas (EFFAR) of a given species 

by season and successional stage often were greater in the 

open, grass/forb stage than in the other stages, which 

were more visually and aurally constraining (Appendix 5). 

Estimates of EFFAR were well correlated among the 

principle observers (r = 0.55, P < 0.001, n = 55) and 

showed low between-observer bias. Species-specific 

estimates of EFFAR for all successional stages combined 

were significantly and positively correlated between 

summer 1981 and 1982 (r = 0.63, P < 0.001, n = 59 between- 

year comparisons), between fall 1981 and 1982 (r = 0.61, P 

< 0.001, n = 59), and between winter 1982 and 1983 (r = 

0.91, P < 0.001, n = 8). Similar results were obtained 

when successional stages were not combined. Therefore, 

species-specific values of EFFAR in different seasons and 

stages were estimated from data with years combined, which 

served to increase sample size (number of detection 



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

t h e  r e l i a b i l i t y  o f  t h e  EFFAR e s t i m a t e s .  

S p e c i e s - s p e c i f i c  e s t i m a t e s  o f  mean d e n s i t y  o f t e n  

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

w i t h i n  a  s e a s o n .  F o r  e x a m p l e ,  d u r i n g  t h e  b r e e d i n g  1 9 8 2  

s e a s o n ,  4 1  o f  4 8  s p e c i e s  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  

mean d e n s i t y  among s t a g e s  (ANOVAs, a l l  F ' s  > 2.70,  p < 
0 . 0 5 ,  d f  = 4 , 6 7 ) .  D u r i n g  w i n t e r  1 9 8 2  a n d  w i n t e r  1 9 8 3 ,  1 4  

o f  2 2  s p e c i e s  (ANOVAs, a l l  F ' s  > 3 . 2 0 ,  p < . 0 5 ,  d f  = 4 , 2 7 )  

a n d  13 o f  2 3  s p e c i e s  (ANOVAs, a l l  F ' s  > 2 . 7 0 ,  p  < 0 . 0 5 ,  d f  

= 4 , 2 7 ) ,  r e s p e c t i v e l y ,  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  

mean d e n s i t y  a c r o s s  t h e  f i v e  s u c c e s s i o n a l  s t a g e s .  S p e c i e s  

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

s t a g e s  w e r e  a b u n d a n t  a n d  u b i q u i t o u s  a c r o s s  t h e  s t a g e s  

( d a r k - e y e d  j u n c o s ) ,  o r  o f t e n  o c c u r r e d  i n  r e l a t i v e l y  l o w  

a b u n d a n c e s  t h r o u g h o u t  t h e  s t a g e s  (e.g., a c o r n  

w o o d p e c k e r s ) .  

B r e e d i n g  s e a s o n  d e n s i t i e s .  E a c h  s u c c e s s i o n a l  s t a g e  

h a d  s p e c i e s  o c c u r r i n g  a t  h i g h e s t  d e n s i t y  d u r i n g  t h e  

b r e e d i n g  s e a s o n  ( T a b l e  9 ,  A p p e n d i x  6 ) .  I n  g e n e r a l ,  32  

s p e c i e s  showed  s i g n i f i c a n t l y  h i g h e r  d e n s i t i e s  (ANOVAS, p  < 
0.05)  i n  t h e  t h r e e  s h r u b  s t a g e s  t h a n  i n  t h e  two  f o r e s t e d  

s t a g e s ,  a n d  2 1  s p e c i e s  showed s i g n i f i c a n t l y  h i g h e r  

d e n s i t i e s  i n  f o r e s t e d  t h a n  i n  s h r u b  s t a g e s .  E i g h t e e n  

s p e c i e s  w e r e  o b s e r v e d  t o o  i n f r e q u e n t l y  f o r  e s t i m a t i o n  o f  



e f f e c t i v e  d e t e c t i o n  d i s t a n c e s  a n d  d e n s i t i e s  i n  a n y  

s u c c e s s i o n a l  s t a g e .  

D u r i n g  t h e  b r e e d i n g  s e a s o n ,  s p e c i e s  f o u n d  w i t h  

h i g h e s t  mean d e n s i t i e s  i n  t h e  g r a s s / f o r b  s t a g e  i n c l u d e d  

w e s t e r n  wood pewee ( s c i e n t i f i c  names  g i v e n  i n  A p p e n d i x  4 ) ,  

h o u s e  w r e n ,  w e s t e r n  b l u e b i r d ,  a n d  l a z u l i  b u n t i n g * .  

( A s t e r i s k s  [ * I  mark s p e c i e s  f o u n d  a l m o s t  s o l e l y  i n  t h e  

d e n o t e d  s t a g e ) .  S p e c i e s  w i t h  h i g h e s t  mean d e n s i t y  i n  t h e  

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

j a y * ,  B e w i c k ' s  w r e n ,  w r e n t i t ,  y e l l o w- r u m p e d  w a r b l e r ,  

b l a c k - t h r o a t e d  g r a y  w a r b l e r ,  s o n g  s p a r r o w * ,  a n d  d a r k- e y e d  

j u n c o .  S p e c i e s  w i t h  h i g h e s t  mean d e n s i t i e s  i n  t h e  l a t e  

s h r u b / s a p l i n g  s t a g e  w e r e  Anna's h u m m i n g b i r d ,  c a l l i o p e  

h u m m i n g b i r d * ,  b u s h t i t * ,  h e r m i t  t h r u s h ,  w a r b l i n g  v i r e o ,  

M a c G i l l i v r a y l s  w a r b l e r ,  W i l s o n ' s  w a r b l e r ,  b l a c k - h e a d e d  

g r o s b e a k ,  c h i p p i n g  s p a r r o w ,  and  f o x  s p a r r o w .  S p e c i e s  

s h o w i n g  h i g h e r  mean d e n s i t i e s  i n  s h r u b  t h a n  i n  f o r e s t e d  

s t a g e s ,  b u t  w i t h  n e a r l y  l e s s  e q u a l  d e n s i t i e s  i n  e a r l y  a n d  

l a t e  s h r u b / s a p l i n g  s t a g e s ,  i n c l u d e d  m o u n t a i n  q u a i l ,  o l i v e -  

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

w a r b l e r * ,  N a s h v i l l e  w a r b l e r ,  r u f o u s - s i d e d  towhee*,  p u r p l e  

f i n c h ,  a n d  l e s s e r  g o l d f i n c h * .  

S p e c i e s  w i t h  h i g h e s t  mean d e n s i t i e s  i n  t h e  p o l e  s t a g e  

w e r e  r e d - b r e a s t e d  s a p s u c k e r ,  h a i r y  w o o d p e c k e r ,  and  

m o u n t a i n  c h i c k a d e e .  S p e c i e s  w i t h  h i g h e s t  mean d e n s i t i e s  

i n  t h e  medium s a w t i m b e r  s t a g e  i n c l u d e d  a c o r n  w o o d p e c k e r ,  



Hammond's f l y c a t c h e r * ,  w e s t e r n  f l y c a t c h e r ,  b r o w n  c r e e p e r ,  

w i n t e r  w r e n * ,  g o l d e n - c r o w n e d  k i n g l e t ,  A m e r i c a n  r o b i n ,  

s o l i t a r y  v i r e o ,  h e r m i t  w a r b l e r ,  a n d  p i n e  s i s k i n .  S p e c i e s  

w i t h  h i g h e r  mean d e n s i t i e s  i n  f o r e s t e d  t h a n  i n  s h r u b  

s t a g e s ,  b u t  t h a t  s h o w e d  m o r e  o r  l e s s  e q u a l  d e n s i t i e s  i n  

p o l e  a n d  medium s a w t i m b e r  s t a g e s ,  were S t e l l e r ' s  j a y ,  

common r a v e n ,  c h e s t n u t - b a c k e d  c h i c k a d e e ,  r e d - b r e a s t e d  

n u t h a t c h * ,  w e s t e r n  t a n a g e r ,  a n d  e v e n i n g  g r o s b e a k * .  

S e a s o n a l  c h a n g e s  d e n s i t y  p a t t e r n s .  S e v e r a l  b i r d  

s p e c i e s  s h o w e d  m a r k e d  s h i f t s  o f  d e n s i t i e s  among  

s u c c e s s i o n a l  s t a g e s  among  s e a s o n s .  W a r b l i n g  v i r e o s ,  f o r  

i n s t a n c e ,  w e r e  m o s t  a b u n d a n t  i n  s h r u b  s t a g e s  d u r i n g  t h e  

b r e e d i n g  s e a s o n  a n d  i n  f o r e s t e d  s t a g e s  d u r i n g  summer  

( p o s t - b r e e d i n g ) .  C o n v e r s e l y ,  a c o r n  w o o d p e c k e r s  a n d  

w e s t e r n  t a n a g e r s  were m o s t  a b u n d a n t  i n  t h e  f o r e s t  s t a g e s  

d u r i n g  t h e  b r e e d i n g  s e a s o n ,  b u t  s h o w e d  s u b s t a n t i a l l y  

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

d u r i n g  t h e  summer s e a s o n .  

B a n d - t a i l e d  p i g e o n s  a n d  n o r t h e r n  f l i c k e r s  were m o s t  

a b u n d a n t  i n  s h r u b  s t a g e s  d u r i n g  t h e  b r e e d i n g  a n d  summer  

s e a s o n s  a n d  i n  f o r e s t e d  s t a g e s  d u r i n g  t h e  f a l l  a n d  w i n t e r  

s e a s o n s .  S t e l l e r ' s  j a y s ,  w i n t e r  w r e n s ,  A m e r i c a n  r o b i n s ,  

p i n e  s i s k i n s ,  a n d  e v e n i n g  g r o s b e a k s  were m o s t  a b u n d a n t  i n  

f o r e s t e d  s t a g e s  d u r i n g  t h e  b r e e d i n g  a n d  summer  s e a s o n s  a n d  

i n  s h r u b  s t a g e s  d u r i n g  f a l l  a n d  w i n t e r  s e a s o n s .  



S h i f t s  o f  h a b i t a t  u s e  may b e  e x p l a i n e d  b y  a t  l e a s t  4 

p h e n o m e n a  w o r k i n g  i n d e p e n d e n t l y  o r  i n  c o n c e r t :  d i s p e r s i n g  

o r  w a n d e r i n g  j u v e n i l e s  may h a v e  u s e d  h a b i t a t s  i n  d i f f e r e n t  

f r e q u e n c i e s  a s  c o m p a r e d  w i t h  b r e e d i n g  a d u l t s ;  b i r d s  may 

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

a n d  f o o d  ( w i n t e r  w r e n s ) ;  b i r d s  may h a v e  l e f t  s h r u b  

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

o r  f o o d  r e s o u r c e s  i n  t h e  m o r e  e x p o s e d  s t a g e s  ( b a n d - t a i l e d  

p i g e o n s ,  n o r t h e r n  f l i c k e r s ) ;  a n d  b i r d s  may h a v e  i n v a d e d  s h r u b  

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

f a l l  ( p i n e  s i s k i n s ,  e v e n i n g  g r o s b e a k s ) .  A d d i t i o n a l l y ,  

s e a s o n a l  c h a n g e s  i n  e l e v a t i o n a l  o r  l a t i t u d i n a l  

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

h a b i t a t  u s e .  

Y e a r l y  c h a n g e s  d e n s i t y  p a t t e r n s .  I c o m p a r e d  mean 

d e n s i t i e s  o f  e a c h  s p e c i e s  w i t h i n  e a c h  s u c c e s s i o n a l  s t a g e  

b e t w e e n  y e a r s .  D e n s i t i e s  r a r e l y  d i f f e r e d  b e t w e e n  y e a r s  

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

s t a n d s  o f  e a c h  s u c c e s s i o n a l  s t a g e .  O n l y  5 o f  a t o t a l  o f  

1 4 3  b e t w e e n - y e a r  c o m p a r i s o n s  were s i g n i f i c a n t l y  d i f f e r e n t  

b e t w e e n  summer  1981 a n d  summer  1 9 8 2  ( u n p a i r e d  t - t e s t s ,  p  < 

0 .05) .  Common r a v e n s ,  s h a r p - s h i n n e d  h a w k s ,  a n d  downy 

w o o d p e c k e r s  were m o r e  a b u n d a n t  i n  1 9 8 2  t h a n  i n  1 9 8 1  i n  t h e  

p o l e  s t a g e .  M o u n t a i n  q u a i l ,  h o w e v e r ,  were m o r e  a b u n d a n t  i n  

t h e  p o l e  s t a g e  d u r i n g  1981 t h a n  d u r i n g  1 9 8 2 .  O l i v e - s i d e d  



f l y c a t c h e r s  w e r e  more  a b u n d a n t  i n  t h e  e a r l y  s h r u b / s a p l i n g  

s t a g e  d u r i n g  1 9 8 2  t h a n  d u r i n g  1981.  

O n l y  3  o f  1 3 0  b e t w e e n- y e a r  c o m p a r i s o n s  d u r i n g  f a l l  

1 9 8 1  a n d  1 9 8 2  showed s i g n i f i c a n t  d i f f e r e n c e s  (P  < 0.05) i n  

mean d e n s i t i e s .  E s t i m a t e s  o f  mean d e n s i t y  o f  downy 

w o o d p e c k e r s  i n  p o l e  s t a g e s  w e r e  h i g h e r  i n  f a l l  1 9 8 2  t h a n  

i n  f a l l  1 9 8 1 .  Pygmy o w l s  w e r e  m o r e  a b u n d a n t  i n  b o t h  p o l e  

a n d  medium s a w t i m b e r  s t a g e s  i n  f a l l  1 9 8 2  t h a n  i n  f a l l  

1 9 8 1 .  O n l y  1 o f  64  b e t w e e n- y e a r  c o m p a r i s o n s  d u r i n g  w i n t e r  

1 9 8 2  a n d  1 9 8 3  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  mean 

d e n s i t y  l e v e l s :  n o r t h e r n  f l i c k e r s  w e r e  more  a b u n d a n t  i n  

t h e  p o l e  s t a g e  d u r i n g  1 9 8 3  t h a n  1982.  No d i f f e r e n c e s  w e r e  

f o u n d  b e t w e e n  s p r i n g  o r  b r e e d i n g  s e a s o n s .  I n  summary,  

w i t h i n - s t a g e  e s t i m a t e s  of  mean d e n s i t y ,  w e r e  s e l d o m  

s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  y e a r s  f o r  a  g i v e n  s e a s o n .  

D i f f e r e n c e s  t h a t  w e r e  o b s e r v e d  may h a v e  b e e n  r e a l  o r  

a r t i f a c t s  o f  i m p r o v i n g  a b i l i t y  t o  d e t e c t  s p e c i e s  by c a l l  

n o t e s .  I m p r o v i n g  o b s e r v e r  a b i l i t y  s e e m s  t h e  l i k e l y  c a u s e ,  

a s  8  o f  9  b e t w e e n- y e a r  d i f f e r e n c e s  w e r e  i n c r e a s e s  i n  

d e n s i t y  e s t i m a t e s  o v e r  t ime .  

H a g a r ' s  (1960 :116)  s u r v e y s  o f  b i r d s  i n  c l e a r c u t s  

r a n g i n g  1 t o  7 y e a r s  o l d  a n d  i n  " v i r g i n  f o r e s t "  a r e a s  w e r e  

c o n d u c t e d  d u r i n g  1955- 1957,  26  y e a r s  p r i o r  t o  t h e  p r e s e n t  

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

t h o s e  u s e d  i n  t h e  p r e s e n t  s t u d y .  Many d i s t r i b u t i o n a l  

p a t t e r n s  o f  b i r d s  o v e r  h a b i t a t s  and  s e a s o n s  r e p o r t e d  by 



H a g a r  were r e p l i c a t e d  i n  t h e  p r e s e n t  s t u d y ,  i n c l u d i n g  t h e  

s e a s o n a l  o c c u r r e n c e  o f  v a r i e d  t h r u s h e s ,  w i n t e r  w r e n s ,  

g o l d e n - c r o w n e d  s p a r r o w s ,  a n d  w h i t e - c r o w n e d  s p a r r o w s ;  t h e  

' a f f i n i t i e s  o f  s p o t t e d  ( r u f o u s - s i d e d )  t o w h e e s ,  C a l a v a r a s  

( N a s h v i l l e )  w a r b l e r s ,  T o l m i e  ( M a c G i l l i v r a y ' s )  w a r b l e r s ,  

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

a n d  t h e  w i n t e r  p r e f e r e n c e  b y  S t e l l e r ' s  j a y s  o f  b r u s h y  

c l e a r c u t s .  

H o w e v e r ,  s e v e r a l  s p e c i e s  e x h i b i t e d  a l t e r e d  p a t t e r n s  

o f  d i s t r i b u t i o n  a n d / o r  a b u n d a n c e  r e l a t i v e  t o  H a g a r ' s  

s u r v e y s .  H a g a r  r e p o r t e d  t h a t  f o x  s p a r r o w s  w e r e  a b s e n t  

d u r i n g  t h e  b r e e d i n g  s e a s o n ,  b u t  w e r e  common i n  b r u s h y  

c l e a r c u t s  f r o m  O c t o b e r  t o  A p r i l .  S i m i l a r l y ,  G r i n n e l l  a n d  

M i l l e r ( 1 9 4 4 ) s h o w e d  a g a p  i n  t h e  d i s t r i b u t i o n  o f  f o x  

s p a r r o w s  i n  n o r t h w e s t e r n  C a l i f o r n i a  i n  t h e  l o c a t i o n  o f  my 

s t u d y  s i t e s  o n  t h e  S i x  R i v e r s  N a t i o n a l  F o r e s t .  A s  

r e c e n t l y  a s  1 9 7 5 ,  Yocum a n d  H a r r i s  ( 1 9 7 5 : 5 9 )  r e p o r t e d  t h a t  

t h e  s p e c i e s  w a s  a r a r e  i n l a n d  b r e e d e r  i n  " l o c a l i z e d  a r e a s "  

i n  n o r t h w e s t e r n  C a l i f o r n i a .  I n  c o n t r a s t ,  d u r i n g  t h e  

b r e e d i n g  s e a s o n ,  d e n s i t i e s  o f  f o x  s p a r r o w s  i n  t h e  p r e s e n t  

s t u d y  a v e r a g e d  a s  h i g h  a s  27.3  b i r d s 1 4 0  h a  i n  t h e  l a t e  

s h r u b l s a p l i n g  s t a g e  ( T a b l e  9 ) ,  w h e r e  t h e y  o c c u p i e d  o n e -  

t h i r d  o f  a l l  s h r u b / s a p l i n g  s t a g e  s i t e s  s u r v e y e d  ( A p p e n d i x  

7) .  C l e a r l y ,  t h i s  s p e c i e s  h a s  i n v a d e d  a new b r e e d i n g  



r a n g e  i n  r e s p o n s e  t o  t h e  g r e a t e r  amount  o f  c l e a r c u t t i n g  

s i n c e  t h e  1 9 5 0 ' s .  

H a g a r  (1960 :124)  a l s o  r e p o r t e d  t h a t  w e s t e r n  b l u e b i r d s  

w e r e  " o c c a s i o n a l l y  s e e n  on c u t o v e r s  i n  l a t e  f a l l  a n d  

w i n t e r , "  w h e r e a s  I f o u n d  l o c a l  d e n s i t i e s  a v e r a g i n g  18.3 

a n d  22.9 b i r d s / 4 0  h a  d u r i n g  b r e e d i n g  a n d  summer s e a s o n s ,  

r e s p e c t i v e l y ,  i n  t h e  g r a s s / f o r b  s t a g e  ( T a b l e  9). H a g a r  

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

r e s i d e n t s  d u r i n g  w i n t e r  i n  t h e  f o r e s t  c a n o p y ,  w h e r e a s  I 

f o u n d  t h e s e  2  s p e c i e s  p r e s e n t  a l s o  i n  t h e  s h r u b  s t a g e s  

t h r o u g h o u t  t h e  y e a r .  Hagar  r e p o r t e d  t h a t  t h e  w e s t e r n  wood 

p e w e e s  w e r e  common i n  t h e  f o r e s t  and  d i d  n o t  i n v a d e  l o g g e d  

a r e a s ,  w h e r e a s  I f o u n d  h i g h e s t  d e n s i t i e s ,  a v e r a g i n g  u p  t o  

8.7 b i r d s / 4 0  h a  i n  t h e  g r a s s / f o r b  s t a g e  d u r i n g  b r e e d i n g  

a n d  summer s e a s o n s .  Hagar  r e p o r t e d  t h a t  b a n d - t a i l e d  

p i g e o n s  w e r e  common d u r i n g  w i n t e r  on t h e  e d g e s  o f  

c u t o v e r s ,  a s  I a l s o  f o u n d  t h e m ,  b u t 1  o b s e r v e d  t h a t  t h e  

s p e c i e s  i n v a d e d  t h e  s h r u b  s t a g e s  d u r i n g  summer and  

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

86 .9  b i r d s / 4 0  h a  d u r i n g  f a l l .  

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

r e p o r t ,  w h e r e a s  I f o u n d  t h i s  s p e c i e s  a s  a b u n d a n t  a s  25.9 

b i r d s / 4 0  h a  a n d  o c c u p y i n g  8 1  p e r c e n t  o f  s t u d y  s i t e s  i n  t h e  

l a t e  s h r u b / s a p l i n g  s t a g e  d u r i n g  t h e  b r e e d i n g  s e a s o n .  T h i s  

s p e c i e s  h a s  c l e a r l y  e x p a n d e d  i t s  l o c a l  r a n g e  by i n v a d i n g  

c l e a r c u t  h a b i t a t s .  



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

d e n s i t y ,  t o t a l  p o p u l a t i o n  s i z e ,  d i s t r i b u t i o n a l  r a n g e ,  

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

s t a g e s )  u s e d  s i n c e  t h e  mid-19501s ,  a n d  w i l l  c o n t i n u e  t o  

show o v e r a l l  p o p u l a t i o n  i n c r e a s e s  a s  l o n g  a s  s h r u b  s t a g e  

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

a r e a .  S p e c i e s  t h a t  a r e  r e s t r i c t e d  t o  f o r e s t  s t a g e s  and 

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

s i n c e  H a g a r ' s  s t u d y ,  g i v e n  t h e  amoun t  o f  f o r e s t  a r e a  

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

g o l d e n- c r o w n e d  k i n g l e t ,  Hammond's f l y c a t c h e r ,  c h e s t n u t -  

b a c k e d  c h i c k a d e e ,  r e d - b r e a s t e d  n u t h a t c h ,  and h e r m i t  

w a r b l e r .  

T o t a l  a r e a  o c c u p i e d  by,  a n d  d i s t r i b u t i o n a l  p a t t e r n s  

o f ,  d i f f e r e n t  s u c c e s s i o n a l  s t a g e s  - young- growth a s  w e l l  

a s  m a t u r e  o r  o l d - g r o w t h  - h a v e  b e e n  g r e a t l y  i n f l u e n c e d  by 

t i m b e r  h a r v e s t i n g  i n  t h e  s t u d y  a r e a  d u r i n g  t h e  p a s t  30 

y e a r s .  C u r r e n t l y ,  many f o r e s t e d  s t a n d s  h a v e  b e e n  

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

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

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

a s s o c i a t e d  w i t h  f o r e s t e d  s t a g e s .  P r o b a b l y  t h e  m o s t  

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

h i g h l y  a s s o c i a t e d  w i t h  m a t u r e  o r  o l d - g r o w t h  s t a g e s ,  w h i c h  * 

w e r e  n o t  i n c l u d e d  i n  t h i s  s t u d y .  I n  t h e  n e x t  20 y e a r s ,  



m o s t  o f  t h e  e x i s t i n g  s h r u b  s t a g e s  w i l l  a d v a n c e  t o  t h e  p o l e  

s t a g e ,  a n d  much  o f  t h e  e x i s t i n g  m a t u r e  a n d  o l d - g r o w t h  

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

s t a g e s .  O n c e  a g a i n ,  t h e  a v i f a u n a  may s h i f t  a c c o r d i n g  t o  

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

s u c c e s s i o n a l  s t a g e  h a b i t a t s ,  w h i c h  may i n c l u d e  a n  i n c r e a s e  

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

d e c r e a s e  i n  m a t u r e  o r  o l d - g r o w t h  s t a g e s  ( R o s e n b e r g ,  

R a p h a e l ,  a n d  M a r c o t ,  i n  p r e p . )  

V a r i a t i o n  of d e n s i t i e s  w i t h i n  s u c c e s s i o n a l  s t a g e s .  

I n  g e n e r a l ,  d u r i n g  t h e  b r e e d i n g  s e a s o n ,  s u c c e s s i o n a l  

s t a g e s  i n  w h i c h  a s p e c i e s  h a d  h i g h e s t  v a l u e s  o f  m e a n  

d e n s i t y  u s u a l l y  a l s o  h a d  l o w e s t  CV v a l u e s  ( A p p e n d i x  8). 

T h a t  i s ,  s t a g e s  i n  w h i c h  a  s p e c i e s  a v e r a g e d  t h e  g r e a t e s t  

a b u n d a n c e  w e r e  a l s o  s t a g e s  i n  w h i c h  t h e  same s p e c i e s  h a d  

l o w e s t  w i t h i n - s t a g e  v a r i a t i o n  o f  a b u n d a n c e .  M o d a l  d e n s i t y  

a n d  l o w e s t  CV v a l u e s  o f t e n  r e i n f o r c e d  o n e  a n o t h e r  a s  

i n d i c e s  o f  g r e a t e r  h a b i t a t  s u i t a b i l i t y .  F o r  e x a m p l e ,  

d u s k y  f l y c a t c h e r s  h a d  t h e  h i g h e s t  mean  d e n s i t y  a n d  t h e  

l o w e s t  CV i n  t h e  e a r l y  s h r u b / s a p l i n g  s t a g e  d u r i n g  t h e  1 9 8 2  

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

l o w  CV o c c u r r e d  w i t h  m o s t  o t h e r  s p e c i e s ,  i n c l u d i n g  b r o w n  

c r e e p e r s  i n  t h e  m e d i u m  s a w t i m b e r  s t a g e  a n d  W i l s o n ' s  

w a r b l e r s  i n  t h e  l a t e  s h r u b / s a p l i n g  s t a g e  ( T a b l e  10). 

M a t c h e s  o f  h i g h  d e n s i t y  w i t h  l o w  CV. w e r e  l e s s  common, 

h o w e v e r ,  d u r i n g  n o n - b r e e d i n g  s e a s o n s .  F o r  e x a m p l e ,  d u r i n g  



w i n t e r  1983, A m e r i c a n  r o b i n s  h a d  h i g h e s t  mean  d e n s i t y  i n  

t h e  p o l e  s t a g e  b u t  l o w e s t  CV i n  t h e  medium s a w t i m b e r  s t a g e  

( T a b l e  1 0 ) .  O v e r a l l ,  n o n - b r e e d i n g  d i s t r i b u t i o n s  o f  b i r d s  

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

o c c u p i e d  d u r i n g  t h e  b r e e d i n g  s e a s o n ;  a n u m b e r  o f  s p e c i e s  

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

a d d i t i o n a l  s u c c e s s i o n a l  s t a g e s  d u r i n g  f a l l  a n d  w i n t e r  a s  

c o m p a r e d  w i t h  t h e  b r e e d i n g  s e a s o n .  H a b i t a t  s u i t a b i l i t y  i s  

p r o b a b l y  b e t t e r  i n d e x e d  b y  l o w e r  v a r i a t i o n  o f  n u m b e r s  

i . . ,  CV v a l u e s  a s  u s e d  h e r e )  t h a n  b y  g r e a t e r  mean 

d e n s i t y  ( V a n  H o r n e  1 9 8 3 ) .  

T h e  g r a s s / f o r b  a n d  medium s a w t i m b e r  s t a g e s  a v e r a g e d  

h i g h e r  CV v a l u e s  a c r o s s  s p e c i e s  a n d  s e a s o n s  t h a n  t h e  o t h e r  

s t a g e s .  I i n t e r p r e t e d  t h i s  t o  mean  t h a t  s p e c i e s  p r e s e n c e  

a n d  d e n s i t i e s  were l e s s  c o n s i s t e n t  among  VCP c o u n t  p o i n t s ,  

a n d  t h a t  h a b i t a t  s u i t a b i l i t y  was o n  t h e  a v e r a g e  l o w e r ,  i n  

t h e  g r a s s / f o r b  a n d  medium s a w t i m b e r  s t a g e s  t h a n  i n  t h e  

o t h e r  s t a g e s .  A c r o s s  a l l  s t a g e s ,  t h e  summer a n d  f a l l  

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

d e n s i t i e s ,  a n d  w i n t e r ,  s p r i n g ,  a n d  b r e e d i n g  s e a s o n s  

a v e r a g e d  l o w e r  CV v a l u e s ,  t h a n  o t h e r  s e a s o n s .  T h a t  i s ,  

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

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

m i g r a t i o n  t h a n  d u r i n g  w i n t e r  r e s i d e n c y ,  s p r i n g  m i g r a t i o n ,  

a n d  b r e e d i n g .  



P a t t e r n s  f s p e c i e s  dominance .  I n  t h e  3 s h r u b  s t a g e s ,  

t h e  d a r k- e y e d  j u n c o  was c o n s i s t e n t l y  o n e  o f  t h e  two mos t  

a b u n d a n t  s p e c i e s  among s e a s o n s .  D u r i n g  t h e  b r e e d i n g  

s e a s o n ,  h o u s e  wren  ( i n  t h e  g r a s s / f o r b  s t a g e )  a n d  N a s h v i l l e  

w a r b l e r  ( e a r l y  and  l a t e  s h r u b / s a p l i n g  s t a g e s )  w e r e  t h e  

s e c o n d  mos t  a b u n d a n t  s p e c i e s  i n  t h e  s h r u b  s t a g e s .  D u r i n g  

t h e  summer ( p o s t - b r e e d i n g )  s e a s o n ,  l e s s e r  g o l d f i n c h  a n d  

h o u s e  w r e n  ( g r a s s / f o r b ) ,  w r e n t i t  and  r u f o u s - s i d e d  t o w h e e  

( e a r l y  s h r u b / s a p l i n g ) ,  and  b u s h t i t  and  W i l s o n ' s  w a r b l e r  

( l a t e  s h r u b / s a p l i n g )  w e r e  t h e  s e c o n d  m o s t  a b u n d a n t  s p e c i e s  

i n  1 9 8 1  a n d  1 9 8 2 ,  r e s p e c t i v e l y .  D u r i n g  f a l l ,  w i n t e r ,  and  

s p r i n g ,  w i n t e r  wren  was t h e  m o s t  c o n s i s t e n t l y  a b u n d a n t  

s p e c i e s  i n  t h e  s h r u b  s t a g e s ;  v a r i o u s  o t h e r  s p e c i e s  a l s o  

s h a r e d  h i g h  a b u n d a n c e  l e v e l s ,  i n c l u d i n g  d a r k- e y e d  j u n c o ,  

f o x  s p a r r o w ,  and  A m e r i c a n  r o b i n .  Hagar  ( 1 9 6 0 )  had  

s i m i l a r l y  r e p o r t e d  t h a t  d a r k- e y e d  j u n c o s  w e r e  g e n e r a l l y  

t h e  mos t  n u m e r o u s  of  a l l  b i r d s  i n  D o u g l a s - f i r  c l e a r c u t s ,  

r e a c h i n g  maximum n u m b e r s  i n  3-6 y e a r  o l d  c l e a r c u t  s i t e s ,  

a n d  t h a t  n u m b e r s  i n  c l e a r c u t s  w e r e  h i g h e s t  d u r i n g  w i n t e r s  

w i t h  a b u n d a n t  D o u g l a s - f i r  s e e d s .  

I n  t h e  two f o r e s t e d  s t a g e s ,  c h e s t n u t - b a c k e d  c h i c k a d e e  

w a s  c o n s i s t e n t l y  o n e  o f  t h e  two  mos t  a b u n d a n t  s p e c i e s  

a c r o s s  a l l  s e a s o n s ,  f o l l o w e d  by g o l d e n- c r o w n e d  k i n g l e t  

( f a l l  t h r o u g h  s p r i n g )  a n d  d a r k- e y e d  j u n c o  a n d  brown 

c r e e p e r  (summer).  D u r i n g  t h e  b r e e d i n g  s e a s o n ,  h e r m i t  



w a r b l e r  was  t h e  mos t  a b u n d a n t  s p e c i e s  i n  t h e  f o r e s t e d  

s t a g e s .  

S p e c i e s  dominance  was c a l c u l a t e d  a s  t h e  p e r c e n t  o f  

t o t a l  a b u n d a n c e  o f  t h e  two most  a b u n d a n t  s p e c i e s ,  w i t h  a l l  

s u r v e y s  w i t h i n  e a c h  s u c c e s s i o n a l  s t a g e  p o o l e d .  Among a l l  

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

showed t h e  l o w e s t  d o m i n a n c e  by t h e  two mos t  a b u n d a n t  

s p e c i e s  a n d  t h e  g r a s s / f o r b  s t a g e  showed t h e  h i g h e s t  ( F i g .  
- 

11). The  l o w e r  d e g r e e  o f  dominance  i n  t h e  l a t e  

s h r u b / s a p l i n g  s t a g e  t h a n  i n  a l l  o t h e r  s t a g e s  c o r r e s p o n d e d  

w i t h  t h e  c o n s i s t e n t l y  h i g h e r  number o f  s p e c i e s  o b s e r v e d  i n  

t h a t  s t a g e .  C o n v e r s e l y ,  t h e  h i g h e r  d e g r e e  o f  d o m i n a n c e  i n  

t h e  g r a s s / f o r b  s t a g e  t h a n  i n  a l l  o t h e r  s t a g e s  c o r r e s p o n d e d  

w i t h  c o n s i s t e n t l y  l o w e r  numbers  o f  s p e c i e s .  T h i s  i n v e r s e  

r e l a t i o n s h i p  b e t w e e n  d o m i n a n c e  a n d  r i c h n e s s ,  h o w e v e r ,  i s  

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

b i o l o g i c a l  a t t r i b u t e s  o f  b i r d  a s s e m b l a g e s .  

Dominance l e v e l s  o f  t h e  two mos t  a b u n d a n t  s p e c i e s  

w i t h i n  e a c h  s u c c e s s i o n a l  s t a g e  showed r e g u l a r  p a t t e r n s  

among s e a s o n s  ( F i g .  11). The l o w e s t  d e g r e e  o f  d o m i n a n c e  

o c c u r r e d  d u r i n g  t h e  b r e e d i n g  s e a s o n  i n  t h e  f o r e s t e d  

s t a g e s ,  d u r i n g  t h e  summer s e a s o n  i n  e a r l y  and  l a t e  

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

g r a s s / f o r b  s t a g e .  The h i g h e s t  d e g r e e  o f  dominance  

o c c u r r e d  d u r i n g  t h e  w i n t e r  s e a s o n  i n  t h e  f o r e s t e d  s t a g e s  

a n d  d u r i n g  t h e  s p r i n g  s e a s o n  i n  t h e  t h r e e  s h r u b  s t a g e s .  



P e r c e n t  o c c u r r e n c e .  T r e n d s  o f  s p e c i e s '  d e n s i t i e s  

among s u c c e s s i o n a l  s t a g e s  w e r e  r e i n f o r c e d  by s i m i l a r  

t r e n d s  o f  p e r c e n t  o c c u r r e n c e  ( A p p e n d i x  7). F o r  e x a m p l e ,  

d u r i n g  t h e  b r e e d i n g  s e a s o n ,  W i l s o n ' s  w a r b l e r  h a d  t h e  

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

l o w e s t  C V  o f  d e n s i t y ,  w h i c h  s u g g e s t e d  t h a t  t h e  l a t e  

s h r u b / s a p l i n g  s t a g e  was t h e  mos t  s u i t a b l e  h a b i t a t  ( T a b l e  

10 ) .  However ,  d u r i n g  n o n- b r e e d i n g  s e a s o n s ,  t h e  

s u c c e s s i o n a l  s t a g e s  w i t h  t h e  h i g h e s t  p e r c e n t  o c c u r r e n c e  

w e r e  n o t  a l w a y s  s t a g e s  w i t h  h i g h e s t  mean d e n s i t y .  A g a i n ,  

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

among t h e  s u c c e s s i o n a l  s t a g e s  s u g g e s t e d  t h a t  n o n- b r e e d i n g  

d i s t r i b u t i o n s  o f  a  number o f  s p e c i e s  e x p a n d e d  o r  s h i f t e d  

among s t a g e s .  

A s s o c i a t i o n s  o f  S p e c i e s  D e n s i t i e s  w i t h  H a b i t a t  
F a c t o r s  

E s t i m a t e s  o f  s i t e - s p e c i f i c  d e n s i t i e s  w e r e  c o r r e l a t e d  

w i t h  s i t e - s p e c i f i c  v e g e t a t i o n  and  h a b i t a t  p r i n c i p l e  

c o m p o n e n t  f a c t o r  s c o r e s .  F o r  t h i s  a n a l y s i s ,  t h e  o r i g i n a l  

l a b e l s  o f  s u c c e s s i o n a l  s t a g e s  were  i n  e s s e n c e  s t r i p p e d  

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

h a b i t a t  c o n d i t i o n s  a t  e a c h  VCP c o u n t  p o i n t  t o  p o t e n t i a l l y  

f o r m  a c o n t i n u u m  o f  s t a n d  s t r u c t u r e .  H o w e v e r ,  s t u d y  s i t e s  

o r i g i n a l l y  b e l o n g i n g  t o  t h e  3 s h r u b  s t a g e s  w e r e  p o o l e d  f o r  



a s s e s s m e n t ,  a n d  t h o s e  b e l o n g i n g  t o  t h e  2 f o r e s t e d  s t a g e s  

were p o o l e d .  

A t o t a l  o f  2 ,867  c o r r e l a t i o n s  were made  ( T a b l e  1 1 ) .  

S i g n i f i c a n t  ( i . e . ,  P < 0.05)  c o r r e l a t i o n s  i n d i c a t e d  r e a l  

a s s o c i a t i o n s  b e t w e e n  a h a b i t a t  f a c t o r  a n d  t h e  a b u n d a n c e  o f  

a s p e c i e s ,  a l t h o u g h  some a s s o c i a t i o n s  w e r e  p r o b a b l y  n o t  

c a u s a l .  I a l l o w e d  f o r  T y p e  I e r r o r s  w h e n  I t e s t e d  t h e  

c o r r e l a t i o n s  f o r  s i g n i f i c a n c e .  T y p e  I e r r o r s  l e d  t o  a 

c e r t a i n  p e r c e n t a g e  o f  c o r r e l a t i o n s  b e i n g  j u d g e d  

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

a s s o c i a t i o n s .  To  l e s s e n  t h e  c h a n c e s  o f  i n c u r r i n g  T y p e  I 

e r r o r s ,  o n l y  t h o s e  c o r r e l a t i o n s  t h a t  were s i g n i f i c a n t  a t  P 

< 0.01 may b e  c o n s i d e r e d .  T y p e  I e r r o r s  s h o u l d  h a v e  

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

s e a s o n s ,  s t a g e s ,  a n d  y e a r s .  

When a c o r r e l a t i o n  b e t w e e n  a s p e c i e s  a n d  a  p a r t i c u l a r  

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

y e a r s  o r  s u c c e s s i o n a l  s t a g e s ,  I j u d g e d  t h i s  a s  e v i d e n c e  

a g a i n s t  a T y p e  I e r r o r .  H o w e v e r ,  I j u d g e d  t h e  o c c u r r e n c e  

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

c o e f f i c i e n t  i n o n e  s t a g e  o r  y e a r  a n d  a  n e g a t i v e  i n  a n o t h e r  

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

a s  s u p p o r t i n g  t h e  p o s s i b i l i t y  o f  a T y p e  I e r r o r  ( M e s l o w  

a n d  K e i t h  1971). W h e r e  r e c o g n i z e d ,  n o n - c a u s a l  

a s s o c i a t i o n s  w e r e  d i s c o u n t e d  a n d  n o t  d i s c u s s e d  i n  t h e  



t e x t ,  a l t h o u g h  r e s u l t s  o f  t h e  c o r r e l a t i o n s  w e r e  n o t  e d i t e d  

f r o m  T a b l e  11. 

G a r s d  (1984)  and  o t h e r s  recommended t h e  u s e  o f  

p a r t i a l  c o r r e l a t i o n  f o r  i d e n t i f y i n g  and  a v o i d i n g  t h e  

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

T y p e  I e r r o r .  For t h i s  r e a s o n ,  I s u b j e c t e d  t h e  same d a t a  

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

a c c o u n t e d  f o r  p a r t i a l  c o r r e l a t i o n  o f  h a b i t a t  and  s p e c i e s  

v a r i a b l e s .  The  s i g n s  o f  t h e  m u l t i p l e  r e g r e s s i o n  

c o e f f i c i e n t s ,  b e i n g  t h e  same as  t h e  s i g n s  o f  p a r t i a l  

c o r r e l a t i o n s  b e t w e e n  h a b i t a t  and  s p e c i e s  v a r i a b l e s ,  

i n d i c a t e d  t h e  c o n t r i b u t i o n  ( p o s i t i v e  o r  n e g a t i v e )  o f  e a c h  

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

C o n i f e r o u s  & hardwood f a c t o r s .  The f i r s t  p r i n c i p l e  

c o m p o n e n t  f a c t o r  i n  a l l  s e a s o n s  a n d  s t a g e s  r e p r e s e n t e d  

s h r u b  f o l i a g e  v o l u m e  (Append ix  3).  I n  g e n e r a l ,  s p e c i e s  

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

i n  b o t h  s h r u b  a n d  f o r e s t e d  s t a g e s  w e r e  s p e c i e s  o f t e n  f o u n d  

a t  h i g h e r  d e n s i t y  l e v e l s  i n  t h e  l a t e  s h r u b / s a p l i n g  s t a g e  

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

a t  h i g h e r  d e n s i t y  l e v e l s  i n  medium s a w t i m b e r  t h a n  i n  p o l e  

s t a g e s .  C o n v e r s e l y ,  s p e c i e s  n e g a t i v e l y  c o r r e l a t e d  w i t h  

t h e  f i r s t  f a c t o r  w e r e  s p e c i e s  t h a t  w e r e  f o u n d  a t  h i g h e r  

d e n s i t y  l e v e l s  i n  t h e  g r a s s / f o r b  s t a g e  t h a n  i n  t h e  e a r l y  

o r  l a t e  s h r u b l s a p l i n g  s t a g e s .  S h r u b  f o l i a g e  v o l u m e  

e s s e n t i a l l y  e x p l a i n e d  much o f  t h e  commonly o b s e r v e d  



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

i n  l a t e  s h r u b / s a p l i n g  and medium s a w t i m b e r  s t a g e s .  

I n  t h e  3 s h r u b  s t a g e s ,  f a c t o r s  r e p r e s e n t i n g  d e n s i t y  

o f  s a p l i n g  a n d  s m a l l  p o l e - s i z e  s o f t w o o d  stems r e f l e c t e d  

s h r u b  a n d  t r e e  d e v e l o p m e n t  (number  o f  y e a r s  s i n c e  c l e a r -  

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

f o l i a g e  a n d  s t e m s  had d e v e l o p e d  on  a  g i v e n  s i t e .  S p e c i e s  

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

a n d  c o n i f e r  c o m p o n e n t s  i n c l u d e d  A m e r i c a n  k e s t r e l ,  a c o r n  

w o o d p e c k e r ,  o l i v e - s i d e d  f l y c a t c h e r ,  S t e l l e r ' s  j a y ,  s c r u b  

j a y ,  w r e n t i t ,  h e r m i t  t h r u s h ,  A m e r i c a n  r o b i n ,  s o l i t a r y  

v i r e o ,  h e r m i t  w a r b l e r ,  and b l a c k - t h r o a t e d  g r a y  w a r b l e r .  

A c o r n  w o o d p e c k e r ,  S t e l l e r ' s  j a y ,  s c r u b  j a y ,  w r e n t i t ,  and 

Amer ican  r o b i n  a l s o  showed h i g h  n e g a t i v e  a s s o c i a t i o n s  w i t h  

f a c t o r s  r e p r e s e n t i n g  hardwood stem d e n s i t y  o r  d e c i d u o u s  

f o l i a g e  v o l u m e .  

A d d i t i o n a l  s p e c i e s  i n  t h e  3 s h r u b  s t a g e s  n o t  d u r i n g  

t h e  b r e e d i n g  s e a s o n  s h o w i n g  h i g h  n e g a t i v e  a s s o c i a t i o n s  

w i t h  ha rdwood ,  b r o a d l e a f ,  o r  d e c i d u o u s  f o l i a g e  componen t s  

i n c l u d e d  g o l d e n- c r o w n e d  k i n g l e t ,  v a r i e d  t h r u s h ,  c e d a r  

waxwing,  H u t t o n ' s  v i r e o ,  and f o x  s p a r r o w .  However ,  c e d a r  

waxwings  w e r e  o b s e r v e d  f o r a g i n g  on  Sambucus f r u i t s  i n  t h e  

f a l l  s e a s o n .  S p e c i e s  s h o w i n g  c o n s i s t e n t l y  h i g h  p o s i t i v e  

a s s o c i a t i o n s  w i t h  h a r d w c o d ,  b r o a d l e a f ,  o r  d e c i d u o u s  

f o l i a g e  c o m p o n e n t s  i n  t h e  3 s h r u b  s t a g e s  i n c l u d e d  b u s h t i t ,  



M a c G i l l i v r a y ' s  w a r b l e r ,  w e s t e r n  t a n a g e r ,  g o l d e n - c r o w n e d  

s p a r r o w ,  a n d  d a r k - e y e d  j u n c o ;  t h e s e  s p e c i e s  w o u l d  l i k e l y  

b e n e f i t  f r o m  h i g h  h a r d w o o d  stem d e n s i t y  o r  h i g h  d e c i d u o u s  

f o l i a g e  v o l u m e ,  w h i c h  may a f f o r d  p r e f e r r e d  f o o d  a n d  

f o r a g i n g  o r  n e s t i n g  s u b s t r a t e s .  

I n  t h e  2  f o r e s t e d  s t a g e s ,  f a c t o r s  r e p r e s e n t i n g  l a r g e  

s o f t w o o d  stems a l s o  r e p r e s e n t e d  s t a n d s  o f  o l d e r  a g e s  a n d  

s t a n d s  w i t h  g r e a t e r  s h r u b  f o l i a g e  v o l u m e .  S p e c i e s  

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

r e p r e s e n t i n g  l a r g e  s o f t w o o d  stems ( c f .  F i g s .  2 2 g . 2 3 b )  

i n c l u d e d  pygmy o w l ,  p i l e a t e d  w o o d p e c k e r ,  w e s t e r n  

f l y c a t c h e r ,  w i n t e r  w r e n ,  g o l d e n- c r o w n e d  k i n g l e t ,  v a r i e d  

t h r u s h ,  c e d a r  w a x w i n g ,  s o l i t a r y  v i r e o ,  a n d  H u t t o n ' s  v i r e o .  

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

w i t h  f a c t o r s  r e p r e s e n t i n g  d e c i d u o u s  t r ee  f o l i a g e  v o l u m e  

( c f .  F i g .  2 2 h )  o r  h a r d w o o d  s t e m  d e n s i t y  ( c f .  F i g s .  

2 3 d , 2 3 f )  i n  t h e  2  f o r e s t e d  s t a g e s  w e r e  b a n d - t a i l e d  p i g e o n ,  

a c o r n  w o o d p e c k e r ,  downy w o o d p e c k e r ,  r u b y- c r o w n e d  k i n g l e t ,  

A m e r i c a n  r o b i n ,  v a r i e d  t h r u s h ,  H u t t o n ' s  v i r e o ,  w a r b l i n g  

v i r e o ,  a n d  w e s t e r n  t a n a g e r .  Many s p e c i e s  w h i c h  were 

n e g a t i v e l y  a s s o c i a t e d  d u r i n g  a t  l e a s t  o n e  s e a s o n  w i t h  

f a c t o r s  r e p r e s e n t i n g  d e c i d u o u s  t r e e  f o l i a g e  v o l u m e  ( c f .  

F i g .  2 2 g )  o r  h a r d w o o d  s t e m  d e n s i t y  ( c f .  F i g s .  2 3 c , 2 3 e )  

were t h o s e  p o s i t i v e l y  a s s o c i a t e d  w i t h  f a c t o r s  r e p r e s e n t i n g  

l a r g e  s o f t w o o d  stems, a n d  i n c l u d e d  r e d - b r e a s t e d  s a p s u c k e r ,  

h a i r y  w o o d p e c k e r ,  S t e l l e r ' s  j a y ,  common r a v e n ,  c h e s t n u t -  



b a c k e d  c h i c k a d e e ,  r e d - b r e a s t e d  n u t h a t c h ,  w h i t e - b r e a s t e d  

n u t h a t c h ,  y e l l o w- r u m p e d  w a r b l e r ,  p i n e  s i s k i n ,  a n d  e v e n i n g  

g r o s b e a k ;  a d d i t i o n a l l y ,  m o u n t a i n  q u a i l ,  p u r p l e  f i n c h ,  a n d  

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

f o l i a g e  f a c t o r s  ( c f .  F i g .  2 2 g ) .  

Some u n i v a r i a t e  r e l a t i o n s h i p s  o f  b i r d  d e n s i t i e s  a n d  

ha rdwood  v e g e t a t i o n  v a r i a b l e s  i n  f o r e s t e d  s t a g e s  a r e  shown 

i n  F i g u r e  12. F o r  e x a m p l e ,  d e n s i t y  o f  w a r b l i n g  v i r e o s  was 

p o s i t i v e l y  a s s o c i a t e d  w i t h  d e n s i t y  o f  h a r d w o o d  s t e m s  2 40 

c m  dbh. O t h e r  v a r i a b l e s  t h a t  s i g n i f i c a n t l y  c o n t r i b u t e d  t o  

v a r i a t i o n  o f  w a r b l i n g  v i r e o  d e n s i t y  may b e  d i s c e r n e d  f r o m  

t h e  m u l t i p l e  r e g r e s s i o n s  ( T a b l e  1 2 ) ,  and  i n c l u d e d  d e n s i t y  

o f  s m a l l  s o f t w o o d  s t e m s ,  b a s a l  a r e a  o f  s m a l l  s o f t w o o d  a n d  

p o l e - s i z e  hardwood stems, and  l o w  d e c i d u o u s  f o l i a g e  

v o l u m e .  H a i r y  w o o d p e c k e r s ,  r e d - b r e a s t e d  n u t h a t c h e s ,  

h e r m i t  w a r b l e r s ,  and  y e l l o w- r u m p e d  w a r b l e r s  w e r e  

n e g a t i v e l y  a s s o c i a t e d  w i t h  v a r i o u s  ha rdwood  v e g e t a t i o n  

v a r i a b l e s  ( F i g .  12) .  

A number  o f  s t u d i e s  h a v e  r e p o r t e d  g r e a t e r  b i r d  

s p e c i e s  r i c h n e s s  i n  d e c i d u o u s  o r  mixed c o n i f e r - d e c i d u o u s  

f o r e s t  t h a n  i n  p u r e  c o n i f e r  f o r e s t s  (Beedy 1 9 8 1 ,  W i n k l e r  

a n d  Dana 1 9 7 7 ,  W i n t e r n i t z  1 9 7 6 ,  S a l t  1957) .  Beedy ( 1 9 8 1 )  

r e p o r t e d  t h a t  t h e  p r e s e n c e  o f  b l a c k  o a k s  i n  mixed c o n i f e r  

s i t e s  i n  t h e  S i e r r a  N e v a d a s  o f  C a l i f o r n i a  w a s  o n e  f a c t o r  

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



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

b l a c k - t h r o a t e d  g r a y ,  a n d  W i l s o n ' s  w a r b l e r s .  I n  t h e  

f o r e s t e d  s t a g e s  s u r v e y e d  i n  t h e  p r e s e n t  s t u d y ,  a t  l e a s t  8 

b i r d  s p e c i e s  b e n e f i t t e d  f r o m  t h e  p r e s e n c e  o f  d e c i d u o u s  o r  

h a r d w o o d  t r e e s  ( l i s t e d  a b o v e ;  s ee  a l s o  T a b l e  11, F i g s .  

2 2 h , 2 3 d , 2 3 f ) ,  a n d  a n u m b e r  o f  o t h e r  s p e c i e s  o c c u r r e d  i n  

t h e  f o r e s t e d  s t a g e s  b e c a u s e  o f  t h e  p r e s e n c e  o f  l o w  (<  2  m) 

d e c i d u o u s  o r  h a r d w o o d  s h r u b s  ( T a b l e  11, F i g s .  2 2 f , 2 3 d ) .  

S h r u b  p a t c h i n e s s  f a c t o r s .  S e v e r a l  p r i n c i p l e  

c o m p o n e n t  f a c t o r s  may b e  i n t e r p r e t e d  a s  r e p r e s e n t i n g  t h e  

d e g r e e  o f  p a t c h i n e s s  o r  a c r o s s - g r o u n d  h e t e r o g e n e i t y  o f  

s h r u b  a n d  n e a r - g r o u n d  v e g e t a t i o n  c o v e r  ( T a b l e  11, A p p e n d i x  

3 Low p a t c h i n e s s  r e f l e c t e d  m o r e  c o n t i n u o u s l y  

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

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

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

o p e n  g r o u n d .  

I n  t h e  3 s h r u b  s t a g e s ,  A n n a ' s  h u m m i n g b i r d s ,  c h e s t n u t -  

b a c k e d  c h i c k a d e e s ,  T o w n s e n d ' s  s o l i t a i r e s ,  b l a c k - t h r o a t e d  

g r a y  w a r b l e r s ,  b l a c k - h e a d e d  g r o s b e a k s ,  r u f o u s - s i d e d  

t o w h e e s ,  a n d  g o l d e n - c r o w n e d  s p a r r o w s  w e r e  p o s i t i v e l y  

a s s o c i a t e d  w i t h  a h i g h  d e g r e e  o f  p a t c h i n e s s ,  S p e c i e s  

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

a n d  t h u s  w i t h  a  m o r e  c o n t i n u o u s  a c r o s s - g r o u n d  d i s t r i b u t i o n  

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

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



j a y ,  B e w i c k ' s  w r e n ,  ruby- crowned  k i n g l e t ,  A m e r i c a n  r o b i n ,  

w r e n t i t ,  y e l l o w- r u m p e d  w a r b l e r ,  f o x  s p a r r o w ,  a n d  p i n e  

s i s k i n .  H igh  p a t c h i n e s s  s p e c i e s  w e r e  t h o s e  whose  p r i m a r y  

f o r a g i n g  s u b s t r a t e  i s  o p e n  g r o u n d  (e.g., g o l d e n- c r o w n e d  

s p a r r o w s )  o r  s h r u b s  (Anna's  h u m m i n g b i r d s )  a n d  w h i c h  

t h e r e f o r e  may r e q u i r e  a  m o d e r a t e  s p a c i n g  o f  s h r u b s  and  

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

p a t c h i n e s s  s p e c i e s  w e r e  t h o s e  w i t h  n o  c o n s i s t e n t  p a t t e r n  

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

a s s o c i a t e  w i t h  o r  f o r a g e  w i t h i n  d e n s e  b r u s h  ( w r e n t i t s ) ,  

t r e e  f o l i a g e  ( y e l l o w- r u m p e d  w a r b l e r s ) ,  o r  o n  t h e  g r o u n d  

b u t  w i t h i n  d e n s e  s h r u b  c o v e r  ( f o x  s p a r r o w s ) .  

I n  t h e  2 f o r e s t e d  s t a g e s ,  s h r u b  p a t c h i n e s s  was 

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

f o l i a g e  a n d  t h e  p a t c h i n e s s  o f  c a n o p y  f o l i a g e .  S t a n d s  w i t h  

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

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

s h r u b  g r o w t h ;  s u c h  s t a n d s  had  a  more  c o n t i n u o u s  s h r u b  

l a y e r  and  a  l o w e r  d e g r e e  o f  s h r u b  p a t c h i n e s s .  S p e c i e s  

s h o w i n g  a  h i g h  a s s o c i a t i o n  w i t h  s h r u b  p a t c h i n e s s  i n  t h e  

f o r e s t e d  s t a g e s ,  t h u s  r e p r e s e n t i n g  s t a n d s  w i t h  more c l o s e d  

o r  c o n t i n u o u s  c a n o p i e s ,  w e r e  s p e c i e s  t h a t  u s u a l l y  n e s t e d  

a n d  f o r a g e d  w e l l  o f f  t h e  g r o u n d :  b a n d - t a i l e d  p i g e o n s ,  

h a i r y  w o o d p e c k e r s ,  c h e s t n u t - b a c k e d  c h i c k a d e e s ,  r e d -  

b r e a s t e d  n u t h a t c h e s ,  brown c r e e p e r s ,  and  p u r p l e  f i n c h e s .  



T h e s e  6 s p e c i e s  w e r e  mos t  l i k e l y  r e s p o n d i n g  t o  t h e  more 

c l o s e d  c a n o p y  c o n d i t i o n s  t h a n  t o  t h e  a c r o s s - g r o u n d  

d i s t r i b u t i o n s  o f  s h r u b  v o l u m e  p e r  s e .  

On t h e  o t h e r  h a n d ,  i n  t h e  f o r e s t e d  s t a g e s ,  s p e c i e s  

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

p o s i t i v e l y  a s s o c i a t e d  w i t h  s t a n d s  h a v i n g  a  more  b r o k e n  

c a n o p y  and  a  more c o n t i n u o u s  a c r o s s - g r o u n d  d i s t r i b u t i o n  of  

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

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

f o r e s t  f l o o r :  n o r t h e r n  f l i c k e r s ,  S t e l l e r ' s  j a y s ,  w i n t e r  

w r e n s ,  h e r m i t  t h r u s h e s ,  A m e r i c a n  r o b i n s ,  c e d a r  waxwings ,  

y e l l o w- r u m p e d  w a r b l e r s ,  a n d  d a r k- e y e d  j u n c o s .  A l l  8 o f  

t h e s e  s p e c i e s  w e r e  a l s o  commonly f o u n d  i n  t h e  t h r e e  s h r u b  

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

d e s p i t e  t h e  p r e s e n c e  o f  o v e r s t o r y  t r e e  s t r u c t u r e .  

R o t h  (1976)  s u g g e s t e d  t h a t  i n c r e a s e d  p a t c h i n e s s  o f  

v e g e t a t i o n  e x p l a i n s  why s h r u b l a n d  h a b i t a t s  h a v e  more  b i r d  

s p e c i e s  t h a n  g r a s s l a n d  h a b i t a t s ;  and  t h a t  d e c r e a s e d  

p a t c h i n e s s  e x p l a i n s  why c l o s e d- c a n o p y  f o r e s t s  h a v e  f e w e r  

b i r d  s p e c i e s  t h a n  some s h r u b l a n d  h a b i t a t s  d e s p i t e  t h e i r  

h a v i n g  more  v e g e t a t i o n  l a y e r s  o r  vo lume .  S p e c i e s  r i c h n e s s  

p a t t e r n s  r e p o r t e d  i n  p o s t - c l e a r c u t t i n g  s t a g e s  b y  K e s s l e r  

( 1 9 7 9 ) ,  Conner  a n d  A d k i s s o n  ( 1 9 7 5 ) ,  a n d  H a g a r  ( 1 9 6 0 ) ,  a s  

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

R o t h ' s  s u g g e s t i o n .  I n  t h e  p r e s e n t  s t u d y ,  p a t c h i n e s s  o f  

s h r u b s  a n d  l o w  v e g e t a t i o n  a c c o u n t e d  f o r  some o f  t h e  



v a r i a t i o n  i n  d e n s i t y  o f  some b i r d  s p e c i e s .  K a r r  a n d  R o t h  

( 1 9 7 1 )  n o t e d  s i m i l a r l y  t h a t  h i g h e s t  b i r d  s p e c i e s  r i c h n e s s  

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

a n d  t h a t  d e v e l o p m e n t  o f  f o r e s t  s t r u c t u r e  a f t e r  t h a t  

c o i n c i d e d  w i t h  l o w e r  l e v e l s  o f  b i r d  s p e c i e s  r i c h n e s s .  

B o t h  t h e  a d d i t i o n  o f  v e r t i c a l  s t r u c t u r e  ( M a c A r t h u r  e t  a l .  

1 9 6 2 ,  W i l l s o n  1 9 7 4 )  and  h i g h e r  v a l u e s  o f  a c r o s s - g r o u n d  

p a t c h i n e s s  o f  v e g e t a t i o n  ( R o t h  1 9 7 6 )  a c c o u n t e d  f o r  t h e  

g r e a t e r  b i r d  s p e c i e s  r i c h n e s s  o b s e r v e d  i n  t h e  

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

f o r e s t  s t a g e s .  

S n a g s .  I n  e a c h  s e a s o n  i n  t h e  f o r e s t e d  s t a g e s ,  a t  

l e a s t  o n e  p r i n c i p l e  componen t  f a c t o r  c l e a r l y  r e p r e s e n t e d  

s n a g  d e n s i t y .  D u r i n g  n o n- w i n t e r  s e a s o n s ,  a c o r n  

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

w h i c h  a r e  p r i m a r y  c a v i t y  e x c a v a t o r  s p e c i e s ,  showed  

p o s i t i v e  a n d  s i g n i f i c a n t  a s s o c i a t i o n s  w i t h  s n a g  

c o m p o n e n t s ,  as  d i d  Amer ican  k e s t r e l s  and  brown c r e e p e r s ,  

w h i c h  a r e  s e c o n d a r y  c a v i t y  u s e r s .  D u r i n g  t h e  w i n t e r ,  

b a n d - t a i l e d  p i g e o n s ,  c h e s t n u t - b a c k e d  c h i c k a d e e s ,  m o u n t a i n  

c h i c k a d e e s ,  brown c r e e p e r s ,  a n d  w i n t e r  w r e n s  showed  

p o s i t i v e  a s s o c i a t i o n s  w i t h  s n a g  c o m p o n e n t s .  A s  was  

o b s e r v e d ,  b a n d - t a i l e d  p i g e o n s  commonly  u s e  s n a g s  as  p e r c h  

s i t e s  ( N e f f  1947) .  S t e l l e r ' s  j a y s  a n d  H u t t o n ' s  v i r e o s ,  

w h i c h  a r e  n o t  known t o  s e l e c t  s n a g s ,  showed p o s i t i v e  



a s s o c i a t i o n s  w i t h  s n a g  d e n s i t i e s ;  s u c h  a s s o c i a t i o n s  w e r e  

p r o b a b l y  n o t  c a u s a l .  

The  r e t e n t i o n  o f  s n a g s  a n d  l i v e  t r e e s  i n  c l e a r c u t  

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

some p r i m a r y  a n d  s e c o n d a r y  c a v i t y - n e s t i n g  b i r d s  ( M a r c o t  

1 9 8 3 ,  M o r r i s o n  a n d  Meslow 1 9 8 3 ,  C o n n e r  e t  a l .  1975). I n  

t h e  3 s h r u b  s t a g e s ,  d e t e c t i o n  r a t e s  (number  o f  b i r d s  

o b s e r v e d  p e r  c o u n t )  o f  w o o d p e c k e r s  a n d  s e c o n d a r y  c a v i t y  

n e s t e r s  a v e r a g e d  1.8 t i m e s  h i g h e r  w h e r e  s n a g s  w e r e  

r e t a i n e d  d u r i n g  c l e a r c u t t i n g  compared  w i t h  a r e a s  w h e r e  

s n a g s  w e r e  a b s e n t  ( M a r c o t  1983) .  

S e a s o n a l  v a r i a t i o n s .  S e v e r a l  s p e c i e s  showed r a t h e r  

c o n s i s t e n t  s h i f t s  o f  a s s o c i a t i o n s  w i t h  h a b i t a t  f a c t o r s  

o v e r  d i f f e r e n t  s e a s o n s .  F o r  e x a m p l e ,  i n  t h e  f o r e s t e d  

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

v a r i e d  t h r u s h e s  w e r e  s i g n i f i c a n t l y  a n d  n e g a t i v e l y  

a s s o c i a t e d  w i t h  d e n s i t y  of l a r g e  d i a m e t e r  hardwood s t e m s ,  

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

w i n t e r  s e a s o n .  I n  t h i s  c a s e ,  t h e  d i f f e r e n t  h a b i t a t  

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

o f  t h e s e  s p e c i e s  move t o  l o w e r  e l e v a t i o n s  a n d  t e n d  t o  

i n h a b i t  f o r e s t  s t a n d s  w i t h  a  g r e a t e r  p r o p o r t i o n  o f  

h a r d w o o d s  d u r i n g  w i n t e r .  T h u s ,  s e a s o n a l  v a r i a t i o n  a t  t h e  

f i n e r  l e v e l  o f  r e s o l u t i o n  ( i . e . ,  a s s o c i a t i o n  w i t h  s p e c i f i c  

h a b i t a t  c o m p o n e n t s )  c a n  be a c c o u n t e d  f o r ,  a t  l e a s t  i n  some 

c a s e s ,  by s e a s o n a l  v a r i a t i o n  a t  a  c o a r s e r  l e v e l  o f  



r e s o l u t i o n  ( i . e . ,  m i g r a t i o n  s t a t u s ,  o r  a s s o c i a t i o n  w i t h  

e l e v a t i o n  a n d  s u c c e s s i o n a l  s t a g e s ) .  I t  r e m a i n s  u n c l e a r ,  

h o w e v e r ,  w h i c h  l e v e l  o f  r e s o l u t i o n  p r o v i d e s  t h e  p r o x i m a t e  

c u e s  f o r  h a b i t a t  s e l e c t i o n .  R i c e  e t  a l .  (1980:1411)  

r e p o r t e d  s i m i l a r l y  t h a t  many b i r d  s p e c i e s  i n  s o u t h w e s t  

r i p a r i a n  a r e a s  c h a n g e d  h a b i t a t  u s e  among  s e a s o n s ,  a n d  t h a t  

s u c h  s h i f t s  i n  h a b i t a t  p r e f e r e n c e  " o u t s i d e  t h e  b r e e d i n g  

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

p r e s e r v a t i o n  a n d  e n v i r o n m e n t a l  q u a l i t y  a s s e s s m e n t  

d e c i s i o n s . "  F u r t h e r ,  t h e y  f o u n d  t h a t  m i g r a t o r y  d i s p e r s a l  

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

a t t r i b u t e s ,  a s  a l s o  s u g g e s t e d  by t h e  r e s u l t s  o f  t h e  

p r e s e n t  s t u d y .  

A n o t h e r  e x a m p l e  o f  s e a s o n a l  v a r i a t i o n  o f  h a b i t a t  

a s s o c i a t i o n s  was f o u n d  w i t h  h e r m i t  t h r u s h e s  a n d  d a r k - e y e d  

j u n c o s .  T h e s e  s p e c i e s  were s i g n i f i c a n t l y  a n d  n e g a t i v e l y  

a s s o c i a t e d  w i t h  s h r u b  p a t c h i n e s s  i n  t h e  s h r u b  s t a g e s  

d u r i n g  t h e  b r e e d i n g  o r  summer  ( p o s t - b r e e d i n g )  s e a s o n s ,  a n d  

were p o s i t i v e l y  a s s o c i a t e d  d u r i n g  f a l l .  T h e  r e v e r s e  

p a t t e r n  o f  a s s o c i a t i o n  was f o u n d  w i t h  H u t t o n ' s  v i r e o s .  

P u r p l e  f i n c h e s  s h o w e d  a s i g n i f i c a n t  a n d  p o s i t i v e  

a s s o c i a t i o n  w i t h  s h r u b  p a t c h i n e s s  i n  t h e  s h r u b  s t a g e s  

d u r i n g  f a l l ,  b u t  a n e g a t i v e  a s s o c i a t i o n  d u r i n g  w i n t e r .  

T h e s e  s h i f t s  o f  h a b i t a t  a s s o c i a t i o n  may h a 7 e  r e f l e c t e d  

r e a l  c h a n g e s  i n  a f f i n i t i e s  t o  s t r u c t u r e  o f  s h r u b  



d i s t r i b u t i o n ,  w h e r e b y  r e q u i r e m e n t s  d u r i n g  o n e  (e .g .  

b r e e d i n g )  s e a s o n  d i f f e r e d  f r o m  r e q u i r e m e n t s  d u r i n g  o t h e r  

(e .g .  p o s t - b r e e d i n g )  s e a s o n s .  F o r  e x a m p l e ,  t h e  g r e a t e r  

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

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

d u r i n g  f a l l  may h a v e  a s s o c i a t e d  w i t h  a n e e d  f o r  g r e a t e r  

t h e r m a l  c o v e r  d u r i n g  w i n t e r .  A l t e r n a t e  e x p l a n a t i o n s  

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

i n  t h e  s h r u b  s t a g e s  were a c t u a l l y  i n d e x i n g  o t h e r  h a b i t a t  

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

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

w h i c h  s o m e  s p e c i e s  w e r e  m o r e  d i r e c t l y  a s s o c i a t e d .  

I n  s u m m a r y ,  many s p e c i e s  d i d  n o t  c h a n g e  h a b i t a t s  

a m o n g  s e a o n s  a n d  c o n s i s t e n t l y  a s s o c i a t e d  w i t h  t h e  s a m e  

s u c c e s s i o n a l  s t a g e s  a n d  h a b i t a t  c o m p o n e n t s  w h e n e v e r  t h e  

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

a s s o c i a t i o n  o f  h e r m i t  t h r u s h e s  w i t h  s h r u b  f o l i a g e  v o l u m e .  

W i t h  o t h e r  s p e c i e s ,  s e a s o n a l  c h a n g e s  i n  e l e v a t i o n a l  

d i s t r i b u t i o n  ( r u b y- c r o w n e d  k i n g l e t s ,  v a r i e d  t h r u s h e s )  o r  

h a b i t a t  s t r u c t u r e  r e q u i r e m e n t s  ( p u r p l e  f i n c h e s )  may h a v e  

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

b u t  m e c h a n i s m s  o f  h a b i t a t  s e l e c t i o n  r e m a i n  u n c l e a r .  

P r e d i c t i o n  E q u a t i o n s  o f  B i r d  D e n s i t i e s  

V e g e t a t i o n  h a b i t a t  v a r i a b l e s .  R e s u l t s  o f  

m u l t i p l e  l i n e a r  r e g r e s s i o n s  p r o v i d e d  e q u a t i o n s  t h a t  



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

v a r i a b l e s  ( T a b l e  1 2 ) .  H a b i t a t  a s s o c i a t i o n s  p r o b a b l y  w e r e  

s t r o n g e s t  a n d  r e g r e s s i o n s  w e r e  m o s t  i n t e r p r e t a b l e  a n d  

u s e f u l  i f  d e r i v e d  f r o m  s u r v e y s  c o n d u c t e d  o u t s i d e  o f  s u c h  

p e r i o d s  o f  s t r o n g  m o v e m e n t  a s  p o s t - b r e e d i n g  d i s p e r s a l  a n d  

f a l l  a n d  s p r i n g  m i g r a t i o n ;  t h u s ,  I p r e s e n t  r e s u l t s  b a s e d  

o n  b r e e d i n g  a n d  w i n t e r  s u r v e y s  o n l y .  

R e g r e s s i o n  e q u a t i o n s  o f  many s p e c i e s  o f t e n  a c c o u n t e d  

f o r  l e s s  t h a n  50 p e r c e n t  o f  o b s e r v e d  v a r i a t i o n  o f  

d e n s i t i e s .  T h e  p r e d i c t o r  v a r i a b l e s  t h a t  e n t e r e d  i n t o  t h e  

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

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

h i g h l y  w i t h  b i r d  s p e c i e s  d e n s i t i e s .  F o r  e x a m p l e ,  i n  t h e  

s h r u b  s t a g e s  d u r i n g  t h e  b r e e d i n g  s e a s o n ,  B e w i c k ' s  w r e n s  

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

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

v o l u m e ,  a n d  n e g a t i v e l y  c o r r e l a t e d  w i t h  t h e  f a c t o r  

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

g r e e n  v e g e t a t i o n  c o v e r  ( T a b l e  11). S i m i l a r l y ,  t h e  

m u l t i p l e  r e g r e s s i o n  e q u a t i o n  o f  B e w i c k ' s  w r e n  d e n s i t y  

i n c l u d e d  v e g e t a t i o n  a n d  h a b i t a t  v a r i a b l e s  ( w i t h  p o s i t i v e  

c o e f f i c i e n t s )  r e p r e s e n t i n g  l o w  f o l i a g e  v o l u m e  a n d  s o f t w o o d  

d e n s i t y ,  a n d  a v a r i a b l e  ( w i t h  a n e g a t i v e  c o e f f i c i e n t )  

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

M u l t i p l e  r e g r e s s i o n  f o r m u l a e  p r o v i d e d  a  d e t a i l e d  v i e w  

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



a c c o u n t e d  f o r  p a r t i a l  c o r r e l a t i o n s  b e t w e e n  p r e d i c t o r  

( v e g e t a t i o n  a n d  h a b i t a t )  v a r i a b l e s .  D o u b t l e s s ,  p r e d i c t o r  

v a r i a b l e s  o f t e n  w e r e  p r o x y  f o r  o t h e r  c h a r a c t e r i s t i c s  o f  a  

s p e c i e s '  m i c r o h a b i t a t  t h a t  were n o t  s a m p l e d  e x p l i c i t l y .  

F o r  e x a m p l e ,  i n  t h e  s h r u b  s t a g e s  d u r i n g  w i n t e r  1 9 8 2 ,  a  

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

s p e c i e s  o v e r  2 m t a l l  e n t e r e d  i n t o  t h e  r e g r e s s i o n  e q u a t i o n  

o f  r u b y - c r o w n e d  k i n g l e t  d e n s i t y .  T h i s  h a b i t a t  v a r i a b l e  

m a y  b e  p r o x y  f o r  t o t a l  t w i g  a n d  f o l i a g e  s u r f a c e  a r e a  f r o m  

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

d e g r e e  o f  t h e r m a l  a n d  w i n d  c o v e r  a f f o r d e d  b y  f o l i a g e  o f  

v a r i o u s  h e i g h t s  a n d  d e n s i t i e s  i n  a s h r u b  s t a g e  s t a n d .  

T o p o p h y s i o g r a p h i c  v a r i a b l e s .  T h e  p r o p o r t i o n s  o f  

v a r i a t i o n  o f  b i r d  d e n s i t i e s  (i.e., a d j u s t e d  R' v a l u e s  f r o m  

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

t o p o p h y s i o g r a p h i c  v a r i a b l e s  were a s  h i g h  a s  0 .62  w i t h  

w i n t e r  w r e n s  i n  f o r e s t e d  s t a g e s  d u r i n g  t h e  b r e e d i n g  s e a s o n  

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

v a r i a b l e s ) ,  a n d  a v e r a g e d  0.25 a c r o s s  a l l  s p e c i e s ,  s t a g e s ,  

a n d  s e a s o n s .  M o s t  s p e c i e s  ( 7 1  p e r c e n t  o f  a l l  s p e c i e s  s o  

t e s t e d )  s h o w e d  n o  s u c h  a d d i t i o n a l  a s s o c i a t i o n s  w i t h  

t o p o p h y s i o g r a p h i c  c o n d i t i o n s  a s  t h e y  w e r e  m e a s u r e d  ( T a b l e  

13) .  H o w e v e r ,  many o f  t h e  r e s u l t s  o f  t h i s  a n a l y s i s  s e e m e d  

r e a s o n a b l e .  F o r  i n s t a n c e ,  d e n s i t y  o f  s o n g  s p a r r o w s  w a s  

a c c o u n t e d  f o r ,  i n  p a r t ,  b y  p r o x i m i t y  t o  p e r m a n e n t  w a t e r  



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

a c c o u n t e d  f o r  v a r i a t i o n s  i n  d e n s i t i e s  o f  a c o r n  

w o o d p e c k e r s ,  w i n t e r  w r e n s ,  w r e n t i t s ,  h e r m i t  w a r b l e r s ,  a n d  

g o l d e n - c r o w n e d  k i n g l e t s  d u r i n g  t h e  b r e e d i n g  s e a s o n ;  h e r m i t  

w a r b l e r s  a n d  a c o r n  w o o d p e c k e r s  o c c u r r e d  i n  h i g h e r  

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

w h e r e a s  t h e  o t h e r  3 s p e c i e s  o c c u r r e d  i n  h i g h e r  d e n s i t i e s  

i n  t h e  l o w e r  s l o p e ,  l o w e r  e l e v a t i o n  a r e a s .  

D i s t a n c e  t o  t h e  n e a r e s t  h a b i t a t  p a t c h  o f  a  s i m i l a r  

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

v a r i a t i o n  o f  b i r d  d e n s i t i e s  i n  t h e  s h r u b  s t a g e s  ( w e s t e r n  

wood p e w e e s ,  w a r b l i n g  v i r e o s ,  a n d  w e s t e r n  t a n a g e r s  d u r i n g  

t h e  b r e e d i n g  s e a s o n ,  a n d  c h e s t n u t - b a c k e d  c h i c k a d e e s ,  c e d a r  

w a x w i n g s ,  a n d  e v e n i n g  g r o s b e a k s  d u r i n g  t h e  w i n t e r  s e a s o n )  
* 

b u t  n o t  i n  t h e  f o r e s t e d  s t a g e s  ( T a b l e  13). P r e c i s e l y  how 

much t h i s  i n d i c a t e d  t h e  e f f e c t s  o n  b i r d  d i s t r i b u t i o n  f r o m  

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

s h r u b  s t a g e  p a t c h e s  a c r o s s  t h e  managed  f o r e s t  l a n d s c a p e  

w o u l d  r e q u i r e  c l o s e r  s c r u t i n y  t h a n  t h e  p r e s e n t  s t u d y  

a f f o r d s .  

I n f l u e n c e  o f  M i g r a t i o n  S t a t u s  o n  D i s t r i b u t i o n  a n d  
A b u n d a n c e  

O n e  l i f e  h i s t o r y  a t t r i b u t e  o f  b i r d s  t h a t  h a d  a  d i r e c t  

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

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

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



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

( T a b l e  1 4 ,  A p p e n d i x  4). I c l a s s i f i e d  s p e c i e s  a s  

e l e v a t i o n a l  m i g r a n t s ,  l a t i t u d i n a l  m i g r a n t s ,  p e r m a n e n t  

r e s i d e n t s ,  a n d  nomads .  E l e v a t i o n a l  m i g r a n t s  were 

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

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

d u r i n g  p o s t - b r e e d i n g .  L a t i t u d i n a l  m i g r a n t s  were 

s u b c l a s s i f i e d  i n t o  3 g r o u p s  d e p e n d i n g  u p o n  l a t i t u d e s  o f  

b r e e d i n g  a n d  w i n t e r i n g .  T h e  m i g r a t i o n  c l a s s  i n t o  w h i c h  a  

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

a n d  may d i f f e r  d e p e n d i n g  o n  o t h e r  g e o g r a p h i c a l  p o i n t s  o f  

r e f e r e n c e .  

N o t  i n c l u d i n g  t h e  18  r a r e l y  o b s e r v e d  s p e c i e s ,  m o s t  

s p e c i e s  were l a t i t u d i n a l  m i g r a n t s  (35 s p e c i e s ,  48 p e r c e n t  

of t o t a l ) ,  f o l l o w e d  b y  p e r m a n e n t  r e s i d e n t s  ( 3 2  s p e c i e s ,  44 

p e r c e n t ) ,  e l e v a t i o n a l  m i g r a n t s  (5 s p e c i e s ,  7 p e r c e n t ) ,  a n d  

n o m a d s  ( 1  s p e c i e s ,  1 p e r c e n t )  ( T a b l e  14). M o s t  o f  t h e  

l a t i t u d i n a l  m i g r a n t s  b r e d  a n d  s u m m e r e d  i n  t h e  s t u d y  a r e a  

a n d  m i g r a t e d  t o  l o w e r  l a t i t u d e s  i n  t h e  f a l l ;  some 

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

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

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

s t u d y  a r e a .  A n a l o g o u s  p a t t e r n s  o c c u r r e d  w i t h  e l e v a t i o n a l  

m i g r a n t s .  



E a c h  m i g r a t i o n  c l a s s  h a d  a m o r e  o r  l e s s  u n i q u e  

d i s t r i b u t i o n  o f  o c c u r r e n c e  among  s e a s o n s .  T h e  h i g h e s t  

p o t e n t i a l  n u m b e r  o f  s p e c i e s  ( 7 3  s p e c i e s )  f o u n d  i n  t h e  

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

t h e  l o w e s t  p o t e n t i a l  n u m b e r  o f  s p e c i e s  (45  s p e c i e s )  w a s  

d u r i n g  s p r i n g .  F i e l d  o b s e r v a t i o n s  c o n c u r r e d  w i t h  t h e s e  

p a t t e r n s  ( T a b l e  14) .  

E i g h t e e n  a d d i t i o n a l  s p e c i e s  were o b s e r v e d  r a r e l y  (< 5 

d e t e c t i o n s  p e r  s e a s o n ;  A p p e n d i x  4 )  d u r i n g  t h e  s u r v e y s ,  a n d  

m o s t  were o b s e r v e d  d u r i n g  s u m m e r ,  f a l l ,  o r  w i n t e r  s e a s o n s .  

A q u i c k  r e v i e w  o f  t h e  m i g r a t i o n  s t a t u s  o f  t h e s e  s p e c i e s  

( A p p e n d i x  4 )  e x p l a i n s  t h e i r  g e n e r a l  p a t t e r n  o f  s e a s o n a l  

o c c u r r e n c e :  9 s p e c i e s  a r e  e l e v a t i o n a l  m i g r a n t s  t h a t  b r e e d  

i n  t h e  l o w e r  e l e v a t i o n  b o t t o m l a n d s  a n d  m o v e  u p s l o p e  

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

( e . g . ,  B r e w e r ' s  b l a c k b i r d ,  w e s t e r n  m e a d o w l a r k ,  a n d  

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

s p o r a d i c a l l y  i n  t h e  s t u d y  s t a n d s  ( w h i t e - h e a d e d  w o o d p e c k e r  

a n d  L i n c o l n ' s  s p a r r o w ) .  A d d i t i o n a l l y ,  4 s p e c i e s  ( 2  o w l s ,  

n o r t h e r n  g o s h a w k ,  a n d  g o l d e n  e a g l e )  o c c u r  n o c t u r n a l l y  o r  

a r e  u n c o m m o n  a n d  r a n g e  o v e r  v e r y  w i d e  a r e a s ,  a n d  3 s p e c i e s  

( n o r t h e r n  p h a l a r o p e ,  g r e a t  b l u e  h e r o n ,  a n d  m a l l a r d )  

o c c u r r e d  i n  e p h e m e r a l  p o n d s  a n d  a r e  a s s o c i a t e d  c l o s e l y  

w i t h  a q u a t i c  h a b i t a t s .  O n l y  2 o f  t h e  18 s p e c i e s  a r e  

l a t i t u d i n a l  m i g r a n t s  ( b a r n  s w a l l o w  a n d  y e l l o w  w a r b l e r )  a n d  

u s u a l l y  o c c u r  i n  l o w e r  e l e v a t i o n  b o t t o m l a n d s .  



A s  i s  o f t e n  f o u n d  i n  n o r t h  t e m p e r a t e  c o n i f e r o u s  

f o r e s t s ,  m o s t  o f  t h e  l a t i t u d i n a l  m i g r a n t s  w e r e  s p e c i e s :  

t h a t  b r e e d  a n d  s u m m e r  i n  t h e  s t u d y  a r e a  a n d  m o v e  t o  l o w e r  

l a t i t u d e s  d u r i n g  f a l l ;  t h a t  a r e  i n s e c t i v o r o u s  f o l i a g e  

g l e a n e r s ,  f l y c a t c h e r s ,  o r  h a w k e r s ;  t h a t  were c o m m o n l y  

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

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

o f  s h r u b s  o r  t r e e s .  I n  c o n t r a s t ,  many o f  t h e  p e r m a n e n t  

r e s i d e n t s  were s p e c i e s :  t h a t  r e p r e s e n t  a w i d e r  v a r i e t y  o f  

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

t h e  l a t i t u d i n a l  m i g r a n t s ;  t h a t  were o b s e r v e d  i n  b o t h  e a r l y  

( s h r u b )  a n d  m o r e  m a t u r e  ( f o r e s t e d )  s u c c e s s i o n a l  h a b i t a t ;  

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

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

A t o t a l  o f  2 3  s p e c i e s  was o b s e r v e d  d u r i n g  s u r v e y s  

( a n d  a l l  b u t  4 d u r i n g  t h e  b r e e d i n g  s e a s o n )  t h a t  n e s t  i n  

c a v i t i e s  i n  t r e e s  ( p r i m a r y ,  s e c o n d a r y ,  o r  n a t u r a l  c a v i t y  

u s e r s ) .  A l l  e x c e p t  6 o f  t h e s e  s p e c i e s  w e r e  p r i m a r i l y  

p e r m a n e n t  r e s i d e n t s ;  t h e  6 i n c l u d e  4 l a t i t u d i n a l  m i g r a n t s  

( v i o l e t - g r e e n  s w a l l o w ,  h o u s e  w r e n ,  V a u x ' s  s w i f t ,  a n d  

w i n t e r  w r e n )  a n d  2 p r i m a r i l y  e l e v a t i o n a l  m i g r a n t s  ( r e d-  

b r e a s t e d  s a p s u c k e r  a n d  w h i t e - h e a d e d  w o o d p e c k e r ) .  T h a t  

m o s t  c a v i t y - n e s t i n g  s p e c i e s  a r e  p e r m a n e n t  r e s i d e n t s  i s  

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

r e s o u r c e s  o n  a y e a r - l o n g  b a s i s .  



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

f o r  how e f f e c t i v e  h a b i t a t  management  a c t i v i t i e s  c a n  b e  f o r  

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

b r e e d i n g  r a n g e s  o r  f o r  s p e c i e s  t h a t  w i n t e r  o f f - s i t e  f r o m  

h a b i t a t  management  a r e a s  ( W i l c o v e  and  T e r b o r g h  1984) .  

R a p p o l e  e t  a l .  ( 1 9 8 3 )  l i s t e d  Townsend ' s  w a r b l e r  a s  a  

s p e c i e s  l i k e l y  t o  show d e c l i n e s  i n  t h e  n e x t  d e c a d e  b e c a u s e  

p r e f e r r e d  w i n t e r i n g  h a b i t a t  i s  d e c r e a s i n g .  N e o t r o p i c a l  

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

w i n t e r i n g  h a b i t a t  ( R a p p o l e  e t  a l .  1983) .  F o r  e x a m p l e ,  

A l d r i c h  a n d  R o b b i n s  ( 1 9 7 0 )  n o t e d  t h a t  n u m b e r s  o f  s o l i t a r y  

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

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

w i n t e r i n g  h a b i t a t .  

Summary: B i r d  D i s t r i b u t i o n  a n d  Abundance  

M o s t  o f  t h e  9 1  b i r d  s p e c i e s  o b s e r v e d  d u r i n g  s u r v e y s  

showed s i g n i f i c a n t  d i f f e r e n c e s  o f  d e n s i t i e s  a c r o s s  t h e  5 

s u c c e s s i o n a l  s t a g e s .  D u r i n g  t h e  b r e e d i n g  s e a s o n ,  e a c h  

s u c c e s s i o n a l  s t a g e  h a d  c e r t a i n  s p e c i e s  t h a t  o c c u r r e d  a t  

h i g h e s t  d e n s i t y .  Ten  s p e c i e s  showed s e a s o n a l  s h i f t s  o f  

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

b e c a u s e  o f  d i s p e r s i n g  o r  w a n d e r i n g  j u v e n i l e s  o r  p o s t -  

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

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

i n t e r a c t i o n s .  Mos t  s p e c i e s  showed l i t t l e  b e t w e e n- y e a r  



v a r i a t i o n  i n  mean d e n s i t y  w i t h i n  s u c c e s s i o n a l  s t a g e s ,  

g i v e n  t h e  w i t h i n - s t a g e  v a r i a t i o n  o f  d e n s i t i e s  b e t w e e n  

r e p l i c a t e  s t u d y  s i t e s .  

S e v e r a l  s p e c i e s  a p p a r e n t l y  i n c r e a s e d  i n  l o c a l  

d e n s i t y ,  t o t a l  p o p u l a t i o n  s i z e ,  d i s t r i b u t i o n a l  r a n g e ,  

s e a s o n a l  o c c u r r e n c e ,  o r  r a n g e  o f  h a b i t a t s  ( s u c c e s s i o n a l  

s t a g e s )  u s e d  s i n c e  e x t e n s i v e  c l e a t c u t t i n g  i n  t h e  s t u d y  

a r e a  b e g a n  i n  t h e  e a r l y  1950 ' s .  T h e s e  s p e c i e s  i n c l u d e  

b a n d - t a i l e d  p i g e o n ,  w e s t e r n  wood pewee,  d u s k y  f l y c a t c h e r ,  

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

g r o s b e a k .  S p e c i e s  r e s t r i c t e d  t o  f o r e s t  s t a g e s  t h a t  h a v e  

p r o b a b l y  d e c r e a s e d  i n  p o p u l a t i o n  s i z e  o v e r  t h e  l a s t  3 0  

y e a r s  a r e  Hammond's f l y c a t c h e r ,  c h e s t n u t - b a c k e d  c h i c k a d e e ,  

r e d - b r e a s t e d  n u t h a t c h ,  brown c r e e p e r ,  g o l d e n- c r o w n e d  

k i n g l e t ,  and  h e r m i t  w a r b l e r .  

D u r i n g  t h e  b r e e d i n g  s e a s o n ,  m o s t  s p e c i e s  t h a t  had  a  

h i g h e s t  mean d e n s i t y  i n  a  p a r t i c u l a r  s u c c e s s i o n a l  s t a g e  

a l s o  showed h i g h e s t  p e r c e n t  o c c u r r e n c e  and  l o w e s t  

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

s u g g e s t i n g  h i g h  h a b i t a t  s u i t a b i l i t y .  A s  m e a s u r e d  by 

w i t h i n - s t a g e  v a r i a t i o n  o f  d e n s i t i e s ,  s p e c i e s  w e r e  l e s s  

c o n s i s t e n t l y  d i s t r i b u t e d  a c r o s s  s t u d y  s t a n d s  w i t h i n  

s u c c e s s i o n a l  s t a g e s  d u r i n g  summer a n d  f a l l ,  t h a n  d u r i n g  

w i n t e r  t h r o u g h  b r e e d i n g  s e a s o n s .  

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

, e a c h  s u c c e s s i o n a l  s t a g e .  D u r i n g  t h e  b r e e d i n g  s e a s o n ,  t h e  



m o s t  a b u n d a n t  b i r d s  i n  t h e  s h r u b  s t a g e s  w e r e  r u f o u s - s i d e d  

t o w h e e s ,  N a s h v i l l e  w a r b l e r s ,  a n d  d a r k- e y e d  j u n c o s ,  a n d  i n  

t h e  f o r e s t e d  s t a g e s  w e r e  h e r m i t  w a r b l e r s ,  c h e s t n u t - b a c k e d  

c h i c k a d e e s ,  d a r k- e y e d  j u n c o s ,  a n d  brown c r e e p e r s .  T h e  

l a t e  s h r u b / s a p l i n g  s t a g e  showed t h e  l o w e s t  d o m i n a n c e  by 

t h e  2 m o s t  a b u n d a n t  s p e c i e s ,  a n d  t h e  g r a s s / f o r b  s t a g e  

showed  t h e  h i g h e s t .  I n  e a c h  s u c c e s s i o n a l  s t a g e ,  t h e  

l o w e s t  d e g r e e  o f  s p e c i e s  d o m i n a n c e  o c c u r r e d  d u r i n g  

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

d u r i n g  w i n t e r  a n d  s p r i n g .  

C o r r e l a t i o n s  o f  b i r d  d e n s i t i e s  w i t h  v e g e t a t i o n  a n d  

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

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

s p e c i e s  i n  t h e  l a t e  s h r u b / s a p l i n g  a n d  medium s a w t i m b e r  

s t a g e s .  P r e s e n c e  a n d  d e n s i t y  o f  d e c i d u o u s  f o l i a g e  a n d  

h a r d w o o d  s t e m s ,  a n d  t h e  a c r o s s - g r o u n d  p a t c h i n e s s  o f  s h r u b  

c o v e r ,  a c c o u n t e d  f o r  t h e  a b u n d a n c e  p a t t e r n s  o f  a  number  o f  

o t h e r  s p e c i e s .  S p e c i e s  p o s i t i v e l y  a s s o c i a t e d  w i t h  s h r u b  

p a t c h i n e s s  w e r e  s p e c i e s  t h a t  o f t e n  f o r a g e d  o n  open  g r o u n d  

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

p a t c h i n e s s  i n c l u d e d  s p e c i e s  t h a t  o f t e n  f o r a g e d  w i t h i n  

d e n s e  s h r u b  f o l i a g e ,  w i t h i n  t r e e  f o l i a g e ,  o r  on t h e  g r o u n d  

b u t  w i t h i n  d e n s e  s h r u b  c o v e r .  S e a s o n a l  c h a n g e s  i n  h a b i t a t  

a f f i n i t i e s  o f  a  f e w  s p e c i e s  may h a v e  r e l a t e d  t o  c h a n g e s  i n  

s p e c i e s '  r e q u i r e m e n t s  o r  t o  e l e v a t i o n a l  d i s t r i b u t i o n s .  



I n t e r p r e t a t i o n s  o f  m u l t i p l e  l i n e a r  r e g r e s s i o n s  

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

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

t h e  i n t e r p r e t a t i o n s  o f  a s s o c i a t i n g  b i r d  d e n s i t i e s  w i t h  

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

M o s t  r e g r e s s i o n s  a c c o u n t e d  f o r  l e s s  t h a n  5 0  p e r c e n t  o f  t h e  

v a r i a t i o n  o f  e s t i m a t e d  s p e c i e s '  d e n s i t i e s .  L i t t l e  

a d d i t i o n a l  v a r i a t i o n  i n  b i r d  d e n s i t i e s  was c o n s i s t e n t l y  

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

mean o f  2 5  p e r c e n t  o f  a d d i t i o n a l  v a r i a t i o n  a c c o u n t e d  f o r  

i n  o n l y  2 9  p e r c e n t  o f  a l l  s p e c i e s  a s s e s s e d .  H o w e v e r ,  

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

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

d i s t a n c e  t o  p e r m a n e n t  w a t e r  o r  t o  t h e  n e x t  n e a r e s t  s i m i l a r  

h a b i t a t  t y p e .  F u r t h e r  s t u d i e s  w o u l d  b e  n e c e s s a r y  t o  m o r e  

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

h a b i t a t  p a t c h e s  o n  b i r d  d i s t r i b u t i o n  a n d  a b u n d a n c e .  

T h e  m a j o r i t y  o f  t h e  7 3  c o m m o n l y  o b s e r v e d  b i r d  s p e c i e s  

were l o c a l l y - b r e e d i n g  l a t i t u d i n a l  m i g r a n t s ,  f o l l o w e d  i n  

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

m i g r a n t s ,  a n d  o n e  n o m a d i c  s p e c i e s .  M o s t  o f  t h e  18 r a r e l y  

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

m o v e d  u p s l o p e  b r i e f l y  d u r i n g  summer a n d  e a r l y  f a l l .  T h e  

l a t i t u d i n a l  m i g r a n t s  were o f t e n  o p e n - n e s t i n g ,  

i n s e c t i v o r o u s  a e r i a l -  o r  f o l i a g e - g l e a n e r s ,  a n d  were 

c o m m o n l y  o b s e r v e d  d u r i n g  s u r v e y s  i n  e a r l y  s u c c e s s i o n a l  



( s h r u b  s t a g e )  h a b i t a t .  I n  c o n t r a s t ,  p e r m a n e n t  r e s i d e n t s  

i n c l u d e d  m o s t  c a v i t y  n e s t e r s  a n d  w e r e  o b s e r v e d  m o r e  o r  

l e s s  e q u a l l y  t h r o u g h o u t  a l l  s u c c e s s i o n a l  s t a g e s .  



C o m m u n i t y  C o m p o s i t i o n  P a r a m e t e r s  P a t t e r n s  

B i r d  S p e c i e s  R i c h n e s s ,  T o t a l  Dens i ty ' ,  a n d  D i v e r s i t y  

B i r d  s p e c i e s  r i c h n e s s .  I n  e a c h  o f  t h e  s u c c e s s i o n a l  

s t a g e s ,  s p e c i e s  r i c h n e s s  ( n u m b e r  o f  s p e c i e s )  a t  VCP c o u n t  

p o i n t s  r e a c h e d  a maximum d u r i n g  t h e  b r e e d i n g  s e a s o n  ( F i g .  

13). L o w e s t  r i c h n e s s  v a l u e s  o c c u r r e d  d u r i n g  w i n t e r  o r  

s p r i n g  s e a s o n s .  Low r i c h n e s s  v a l u e s  d u r i n g  s p r i n g  w e r e  

e x p e c t e d ,  b e c a u s e  many l a t i t u d i n a l  m i g r a n t s  d i d  n o t  a p p e a r  

i n  t h e  s t u d y  a r e a  u n t i l  t h e  b r e e d i n g  s e a s o n .  T h e  3 s h r u b  

s t a g e s  s h o w e d  g r e a t e r  v a r i a t i o n  i n  s p e c i e s  r i c h n e s s  o v e r  

a l l  s e a s o n s  t h a t  d i d  t h e  2 f o r e s t e d  s t a g e s ,  i n  p a r t  o w i n g  

t o  t h e  l a t i t u d i n a l  m i g r a n t  s p e c i e s  t h a t  a d d e d  t o  t h e  mean 

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

f o r e s t e d  s t a g e s ,  d u r i n g  b r e e d i n g  t h r o u g h  f a l l  s e a s o n s .  

T h e  h i g h e s t  v a l u e s  o f  mean s p e c i e s  r i c h n e s s  o c c u r r e d  

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

b r e e d i n g  s e a s o n ,  a n d  t h e  l o w e s t  o c c u r r e d  i n  t h e  g r a s s / f o r b  

s t a g e  d u r i n g  t h e  w i n t e r  s e a s o n .  D o u b t l e s s ,  t h e  l o w  

r i c h n e s s  l e v e l s  d u r i n g  w i n t e r  i n  t h e  g r a s s / f o r b  s t a g e  w e r e  

r e l a t e d  t o  t h e  l a c k  o f  c o v e r  f o u n d  o n  m o s t  g r a s s / f o r b  

s t u d y  s i t e s .  S p e c i e s  r i c h n e s s  d u r i n g  t h e  b r e e d i n g  s e a s o n  

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

m i g r a t i o n  s e a s o n ,  i n  a1  1 s u c c e s s i o n a l  s t a g e s .  T h e  

i n c r e a s e  may  h a v e  b e e n  i n  p a r t  b e c a u s e  o f  t h e  g r e a t e r  

d e t e c t a b i l i t y  d u r i n g  t h e  b r e e d i n g  t h a n  d u r i n g  t h e  

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



s p e c i e s .  However ,  p a t t e r n s  o f  e x p e c t e d  s p e c i e s  

p r e s e n c e  b a s e d  o n  m i g r a t i o n  s t a t u s  ( T a b l e  1 4 ,  A p p e n d i x  4 )  

c o n c u r r e d  w i t h  t h e  l o w  s p r i n g  r i c h n e s s  l e v e l s ,  s u g g e s t i n g  

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

b r e e d i n g  s e a s o n s  were r e a l .  

More  s p e c i e s  a t t a i n e d  t h e i r  h i g h e s t  d e n s i t y  i n  t h e  

l a t e  s h r u b / s a p l i n g  s t a g e  t h a n  i n  a l l  o t h e r  s t a g e s ,  

t h r o u g h o u t  a l l  s e a s o n s  e x c e p t  s p r i n g  ( F i g .  14). I n  

c o n t r a s t ,  f e w e s t  s p e c i e s  had  h i g h e s t  d e n s i t i e s  i n  t h e  

g r a s s / f o r b  s t a g e  i n  a l l  s e a s o n s  e x c e p t  s p r i n g .  D u r i n g  t h e  

b r e e d i n g  s e a s o n ,  g r a s s / f o r b  a n d  p o l e  s t a g e s  had  t h e  l o w e s t  

number o f  s p e c i e s  w i t h  m o d a l  d e n s i t y  v a l u e s ,  b u t  t h i s  

p a t t e r n  c o m p l e t e l y  r e v e r s e d  d u r i n g  s p r i n g .  D u r i n g  summer, 

m o d a l  s p e c i e s  r i c h n e s s  d e c l i n e d  i n  t h e  medium s a w t i m b e r  

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

r i c h n e s s  l e v e l s  d u r i n g  t h e  b r e e d i n g  s e a s o n .  

Many o f  t h e s e  p a t t e r n s  o f  m o d a l  s p e c i e s  r i c h n e s s  

a c r o s s  s u c c e s s i o n a l  s t a g e s  a n d  s e a s o n s  c a n  b e  e x p l a i n e d  by 

m i g r a t i o n  movemen t s  o f  i n d i v i d u a l  s p e c i e s  a n d  by t h e  

s h i f t s  o f  i n d i v i d u a l  s p e c i e s '  d e n s i t i e s  among s u c c e s s i o n a l  

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

w i n t e r  w r e n ,  w h i c h  a v e r a g e d  h i g h e s t  d e n s i t y  i n  t h e  medium 

s a w t i m b e r  s t a g e  d u r i n g  b r e e d i n g  and  summer s e a s o n s ,  a n d  i n  

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



R e g r e s s i o n s  of  s p e c i e s  r i c h n e s s  a g a i n s t  v e g e t a t i o n  

a n d  h a b i t a t  p r i n c i p l e  componen t  f a c t o r  s c o r e s  r e v e a l e d  

t h a t  s p e c i e s  r i c h n e s s  i n  t h e  3  s h r u b  s t a g e s  c o n s i s t e n t l y  

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

v o l u m e  i n  b o t h  b r e e d i n g  a n d  w i n t e r  s e a s o n s .  F o l i a g e  

v o l u m e  a c c o u n t e d  f o r  28 ,  4 8 ,  a n d  54 p e r c e n t  ( a d j u s t e d  

2 R ' s )  o f  t h e  v a r i a t i o n  o f  s p e c i e s  r i c h n e s s  i n  t h e  s h r u b  

s t a g e s  d u r i n g  b r e e d i n g  1 9 8 2 ,  w i n t e r  1 9 8 2 ,  a n d  w i n t e r  1 9 8 3  

s e a s o n s ,  r e s p e c t i v e l y .  No o t h e r  v e g e t a t i o n  a n d  h a b i t a t  

f a c t o r  s i g n i f i c a n t l y  e n t e r e d  i n t o  t h e  s t e p w i s e  r e g r e s s i o n  

e q u a t i o n s  o f  s p e c i e s  r i c h n e s s .  

I n  t h e  two f o r e s t e d  s t a g e s ,  t h e  o n l y  v e g e t a t i o n  a n d  

h a b i t a t  f a c t o r  t h a t  a c c o u n t e d  f o r  s p e c i e s  r i c h n e s s  per se  

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

s t e m s  a c c o u n t e d  f o r  3 0  p e r c e n t  o f  t h e  v a r i a t i o n  o f ,  a n d  

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

f o r e s t e d  s t a g e s .  

S p e c i e s  r i c h n e s s  was s i g n i f i c a n t l y  a n d  c o n s i s t e n t l y  

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

s t a n d  a r e a  ( p o s i t i v e  c o r r e l a t i o n s )  i n  t h e  3  s h r u b  s t a g e s  

d u r i n g  b r e e d i n g  and  w i n t e r  s e a s o n s .  T h e s e  a s s o c i a t i o n s  

a r o s e  b e c a u s e  g r a s s / f o r b  s t a n d s  u s u a l l y  had  l o w e r  n u m b e r s  

o f  s p e c i e s ,  a n d ,  owing  t o  r e c e n t  t i m b e r  h a r v e s t  p r a c t i c e s ,  

were s i t u a t e d  on s t e e p e r ,  u p p e r  r i d g e  s l o p e  p o s i t i o n s  a n d  

w e r e  s m a l l e r  i n  a r e a  t h a n  t h e  e a r l y  a n d  l a t e  s h r u b / s a p l i n g  

s t a n d s .  E x c l u d i n g  t h e  g r a s s / f o r b  s t a g e ,  a s s o c i a t i o n s  



b e t w e e n  s p e c i e s  r i c h n e s s  a n d  s l o p e  o r  a r e a  b e c a m e  

n o n s i g n i f i c a n t .  T h u s ,  w h a t  f i r s t  a p p e a r e d  a s  s t r o n g  

s p e c i e s - s l o p e  a n d  s p e c i e s - a r e a  r e l a t i o n s h i p s  w e r e  

e x p l a i n a b l e ,  a t  l e a s t  w i t h i n  t h e  r a n g e  o f  s t a n d  s i z e s  

s u r v e y e d  i n  t h i s  s t u d y ,  b y  t h e  n o n- r a n d o m  " a l l o c a t i o n "  o f  

s u c c e s s i o n a l  s t a g e s  t o  p a r t i c u l a r  s l o p e  l o c a t i o n s .  

I n  t h e  f o r e s t e d  s t a g e s ,  n o  t o p o p h y s i o g r a p h i c  

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

d u r i n g  t h e  w i n t e r  s e a s o n s ,  a n d  o n l y  s l o p e  a n g l e  

s i g n i f i c a n t l y  ( s i m p l e  r = - 0 . 4 1 ,  P = 0.03, n  = 2 6 )  

a s s o c i a t e d  w i t h  s p e c i e s  r i c h n e s s  d u r i n g  t h e  b r e e d i n g  

s e a s o n .  S p e c i e s  r i c h n e s s  was n e g a t i v e l y  a s s o c i a t e d  w i t h  

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

w i n t e r  1 9 8 3  i n  t h e  3 s h r u b  s t a g e s  ( r  = - 0 . 7 1 ,  P < 0.001,  n  

= 1 7 ) .  T h e  l a c k  o f  c o n s i s t e n c y  o f  t h i s  a s s o c i a t i o n  a c r o s s  

o t h e r  s e a s o n s  o r  s t a g e s  s u g g e s t e d  a w e a k  r e l a t i o n s h i p  o f  

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

T o t a l  d e n s i t y .  Mean t o t a l  d e n s i t y  o f  a l l  s p e c i e s  a t  

VCP c o u n t  p o i n t s  w a s  g e n e r a l l y  l o w e r  i n  t h e  g r a s s / f o r b  

s t a g e  t h a n  i n  a l l  o t h e r  s t a g e s  t h r o u g h o u t  a l l  s e a s o n s  

( F i g .  15). L o w e s t  t o t a l  d e n s i t y  w a s  o b s e r v e d  i n  t h e  

g r a s s / f o r b  s t a g e  d u r i n g  w i n t e r .  H i g h e s t  t o t a l  d e n s i t y  

o c c u r r e d  d u r i n g  f a l l  m i g r a t i o n  i n  t h e  e a r l y  a n d  l a t e  

s h r u b / s a p l i n g  s t a g e s .  O v e r a l l ,  t h e  g r a s s / f o r b  s t a g e  h a d  



l o w e s t  t o t a l  d e n s i t i e s  o f  a l l  s u c c e s s i o n a l  s t a g e s  

t h r o u g h o u t  m o s t  s e a s o n s .  

T o t a l  d e n s i t i e s  were l o w e r  i n  t h e  f o r e s t e d  s t a g e s  

t h a n  i n  t h e  s h r u b  s t a g e s  d u r i n g  t h e  b r e e d i n g  s e a s o n ,  b u t  

were h i g h e r  d u r i n g  w i n t e r .  A g a i n ,  t h i s  p a t t e r n  s u g g e s t s  

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

d i f f e r e n t  e c o l o g i c a l  r o l e s ,  s o  t o  s p e a k ,  a t  d i f f e r e n t  

t i m e s  o f  t h e  y e a r .  F o r  e x a m p l e ,  many p e r m a n e n t  r e s i d e n t  

s p e c i e s  h a d  h i g h e r  d e n s i t i e s  i n  f o r e s t e d  s t a g e s  t h a n  i n  

s h r u b  s t a g e s  d u r i n g  t h e  w i n t e r ,  b u t  t h e  s h r u b  s t a g e s  

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

l a t i t u d i n a l  a n d  e l e v a t i o n a l  m i g r a n t  s p e c i e s .  T h e  

s u c c e s s i o n a l  s t a g e  w h i c h  o f t e n  h e l d  t h e  l o w e s t  number  o f  

s p e c i e s  a n d  t h e  l o w e s t  t o t a l  s p e c i e s  d e n s i t i e s  -- t h e  

g r a s s / f o r b  s t a g e  -- h a d  t h e  h i g h e s t  number  o f  m o d a l l y  

a b u n d a n t  s p e c i e s  o n l y  d u r i n g  s p r i n g  m i g r a t i o n .  

S p e c i e s  divers it^. B i r d  s p e c i e s  d i v e r s i t y  ( S h a n n o n  

a n d  W e a v e r  1949)  was g e n e r a l l y  h i g h e s t  d u r i n g  b r e e d i n g  o r  

summer  s e a s o n s  a n d  l o w e s t  d u r i n g  w i n t e r  o r  s p r i n g  s e a s o n s ;  

a n d  w a s  g e n e r a l l y  h i g h e r  o r  e q u a l  i n  t h e  e a r l y  a n d  l a t e  

s h r u b / s a p l i n g  s t a g e s  as  c o m p a r e d  w i t h  t h e  f o r e s t e d  s t a g e s ,  

a n d  l o w e s t  i n  t h e  g r a s s / f o r b  s t a g e  ( F i g .  16). A s  w i t h  

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

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

S h a n n o n- W e i n e r  d i v e r s i t y  i n d e x  i s  s e n s i t i v e  t o  b o t h  

s p e c i e s  r i c h n e s s  ( F i g .  13) a n d  s p e c i e s  d o m i n a n c e  ( F i g .  



1 4 ) ,  the similarity of patterns between species richness 

and species diversity is not surprising. 

Classification of Bird Assemblages 

similar it^ of bird assemblages among successional 

stages. Much of the above discussion on patterns of 

species richness, density, and diversity needs to be 

viewed in light of bird species composition of the 

different successional stages. Not surprisingly, the most 

similar stages in terms of species composition and 

species-specific densities were the early and late 

shrub/sapling stages, and also the pole and medium 

sawtimber stages (Table 15). The least similar stages 

often were the grasslforb as compared with either the pole 

or medium sawtimber stages. The grasslforb stage showed a 

monotonic or near-monotonic decrease in similarity with 

the early shrub/sapling through the medium sawtimber 

stages, respectively, through all seasons. 

The 3 shrub stages were more similar to one another 

during summer and fall seasons, than during winter through 

breeding seasons, especially during spring. Contrariwise, 

the 2 forested stages generally were more similar to one 

another during the winter and breeding seasons than during 

spring and summer seasons. The greatest similarity in 

bird assemblages between the shrub and forested stages 

occurred during breeding and summer seasons, and the 



g r e a t e s t  d i s s i m i l a r i t y  o c c u r r e d  b e t w e e n  w i n t e r  a n d  s p r i n g .  

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

among,  and  s i m i l a r i t y  b e t w e e n ,  s t a g e s  v a r i e d  s t r o n g l y  by 

s e a s o n ,  a n d  t h a t  a n y  o n e  s e a s o n  d o e s  n o t  n e c e s s a r i l y  

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

o t h e r  s e a s o n s .  

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

c l a s s i f i c a t i o n  o f  b i r d  s p e c i e s  by s e a s o n  ( F i g .  1 7 )  

r e v e a l e d  t h e  f o l l o w i n g  p a t t e r n s :  I n  e a c h  s e a s o n ,  s p e c i e s  

a s s o c i a t e d  m o r e  w i t h  s h r u b  s t a g e s  c o n s i s t e n t l y  s e g r e g a t e d  

f r o m  s p e c i e s  a s s o c i a t e d  more  w i t h  f o r e s t  s t a g e s .  F o r  

e x a m p l e ,  d u r i n g  t h e  b r e e d i n g  s e a s o n ,  t h e  two m a i n  c l u s t e r s  

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

l o w  d e g r e e  o f  s i m i l a r i t y .  The s h r u b  s p e c i e s  c l u s t e r  

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

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

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

f o r e s t  s p e c i e s  c l u s t e r  f u r t h e r  s p l i t  i n t o  s p e c i e s  f o u n d  i n  

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

f o r e s t  s t a g e s .  A t  e v e n  l o w e r  d i s s i m i l a r i t y  l e v e l s ,  t h e s e  

c l u s t e r s  f u r t h e r  d i f f e r e n t i a t e d  a c c o r d i n g  t o  w i t h i n - s t a g e  

d i s t r i b u t i o n a l  p a t t e r n s .  F o r  i n s t a n c e ,  c a l l i o p e  

h u m m i n g b i r d s ,  c h i p p i n g  s p a r r o w s ,  f o x  s p a r r o w s ,  a n d  

m o u n t a i n  c h i c k a d e e s  became a  d i s t i n c t  c l u s t e r ,  a s  t h e s e  



f o u r  s p e c i e s  w e r e  commonly o b s e r v e d  i n  t h e  same s t a n d s  o f  

t h e  l a t e  s h r u b / s a p l i n g  s t a g e .  

C l a s s i f i c a t i o n s  o f  s p e c i e s  a c r o s s  t h e  s e a s o n s  

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

p o i n t s i n  f o r e s t  s t a g e s  w e r e  m o r e  a l i k e  t h a n  t h e  b i r d  

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

A l s o ,  d i s s i m i l a r i t y  l e v e l s  w e r e  h i g h e r  ( s i m i l a r i t y  was  

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

b r e e d i n g  a n d  summer s e a s o n s  t h a n  d u r i n g  o t h e r  t i m e s  o f  t h e  

y e a r .  A s  e v i d e n c e d  by c h a n g e s  o f  d i s s i m i l a r i t y  l e v e l s  

o v e r  s e a s o n s ,  b i r d  a s s e m b l a g e s  t e n d e d  t o  v a r y  more  i n  

s h r u b  s t a g e s  t h a n  i n  f o r e s t  s t a g e s .  T h i s  i s  n o t  

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

d e n s i t y  c o n t r i b u t e d  by l a t i t u d i n a l  m i g r a n t s  i n  t h e  s h r u b  

s t a g e s  t h a n  i n  t h e  f o r e s t  s t a g e s  d u r i n g  summer a n d  f a l l .  

Cody (1974)  d e f i n e d  " c o r e  s p e c i e s "  i n  a  

c l a s s i f i c a t i o n  a s  t h o s e  s p e c i e s  t h a t  i n i t i a t e  a  c l u s t e r  o r  

j o i n  i t  a t  h i g h  s i m i l a r i t y  l e v e l s ,  t h e r e b y  t y p i f y i n g  a  

p a r t i c u l a r  c l u s t e r .  C o r e  s p e c i e s  t y p i c a l l y  a r e  commonly 

o c c u r r i n g  s p e c i e s ,  a n d  show l a r  
- . . .  - L -  

. 
r e s t  o f  t h e  communi ty .  I n  t h e  

s p e c i e s  i n c l u d e d  w e s t e r n  wood 

t h e  g r a s s l f o r b  s t a g e  c l u s t e r ,  

N a s h v i l l e  w a r b l e r ,  M a c G i l l i v r q  
I 
! 

s i d e d  t o w h e e  i n  t h e  l a t e  s h r u b 4  
I 

d u r i n g  t h e  b r e e d i n g  s e a s o n  ( F i /  
I 
i 



e y e d  j u n c o ,  a n d  f o x  s p a r r o w  d u r i n g  b o t h  w i n t e r  s e a s o n s  

( F i g .  1 7 g , h ;  n o  g r a s s / f o r b  s p e c i e s  c l u s t e r  was e v i d e n t  

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

g r a s s / f o r b  s p e c i e s  c l u s t e r  g e n e r a l l y  showed n e g a t i v e  

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

d e n s i t y  o f  s a p l i n g  o r  p o l e  s i z e  s o f t w o o d s  and  h a r d w o o d s ,  

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

c l u s t e r  showed p o s i t i v e  a s s o c i a t i o n s  w i t h  t o t a l  s h r u b  

f o l i a g e  v o l u m e  a n d  v e g e t a t i o n  h e i g h t  ( T a b l e  11) .  

I n  t h e  f o r e s t  s p e c i e s  c l u s t e r ,  c o r e  s p e c i e s  i n c l u d e d  

c h e s t n u t - b a c k e d  c h i c k a d e e ,  s o l i t a r y  v i r e o ,  h e r m i t  w a r b l e r ,  

a n d  w e s t e r n  t a n a g e r  d u r i n g  t h e  b r s e d i n g  s e a s o n  ( F i g .  1 7 b ) ;  

a n d  c h e s t n u t - b a c k e d  c h i c k a d e e ,  brown c r e e p e r ,  g o l d e n -  

c r o w n e d  k i n g l e t ,  a n d  w i n t e r  wren  d u r i n g  b o t h  w i n t e r  

s e a s o n s  ( F i g .  1 7 g , h ) .  T h e s e  f o r e s t  c o r e  s p e c i e s  t y p i c a l l y  

showed p o s i t i v e  a s s o c i a t i o n s  w i t h  d e n s i t y  o f  medium t o  

l a r g e  d i a m e t e r  s o f t w o o d  s t e m s ,  and  n e g a t i v e  a s s o c i a t i o n s  

w i t h  f o l i a g e  v o l u m e  of  v e g e t a t i o n  < 2 m t a l l  a n d  w i t h  

d e n s i t y  o f  s m a l l  t o  medium d i a m e t e r  ha rdwood  s t e m s  ( T a b l e  

11) .  A d d i t i o n a l l y ,  d u r i n g  t h e  w i n t e r  s e a s o n ,  f o r e s t  c o r e  

s p e c i e s  w e r e  p o s i t i v e l y  a s s o c i a t e d  w i t h  v o l u m e  o f  down 

wood a n d  d e n s i t y  o f  s n a g s  > 40 cm dbh. 

F e d e r a l  l e g i s l a t i o n  -- s p e c i f i c a l l y ,  t h e  N a t i o n a l  

F o r e s t  Management  A c t  o f  1 9 7 6  -- m a n d a t e d  t h e  u s e  o f  

w i l d l i f e  " i n d i c a t o r  s p e c i e s "  i n  N a t i o n a l  F o r e s t  p l a n n i n g  



a n d  m o n i t o r i n g .  S e l e c t i o n  o f  s p e c i e s  t o  " i n d i c a t e "  

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

i s  p r o b l e m a t i c  (Mannan  e t  a l . ,  i n  p r e s s ) .  H o w e v e r ,  w h i l e  

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

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

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

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

c o m p o n e n t s  (e.g., s n a g  d e n s i t y )  f o u n d  t h e r e i n .  

I m p o r t a n t l y ,  d i f f e r e n t  s p e c i e s  may t a k e  t h e  r o l e  o f  c o r e  

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

n e e d  t o  b e  c o n s i d e r e d  i n  t o t o .  S t i l l ,  t h e  i n f e r e n c e  t h a t  

p o p u l a t i o n  l e v e l s  o f  c o r e  s p e c i e s  w i l l  r e f l e c t  s p e c i f i c  

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

w o u l d  r e q u i r e  e x p l i c i t  f i e l d  v a l i d a t i o n .  

A t  t h e  o t h e r  e x t r e m e  i n  a c l a s s i f i c a t i o n ,  " f r i n g e "  

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

j o i n  c l u s t e r s  a t  l o w  s i m i l a r i t y  l e v e l s  o r  t a g  o n t o  

c l u s t e r s  a s  s p e c i a l i s t s .  F r i n g e  s p e c i e s  t y p i c a l l y  a r e  

u n r e p r e s e n t a t i v e  o f  o t h e r  s p e c i e s ,  show l o w  c o m m u n i t y  

o v e r l a p ,  a n d  may b e  uncommon i n  a b u n d a n c e .  F r i n g e  s p e c i e s  

w o u l d  b e  p o o r  c a n d i d a t e s  f o r  u s e  a s  i n d i c a t o r  s p e c i e s .  

F r i n g e  s p e c i e s  i n c l u d e d  b u s h t i t ,  b a n d - t a i l e d  p i g e o n ,  p i n e  

s i s k i n ,  a n d  m o u n t a i n  c h i c k a d e e  i n  t h e  s h r u b  s t a g e s ,  a n d  

common r a v e n ,  Hammond's f l y c a t c h e r ,  r e d - b r e a s t e d  n u t h a t c h ,  

a n d  v a r i e d  t h r u s h  i n  t h e  f o r e s t e d  s t a g e s .  



Habitat Niche Breadth and Mean Community 
Overlap of Resident Species 

Habitat niche breadth. Habitat niche breadth -- the 
distributional pattern of a species across study sites and 

successional stages -- was lowest during summer and 

highest during spring, as averaged over all species by 

season (Fig. 18). This pattern suggested that, on the 

average, species had the most restricted distributions 

across study stands and successional stages during summer, 

and the widest distribution during spring migration. 

However, seasonal patterns of habitat niche breadth 

differed greatly between species. 

Among permanent residents, species highly associate? 

with shrub stages generally had lowest measures of habitat 

niche breadth during winter, and highest measures during 

breeding, summer or fall (Fig. 19). Conversely, species 

highly associated with forest stages had rather equable 

measures of habitat niche breadth across seasons, such as 

chestnut-backed chickadee, or had lowest measures during 

breeding or summer and highest measures during winter, 

such as golden-crowned kinglet. 

The contrasting seasonal patterns of habitat niche 

breadth between shrub stage specialists and forest stage 

specialists were accounted for by the distributions of 

species among seesons and stages. Shrub stage specialists 

were more restricted in distribution during winter than 



n o n- w i n t e r  s e a s o n s .  F o r  e x a m p l e ,  d a r k- e y e d  j u n c o s  a n d  

p u r p l e  f i n c h e s  had  l o w e s t  d e n s i t i e s  d u r i n g  t h e  w i n t e r ,  a n d  

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

and  l a t e  s h r u b / s a p l i n g  s t a g e s .  On t h e  o t h e r  h a n d ,  f o r e s t  

s t a g e  s p e c i a l i s t s  w e r e  e i t h e r  more  o r  l e s s  e q u a l l y  

a b u n d a n t  t h r o u g h o u t  s e a s o n s  (e.g., b rown c r e e p e r s )  o r  t h e y  

i n c r e a s e d  i n  a b u n d a n c e  and  i n c r e a s e d  t h e  number  o f  

s u c c e s s i o n a l  s t a g e s  u s e d  d u r i n g  w i n t e r  a s  compared  w i t h  

n o n- w i n t e r  s e a s o n s  (e.g., g o l d e n- c r o w n e d  k i n g l e t s ) .  

H i g h e r  a b u n d a n c e s  o f  g o l d e n- c r o w n e d  k i n g l e t s  d u r i n g  w i n t e r  

may h a v e  o c c u r r e d  b e c a u s e  o f  t h e  a d d i t i o n  t o  l o c a l  
>\>< 

p o p u l a t i o n s  f r o m  i n d i v i d u a l s  m o v i n g  i n t o  t h e  a r e a  f r o m  

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

Mean h a b i t a t  n i c h e  b r e a d t h  w a s  s i g n i f i c a n t l y  ( P  < 

0.05) a n d  n e g a t i v e l y  c o r r e l a t e d  w i t h  b i r d  s p e c i e s  r i c h n e s s  

a t  e a c h  VCP c o u n t  p o i n t  i n  a l l  s e a s o n s  ( a v e r a g e  r = -0.65) 

e x c e p t  s p r i n g  ( s p r i n g  r = - 0.17 ,  P = 0.3,  n = 2 3 ) .  

S i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  b e t w e e n  n i c h e  b r e a d t h  

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

a s  s u g g e s t i n g  n i c h e  p a c k i n g  (McNaughton  a n d  Wolf  1970) ,  

w h e r e b y  a h i g h e r  number o f  s p e c i e s  p r e s e n t  o n  a  s i t e  

c a u s e s  a  n a r r o w i n g  o f  s p e c i e s - s p e c i f i c  u s e  a l o n g  some 

r e s o u r c e  g r a d i e n t ( s ) ,  r e f l e c t e d  i n  l o w e r  v a l u e s  o f  t h e  

n i c h e  b r e a d t h  m e a s u r e .  

V a l u e s  o f  mean h a b i t a t  n i c h e  b r e a d t h  w e r e  r e g r e s s e d  

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



(F ig .  20) .  A l l  r e g r e s s i o n  l i n e s  had  n e g a t i v e  and  n e a r l y  

i d e n t i c a l  s l o p e s ,  a n d  s u g g e s t e d  t h a t  s p e c i e s '  a b u n d a n c e s  

w e r e  more  e q u i t a b l y  d i s t r i b u t e d  a c r o s s  s t u d y  s i t e s  when 

s p e c i e s  r i c h n e s s  w a s  l o w  a s  compared  t o  when s p e c i e s  

r i c h n e s s  was  h i g h .  T h e  r e g r e s s i o n  l i n e  o f  w i n t e r  1 9 8 2  was 

s u b s t a n t i a l l y  s t e e p e r  t h a n  t h e  o t h e r  s e a s o n s ' ,  o w i n g  i n  

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

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

s t u d y  s i t e  d u r i n g  t h a t  s e a s o n .  V a g a r i e s  o f  s a m p l i n g ,  

w e a t h e r ,  o r  s p e c i e s  o c c u r r e n c e  may h a v e  i n f l u e n c e d  t h e  

r e l a t i v e l y  h i g h  v a l u e s  of mean h a b i t a t  n i c h e  b r e a d t h  i n  

t h o s e  g r a s s / f o r b  s i t e s .  E l i m i n a t i n g  t h e  g r a s s / f o r b  s t a g e  

f r o m  t h e  w i n t e r  1 9 8 2  r e g r e s s i o n  a n a l y s i s  d e c r e a s e d  t h e  

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

s e a s o n s .  

T h e  s p r i n g  s e a s o n  was u n u s u a l  i n  s e v e r a l  r e s p e c t s .  

T h e  s p r i n g  s e a s o n  w a s  t h e  s h o r t e s t i n  d u r a t i o n  o f  a l l  5 

a v i a n  s e a s o n s ,  h a d  t h e  l o w e s t  s p e c i e s  r i c h n e s s  l e v e l s  i n  

mos t  o f  t h e  s u c c e s s i o n a l  s t a g e s ,  and  a v e r a g e d  t h e  h i g h e s t  

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

S e v e r a l  common s p e c i e s ,  n o t a b l y  w i n t e r  w r e n  a n d  g o l d e n -  

c rowned  k i n g l e t ,  s e e m e d  l e s s  t i e d  t o  s p e c i f i c  s i t e s  and  

s u c c e s s i o n a l  s t a g e s  a n d  t h e r e f o r e  had  b r o a d e r  

d i s t r i b u t i o n s  d u r i n g  s p r i n g  t h a n  d u r i n g  o t h e r  s e a s o n s .  

However ,  a  number o f  s p e c i e s ,  e s p e c i a l l y  p e r m a n e n t  



r e s i d e n t s  a n d  l a t e  l a t i t u d i n a l  m i g r a n t s ,  p r o b a b l y  d i d  n o t  

r e c o g n i z e  s p r i n g  a s  a  d i s t i n c t l y  s e p a r a t e  s e a s o n ,  a n d  

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

b e t t e r  i n t e r p r e t e d  a s  t h o s e  o f  l a t e  w i n t e r .  F u r t h e r ,  t h e  

n a r r o w  t ime b a n d  o f  t h e  s p r i n g  s e a s o n  a l l o w e d  s m a l l e r  

s a m p l e  s i z e s  t h a n  o t h e r  s e a s o n s ,  w h i c h  may h a v e  l e d  t o  

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

A s  p o i n t e d  o u t  by R i c e  e t  a l .  ( 1 9 8 0 ) ,  F r e t w e l l  ( 1 9 7 2 )  

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

s p e c i e s  t o  c h a n g e  o r  n a r r o w  t h e  r a n g e  o f  h a b i t a t s  u s e d  

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

g e n e r a l i z a t i o n ,  t h e  p r e d i c t i o n  may b e  made t h a t  r e s i d e n t  

b i r d  s p e c i e s  f a c i n g  w i n t e r  r e s o u r c e  s h o r t a g e s  may show 

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

R i c e  e t  a l .  ( 1 9 8 0 )  s u p p o r t e d  t h i s  h y p o t h e s i s  w i t h  t h e i r  

a n a l y s i s  o f  b i r d s  i n  t h e  Lower C o l o r a d o  R i v e r  V a l l e y .  

L i k e w i s e ,  t h e  a v e r a g e  t r e n d  i n  t h e  p r e s e n t  s t u d y  was f o r  

s p e c i e s  t o  h a v e  n a r r o w e s t  h a b i t a t  n i c h e  b r e a d t h s  d u r i n g  

summer.  

More s p e c i f i c a l l y ,  h o w e v e r ,  t h e  t r e n d  o f  p e r m a n e n t  

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

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

n o t  f o l l o w  F r e t w e l l ' s  ( 1 9 7 2 )  g e n e r a l i z a t i o n ,  a s s u m i n g  t h a t  

t h e  w i n t e r  s e a s o n  was t h e  m o s t  r e s o u r c e - r e s t r i c t e d .  

S e a s o n s  may h a v e  b e e n  t o o  b r o a d l y  d e f i n e d  i n  t h e  p r e s e n t  

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



b r e a d t h s  i m m e d i a t e l y  b e f o r e  t h e  w i n t e r  s e a s o n  ( v i z . ,  

d u r i n g  l a t e  f a l l ) .  

Mean c o m m u n i t y  o v e r l a p .  Mean c o m m u n i t y  o v e r l a p  -- 
t h e  s i m i l a r i t y  o f  t h e  d i s t r i b u t i o n  p a t t e r n  o f  a s p e c i e s  a s  

c o m p a r e d  w i t h  a l l  o t h e r  s p e c i e s  -- among t h o s e  s h r u b  s t a g e  

s p e c i a l i s t s  t h a t  were p e r m a n e n t  r e s i d e n t s  was l o w  d u r i n g  

w i n t e r  a n d  s p r i n g  s e a s o n s  a n d  h i g h  d u r i n g  b r e e d i n g  t h r o u g h  

f a l l  ( F i g .  21), m o r e  o r  l e s s  r e p e a t i n g  t h e  p a t t e r n  o f  

h a b i t a t  n i c h e  b r e a d t h  o v e r  s e a s o n s  ( F i g .  1 9 ) .  An 

e x c e p t i o n  w a s  f o x  s p a r r o w ,  w h i c h  h a d  h i g h e s t  mean  

c o m m u n i t y  o v e r l a p  d u r i n g  s p r i n g  1 9 8 2  b e c a u s e  o f  i t s  

u b i q u i t o u s  o c c u r r e n c e  i n  t h e  e a r l y  s h r u b / s a p l i n g  s t a g e  

d u r i n g  t h a t  s e a s o n .  

I n  c o n t r a s t ,  mean c o m m u n i t y  o v e r l a p  among p e r m a n e n t  

r e s i d e n t  f o r e s t  s t a g e  s p e c i a l i s t s  was f a i r l y  c o n s t a n t  

o v e r  s e a s o n s  ( F i g .  21) .  D u r i n g  w i n t e r  a n d  s p r i n g ,  l e v e l s  

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

s p e c i a l i s t s  were much h i g h e r  t h a n  l e v e l s  o f  o v e r l a p  o f  

t h e  s h r u b  s t a g e  s p e c i a l i s t s .  

The  f o l l o w i n g  i n t e r p r e t a t i o n  i s  o n e  e x p l a n a t i o n  o f  

t h e  p a t t e r n s  p r e s e n t e d  h e r e  o f  h a b i t a t  n i c h e  b r e a d t h  a n d  

mean c o m m u n i t y  o v e r l a p  o f  p e r m a n e n t  r e s i d e n t  s p e c i e s .  

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

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

s p e c i a l i s t s  were m o s t  w i d e l y  d i s t r i b u t e d  d u r i n g  b r e e d i n g  



t h r o u g h  f a l l  s e a s o n s .  However ,  d u r i n g  w i n t e r  a n d ,  i n  some 

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

c h a n g e d  i n  two ways:  t h e  r a n g e  o f  s i t e s  o r  s u c c e s s i o n a l  

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

n a r r o w e d  (mean h a b i t a t  n i c h e  b r e a d t h s  d e c r e a s e d ) ,  a n d  t h e y  

o c c u p i e d  d i f f e r e n t  s t a n d s  w i t h i n  s u c c e s s i o n a l  s t a g e s  (mean 

communi ty  o v e r l a p  d e c r e a s e d ) .  T h e s e  c h a n g e s  i n  

d i s t r i b u t i o n  may h a v e  been  i n  r e s p o n s e  t o  t h e  s e v e r i t y  of  

t h e  w i n t e r  h a b i t a t s  a n d  a  d e c r e a s e  i n  a v a i l a b l e  r e s o u r c e s  

i n  t h e  s h r u b  s t a g e  s i t e s .  A l s o ,  n a r r o w i n g  o f  s i t e s  u s e d  

by p e r m a n e n t  r e s i d e n t  s h r u b  s t a g e  s p e c i a l i s t s  may h a v e  

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

among s p e c i e s  d u r i n g  w i n t e r  t h a n  d u r i n g  summer,  a s  

r e p o r t e d  by Lewke ( 1 9 8 2 )  i n  f l o o d p l a i n  h a b i t a t  i n  

s o u t h e a s t e r n  W a s h i n g t o n .  F o r e s t  s t a g e  s p e c i a l i s t s ,  

h o w e v e r ,  w e r e  d i s t r i b u t e d  among s t u d y  s i t e s  e q u a l l y  

t h r o u g h o u t  s e a s o n s  o r  showed more  r e s t r i c t e d  d i s t r i b u t i o n s  

d u r i n g  t h e  b r e e d i n g  s e a s o n  t h a n  d u r i n g  w i n t e r ;  t h e y  d i d  

n o t  f u r t h e r  d i f f e r e n t i a t e  d u r i n g  w i n t e r  c o m p a r e d  t o  non- 

w i n t e r  s e a s o n s  as  t o  s i t e s  t h e y  o c c u r r e d  on. 

S h r u b  s t a g e  s p e c i a l i s t s  r e t r a c t e d  i n  d i s t r i b u t i o n  

t o  more  o p t i m a l  h a b i t a t s  ( " s o u r c e s , "  s e n s u  Wiens  a n d  

R o t e n b e r r y  1981)  d u r i n g  w i n t e r  a n d  i n v a d e d  s u b o p t i m a l  

h a b i t a t s  (" s inks" )  a s  w e a t h e r  a m e l i o r a t e d  a n d  r e s o u r c e  

l e v e l s  i n c r e a s e d .  I n  c o n t r a s t ,  f o r e s t  s t a g e  s p e c i a l i s t s  

e i t h e r  f o u n d  no  s u b s t a n t i a l  c h a n g e s  i n  r e s o u r c e  l e v e l s  o r  



severity of habitat over seasons, or were most restricted 

in distribution during the breeding season. Restrictions 

of distributions during the breeding season may have been 

related to the presence of latitudinal migrant species or 

to greater interspecific vying for resources in the 

breeding season than in other seasons in the forest 

stages. If this interpretation is correct, then why shrub 

stage specialists did not also restrict their 

distributions during the breeding and summer seasons in 

response to the presence of latitudinal migrants, as did 

the forest stage specialists, needs explanation. One 

possible explanation is that resource levels in the shrub 

stages during breeding and summer seasons were high enough 

to support both migrants and permanent residents without 

exclusion of species. 

Identifying "source" and "sink" habitats for managing 

various bird species may eventually aid in identifying 

adequate configurations of different habitat (successional 

or structural stage) patches across the landscape. 

Additional information must be acquired on species- 

specific dispersal, wandering, and migration (especially 

elevational) distances. 
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Summary: B i r d  Community S t r u c t u r e  

H i g h e s t  l e v e l s  o f  s p e c i e s  r i c h n e s s  o c c u r r e d  d u r i n g  

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

w i n t e r  o r  s p r i n g  s e a s o n s .  The  g r a s s / f o r b  s t a g e  was 

g e n e r a l l y  t h e  l e a s t  r i c h  o f  a l l  s t a g e s .  T h e  s h r u b  s t a g e s  

had  a  g r e a t e r  s e a s o n a l  v a r i a t i o n  o f  s p e c i e s  r i c h n e s s  t h a n  

d i d  t h e  f o r e s t  s t a g e s .  B i r d  s p e c i e s  r i c h n e s s  was 

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

i n  t h e  s h r u b  s t a g e s  d u r i n g  b o t h  b r e e d i n g  a n d  w i n t e r  

s e a s o n s .  S p e c i e s  r i c h n e s s  was n e g a t i v e l y  a s s o c i a t e d  w i t h  

d e n s i t y  o f  l a r g e  h a r d w o o d  s t e m s  i n  t h e  f o r e s t  s t a g e s  

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

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

t h e  w i n t e r  s e a s o n s .  S p e c i e s  r i c h n e s s  was  n o t  c o n s i s t e n t l y  

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

f o r e s t  s t a g e s ,  o n c e  e f f e c t s  f r o m  r e c e n t  t i m b e r  h a r v e s t  

p o l i c y  o n  s l o p e  l o c a t i o n  o f  s t u d y  s i t e s  w e r e  a c c o u n t e d  

f o r .  

T o t a l  d e n s i t y  o f  a l l  b i r d  s p e c i e s  was  l o w e s t  i n  t h e  

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

T o t a l  d e n s i t i e s  w e r e  l o w e r  i n  t h e  f o r e s t  s t a g e s  t h a n  i n  

t h e  s h r u b  s t a g e s  d u r i n g  t h e  b r e e d i n g  s e a s o n ,  b u t  w e r e  

h i g h e r  d u r i n g  w i n t e r .  P a t t e r n s  o f  s p e c i e s  d i v e r s i t y  

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

s e a s o n s  a n d  s u c c e s s i o n a l  s t a g e s .  



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

s t a g e s  w e r e  more  s i m i l a r  i n  b i r d  s p e c i e s  c o m p o s i t i o n  t h a n  

w e r e  a n y  o t h e r  p a i r - w i s e  c o m b i n a t i o n s  o f  s t a g e s .  The  3 

s h r u b  s t a g e s  w e r e  m o s t  s i m i l a r  t o  o n e  a n o t h e r  d u r i n g  

summer a n d  f a l l  s e a s o n s ,  a n d  t h e  2 f o r e s t e d  s t a g e s  w e r e  

m o s t  s i m i l a r  t o  o n e  a n o t h e r  d u r i n g  w i n t e r  and  b r e e d i n g  

s e a s o n s .  

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

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

d w e l l i n g  s p e c i e s  i n  e a c h  s e a s o n .  B i r d  a s s e m b l a g e s  v a r i e d  

more i n  s h r u b  t h a n  i n  f o r e s t  s t a g e s .  " Core  s p e c i e s "  -- 
s p e c i e s  t h a t  i n i t i a t e  a  g i v e n  c l u s t e r  o r  j o i n  i t  a t  h i g h  

l e v e l s  o f  s i m i l a r i t y  -- i n c l u d e d  w e s t e r n  wood pewee and  

L a z u l i  b u n t i n g  i n  t h e  g r a s s / f o r b  s p e c i e s  c l u s t e r ;  and  

d a r k- e y e d  j u n c o ,  N a s h v i l l e  w a r b l e r ,  M a c G i l l i v r a y l s  

w a r b l e r ,  and  r u f o u s - s i d e d  t o w h e e  i n  t h e  s h r u b / s a p l i n g  

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

d a r k- e y e d  j u n c q ,  a n d  f o x  s p a r r o w  d u r i n g  t h e  w i n t e r  s e a s o n .  

C o r e  s p e c i e s  i n  t h e  f o r e s t  s p e c i e s  c l u s t e r  i n c l u d e d  

c h e s t n u t - b a c k e d  c h i c k a d e e ,  s o l i t a r y  v i r e o ,  h e r m i t  w a r b l e r ,  

and  w e s t e r n  t a n a g e r  d u r i n g  t h e  b r e e d i n g  s e a s o n ;  a n d  

c h e s t n u t - b a c k e d  c h i c k a d e e ,  brown c r e e p e r ,  g o l d e n- c r o w n e d  

k i n g l e t ,  and  w i n t e r  wren  d u r i n g  w i n t e r .  The  v a r i o u s  s e t s  

o f  c o r e  s p e c i e s  showed a s s o c i a t i o n s  w i t h  a  v a r i e t y  o f  

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

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



o t h e r  m o n i t o r i n g  a p p r o a c h e s  c a n  be  d e v i s e d  a n d  t e s t e d .  

S e a s o n a l  p a t t e r n s  o f  h a b i t a t  n i c h e  b r e a d t h  a n d  mean 

communi ty  o v e r l a p  o f  p e r m a n e n t  r e s i d e n t  s p e c i e s  s u g g e s t e d  

t h a t  s h r u b  s t a g e  s p e c i a l i s t s  a re  m o s t  l i m i t e d  i n  

d i s t r i b u t i o n  d u r i n g  w i n t e r ,  a n d  t h a t  t h e i r  w i n t e r  

d i s t r i b u t i o n s  may r e f l e c t  o p t i m a l  ( s o u r c e )  h a b i t a t .  I n  

c o n t r a s t ,  f o r e s t  s t a g e  s p e c i a l i s t s  showed n o  s e a s o n a l  

c h a n g e s  o f  d i s t r i b u t i o n s ,  o r  w e r e  more  r e s t r i c t e d  i n  

d i s t r i b u t i o n  d u r i n g  t h e  b r e e d i n g  s e a s o n  t h a n  d u r i n g  o t h e r  

s e a s o n s .  



PART TWO: TIMBER MANAGEMENT RELATIONSHIPS 

The purpose of this section is to describe the 

effects of even-age timber management on conditions of 

Douglas-fir stand structure, and to describe bird species 

presence and abundance in terms of stand structure in 

young-growth stages resulting from even-age management. A 

distinction is drawn here between forest management, 

timber management, and silviculture. Forest management is 

the planning and execution of activities across a large 

area to meet generally more than one management goal, such 

as wildlife management, recreation, or timber management. 

Timber management has the specific objective of producing 

commercial wood fiber. Silviculture is vegetation 

management in the broadest sense, the objectives of which 

may include, but are not restricted to, timber management. 

Influence of Even-Age Timber 
Management 9 Stand Structure 

The central aim of intensive timber management is to 

increase the production of wood fiber of desirable tree 

species over that available under natural conditions. 

Many characteristics and processes of natural forest 

development are modified in the course of achieving this 

goal. The most commonly applied silvicultural system for 

intensive timber management in the Douglas-fir region of 

the Pacific Northwest is the even-age system, one 



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

r e p l a n t i n g  o f  a n  e n t i r e  s t a n d  a t  o n e  t i m e .  O t h e r  

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

t h e  s h e l t e r w o o d  me thod  ( S m i t h  1 9 6 2 ) ,  b u t  t h e  s h e l t e r w o o d  

me thod  i s  u s e d  i n f r e q u e n t l y  on D o u g l a s - f i r  f o r e s t  l a n d  i n  

t h e  g e n e r a l  s t u d y  a r e a .  Two ma in  p h a s e s  o f  t h e  e v e n- a g e  

s y s t e m  s u b s t a n t i a l l y  a l t e r  v e g e t a t i o n  s t a n d s  a s  compared  

w i t h  mos t  n a t u r a l  f o r e s t  c o n d i t i o n s .  T h e  two  p h a s e s  a r e  

1 )  s i t e  p r e p a r a t i o n  f o r  p l a n t i n g  o f  c o n i f e r  s e e d l i n g s  a n d  

s t o c k i n g  c o n t r o l  o f  p r e- c o m m e r c i a l  s i z e  t r e e s ,  wh ich  

a f f e c t  s t a n d  c h a r a c t e r i s t i c s  o f  g r a s s / f o r b  a n d  

s h r u b / s a p l i n g  s t a g e s  ( T a b l e  1 6 ) ;  a n d  2 )  i n t e r m e d i a t e  

t r e a t m e n t s  a n d  f i n a l  h a r v e s t  o f  c o m m e r c i a l  s i z e  t r e e s ,  

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

s t a g e s  ( T a b l e  17) .  

D e p e n d i n g  on t y p e  a n d  i n t e n s i t y ,  a l l  m e t h o d s  o f  s i t e  

p r e p a r a t i o n ,  i n t e r m e d i a t e  t r e a t m e n t s ,  and  f i n a l  h a r v e s t  

c o n s i d e r e d  h e r e  c a n  h a v e  m i n o r  t o  m a j o r  i m p a c t  o n  t h e  

s t r u c t u r e  a n d  p l a n t  s p e c i e s  c o m p o s i t i o n  o f  g r a s s / f o r b  a n d  

s u b s e q u e n t  s h r u b l s a p l i n g  s t a g e s .  H o w e v e r ,  o n- t h e- g r o u n d  

a p p l i c a t i o n  c a n  be  d i r e c t e d  s o  as  t o  m i t i g a t e  f o r  

p o t e n t i a l  u n d e s i r a b l e  i m p a c t s  on b i r d  s p e c i e s .  The 

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



E f f e c t s  o f  S i t e  P r e p a r a t i o n  and  S t o c k i n g  C o n t r o l  

S i t e  p r e p a r a t i o n .  A f t e r  t h e  f i n a l  h a r v e s t  

( c l e a r c u t t i n g ) ,  s i t e  p r e p a r a t i o n  p r e p a r e s  f o r  r e g e n e r a t i o n  

o f  a  f o r e s t  s t a n d .  S i t e  p r e p a r a t i o n  i s  m a i n l y  u s e d  t o  

r e d u c e  o r  e l i m i n a t e  down wood, r e d u c e  p l a n t  c o m p e t i t i o n ,  

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

m i c r o c l i m a t e  f o r  c o n i f e r  s e e d l i n g s  ( S t e w a r t  1978) .  

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

p r e s c r i b e d  b u r n i n g ,  o r  some c o m b i n a t i o n .  A l l  m e t h o d s  c a n  

be  u s e d  d i r e c t l y  a f t e r  c l e a r c u t t i n g  d e p e n d i n g  on s o i l ,  

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

r e c l a i m  b r u s h f i e l d s  f o r  g r o w i n g  c o n i f e r s .  M e c h a n i c a l  and  

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

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

U s u a l l y  some s o r t  o f  s i t e  p r e p a r a t i o n  i s  n e c e s s a r y  

f o r  i n i t i a l  r e g e n e r a t i o n  o f  c o n i f e r  s t o c k s .  Down wood i s  

o f t e n  p i l e d  and  b u r n e d  o r  b r o a d c a s t  b u r n e d .  E x i s t i n g  

s h r u b s  t h a t  h a v e  s p r o u t e d  o r  o t h e r w i s e  r e g r o w n  s i n c e  t h e  

t ime o f  h a r v e s t  may b e  m e c h a n i c a l l y  c l e a r e d  

( s c a r i f i c a t i o n )  o r  s p r a y e d  w i t h  h e r b i c i d e s  p r i o r  t o  

b u r n i n g  (brown a n d  b u r n ) ,  d e p e n d i n g  on s h r u b  d e n s i t y .  

S i m i l a r  a n d  more i n t e n s i v e  t r e a t m e n t s  may b e  a p p l i e d  t o  

r e c l a i m  b r u s h f i e l d s  f o r  p l a n t i n g  ( S t e w a r t  1978) .  W h i l e  

s i t e  p r e p a r a t i o n  may p r o d u c e  a  c l e a r e d  g r a s s / f o r b  s i t e ,  i t  

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

s e e d l i n g s  and  may a l s o  q u i c k l y  p r o d u c e  a n  e a r l y  s h r u b  



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

c e a n o t h u s  a n d  m a n z a n i t a  o r  s p r o u t i n g  o f  s u c h  ha rdwood  

s h r u b s  a s  b i g l e a f  m a p l e ,  P a c i f i c  m a d r o n e ,  a n d  t a n o a k .  

S c a r i f i c a t i o n  t e n d s  t o  s e v e r e l y  r e d u c e  p l a n t  d e n s i t y  

a n d  f o l i a g e  v o l u m e ,  a n d  may e l i m i n a t e  any  ha rdwood  t r e e s  

a n d  s n a g s  t h a t  w e r e  l e f t  s t a n d i n g  a f t e r  c l e a r c u t t i n g .  

C o m p l e t e  o r  n e a r - c o m p l e t e  s c a r i f i c a t i o n  o f  t h e  s o i l  

i n c r e a s e s  s o i l  e r o s i o n  p o t e n t i a l  on s t e e p  s l o p e s ,  a n d  may 

I a c t  t o  m a i n t a i n  g r a s s / f o r b  c o n d i t i o n s  f o r  a  l o n g e r  p e r i o d  

o f  t ime t h a n  w o u l d  l e s s  i n t e n s i v e  s i t e  p r e p a r a t i o n  
I 

I m e t h o d s .  

The  u s e  o f  c h e m i c a l s  ( h e r b i c i d e s )  f o r  i n i t i a l  

p l a n t i n g  o r  f o r  r e l e a s e  o f  c o n i f e r  r e g e n e r a t i o n  may, i n  
I 

I t h e  s h o r t  r u n ,  r e d u c e  d e c i d u o u s  a n d  b r o a d - l e a f  s h r u b  a n d  

h a r d w o o d  f o l i a g e  v o l u m e  a n d  i n c r e a s e  f o l i a g e  p a t c h i n e s s ,  
,! 

1 o p e n  a r e a s ,  a n d  g r a s s  c o v e r .  S n a g s  a n d  s t a n d i n g  r e s i d u a l  

I t r e e s ,  h o w e v e r ,  may f i r s t  b e  f e l l e d  t o  f a c i l i t a t e  a e r i a l  
i 

a p p l i c a t i o n .  M o r r i s o n  (1982) r e p o r t e d  t h a t ,  on  N a t i o n a l  

F o r e s t  l a n d  i n  t h e  C o a s t  R a n g e  i n  O r e g o n ,  o n l y  m i n o r  

e f f e c t s  o f  phenoxy h e r b i c i d e  t r e a t m e n t  w e r e  e v i d e n t  d u r i n g  
I 

t h e  s e c o n d  g r o w i n g  s e a s o n  f o l l o w i n g  s p r a y i n g  e x c e p t  f o r  

t h e  s e v e r e  r e d u c t i o n  o f  r e d  a l d e r  ( A l n u s  r u b r a )  f o l i a g e ,  

a n d  t h a t  m o s t  d e c i d u o u s  p l a n t s  r e c o v e r e d  by 4 y e a r s  a f t e r  

I s p r a y i n g .  A l s o ,  v e g e t a t i o n  u n d e r  1 m t a l l  w a s  u n a f f e c t e d .  

M o r r i s o n ' s  s t u d y  a r e a ,  h o w e v e r ,  l a c k e d  most  o f  t h e  



h a r d w o o d  o r  b r o a d - l e a f  s h r u b  s p e c i e s  t h a t  a r e  common i n  

t h e  mixed  c o n i f e r - h a r d w o o d  r e g i o n  o f  my s t u d y  a r e a .  

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

d e n s i t i e s ,  a n d  p e r m a n e n t l y  r e d u c e s  down wood m a s s  a n d  

v o l u m e .  D e p e n d i n g  o n  t y p e  a n d  i n t e n s i t y ,  p r e s c r i b e d  

b u r n i n g  c a n  consume n e a r l y  a l l  s m a l l  d i a m e t e r  down wood 

a n d  l e a v e  a l l  l o g s  ( M o r r i s  1970) .  S p e c i f i c  r e f e r e n c e s  on 

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

S t e w a r t  ( 1 9 7 8 ) .  

S t o c k i n g  c o n t r o l .  S t o c k i n g  c o n t r o l  i s  u s e d  t o  a d j u s t  

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

s i t e  p r e p a r a t i o n  a n d  p l a n t i n g  o f  s e e d l i n g s  and  b e f o r e  

t r e e s  r e a c h  c o m m e r c i a l  s i z e .  Two ma in  s t o c k i n g  c o n t r o l s  

a r e  c o n i f e r  r e l e a s e  ( T a b l e  1 6 )  a n d  p r e- c o m m e r c i a l  t h i n n i n g  

( T a b l e  17).  R e l e a s e  ( m e c h a n i c a l  o r  c h e m i c a l )  i s  u s e d  t o  

r e d u c e  s h r u b  c o m p e t i t i o n ,  f r e e i n g  t r e e s  t o  grow t o  

d o m i n a n t  c rown  p o s i t i o n s .  R e l e a s e  a t  l e a s t  t e m p o r a r i l y  

r e d u c e s  ha rdwood  a n d  b r o a d - l e a f  f o l i a g e  v o l u m e  a n d  h e i g h t  

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

a n d  may i n c r e a s e  p a t c h i n e s s  of  s h r u b  c o v e r .  

P r e- c o m m e r c i a l  t h i n n i n g  r e d u c e s  c o n i f e r  s t e m  d e n s i t y  

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

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

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

It may a l s o  b e  u s e d  t o  r e g u l a t e  s p e c i e s  c o m p o s i t i o n  o f  

b o t h  c o n i f e r s  a n d  ha rdwoods  and  r e m o v e  d i s e a s e d  t r e e s .  



E f f e c t s  o f  T h i n n i n g ,  S a l v a g e ,  a n d  F i n a l  H a r v e s t  

I n t e r m e d i a t e  t r e a t m e n t s .  The  o b j e c t i v e s  o f  t h i n n i n g  

a n d  s a l v a g e  o f  a n  e v e n- a g e d  s t a n d  a r e  t o  p r o v i d e  g r o w i n g  

s p a c e  f o r  t r e e s  by r e d u c i n g  crown c o m p e t i t i o n  f o r  l i g h t  

a n d  s p a c e ;  a n d  t o  s a l v a g e  t r e e s  damaged by i n s e c t s ,  f r o s t ,  

d i s e a s e ,  w i n d ,  o r  o t h e r  a g e n t s ,  o r  t h a t  w o u l d  o t h e r w i s e  be  

l o s t  t h r o u g h  c o m p e t i t i o n .  By t h i n n i n g ,  t o t a l  y i e l d  may be  

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

a  c o m m e r c i a l  p r o d u c t  and  p o s s i b l y  m a k i n g  t h e  s t a n d  more 

r e s i s t a n t  t o  i n s e c t s  and  d i s e a s e .  

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

a c c o r d i n g  t o  c r o w n  c l a s s  ( p o s i t i o n )  o r  s t e m  dbh o f  t r e e s  

r e m o v e d  ( T a b l e  1 7 ) .  A l l  4 m e t h o d s  a t  l e a s t  t e m p o r a r i l y  

r e d u c e  s o f t w o o d  t o t a l  d e n s i t y ,  t o t a l  b a s a l  a r e a ,  a n d  t o t a l  

f o l i a g e  v o l u m e .  Low t h i n n i n g  ( t h i n n i n g  f r o m  b e l o w )  

r e m o v e s  t r e e s  i n  t h e  l o w e r  c rown a n d  d b h  c l a s s e s  a n d  may 

i n c r e a s e  a v e r a g e  dbh o f  s o f t w o o d  s t e m s ,  d e c r e a s e  h e i g h t  

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

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

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

u p p e r  c rown  a n d  d b h  c l a s s e s  and  may e n h a n c e  d i v e r s i t y  o f  

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

f o l i a g e .  S e l e c t i o n  t h i n n i n g  r e m o v e s  c rown  d o m i n a n t  t r e e s  

t o  s t i m u l a t e  g r o w t h  o f  t r e e s  o f  l o w e r  c rown  c l a s s e s ,  and  

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

p a t c h i n e s s  o f  c a n o p y  f o l i a g e .  M e c h a n i c a l  t h i n n i n g  r e m o v e s  



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

c h a r a c t e r i s t i c s ,  a n d  d e c r e a s e s  p e r c e n t  c a n o p y  c l o s u r e ,  may 

i n c r e a s e  c a n o p y  p a t c h i n e s s ,  a n d  m a i n t a i n s  a v e r a g e  d i a m e t e r  

o f  s o f t w o o d  stems, s t e m  s i z e  a n d  a g e  d i s t r i b u t i o n s ,  a n d  

d i v e r s i t y  o f  t h e  f o l i a g e  p r o f i l e  ( S m i t h  1 9 6 2 ) .  

F u e l w o o d  a n d  s a l v a g e  c u t t i n g  may i n f l u e n c e  s t a n d  

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

i n t e n s i t y .  T h e  m o s t  i m p o r t a n t  p o t e n t i a l  i m p a c t s  a r e  t h e  

r e m o v a l  o f  h a r d w o o d  a n d  b r o a d - l e a f  t r e e s ,  a n d  t h e  

r e d u c t i o n  o f  t h e  n u m b e r  o f  m e d i u m  t o  l a r g e  d i a m e t e r  h a r d  

s n a g s  a n d  s o u n d  down l o g s  i n  a s t a n d .  

F i n a l  h a r v e s t .  C l e a r c u t t i n g ,  u n d e r  t h e  m o s t  

i n t e n s i v e  t i m b e r  m a n a g e m e n t  o b j e c t i v e s ,  r e m o v e s  a l l  

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

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

wood mass ,  v o l u m e ,  d i s t r i b u t i o n ,  a n d  m e a n  d i a m e t e r .  D e l l  

a n d  Ward  ( 1 9 7 1 )  r e p o r t e d  t h a t  down wood 10  cm a n d  l a r g e r  

i n  d i a m e t e r  on c l e a r c u t s  i n  o l d - g r o w t h  D o u g l a s - f i r  r a n g e d  

6 7- 4 4 8  m e t r i c  t o n s / h a  d e p e n d i n g  o n  a g e  a n d  s p e c i e s  

c o m p o s i t i o n  o f  t h e  l o g g e d  s t a n d s ;  a n d  H o w a r d  ( 1 9 7 1 )  

r e p o r t e d  t h a t  t o t a l  " l o g g i n g  r e s i d u e "  v o l u m e  o n  N a t i o n a l  

F o r e s t  l a n d  i n  t h e  D o u g l a s - f i r  r e g i o n  o f  w e s t e r n  O r e g o n  

3 a n d  w e s t e r n  W a s h i n g t o n  a v e r a g e d  2 2 1  m / h a .  T h e s e  r e p o r t e d  

v a l u e s  c o r r e s p o n d  w e l l  w i t h  t h i s  s t u d y ' s  a v e r a g e s  o f  53-81 

metr ic  t o n s / h a  o f  wood o v e r  7.6 cm d i a m e t e r ,  a n d  1 9 8- 2 8 1  



3 m / h a  o f  a l l  s i z e  c l a s s e s ,  i n  t h e  3 s h r u b  s t a g e s  ( T a b l e  

6) .  

C o m p a r i s o n  w i t h  S t u d y  S t a n d  C o n d i t i o n s  

I n t e n s i v e  e v e n- a g e  t i m b e r  management  t e n d s  t o  p r o d u c e  

f o r e s t s  t h a t  h a v e  f e w  l a r g e  s n a g s  a n d  l a r g e  t rees ,  l o w  

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

l a y e r  ( l o w  t r e e  h e i g h t  d i v e r s i t y ) ,  l o w  p a t c h i n e s s  o f  , 

c a n o p y  f o l i a g e ,  and  u n i f o r m  s p a c i n g  b e t w e e n  t rees  (Mannan 

1982), a s  w e l l  a s  l o w  d e n s i t y  o f  hardwood a n d  b r o a d - l e a f  

t r e e s  a n d  a l o w  number o f  t r e e  s p e c i e s .  Some 

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

t h i s  s t u d y  were s imi l a r  t o  " i d e a l "  e v e n- a g e  f o r e s t s ,  a n d  

some d e v i a t e d  m a r k e d l y ,  a l t h o u g h  a l l  f o r e s t  s t a n d s  i n  t h i s  

O s t u d y  q u a l i f i e d  a s  e v e n- a g e"  f o l l o w i n g  t h e  c r i t e r i a  g i v e n  

b y  S m i t h  (1962).  O u t l i n i n g  s i m i l a r i t i e s  a n d  d i f f e r e n c e s  

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

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

r e l a t i o n s h i p s  t h a t  w o u l d  o c c u r  u n d e r  i n t e n s i v e  t i m b e r  

managemen t  s i t u a t i o n s .  

T h r o u g h o u t  t h i s  s e c t i o n ,  I r e f e r  t o  i n t e n s i v e  t i m b e r  

managemen t  as  a n  o b j e c t i v e  f o r  f o r e s t  managemen t ;  o t h e r  

o b j e c t i v e s  a r e  f e a s i b l e .  The  p u r p o s e  i s  t o  p r e s e n t  a  

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

c o n s e q u e n c e s  o f  s t r a t e g i e s  f o r  f o r e s t  management .  I 

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



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

f o r e s t  management.  C u r r e n t  f o r e s t  management  d i r e c t i o n ,  

by p l a n  o r  by a c c i d e n t ,  may p r o d u c e  young- growth  s t a n d s  

w i t h  c h a r a c t e r i s t i c s  d i f f e r e n t  t h a n  t h e  " i n t e n s i v e  t i m b e r  

managment"  s c e n a r i o  p r e s e n t e d  h e r e .  

C o n i f e r  t r e e s .  Most  o f  t h e  p o l e  a n d  s a w t i m b e r  s t a n d s  

i n  t h i s  s t u d y  w e r e  n a t u r a l l y  s t o c k e d  a n d  l e s s  p r o d u c t i v e  

a s  compared  t o  s t a n d  c o n d i t i o n s  u n d e r  i n t e n s i v e  e v e n- a g e  

t i m b e r  management.  P o l e  s t a n d s  i n  t h i s  s t u d y  a v e r a g e d  66 

y r s  o l d  (S.E. = 3, n  = 292 s o f t w o o d  i n c r e m e n t  c o r e s ) ,  l i v e  

D o u g l a s - f i r  s t e m s  o v e r  12  cm dbh  a v e r a g e d  25  c m  d b h  (S.E. 
I 

= 1 . 3 ) ,  and  d e n s i t y  o f  a l l  s o f t w o o d  s t e m s  o v e r  1 2  cm dbh 

a v e r a g e d  5 1 0 / h a .  Medium s a w t i m b e r  s t a n d s  a v e r a g e d  7 8  y r s  
! 

o l d  (S.E. = 4,  n  = 233 cores , ) ,  l i v e  D o u g l a s - f i r  stems o v e r  

I, 

1 2  c m  d b h  a v e r a g e d  37 cm d b h  (S.E. = 3 . 9 ) .  a n d  d e n s i t y  o f  

a l l  s o f t w o o d  s t e m s  o v e r  1 2  cm dbh a v e r a g e d  2 3 7 / h a .  I n  

c o n t r a s t ,  u n d e r  i n t e n s i v e  e v e n- a g e  management  w i t h  

m u l t i p l e  c o m m e r c i a l  t h i n n i n g s ,  a  t y p i c a l  p o l e - s i z e  s t a n d  

o f  D o u g l a s - f i r  o f  t h e  s a m e  a v e r a g e  d b h  a s  i n  t h i s  s t u d y  

w o u l d  b e  o n l y  h a l f  a s  o l d  a n d  d e n s i t y  o f  s o f t w o o d  stems 

w o u l d  b e  s l i g h t l y  g r e a t e r  ( C u r t i s  e t  a l .  1982: l lO-111) .  

When t h e  same i n t e n s i v e l y  managed s t a n d  g r e w  t o  a n  a v e r a g e  

dbh t o  c o m p a r e  w i t h  t h i s  s t u d y ' s  medium s a w t i m b e r  

c o n d i t i o n s ,  t h e  s t a n d  would  b e  a b o u t  t w o - t h i r d s  a s  o l d  a n d  

w o u l d  b e  a b o u t  8 p e r c e n t  d e n s e r  ( C u r t i s  e t  a l .  1 9 8 2 ) .  



T o t a l  b a s a l  a r e a  o f  s o f t w o o d  s t e m s  a v e r a g e d  35.8 and  

2 32.7 m / h a  i n  p o l e  and medium s a w t i m b e r  s t a n d s ,  

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

p r e s e n c e  o f  " r e s i d u a l , "  l a r g e - d i a m e t e r  s o f t w o o d s ,  a v e r a g e s  

o f  4 0  a n d  6 4  p e r c e n t  o f  t o t a l  s o f t w o o d  b a s a l  a r e a  w e r e  

c o n t r i b u t e d  by s o f t w o o d s  o v e r  5 3  cm dbh  i n  p o l e  a n d  medium 

s a w t i m b e r  s t a g e s ,  r e s p e c t i v e l y .  C o m p a r a b l e ,  i n t e n s i v e l y  

managed s t a n d s  o f  t h e  same  a v e r a g e  d b h  w o u l d  m e a s u r e  a b o u t  

2 3 4  a n d  4 3  m / h a  s o f t w o o d  b a s a l  a r e a ,  r e s p e c t i v e l y  ( C u r t i s  

e t  a l .  1 9 8 2 ) ,  b u t  l i t t l e  i f  a n y  o f  t h i s  w o u l d  b e  f r o m  

t r e e s  o v e r  53 cm dbh. D i a m e t e r  f r e q u e n c y  d i s t r i b u t i o n s  o f  

s o f t w o o d  s t e m s  w o u l d  b e  more  p e a k e d  a n d  much l e s s  b r o a d  i n  

i n t e n s i v e l y  managed e v e n- a g e  s t a n d s  ( S m i t h  1 9 6 2 )  t h a n  i n  

t h e  o b s e r v e d  s t a n d s  ( F i g .  7 ) ,  and  w o u l d  b e  h i g h l y  

r e g u l a t e d  by i n t e r m e d i a t e  t r e a t m e n t s  d u r i n g  a  s t a n d  

r o t a t i o n .  

Hardwood t r e e s .  Under  i n t e n s i v e  management  

c o n d i t i o n s ,  many hardwood t r e e s  w o u l d  b e  r emoved  t o  

m a x i m i z e  u s e  o f  g r o w i n g  s p a c e .  I n  some o f  t h e  s t u d y  

s t a n d s ,  h o w e v e r ,  hardwood t r e e s  c o n t r i b u t e d  h e a v i l y  t o  

t o t a l  stem d e n s i t y  ( F i g .  7)  o r  t o t a l  b a s a l  a r e a  ( F i g .  8). 

F o l i a g e  v o l u m e  p r o f i l e .  F o l i a g e  v o l u m e  p r o f i l e s  i n  

t h e  p r e s e n t  s t u d y  ( F i g .  4 )  compared  f a i r l y  w e l l  w i t h  

p r o b a b l e  p r o f i l e s  of i n t e n s i v e l y  managed s t a n d s ,  showing  a  

h i g h l y  modal  p e a k  and  l i t t l e  d e c i d u o u s  f o l i a g e  i n  t h e  

m i d d l e  and u p p e r  c a n o p y  p o s i t i o n s .  However ,  l e s s  



e v e r g r e e n  f o l i a g e  w o u l d  be e x p e c t e d  i n  u p p e r  c a n o p y  

p o s i t i o n s  i n  t h e  medium s a w t i m b e r  s t a g e s  u n d e r  i n t e n s i v e l y  

managed c o n d i t i o n s ,  b e c a u s e  d o m i n a n t ,  v e r y  l a r g e  d i a m e t e r  

s o f t w o o d s  w o u l d  be  a b s e n t .  A l s o ,  t h e  s t u d y  s t a n d s  showed 

m o d e r a t e  b e t w e e n- s t a n d  v a r i a t i o n  i n  f o l i a g e  v o l u m e  

p r o f i l e s ,  w h e r e a s  u n d e r  managed c o n d i t i o n s  b e t w e e n- s t a n d  

v a r i a t i o n  would  be  r e l a t i v e l y  low.  

The  s t u d y  s t a n d s  had  l o w  c a n o p y  f o l i a g e  p a t c h i n e s s  

( F i g .  5);  i n t e n s i v e l y  managed c o n d i t i o n s  w o u l d  a l s o  

p r o d u c e  l o w  canopy  f o l i a g e  p a t c h i n e s s  (Mannan 1982) .  

S n a g s .  Under c o n d i t i o n s  o f  i n t e n s i v e  t i m b e r  

management ,  none  o f  t h e  l a r g e  " r e s i d u a l "  s o f t w o o d  o r  

ha rdwood  s n a g s  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y  w o u l d  b e  

p r e s e n t  a n d  f e w e r  medium d i a m e t e r  s o f t w o o d  s n a g s  w o u l d  b e  

p r e s e n t .  Mannan (1982)  r e p o r t e d  t h a t  t h e  d e n s i t y  o f  s n a g s  

31t cm dbh  a v e r a g e d  a b o u t  8 .4 /ha  i n  o l d - g r o w t h  s t a n d s  and  

a b o u t  1 .4 /ha  i n  managed s t a n d s .  Snag  d e n s i t y  i n  t h e  

p r e s e n t  s t u d y  ( T a b l e  5) compared  more c l o s e l y  w i t h  n a t u r a l  

s t a n d  c o n d i t i o n s  t h a n  w i t h  managed s t a n d  c o n d i t i o n s .  

Summary: Even-Aged T imber  Management a n d  S t a n d  S t r u c t u r e  

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

s i l v i c u l t u r a l  management  o f  D o u g l a s - f i r  g r e a t l y  a f f e c t  

s t a n d  c o n d i t i o n s  a s  compared  w i t h  n a t u r a l  f o r e s t  

c o n d i t i o n s .  S i t e  p r e p a r a t i o n  a n d  s t o c k i n g  c o n t r o l  

g e n e r a l l y  r e d u c e  d e n s i t y  o f  ha rdwood  t r e e s ,  t o t a l  f o l i a g e  



volume, canopy closure, shrub cover, number of plant 

species, snag density, and down wood mass and volume, and 

may increase patchiness of remaining canopy foliage and 

shrub cover. 

Intermediate treatments generally reduce total stem 

density, basal area, and total foliage volume. Four main 

methods of commercial thinning differently affect mean 

diameter, size, and age distributions of softwood stems; 

foliage volume profile; and patchiness and percent closure 

of canopy foliage. Low thinning and selective thinning 

create more uniform stand conditions than the other 

thinning methods, crown thinning may create more diverse 

stand conditions, and mechanical thinning more or less 

maintains most stand conditions. 

Final harvest (clearcutting) usually results in 

increases of shrub foliage volume, height, and cover, 

total number of plant species, and down wood mass, volume, 

distribution, and mean diameter; and decreases of all 

other stand characteristics considered here. 

Pole and medium sawtimber stands selected for this 

study reflected stand conditions under intensive even-age 

silvicultural management, except for the study stands 

being older in age (suppressed conditions) and having 

11 remnant" softwood and hardwood trees and snags in the 

large (53+ cm) dbh class. Total softwood stem density, 



foliage volume profiles, percent canopy closure, and 

patchiness of canopy foliage of the study stands matched 

w e l l  with conditions expected in a n  intensively managed 

stand. 



R e l a t i o n s h i p s  f B i r d s  and Even-Age S t a n d  S t r u c t u r e  

B i r d  Abundance  and  S t r u c t u r a l  Componen t s  

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

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

c o n d i t i o n s  t h a t  may b e  e x p e c t e d  f r o m  e v e n- a g e  

s i l v i c u l t u r a l  managemen t  o f  a  D o u g l a s - f i r  f o r e s t .  F o r  

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

t r e e s  may o r  may n o t  b e  l e f t  s t a n d i n g ;  down wood a n d  b r u s h  

may be  p i l e d  a n d  b u r n e d ,  b r o a d c a s t  b u r n e d ,  o r  l e f t  o n  

s i t e ;  g r a s s e s  a n d  f o r b s  o r  hardwood a n d  d e c i d u o u s  s h r u b s  

o f  v a r i o u s  s p e c i e s  may d o m i n a t e  a  s i t e ;  c o n i f e r  

p l a n t a t i o n s  may s u b s e q u e n t l y  r e q u i r e  r e p l a n t i n g ,  r e l e a s e ,  

o r  p r e- c o m m e r c i a l  t h i n n i n g ;  and  r e s u l t a n t  s t a n d s  may b e  

e n t e r e d  f o r  t h i n n i n g ,  w e e d i n g ,  s a l v a g e ,  o r  o t h e r  

i n t e r m e d i a t e  t r e a t m e n t s ,  o r  n o t  a t  a l l  u n t i l  f i n a l  

h a r v e s t .  

Each  c o m b i n a t i o n  o f  s t a n d  t r e a t m e n t s  may p r o d u c e  

d i f f e r e n t  h a b i t a t  c o n d i t i o n s .  D i f f e r e n t  b i r d  s p e c i e s  

o c c u r r e d  i n  h i g h e s t  a b u n d a n c e  u n d e r  d i f f e r e n t  s t a n d  

c o n d i t i o n s ,  b u t  no  s i n g l e  s t a n d  c o n d i t i o n ,  s u c c e s s i o n a l  

s t a g e ,  o r  v a r i a t i o n  i n  t h e  e v e n- a g e  s y s t e m  p r o v i d e d  

b e s t  h a b i t a t  f o r  a l l  s p e c i e s .  T h u s ,  t h e  p o t e n t i a l  r a n g e  

o f  s i t e - s p e c i f i c  c o n d i t i o n s  mus t  be  c o n s i d e r e d  when 

r e l a t i n g  b i r d  a b u n d a n c e  t o  e v e n- a g e  management .  To 

s i m p l i f y  t h i s  a s s e s s m e n t ,  I w i l l  c o n f i n e  d i s c u s s i o n  t o  

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



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

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

s i z e  d i s t r i b u t i o n  o f  t r e e  stems. 

S t r u c t u r e  f f o l i a g e  v o l u m e .  B e t w e e n - s i t e  v a r i a t i o n  

o f  s t a n d  c o n d i t i o n s i n  t h e  3 s h r u b  s t a g e s  o w e d  l a r g e l y  t o  

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

h a r v e s t ,  s i t e  p r e p a r a t i o n ,  a n d  s t o c k i n g  c o n t r o l .  

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

t o t a l  f o l i a g e  v o l u m e  a n d  p e r c e n t  o f  t o t a l  f o l i a g e  v o l u m e  

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

e a c h  b i r d  s p e c i e s  c o r r e l a t e d  w i t h  u n i q u e  c o m b i n a t i o n s  o f  

v e g e t a t i o n  a n d  h a b i t a t  c h a r a c t e r i s t i c s ,  a n d  i n  n o  c a se  d i d  

s u c h  c h a r a c t e r i s t i c s  t o t a l l y  a c c o u n t  f o r  v a r i a t i o n s  o f  

b i r d  a b u n d a n c e s  b e t w e e n  s i t e s ,  some g e n e r a l i z a t i o n s  may b e  

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

s p e c i e s .  

E x a m p l e s  o f  t h e  r a n g e s  o f  f o l i a g e  v o l u m e  p r o f i l e s  i n  

t h e  s h r u b  s t a g e s  a r e  s h o w n  i n  F i g u r e  2 2 ,  a l o n g  w i t h  b i r d  

s p e c i e s  a s s o c i a t e d  w i t h  e a c h  g e n e r a l  s t a n d  s t r u c t u r e ,  a s  

r e v e a l e d  b y  t h e  c o r r e l a t i o n s  o f  b i r d  d e n s i t i e s  w i t h  

v e g e t a t i o n  f a c t o r  s c o r e s  ( T a b l e  11). T h e  f o l i a g e  v o l u m e  

p r o f i l e s  i n  F i g u r e  2 2  a r e  d r a w n  f r o m  i n d i v i d u a l  s t u d y  

s t a n d s  a n d ,  a s  case  s t u d i e s ,  r e p r e s e n t  a r a n g e  o f  

c o n d i t i o n s  o f  s h r u b  s t a g e  v e g e t a t i o n  s t r u c t u r e  F o r  

e x a m p l e ,  a s i t e  w i t h  r e l a t i v e l y  h i g h  v o l u m e s  o f  d e c i d u o u s  



s h r u b  f o l i a g e  ( F i g .  22d)  w o u l d  b e n e f i t  r e d - b r e a s t e d  

s a p s u c k e r ,  h o u s e  w r e n ,  M a c G i l l i v r a y l s  w a r b l e r ,  W i l s o n ' s  

w a r b l e r ,  a n d  w e s t e r n  t a n a g e r .  

I n s o f a r  a s  s i l v i c u l t u r a l  p r a c t i c e s  i n f l u e n c e  s h r u b  

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

s h r u b  s t a g e s  ( T a b l e  1 6 ) ,  t h e y  may e n h a n c e  o r  d e p r e s s  

a b u n d a n c e s  o f  a s s o c i a t e d  s p e c i e s .  F o r  i n s t a n c e ,  

s u p p r e s s i o n  r e l e a s e  may p r o d u c e  c o n d i t i o n s  f a v o r a b l e  f o r  

s p e c i e s  a s s o c i a t e d  w i t h  e v e r g r e e n  f o l i a g e  v o l u m e  ( F i g .  

2 2 c ) ,  b u t  may a t  l e a s t  t e m p o r a r i l y  r e d u c e  c o n d i t i o n s  

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

v o l u m e  ( F i g .  22d) .  However ,  c a r e  m u s t  b e  t a k e n  t o  

i d e n t i f y  how i n f l e x i b l e  a  s p e c i e s  may b e  t o  c h a n g e s  i n  

c o n d i t i o n s  o f  h a b i t a t  o r  e n v i r o n m e n t .  F o r  e x a m p l e ,  some 

w e s t e r n  wood w a r b l e r s  h a v e  b e e n  shown t o  a l t e r  t h e i r  mean 

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

d i f f e r e n t  s e a s o n s  ( H u t t o  1 9 8 1 )  o r  i n  t h e  p r e s e n c e  o r  

a b s e n c e  of d e c i d u o u s  f o l i a g e  s h r u b  c o v e r  ( M o r r i s o n  1981).  

A s  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y ,  some s p e c i e s  s u c h  a s  

w i n t e r  wren a n d  p u r p l e  f i n c h  may c h a n g e  h a b i t a t  

a f f i l i a t i o n  o v e r  s e a s o n s  f o r  a  v a r i e t y  o f  p o s s i b l e  

r e a s o n s .  H a b i t a t  c o n d i t i o n s  r e q u i r e d  by a  s p e c i e s  o v e r  

a l l  s e a s o n s  m u s t  b e  t a k e n  i n t o  a c c o u n t  i n  s e t t i n g  

o b j e c t i v e s  f o r  h a b i t a t  management. 

I n  f o r e s t  s t a g e s ,  as i n  s h r u b  s t a g e s ,  d i f f e r e n t  

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



s u i t a b l e  c o n d i t i o n s  f o r  d i f f e r e n t  s p e c i e s  o f  b i r d s  ( F i g .  

22).  P r e s e n c e  o f  f o l i a g e  v o l u m e  i n  t h e  < 2 m s t r a t u m ,  o r  

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

may b e n e f i t  d i f f e r e n t  g r o u p s  o f  s p e c i e s .  A s  i n t e r m e d i a t e  

t r e a t m e n t s  a f f e c t  s t a n d  s t r u c t u r e  and  p l a n t  c o m p o s i t i o n  

( T a b l e  17), a s s o c i a t e d  b i r d  s p e c i e s  may b e  a f f e c t e d  i n  

p r e d i c t a b l e  ways. F o r  e x a m p l e ,  s a l v a g e  c u t t i n g  h a s  t h e  

p o t e n t i a l  t o  r e d u c e  o r  r e m o v e  c a n o p y  h a r d w o o d s ,  t h u s  

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

o r  b r o a d - l e a f  t r e e  f o l i a g e  v o l u m e ,  s u c h  as  H u t t o n ' s  v i r e o  

and  w e s t e r n  t a n a g e r  ( F i g .  2 2 h ) ;  b u t  i f  a more  o p e n  c a n o p y  

s t i m u l a t e d  g r o w t h  o f  l o w  s h r u b  f o l i a g e ,  a n o t h e r  s e t  o f  

s p e c i e s  may b e n e f i t ,  i n c l u d i n g  h e r m i t  t h r u s h ,  W i l s o n ' s  

w a r b l e r ,  a n d  b l a c k- h e a d e d  g r o s b e a k  ( F i g .  2 2 f ) .  

S i z e  d i s t r i b u t i o n  o f  t r e e  s t e m s .  I n t e r m e d i a t e  s t a n d  

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

o f  s t e m s  by d i a m e t e r  c l a s s  a n d  g r o w t h  f o r m ,  w h i c h  i n  t u r n  

may b e  r e l a t e d  t o  b i r d  a b u n d a n c e  ( T a b l e  1 7 ,  F i g .  23) .  The  

f r e q u e n c y  d i s t r i b u t i o n s  o f  s t e m s  shown i n  F i g u r e  23  w e r e  

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

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

e x a m p l e ,  c r o w n  a n d  s e l e c t i o n  t h i n n i n g s  may d e c r e a s e  t h e  

a v e r a g e  d i a m e t e r  of s o f t w o o d  t r e e s  i n  a  s t a n d ;  s p e c i e s  

a s s o c i a t e d  w i t h  s t a n d s  c o n t a i n i n g  h i g h e r  d e n s i t i e s  uf  

l a r g e  d i a m e t e r  s o f t w o o d s ,  s u c h  a s  Hammond's f l y c a t c h e r  a n d  



brown  c r e e p e r ,  may d e c r e a s e  i n  a b u n d a n c e  ( F i g .  23b) .  

S t a n d  t r e a t m e n t s  t h a t  i n d u c e  o r  m a i n t a i n  a n  u n d e r s t o r y  o f  

s m a l l  t o  medium d i a m e t e r  ha rdwood  s h r u b s  a n d  t r e e s  w o u l d  

p r o b a b l y  b e n e f i t  w i n t e r  w r e n s  a n d  W i l s o n ' s  w a r b l e r s  ( F i g .  

2 3 d ) ;  s p e c i e s  a s s o c i a t e d  w i t h  l o w  f o l i a g e  v o l u m e  i n  f o r e s t  

s t a g e s  may a l s o  b e n e f i t  ( F i g .  2 2 f ) .  

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

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

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

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

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

a b o v e  ( T a b l e s  1 6  and  1 7 ) .  

B i r d  A s s e m b l a g e s  i n  Managed S t a n d s  

T h e  s t r u c t u r a l  c h a r a c t e r i s t i c  a c r o s s  t h e  young- growth  

s u c c e s s i o n a l  s e q u e n c e  t h a t  had  t h e  g r e a t e s t  i n f l u e n c e  on 

b i r d  s p e c i e s  c o m p o s i t i o n  and  r i c h n e s s  was t h e  p r e s e n c e  o r  

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

f o r e s t  t y p e s  s u c h  a s  s p r u c e - f i r  f o r e s t  i n  M a i n e  

( T i t t e r i n g t o n  e t  a l .  1979) .  The  f o r e s t  s t a n d s  u s e d  i n  

t h i s  s t u d y  r e p r e s e n t e d  u n d e r s t o c k e d ,  p o s t - f i r e  c o n d i t i o n s  

o f  e v e n- a g e  s t r u c t u r e .  Under  i n t e n s i v e  s i l v i c u l t u r a l  

t r e a t m e n t  t o  max imize  s o f t w o o d  p r o d u c t i o n ,  d e n s i t i e s  o f  

h a r d w o o d  t r ees ,  s n a g s ,  l a r g e  d i a m e t e r  s o f t w o o d s ,  a n d  

p o s s i b l y  s h r u b s  may be  l o w e r  t h a n  a v e r a g e  l e v e l s  o b s e r v e d  

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



o p p o r t u n i t y  t o  a s s e s s  how t h e y  may i n f l u e n c e  p a t t e r n s  o f  

b i r d  s p e c i e s  a b u n d a n c e .  A s  d i s c u s s e d  a b o v e ,  a b u n d a n c e s  o f  

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

d e n s i t i e s  o f  t h e s e  v e g e t a t i o n  f a c t o r s .  

The  o v e r a l l  r e s u l t  of i n t e n s i v e  e v e n- a g e  t i m b e r  

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

s t r u c t u r e  a n d  c o m p o s i t i o n .  The  e v e n- a g e  f o r e s t  s t a n d ,  

c h a r a c t e r i z e d  by d e n s e  a n d  s i n g l e - l a y e r e d  c a n o p y  f o l i a g e ,  

a n d  u n i f o r m  s p a c i n g  o f  c o n i f e r s  o f  more o r  l e s s  e q u a l  

d i a m e t e r s  a n d  h e i g h t s ,  h a s  o f t e n  b e e n  r e p o r t e d  t o  

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

d i v e r s i t y  o v e r  t h e  managed f o r e s t  s e r e  (James and  Wamer 

1 9 8 2 ,  Beedy 1 9 8 1 ,  Kessler 1 9 7 9 ,  Conner  a n d  A d k i s s o n  1 9 7 5 ,  

K a r r  a n d  R o t h  1971) ,  a s  d i s c u s s e d  by M e s l o w  (1978).  I 

a l s o  f o u n d  t h a t  t h e  p o l e  s t a g e  was c h a r a c t e r i z e d  by 

r e l a t i v e l y  l o w  b i r d  d e n s i t i e s  a n d  a l o w  number  o f  m o d a l l y  

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

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

stems, d e c i d u o u s  f o l i a g e ,  and s n a g s  w e r e  d i s c o u n t e d .  

A p p l i c a t i o n  o f  i n t e n s i v e  e v e n- a g e  management  o v e r  a  

w i d e  f o r e s t  a r e a ,  h o w e v e r ,  may r e s u l t  i n  v a r i o u s  l e v e l s  o f  

h a b i t a t  d i v e r s i t y  a t  d i f f e r e n t  s c a l e s .  A l t h o u g h  w i t h i n -  

s t a n d  ( a l p h a )  d i v e r s i t y  o f  v e g e t a t i o n  s t r u c t u r e  and  

a v i f a u n a l  c o m p o s i t i o n  would  g e n e r a l l y  b e  l o w ,  be tween-  

s t a n d  ( b e t a )  d i v e r s i t y  may be  h i g h  i f  s t a n d s  a r e  managed 

i n  s t a g g e r e d  c u t t i n g  s e q u e n c e s  (e.g.,  Roach  1 9 7 4 ,  H a l l  a n d  



Thomas 1 9 7 9 ,  S a l w a s s e r  and  T a p p e i n e r  1 9 8 1 ,  Harris a n d  

M a r i o n  1981, M e a l e y  e t  a l .  1982). I n  c o n t r a s t ,  n a t u r a l  

s t a n d  c o n d i t i o n s ,  t e n d i n g  t o w a r d  u n e v e n- a g e  s t r u c t u r e ,  

l e n d  t o  h i g h  a l p h a  d i v e r s i t y  a n d  l o w  b e t a  d i v e r s i t y .  

Summary: B i r d s  a n d  S t a n d  S t r u c t u r e  

V e g e t a t i o n  s t r u c t u r e  a n d  c o m p o s i t i o n  o f  s h r u b  a n d  

f o r e s t  s t a g e s  i n  t h e  young- growth s u c c e s s i o n a l  s e q u e n c e  

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

s i l v i c u l t u r a l  t r e a t m e n t s .  No o n e  s t a n d  c o n d i t i o n ,  

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

b e s t  h a b i t a t  f o r  a l l  b i r d  s p e c i e s .  E a c h  p h a s e  o f  t h e  

c l e a r c u t t i n g  s y s t e m ,  i n c l u d i n g  s i t e  p r e p a r a t i o n ,  s t o c k i n g  

c o n t r o l ,  i n t e r m e d i a t e  t r e a t m e n t s ,  a n d  f i n a l  h a r v e s t ,  c a n  

be  s e e n  as  a l t e r i n g  s p e c i f i c  s t a n d  c h a r a c t e r i s t i c s ,  wh ich  

c a n  i n  t u r n  b e  u s e d  t o  p r e d i c t  b i r d  s p e c i e s  r e s p o n s e s .  

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

p e r c e n t  d e c i d u o u s  f o l i a g e ,  a s  w e l l  as  s h r u b  p a t c h i n e s s  and 

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

m a n i p u l a t e d  by f i n a l  h a r v e s t ,  s i t e  p r e p a r a t i o n ,  a n d  

s t o c k i n g  c o n t r o l ,  a n d  r e l a t e d  t o  b i r d  a b u n d a n c e .  I n  t h e  

f o r e s t  s u c c e s s i o n a l  s t a g e s ,  p r e s e n c e  o f  f o l i a g e  v o l u m e  i n  

t h e  0.1-2 m s t r a t u m ,  p r e s e n c e  o f  d e c i d u o u s  f o l i a g e  i n  t h e  

c a n o p y ,  a n d  d e n s i t y  o f  s m a l l  a n d  l a r g e  s o f t w o o d  and  

hardwood t r e e  s t e m s  c a n  b e  m a n i p u l a t e d  by i n t e r m e d i a t e  



treatments and significantly associated with bird 

abundance. 

A major result of intensive even-age management is 

the simplification of forest stand structure, in part by 

the reduction in density of hardwood trees, snags, large 

diameter softwoods, and possibly shrubs. All of these 

components in an even-age forest stand, however, 

associated significantly and positively with abundances of 

a number of bird species. The homogeneous even-age forest 

that lacks these components typically has the lowest bird 

species richness, diversity, or density over the managed 

forest sere, and few species occur in highest numbers 

under such conditions. 

Large-scale application of even-age forest management 

with different stands staggered in cutting and 

regeneration sequences would result in low within-stand 

diversity of vegetation structure and avifaunal 

composition, but high between-stand diversity as different 

species occupy successive stages of the sere. In 

contrast, natural, uneven-age stand conditions generally 

have high within-stand and low between-stand levels of 

vegetation and bird diversity. 



CONCLUSIONS A N D  MANAGEMENT IMPLICATIONS 

T h e  d i s t r i b u t i o n  o f  b i r d s  among y o u n g- g r o w t h  s t a g e s  

o f  D o u g l a s - f i r  v a r i e d  i n  r e s p o n s e  t o  s t a n d  s t r u c t u r e  a n d  

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

by t h e  h i s t o r y  o f  e v e n - a g e  s i l v i c u l t u r a l  t r e a t m e n t s .  E a c h  

s u c c e s s i o n a l  s t a g e  a n d  s t a n d  s t r u c t u r e  c o m p o n e n t  a c c o u n t e d  

f o r  a b u n d a n c e  o f  a  u n i q u e  s e t  o f  s p e c i e s ,  a n d  n o  o n e  s t a g e  

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

s p e c i e s .  D e n s i t i e s  a n d  h a b i t a t  a s s o c i a t i o n s  o f  b i r d s  i n  

m a t u r e  a n d  o l d - g r o w t h  s u c c e s s i o n a l  s t a g e s  were n o t  

i n v e s t i g a t e d  i n  t h i s  s t u d y .  

V a r i a t i o n s  o f  b i r d  s p e c i e s  r i c h n e s s  a n d  d e n s i t y  

s u g g e s t e d  t h a t  t h e  h a b i t a t  r o l e s  p l a y e d  by t h e  v a r i o u s  

s h r u b  a n d  f o r e s t  s t a g e s  d i f f e r e d  by s e a s o n .  Among 

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

s p e c i a l i s t s  were l i m i t e d  i n  d i s t r i b u t i o n  d u r i n g  w i n t e r  t o  

I1 o p t i m a l  o r  s o u r c e "  h a b i t a t s .  I n  c o n t r a s t ,  f o r e s t  s t a g e  

s p e c i a l i s t s  s h o w e d  no  s e a s o n a l  r e s t r i c t i o n  o f  

d i s t r i b u t i o n ,  o r  were m o r e  r e s t r i c t e d  d u r i n g  t h e  b r e e d i n g  

s e a s o n  t h a n  d u r i n g  o t h e r  s e a s o n s .  A s  a r e s u l t ,  p a t t e r n s  

o f  h a b i t a t  u s e  i n  o n e  s e a s o n  (e.g., b r e e d i n g )  may n o t  

r e f l e c t  y e a r - l o n g  r e q u i r e m e n t s .  S e a s o n a l  c h a n g e s  i n  

a b u n d a n c e  p a t t e r n s ,  s u g g e s t i n g  c h a n g e s  i n  h a b i t a t  

r e q u i r e m e n t s ,  m u s t  b e  a c c o u n t e d  f o r  when  m a n a g i n g  h a b i t a t  

for b i r d s  i n  y o u n g- g r o w t h  D o u g l a s - f i r .  



B i r d  s p e c i e s  c o m p o s i t i o n  m u s t  b e  c o n s i d e r e d  when 

m a n a g i n g  young- growth  h a b i t a t ;  e m p h a s i s  s h o u l d  n o t  f o c u s  

s o l e l y  on o v e r a l l  s p e c i e s  r i c h n e s s ,  d e n s i t y ,  a n d  

d i v e r s i t y .  F o r  e x a m p l e ,  t h e  g r a s s / f o r b  s t a g e  g e n e r a l l y  

had  l o w e s t  l e v e l s  o f  b i r d  s p e c i e s  r i c h n e s s ,  number o f  

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

s p e c i e s  d i v e r s i t y ,  b u t  h a d  h i g h e s t  n u m b e r s  o f  3 s p e c i e s  

( w e s t e r n  wood pewee,  w e s t e r n  b l u e b i r d ,  a n d  L a z u l i  b u n t i n g )  

w h i c h  w e r e  a b s e n t  o r  n e a r l y  a b s e n t  i n  a l l  o t h e r  s t a g e s  

s u r v e y e d .  

The  m a j o r  componen t  d i s t i n g u i s h i n g  b i r d  c o m p o s i t i o n  

among t h e  young- growth  s t a g e s  w a s  p r e s e n c e  o r  a b s e n c e  o f  a 

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

s t a g e . s p e c i e s  f r o m  p r e d o m i n a n t l y  f o r e s t  s t a g e  s p e c i e s .  

H a b i t a t  c o m p o n e n t s  i n  t h e  s h r u b  s t a g e s  t h a t  f u r t h e r  

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

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

ha rdwood  s t e m s ,  h e i g h t  a n d  p a t c h i n e s s  o f  s h r u b  c o v e r ,  

number  o f  p l a n t  s p e c i e s ,  p r e s e n c e  o f  s n a g s ,  a n d  down wood 

mass and v o l u m e .  I n  t h e  f o r e s t  s t a g e s ,  b i r d  a b u n d a n c e  was 

i n f l u e n c e d  by t h e s e  same h a b i t a t  c o m p o n e n t s  a s  w e l l  as  by 

f o l i a g e  v o l u m e  i n  t h e  0.1-2 m s t r a t u m ,  f o l i a g e  v o l u m e  

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

and  mean d i a m e t e r ,  d e n s i t y ,  b a s a l  a r e a ,  a n d  s i z e  

d i s t r i b u t i o n  o f  s o f t w o o d  s t e m s .  T h e s e  a r e  a l l  h a b i t a t  



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

e v e n- a g e  t i m b e r  management .  

A c e n t r a l  c o n c e r n  o v e r  l a r g e  s c a l e  a p p l i c a t i o n  o f  

i n t e n s i v e  e v e n- a g e  management  i s  i t s  p o t e n t i a l  f o r  

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

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

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

s p e c i e s  c o n i f e r  p l a n t a t i o n s .  I n  t h e  D o u g l a s - f i r  r e g i o n  o f  

n o r t h w e s t e r n  C a l i f o r n i a ,  t h e  w i d e s p r e a d  c o n v e r s i o n  o f  

f o r e s t  s t a g e s  t o  s h r u b  s t a g e s  s i n c e  t h e  e a r l y  1 9 5 0 ' s  h a s  

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

b a n d - t a i l e d  p i g e o n s ,  w e s t e r n  wood p e w e e s ,  d u s k y  

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

f i n c h e s ,  a n d  e v e n i n g  g r o s b e a k s .  However ,  s p e c i e s  more o r  

l e s s  r e s t r i c t e d  t o  f o r e s t  s t a g e s  -- Hammond's f l y c a t c h e r s ,  

c h e s t n u t - b a c k e d  c h i c k a d e e s ,  r e d - b r e a s t e d  n u t h a t c h e s ,  brown 

c r e e p e r s ,  g o l d e n- c r o w n e d  k i n g l e t s ,  a n d  h e r m i t  w a r b l e r s  -- 
a r e  p r o b a b l y  e x p e r i e n c i n g  c o n c o m i t a n t  d e c r e a s e s  i n  

d i s t r i b u t i o n  o r  a b u n d a n c e .  F u t u r e  c h a n g e s  o f  t o t a l  a r e a ,  

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

may i n d u c e  d i f f e r e n t  s h i f t s  of  b i r d  d i s t r i b u t i o n  and  

a b u n d a n c e .  

Viewed a n o t h e r  way,  t h e  p r o m i s e  f o r  m a i n t a i n i n g  

h a b i t a t  c o n d i t i o n s  f o r  t h e  m a j o r i t y  o f  s h r u b  a n d  f o r e s t  

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

p r e s c r i p t i o n s  w i t h i n  t h e  e v e n- a g e  s i l v i c u l t u r a l  s y s t e m .  



Smith (1962) defined a silvicultural system as a flexible 

and comprehensive program of silvicultural treatment 

applied during the entire cycle of stand growth. 

Specific stand treatments are only part of a series of 

logical steps designed to help create and maintain well- 

defined stand conditions, which in turn derive from 

overall management objectives and landowner goals. In this 

context, specific management objectives for bird habitat and 

even-age timber management may be blended to produce silvi- 

cultural prescriptions for stand treatments to meet both 

needs. Essential to this process is a detailed under- 

standing of how each silvicultural treatment may influence 

key components and stages of the young-growth habitat, and 

an understanding of the relationships of bird abundance to 

such habitat components and successional stages. 

Successful merging of wildlife and timber management 

objectives in the even-age managed forest may depend on 

how well stand conditions that are favorable to birds can 

be specified as objectives and created through 

silvicultural treatments. For example, one objective may 

be to create conditions favorable for forest bird species 

associated with deciduous broad-leaf foliage in the canopy 

(Fig. 22g). One strategy to achieve this objective could 

be to retain a mix of various species of hardwood trees in 

0.1-ha plots scattered throughout a stand, such that 



h a r d w o o d  stem d e n s i t y  a v e r a g e s  a t  l e a s t  5 0 / h a  (e.g. ,  t o  b e  

a b l e  t o  m a i n t a i n  w a r b l i n g  v i r e o s  a t  l e a s t  a t  5 0  p e r c e n t  o f  

t h e i r  maximum o b s e r v e d  b r e e d i n g  d e n s i t y ;  s e e  F i g .  1 2 ) ,  

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

c a n o p y .  A p p r o p r i a t e  p r e s c r i p t i o n s  f o r  t h e  s i l v i c u l t u r a l  

s y s t e m  t o  c r e a t e  s u c h  s t a n d  c o n d i t i o n s  w o u l d  i n c l u d e  

r e t a i n i n g  0.1- ha h a r d w o o d  g r o u p s  d u r i n g  f i n a l  h a r v e s t ,  

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

d u r i n g  s u b s e q u e n t  s t o c k i n g  c o n t r o l s  a n d  i n t e r m e d i a t e  

t r e a t m e n t s .  

T h e  p a t t e r n s  o f  b i r d  n u m b e r s  a n d  r e l a t i o n s h i p s  t o  

h a b i t a t  f a c t o r s  p r e s e n t e d  i n  t h i s  r e p o r t  a r e  s p e c i f i c  t o  

y o u n g- g r o w t h  D o u g l a s - f i r ,  b u t  t h e  p a t t e r n s  a re  p r o b a b l y  

g e n e r a l  t o  many m i x e d  c o n i f e r - h a r d w o o d  f o r e s t  t y p e s  f o u n d  

t h r o u g h o u t  t h e  w e s t e r n  U.S. Many o f  t h e  e f f e c t s  o n  b i r d  

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

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

f r o m  t h i s  s t u d y  may p r o v i d e  a g e n e r a l  f r a m e w o r k  f o r  

c o n s i d e r i n g  r e l a t i o n s h i p s  b e t w e e n  t i m b e r  managemen t  a n d  

b i r d  h a b i t a t  m a n a g e m e n t .  

A m o r e  p r e c i s e  u n d e r s t a n d i n g  t h a n  t h i s  s t u d y  p r o v i d e s  

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

w o u l d  h e l p  t o  d e t a i l  s u i t a b l e  h a b i t a t  c o n d i t i o n s  a n d  

s t r u c t u r e s  o f  v e g e t a t i o n  f o r  managemen t  u s e .  

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

i n  2 m a i n  c a t e g o r i e s :  t h o s e  t h a t  o c c u r  p r e d o m i n a n t l y  i n  



o l d e r ,  m a t u r e  f o r e s t  s t a g e s  (e.g., Hammond's f l y c a t c h e r s ,  

h e r m i t  w a r b l e r s ,  brown c r e e p e r s ,  g o l d e n- c r o w n e d  k i n g l e t s ) ;  

a n d  t h o s e  t h a t  a r e  s t r o n g l y  a s s o c i a t e d  w i t h  v e g e t a t i o n  

e l e m e n t s  t h a t  a r e  l i k e l y  t o  be r e d u c e d  w i t h i n  o r  e x c l u d e d  

f r o m  i n t e n s i v e l y  managed s t a n d s ,  s u c h  a s  a s s o c i a t e s  o f  

h a r d w o o d s  a n d  d e c i d u o u s  f o l i a g e  (e.g., w e s t e r n  t a n a g e r s ,  

H u t t o n ' s  v i r e o s ) ,  s n a g s  ( p r i m a r y  a n d  s e c o n d a r y  c a v i t y -  

n e s t i n g  s p e c i e s ) ,  and  s h r u b  f o l i a g e  i n  f o r e s t  s t a g e s  

( h e r m i t  t h r u s h e s ,  W i l s o n ' s  w a r b l e r s ,  b l a c k- h e a d e d  

g r o s b e a k s ) .  
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T a b l e  3. N u m b e r s  o f  v a r i a b l e  c i r c u l a r  p l o t  (VCP) b i r d  s u r v e y s  
c o n d u c t e d  J u l y  1981 t h r o u g h  M a r c h  1983. V a l u e s  a r e  t o t a l  n u m b e r s  o f  
VCP c o u n t  p o i n t s  v i s i t e d ;  i n  p a r e n t h e s e s  a r e  t o t a l  n u m b e r s  o f  10- 
m i n u t e  VCP s u r v e y s .  

........................................................................... 
S u c c e s s i o n a l  s t a g e  

................................................. 
E a r l y  L a t e  

Grass/ s h r u b /  s h r u b /  Medium 
S e a s o n  f o r b  s a p l i n g  s a p l i n g  P o l e  s a w t i m b e r  T o t a l  ........................................................................... 
Summer 1981 3 (36) 15 (180) 14 (168) 13 (156) 7 (84) : 52 (624) 
F a l l  1981 14 (168) 15 (180) 23 (276) 16 (192) 17 (204 : 85 (1020) 
W i n t e r  1982 9 (108) 0 (0) 9 (108) 7 (84) 14 (168) : 39 (468) 
S p r i n g  1982 2 (24) 6 (72) 4 (48) 6 (72) 5 (60) : 23 (276) 
B r e e d .  1982 12 (144) 13 (156) 21 (252) 12 (144) 14 (168) : 72 (864) 
Summer 1982 14 (168) 15 (180) 22 (264) 18 (216) 19 (228) : 88 (1056) 
F a l l  1982 14 (168) 15 (180) 23 (276) 18 (216) 19 (228) : 89 (1068) 
W i n t e r  1983 3 (36) 11 (132) 3 (36) 10 (120) 5 (60) : 32 (384) 
S p r i n g  1983 6 (72) 0 (0) 0 (0) 0 (0) 0 (0) : 6 (72) 
........................................................................... 
T o t a l  77 (924) 90 (1080) 119 (1428) 100 (1200)lOO (1200):486 (5832) 
........................................................................... 



Table 4. Deciduous, evergreen, and total foliage volumes 
(m\3/ha, mean with one standard error shown in parentheses) among 
young-growth Douglas-fir stands by successional stage, northwestern 
California. 

.......................................................................... 
Successional Height 

stage stratum (m) Deciduous Evergreen\a Total .......................................................................... 
Grass/forb < 2 352 (105) 982 (253) 1334 (277) 

(n = 14) Total 352 (105) 1002 (263) 1354 (281) 

Early shrub/ < 2 1301 (404) 4326 (617) 5627 (812) 
sapling Total 1387 (402) 6305 (1129) 7692 (1275) 
(n = 15) 

Late shrub/ < 2 2007 (289) 5631 (542) '7638 (532) 
sapling Total 3259 (630) 9327 (1326) 12586 (1330) 
(n = 23) 

Pole < 2 152 (98) 739 (313) 891 (324) 
(n = 16) Total 3382 (1019) 33000 (3040) 36381 (3327) 

Med jum < 2 157 (62) 824 (211) 981 (227) 
sawtimber Total 5366 (1113) 63993 (14056) 69359 (14210) 
(n = 20) .......................................................................... 

\a Includes broad-leaf evergreen species such as Quercus 
chrrsolepus and Lithocarpus densiflora. 





T a b l e  6. Down w o o d m a s s  a n d  v o l u m e  by wood d i a m e t e r  c l a s s  a n d  
s u c c e s s i o n a l  s t a g e  of young- growth D o u g l a s- f i r ,  n o r t h w e s t e r n  
C a l i f o r n i a .  ( S e e  T a b l e  2  f o r  number o f  b i r d  c o u n t  p o i n t s  s a m p l e d  
w i t h i n  e a c h  s u c c e s s i o n a l  s t a g e . )  

-----_-_-------___---------L-----------------------------------~- 

Down wood d i a m e t e r  c l a s s  
S u c c e s s i o n a l  ...................................... 

s t a g e  - < 7 . 6  cm > 7 .6  cm T o t a l  ................................................................. 
DOWN WOOD MASS ( M e t r i c  t o n s / h a )  

G r s s s / f o r b  mean: 1 4 . 8  
S.E. :  2 . 4  

E a r l y  s h r u b /  mean: 9.7 8 1 . 4  91.1 
s a p l i n g  S.E. :  1 . 4  1 3 . 7  1 3 . 4  

L a t e  s h r u b /  mean: 7 . 9  74 .7  8 2 . 7  
s a p l i n g  S.E.: 1 . 0  1 1 . 2  11.4 

P o l e  mean: 1 1 . 9  
S.E.: 1 . 0  

Medium s a w t i m b e r  mean: 10.4 29 .5  36.4 
S.E.: 1.1 6.4 4 . 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DOWN WOOD VOLUME ( m \ 3 / h a )  

G r a s s / f o r b  mean: 3 5 
S.E.: 6  

E a r l y  s h r u b /  mean: 23  
s a p l i n g  S.E.: 4  

L a t e  s h r u b /  mean: 1 9  
s a p l i n g  S.E.: 3  

P o l e  mean: 2  7  
S.E. :  2  

Medium s a w t i m b e r  mean: 24 
S.E.: 3  



Table 7. Physiographic characteristics of study stands. northwestern ~alifornia. 
See Table 2 for number of stands surveyed in each successional stage. 

Number of Distance to Distance to 
Successional Elevation Area Boundary Shape adjacent permanent nearest stand of 

stage ( m )  (ha) length (m) index\s stands water (m) same type (m) ............................................................................................. 
Grass/forb 

mean: 1114 9.5 1309 1.20 3.3 382 
S. E.: 309 0.8 76 0.03 0.4 150 

Early shrub/sapling 
mean: 1012 17.2 2043 1.39 4.6 1890 3 7 
S.E.: 320 1.3 149 0.06 0.5 642 24 

Late ahrublsapling 
mean: 1044 17.6 1948 1.32 4.6 611 
S.E.: 279 1.4 119 0.04 0.4 100 

. --- 
mean: 967 22.3 2343 1.46 5.7 575 
S. E. : 306 7.5 456 0.08 0.7 152 

Medium sawtimber 
mean: 789 38.5 3519 1.58 7.3 370 
S.E.: 279 7.0 597 0.12 1.1 198 

. . . . - . . . 
F value: 6.48 6.46 7.13 4.61 5.53 4.44 

P value\b: < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

\a Shape index from Patton (1975). 
\b ANOVAa based on DFl - 4, DF2 = 50. 



T a b l e  8. S t a t i s t i c a l  summary  o f  d i s c r i m i n a n t  f u n c t i o n s  
( b r e e d i n g  a n d  summer  seasons o n l y )  a n d  t h e  f i r s t  t w o  p r i n c i p l e  
c o m p o n e n t  f a c t o r s  ( s e e  A p p e n d i x  3 )  f r o m  s h r u b  a n d  f o r e s t e d  
s u c c e s s i o n a l  s t a g e s  o f  y o u n g- g r o w t h  D o u g l a s - f i r ,  b a s e d  on  h a b i t a t  
a n d  v e g e t a t i o n  v a r i a b l e s  ( s e e  A p p e n d i x  2 ) .  

P e r c e n t  
D i s c r i m i n a n t  t o t a l  

f u n c t i o n  v a r i a t i o n  E i g e n v a l u e  x ------------ --------- ---------- ------- 
SHRUB STAGES ( 3  g r o u p s )  

FORESTED STAGES ( 2  g r o u p s )  

P r i n c i p l e  P e r c e n t  t o t a l  
f a c t o r  . v a r i a t i o n  --------- ------------- 

SHRUB STAGES ( 5 2  c a s e s )  
B r e e d i n g ,  Summer 1 

2 

S p r i n g ,  F a l l  1 43 
2 2  1 

W i n t e r  1 5 1 
2 2 2 

Mean 1 
2 

FORESTED STAGES ( 3 7  c a s e s )  
B r e e d i n g ,  Summer 1 

2  

S p r i n g .  F a l l  

W i n t e r  

Mean 

S i g n i f i c a n c e  d . f .  ------------ --------- 

E i g e n v a l u e  



T a b l e  9 .  M e a n  b i r d  d e n s i t i e s  ( "140 .5  h a )  b y  s e a s o n  and  s u c c e s s i o n a l  s t a g e  of 
y o u n g- g r o w t h  D o u g l a s - f i r ,  n o r t h w e s t e r n  C a l i f o r n i a ,  y e a r s  combined .  

B r e e d i n g  ( 1 5  A p r i l  - 30 J u n e  1 9 8 2 )  

E a r l y  L a t e  
G r a s s /  s h r u b /  s h r u b 1  Medium 

f o r b  s a p l i n g  s a p l i n g  P o l e  s a w t i m b e r  S p e c i e s  

T u r k e y  v u l t u r e  
S h a r p- s h i n n e d  hawk 
C o o p e r ' s  hawk 
R e d - t a i l e d  hawk 
A m e r l c a n  k e s t r e l  
C a l i f o r n i a  q u a i l  
M o u n t a i n  q u a i l  
B a n d - t a i l e d  p i g e o n  
W e s t e r n  s c r e e c h  owl  
A n n a ' s  h u m m i n g b i r d  
C a l l i o p e  h u m m t n g b l r d  
R u f o u s  h u m m i n g b i r d  
A l l e n ' s  h u m m i n g b i r d  
A c o r n  w o o d p e c k e r  
R e d- b r e a s t e d  s a p s u c k e r  
Downy w o o d p e c k e r  
H a i r y  w o o d p e c k e r  
W h i t e- h e a d e d  w o o d p e c k e r  
N o r c h e r n  f l i c k e r  
P i l e a t e d  w o o d p e c k e r  
O l i v e - s i d e d  f l y e a r c h e r  
W e s t e r n  wood pewee 
Hammand's f l y c a t c h e r  
Dusky  f l y c a t c h e r  
W e s t e r n  f l y c a t c h e r  
S t e l l e r ' s  j a y  
S c r u b  j a y  
Common r a v e n  
M o u n t a i n  c h i c k a d e e  
C h e s t n u t - b a c k e d  c h i c k a d e e  
B u s h t i t  
R e d- b r e a s t e d  n u t h a t c h  
W h i t e - b r e a s t e d  n u t h a t c h  
Brown c r e e p e r  
B e w i c k ' s  wren  
H o u s e  wren  
W i n t e r  wren 
G o l d e n- c r o w n e d  k i n g l e t  
W e s t e r n  b l u e b i r d  
T o w n s e n d ' s  s o l i t a i r e  
H e r m i t  t h r u s h  
A m e r i c a n  r o b i n  
W r e n t i t  
S o l i c a r y  v i r e o  
H u t t o n ' s  v i r e o  
W a r b l i n g  v l r e a  
O r a n g e- c r o w n e d  w a r b l e r  
N a s h v i l l e  w a r b l e r  
Y e l l o w  w a r b l e r  
Ye l low- rumped  w a r b l e r  
B l a c k - t h r o a t e d  g r a y  w a r b l e r  
H e r m i c  w a r b l e r  
M a c G i l l i v r a y ' s  w a r b l e r  
W i l s o n ' s  w a r b l e r  



T a b l e  9 .  C o n t i n u e d .  

S p e c i e s  

B r e e d i n g  ( 1 5  A p r i l  - 30 J u n e  1 9 8 2 )  

E a r l y  L a t e  
G r a s s 1  s h r u b 1  s h r u b /  Medium 

f o r b  s a p l i n g  s a p l i n g  P o l e  s a w t i m b e r  

Western  t a n a g e r  P  0 . 7  3 . 5  1 6 . 2  1 5 . 6  
B l a c k- h e a d e d  g r o s b e a k  2 . 1  5 . 5  2 8 . 8  1 7 . 1  1 8 . 9  
L a z u l i  b u n t i n g  2 2 . 7  P  P  
G r e e n - t a i l e d  t o w h e e  P P  
R u f o u s - s i d e d  t o w h e e  P  4 0 . 9  3 2 . 8  P  P 
C h i p p i n g  s p a r r o w  P  P  3 . 2  P  P  
F o x  s p a r r o w  P  2 . 4  2 7 . 3  
S o n g  s p a r r o w  4 . 9  P  
D a r k- e y e d  j u n c o  6 5 . 6  9 6 . 1  5 4 . 8  4 1 . 2  6 0 . 9  
B r o w n- h e a d e d  c o w b i r d  P P  P  
P u r p l e  f i n c h  1 . 2  2 6 . 3  2 2 . 6  2 . 0  2 .9  
Red c r o e s b i l l  P P  P  
P i n e  s i s k i n  2.5  4 . 4  4 . 5  4 . 3  1 0 . 5  
L e s s e r  g o l d f i n c h  P  2 . 5  4 . 3  P  
E v e n i n g  g r o s b e a k  P  P P  0 . 9  0 . 3  



T a b l e  9 .  C o n t i n u e d .  

Summer ( I  J u l y - 1 5  S e p t e m b e r ,  1 9 8 1  a n d  1 9 8 2 )  

E a r l y  L a c e  
G r a s s 1  s h r u b 1  s h r u b 1  Medium 

f o r b  s a p l i n g  s a p l i n g  . P o l e  s a w t i m b e r  S p e c i e s  

T u r k e y  v u l t u r e  
S h a r p - s h i n n e d  hawk 
C o o p e r ' s  hawk 
R e d - t a i l e d  hawk 
A m e r i c a n  k e s t r e l  
M o u n t a i n  q u a i l  
B a n d - t a i l e d  p i g e o n  
N o r t h e r n  pygmy awl  
V a u x ' s  s w i f t  
A n n a ' s  h u m m i n g b i r d  
R u f o u s  h u m m i n g b i r d  
A l l e n ' s  h u m m i n g b i r d  
A c o r n  w o o d p e c k e r  
R e d - b r e a s t e d  s a p s u c k e r  
Downy w o o d p e c k e r  
H a i r y  w o o d p e c k e r  
W h i t e - h e a d e d  w o o d p e c k e r  
N o r t h e r n  f l i c k e r  
P i l e a t e d  w o o d p e c k e r  
O l i v e - s i d e d  f l y c a t c h e r  
W e s t e r n  wood pewee  
Hammond's f l y c a t c h e r  
Dusky f l y c a t e h e r  
W e s t e r n  f l y c a t c h e r  
V i o l e t - g r e e n  s w a l l o w  
S t e l l e r ' s  j a y  
S c r u b  j a y  
Common r a v e n  
M o u n t a i n  c h i c k a d e e  
C h e s t n u t - b a c k e d  c h i c k a d e e  
B u s h t i t  
R e d - b r e a s t e d  n u t h a t c h  
W h i t e - b r e a s t e d  n u t h a t c h  
Brown c r e e p e r  
B e w i c k ' s  w r e n  
H o u s e  w r e n  
W i n t e r  w r e n  
G o l d e n- c r o w n e d  k i n g l e t  
W e s t e r n  b l u e b i r d  
T o w n s e n d ' s  s o l i t a i r e  
H e r m i t  t h r u s h  
A m e r i c a n  r o b i n  
W r e n t i t  
C e d a r  w a x w i n g  
S o l i t a r y  v i r e o  
H u t t o n ' s  v i r e o  
W a r b l i n g  v i r e o  
O r a n g e- c r o w n e d  w a r b l e r  
N a s h v i l l e  w a r b l e r  
Y e l l o w- r u m p e d  w a r b l e r  
B l a c k - t h r o a t e d  g r a y  w a r b l e r  
H e r m i t  w a r b l e r  
M a c G i l l i v r a y ' s  w a r b l e r  
W i l s o n ' s  w a r b l e r  



1 4  0 

T a b l e  9 .  C o n t i n u e d .  

Summer ( I  July-15 S e p t e m b e r ,  1 9 8 1  and 1 9 8 2 )  

E a r l y  L a t e  
G r a s s 1  s h r u b 1  s h r u b 1  Medium 

S p e c i e s  f o r b  s a p l i n g  s a p l i n g  P o l e  sawt imber  

Western  t a n a g e r  3 . 2  1 4 . 3  3 4 . 3  5 . 9  5 . 6  
B lack- headed  g r o s b e a k  1 . 4  2 0 . 4  2 1 . 8  3 . 0  1 . 3  
L a z u l i  b u n r i n g  P P 
G r e e n- t a i l e d  towhee 10.5  6 . 9  
R u f o u s- s i d e d  towhee 1 . 0  3 9 . 0  4 1 . 3  P P 
C h i p p i n g  s p a r r o w  P P 2 .0  P P 
Fox s p a r r o w  P 1 4 . 3  2 1 . 1  P 
Song  s p a r r o w  0 . 8  0 . 2  P 
Golden- crowned sparrow P 
Dark- eyed j u n c o  1 6 8 . 4  1 7 9 . 5  1 9 4 . 4  8 9 . 2  1 6 . 5  
Brown-headed cowbird  P 
P u r p l e  E lnch  1 3 . 6  10 .9  2 9 . 6  1 . 7  0 . 3  
Red c r o s s b i l l  P e 1 . 1  0 . 3  
P i n e  s i s k i n  4 5 . 4  1 3 . 7  3 . 7  3 . 6  2 . 8  
L e s e e r  g o l d f i n c h  2 0 . 5  1 6 . 0  5 . 0  1 . 0  0 . 4  
American g o l d f i n c h  P P 
E v e n i n g  g r o s b e a k  P P P P P 
B r e w e r ' s  b l a c k b i r d  P 



1 4 1  

T a b l e  9 .  C o n t i n u e d .  

F a l l  ( 1 6  S e p t e m b e r- 3 0  November,  1981 a n d  1982) 

E a r l y  
s h r u b /  

s a p l i n g  

L a t e  
s h r u b /  Nedium 

s a p l i n g  P o l e  s a w t i m b e r  S o e c i e s  
G r a s s /  

f o r b  

G r e a t  b l u e  h e r o n  
M a l l a r d  
T u r k e y  v u l t u r e  
S h a r p- s  h i n n e d  hawk 
C o o p e r ' s  hawk 
N o r t h e r n  goshawk 
R e d - t a i l e d  hawk 
R e d- s h o u l d e r e d  hawk 
A m e r i c a n  k e s t r e l  
M o u n t a i n  q u a i l  
N o r t h e r n  p h a l a r o p e  
B a n d - c a i l e d  p i g e o n  
N o r t h e r n  pygmy owl  
V a u x ' s  s w i f t  
A n n a ' s  h u m m i n g b i r d  
A c o r n  w o o d p e c k e r  
R e d- b r e a s t e d  s a p s u c k e r  
Downy w o o d p e c k e r  
H a i r y  w o o d p e c k e r  
N o r t h e r n  f l i c k e r  
P i l e e c e d  w o o d p e c k e r  
O l i v e - s i d e d  f l y c a t c h e r  
W e s t e r n  wood pewee 
W e s t e r n  f l y c a t c h e r  
V i o l e t - g r e e n  s w a l l o w  
S t e l l e r ' s  jay 
S c r u b  j a y  
Common r a v e n  
M o u n t a i n  c h i c k a d e e  
C h e s t n u t - b a c k e d  c h i c k a d e e  
B u s h t i c  
R e d - b r e a s t e d  n u t h a t c h  
W h i t e - b r e a s t e d  n u t h a t c h  
Brown c r e e p e r  
B e w i c k ' s  wren  
House  w r e n  
W i n t e r  w r e n  
Golden- crowned  k i n g l e t  
Ruby- crowned k i n g l e t  
W e s t e r n  b l u e b i r d  
T o w n s e n d ' s  s o l i t a i r e  
H e r m i t  t h r u s h  
A m e r i c a n  r o b i n  
V a r i e d  t h r u s h  
W r e n t i t  
C e d a r  waxwing  
S o l i t a r y  v i r e o  
H u t e o n ' s  v i r e o  
W a r b l i n g  v i r e o  



T a b l e  9 .  C o n t i n u e d .  

F a l l  1 1 6  S e p t e m b e r- 3 0  N o v e m b e r ,  1 9 8 1  a n d  1 9 8 2 )  

S p e c i e s  

E a r l y  L a t e  
G r a s s /  s h r u b 1  6 n r u b /  Medium 

f o r b  s a p l i n g  s a p l i n g  P o l e  s a w t i m b e r  

O r a n g e- c r o w n e d  w a r b l e r  P P  P 
N a s h v i l l e  w a r b l e r  P  P 
Y e l l o w- r u m p e d  w a r b l e r  2 5 . 4  8 . 8  5 . 0  4 . 3  5 . 0  
B l a c k - t h r o a t e d  g r a y  w a r b l e r  P  P P P P 
T o w n s e n d ' s  w a r b l e r  P  P P  
H e r m i t  w a r b l e r  P  P P 
M a c G i l l i v r a y ' s  w a r b l e r  P P  P 
W i l s o n ' s  w a r b l e r  P P  P P 
W e s t e r n  t a n a g e r  P  P  P  P P 
G r e e n - t a i l e d  t o w h e e  P  P 

' R u f a u s - s i d e d  t o w h e e  P 1 5 . 9  1 9 . 6  P 
C h i p p i n g  s p a r r o w  P  
P o x  s p a r r o w  5 . 1  1 4 9 . 8  7 8 . 6  P P 
S o n g  s p a r r o w  2.4  3 . 2  P P 
L i n c o l n ' e  s p a r r o w  P  
G o l d e n- c r o w n e d  s p a r r o w  9 . 5  P 1 6 . 1  
W h i t e- c r o w n e d  s p a r r o w  P  P 
D a r k- e y e d  j u n c o  1 4 9 . 2  1 3 4 . 3  173 .4  3 3 . 2  2 6 . 8  
W e s t e r n  m e a d o w l a r k  P  . P 
S t a r l i n g  P  
B r e w e r ' s  b l a c k b i r d  P  P  P P 
P u r p l e  f i n c h  3 . 6  3 . 8  1 1 . 5  4 . 2  4 . 5  
Red c r o s s b i l l  P P  P  P 
P i n e  s i s k i n  4 1 . 7  1 6 . 9  6 . 8  6 . 8  6 . 0  
L e s s e r  g o l d f i n c h  1 1 . 0  4.3 6 . 3  0.9 0 . 8  
Evening g r o s b e a k  P 4 . 5  5 .4  0 . 6  0 . 4  



T a b l e  9.  C o n t i n u e d .  

W i n t e r  ( 1  December- 28 F e b r u a r y ,  1 9 8 2  and 1 9 8 3 )  

E a r l y  L a t e  
Grass/ s h r u b /  s h r u b /  Medium 

S p e c i e s  f o r b  s a p l i n g  s a p l i n g  P o l e  s a w r i m b e r  

S h a r p- s h i n n e d  hawk P  P 
R e d - t a i l e d  hawk P  P  P  P 
M o u n t a i n  q u a i l  P  P  
B a n d - t a i l e d  p i g e o n  26.3 2.3 15.3  34.2 
Acorn w o o d p e c k e r  P  0.2 0.7 
R e d- b r e a s t e d  s a p s u c k e r  P  P  P  
Downy woodpecker  P  P  
H a i r y  woodpecker  P  P  P  P  P  
W h i t e- h e a d e d  w o o d p e c k e r  P  
N o r t h e r n  f l i c k e r  P  P  P  0.2 0.4 
P i l e a t e d  w o o d p e c k e r  . P  P  
S t e l l e r ' e  j a y  P  11.4 13.3 2.5 3.3 
S c r u b  j a y  1.6 P  
Common raven P  P  P  0 . 5  0.4 
M o u n t a i n  c h i c k a d e e  P  P  P  3.5 
C h e s t n u r - b a c k e d  c h i c k a d e e  P  13.4 12.0 113 .4  85.7 
B u s h t i t  14.6 19.0 P  
R e d- b r e a s t e d  n u t h a t c h  P  9.2 1.2 
W h i t e - b r e a s t e d  n u t h a t c h  P  
Brown c r e e p e r  22.1 25.9 
B e w i c k ' s  wren P  
W i n t e r  wren  35.6 76.3 145.1  25.4 21.7 
Golden- crowned  k i n g l e t  10.6 P  143 .3  331 .9  371.8 
Ruby- crowned k i n g l e t  P  P  12.4 14.3 15.7 
W e s t e r n  b l u e b i r d  P  P  P  P  
T o w n a e n d ' s  s o l i t a i r e  P  P  P  P 
H e r m i t  t h r u s h  P P  P 
A m e r i c a n  r o b i n  4.1 7.6 191 .1  18.2  6.0 
Varied r h r u e h  
W r e n t i t  
C e d a r  waxwing 
H u t t o n ' s  v i r e o  
Ye l low- rumped  w a r b l e r  P  
T o w n s e n d ' s  w a r b l e r  
R u f o u e - s i d e d  towhee  P P  
FOX s p a r r o w  15.9 57.8 P  
S o n g  s p a r r o w  P  P  P 
Dark- eyed  j u n c o  P  37.7 18.3 P  P  
P u r p l e  f i n c h  P  P  1.4 P  P  
Red c r o s s b i l l  P  P  P  
P i n e  s i s k i n  1.8 P 12.4 1.4 1.4 
Lesser g o l d f i n c h  P  P P  
E v e n i n g  g r o s b e a k  P  P  5 .3  3.4 2.9 



1 4 4  

T a b l e  9. C o n t i n u e d .  

S p r i n g  ( I  March-14 A p r i l ,  1982 a n d  1983) 

S p e c i e s  

E a r l y  L a t e  
G r a s s /  s h r u b 1  s h r u b /  Medium 

f o r b  s a p l i n g  sapling P o l e  s a w t i m b e r  

T u r k e y  v u l t u r e  P 
R e d - t a i l e d  hawk P  P  P  
B a n d - t a i l e d  p i g e o n  5.8 P 
N o r t h e r n  pygmy owl  P P  P  
Acorn w o o d p e c k e r  P  P  P  
R e d - b r e a s t e d  s a p s u c k e r  P  P  P P 
Dovoy w o o d p e c k e r  P 
H a i r y  w o o d p e c k e r  P  P P  
N o r t h e r n  f l i c k e r  P  P  0.7 0.4 
V i o l e t - g r e e n  s w a l l o v  P P  
S t e l l e r ' s  j a y  P 4.2 ' 23.9 4.8 2.9 
Common raven P  P P P 
C h e a t n u t - b a c k e d  c h i c k a d e e  P  P  P  95.3 143.1 
B u s h t i t  P  P  P 
R e d - b r e a s t e d  n u t h a t c h  P  P 
W h i t e - b r e a s t e d  n u r h a t c h  P  
Brown c r e e p e r  P  39.6 36.6 
B e w i c k ' s  v r e n  P 11.0 P  P  
H o u s e  w r e n  P  
W i n t e r  w r e n  43.2 95.4 16.9 97.1 3 3 . 8  
G o l d e n- c r o w n e d  k i n g l e t  P  30.0 P  230.6 150.8 
R u b y- c r o w n e d  k i n g l e t  P  P  P  P  
W e s t e r n  b l u e b i r d  22.5 P  
T o v n s e n d ' s  s o l i t a i r e  1.9 
H e r m i t  t h r u s h  P  P  P  P  
A m e r i c a n  r o b i n  36.4 11.1 0.8 0.8 
V a r i e d  t h r u s h  P P  
W r e n t i t  P  10.2 58.4 P  
C e d a r  v a x w i n g  9.3 
H u t t o n ' s  v i r e o  P  2.8 P  9.3 8.2 
T o w n s e n d ' .  w a r b l e r  P 
R u f o u s - s i d e d  t o w h e e  P  P 
Pox s p a r r o w  P  84.4 P 
D a r k- e y e d  junco 183.2 41.9 P 27.7 22.9 
P u r p l e  f i n c h  P 
Pine s i s k i n  P P  15.0 4.3 
E v e n i n g  g r o s b e a k  P  P  P  P 



T a b l e  10.  E x a m p l e s  o f  mean b i r d  d e n s i t i e s  (n/40.5  h a ;  A p p e n d i x  
6 ) .  c o e f f i c i e n t s  o f  v a r i a t i o n  o f  d e n s i t y  (CV; Append ix  8 ) .  a n d  
p e r c e n t  o c c u r r e n c e  a t  b i r d  c o u n t  p o i n t s  ( A p p e n d i x  7 )  o f  s e l e c t e d  
s p e c ' i e s  w i t h i n  s u c c e s s i o n a l  s t a g e s  o f  young- growth  D o u g l a s - f i r ,  
n o r t h w e s t e r n  C a l i f o r n i a .  

........................................................................ 
S u c c e s s i o n a l  s t a g e  

E a r l y  L a t e  
SEASON. YEAR G r a s s /  s h r u b 1  s h r u b /  Medium 

S p e c i e s  f o r b  s a p l i n g  s a p l i n g  P o l e  s a w t i m b e r  

BREEDING 1 9 8 2  
Brown c r e e p e r \ a  

mean d e n s i t y :  P\ b  0.0 0 . 0  4 7 . 9  6 5 . 1  
CV d e n s i t v :  --- --- --- 1 . 5 3  0 . 7 0  

X o c c u r r e n c e :  1 7  8 \ c  5 \ c  7 5  9 3  

Dusky f l y c a t c h e r  
mean d e n s i t y :  P  1 9 . 5  1 6 . 6  P  0 . 0  

CV d e n s i t y :  2 . 1 3  0 . 8 6  1 . 0 1  --- --- 
% o c c u r r e n c e :  33 7  7  8  1 8  0  

W i l s o n ' s  w a r b l e r  
mean d e n s i t y :  2 . 3  1 6 . 3  45 .4  7 . 3  ' 11 .2  

CV d e n s i t y :  --- 1 . 6 3  0 . 9 1  1 . 0 7  1 . 8 5  
% o c c u r r e n c e :  1 7  3 8  9 0  7  5  5 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
WINTER 1 9 8 3  

A m e r i c a n  r o b i n  
mean d e n s i t y :  1 1 . 2  7 . 6  2 5 . 3  2 9 . 3  1 7 . 8  

CV d e n s i t y :  1 . 4 5  1 . 1 4  1 . 7 3  1 . 6 3  0 . 8 0  
% o c c u r r e n c e :  \ d  7 3  \ d  9 0  1 0 0  

P i n e  s i s k i n  
mean d e n s i t y :  1 . 7  P  1 . 7  0 . 3  0 . 3  

CV d e n s i t y :  0 . 8 7  --- 1 . 7 3  3 . 1 6  2 .24  
% 0 , c c u r r e n c e :  \ d  6 4  \ d  20  20  

% o c c u r r e n c e :  \ d  7 3  

\ a  S c i e n t i f i c  names a v D e a r  i n  A v v e n d i x  4. . . . . 
\ b  P  = p r e s e n t  i n  s u c c e s s i o n a l  s t a g e  b u t  numbers  d e t e c t e d  t o o  low 

( <  1 5 )  f o r  e s t i m a t i o n  o f  d e n s i t y .  
\ c  P r e s e n t  a t  b i r d  c o u n t  p o i n t s  b u t  n o t  o b s e r v e d  d u r i n g  f o r m a l  b i r d  

s u r v e y s .  
\ d  Number o f  b i r d  c o u n t  p o i n t s  t o o  f e w  f o r  r e l i a b l e  e s t i m a t i o n  o f  

p e r c e n t  o c c u r r e n c e .  



Table 11. Reaults of simple correlations of site-specific bird densities with principle component faccor (Appendix 3) scores 
derived from vegetation and habitat variables, young-grwch Douglas-fir, northwestern California. 

SHRUB STAGES 

SOecies 

4 
3 pole 

1 2 Low vegetation ~ofcvoad 5 
Foliage volume Stem density patchiness delrsity bvn wood 

Ere. Sum. Sum. Bre. Sum. Sum. Bre. Sum. Sum. Bre. Sum. Sum. Ere. Sum. Sum. 
1982 1981 1982 1982 1981 I982 1982 1981 1982 1982 1981 1982 1982 1981 1982 

American kestrel 
Mountain quail 
Band-tailed pigeon 
Vaux's awift 
Anna's hummingbird 
Calliope hummingbird 
Acorn woo<pecker 
Red-breasted sapsucker 
Northern flicker 
Olive-sided flycatcher 
Western wood pewee 
Dusky flycatcher 
Western flycatcher 
Violet-grean swallow 
Steller's jay 
Scrub jay 
Common raven 
Mountain chickadee 
Chestnut-backed chickadee 
Bushtit 
Red-breasted'nuthatch 
Bewick's wen 
House m e n  
Western bluebird 
Townsend's solitaire 
Hermit thrush 
American robin 
Wrentit 
Cedar waxwing 
Solitary vireo 
Hutton's vireo 
Warbling vireo 
Orange-crowned warbler 



Table 11. Continued 

SHRUB STAGES 
4 

3 Pole 
I 2 law vegetation softwood 5 

Foliage volume Stern density patchiness deneicy Down wood 

Bre. Sum. Sum. Ere. Sum. Sum. Bre. Sum. Sum. Ere. Sum. Sum. Ere. Sum. Sum. 
Species 1982 1981 1982 1982 1981 1982 1982 1981 1982 1982 1981 1982 1982 1981 1982 

Neehville warbler ** - + - - (-) - - - - * (-) - ( )  (*) 
Yello~ruroped warbler, (-) (-1 (-) - (-) - (*I - (**) (-) (-) (-1 - (-) (-) 
Black-throated gray warbler + - - + - * - *t - * (-) (-) - - * 
Hermit warbler - * A  . (-1 + - 
MacCillivrey's warbler ** ( )  ** - (-) - - - - - - (*) 

t* ** - - ** - - - (**) (-) 
Wilson's warbler - - (*) - - - - 
Western tanager ** - ** (-) (-) (-1 + - - ** - - (*) - - * (-) 
Black-headed grosbeak * (-1 (+I (-) - (*) - - - (+) * - (-) 
Lazuli bunting (**) (*) - (+) (-) 
Green-tailed towhee (-1 - (-) (-) - (-) (-) (-) ** ** ** - (+) 
Rufous-sided towhee + - (-) (-1 (-) - * - (-) - (*) - 
Chipping sparrow * - (-) (-) + - (-1 (-) (-) (-) 
FOX sparrow - - - - - - - - - )  - )  - (*) - (*) 
Song sparrow - - (+) - - - (+) - (-) - - (-) - - - 
Dark-eyed junco - )  - - (**I (+) * (*) - - - )  (-) (**) + - - 
Purple finch - - - - - (-1 (-1 - - (-1 (-) (-) - (+) - 
Pine siskin - (**) (+) - - - - (*I (-) - - (-) 

- (**) - + - (*) 
Lesser goldfinch (-) (-) - - (+I (-) - - + (-) - (-) 



m 
-J' i 
4 : 

(-1 (-) (-) - (-) (-) - 1 (-) - * 1eaqsoz8 i l u p a n a  
- (6)  - (-1 - - - * (-) (-) - (t) q ~ u ~ 3 p 1 o i l  x a e e a l  

(-) (-1 (+) - - - + (-1 - - (*) UTqST8 aUrd - - * (-) (-) (-) (-) (-) - ** I* 43ux3 
(-) (-) (-) - + * (**) - + + * - (-) - (-) - (-) (-) o m n f  pada-1l-a - - * (-) - (-) .* (-1 (-) - (-) + n o u e d s  p a u n o x ~ - u a p ~ w  - (-) (-) (-) * - - (-) (-) (-) (-) (-) n a x ~ s d s  8 u p ~  
' - - - - (I+) - * - - (I*) (v*) - + + (-) r* *r (-) n o ~ a s d e  X O ~  

(-) - - . ** (-) - (-) - (-) - ** 11 aaqnoa p a p y s - s n o j n ~  
(+) (+) + - + * - + (-) (-) ( )  (*I) aalqaan p a d r n n a - n o ~ ~ q  - - (* I  - (*) - - t -  - (w) (-) - 1, (-) + ++ - o a q a  s ,uoaang 
- (t) - - - - ( v )  (-1 r* (-) ** + Suynxen xepa3 
8 I +- (+I  (*) (*)  - - - ( )  v ( 1  - I* - *+ - 71aualn 
- (-) (-) - - % (**) c.7) *i + ** -1 qsniqa  p a r l e h  
- - - (1) (I) - - ** (t) - (i) - + + (-) - + (-) urq0' ue2yaamv - 1 * * - - - (-) (-) + * 8- q e n ~ q a  ax!Jt=aH 
* - r (-) - - (-) - (-) (-) - a z y s a x ~ o s  s , p u a ? u n o ~  - 

(-) (-) - - (*) + - - - - (-) + - - (-) (-) (-) (+) plxqanxq usaasau  
v - - ("1 (-) - w+ (-) ** - ** ** aa~ i luxx  p a u n o ~ ~ - d q n a  
** - (+) - (-) - (-) - - (w) (**) (-) - - (-) - 4- - a a ~ a u p ,  paunoan-uap~og 
+ (-) (-) (-) (-) - - - (-) - s v - (-) + ** (-) uaxn ~ a a u r ~  - 
- - - (*) - - ** + *r (+) - - (-) (-) (-1 1 v (-) u a m  s , q = p a g  
* (+) (-) (-) (-) (t) - (-) (-) - - + a ~ a q s n e  

(-) - * + (-) - + (-) - I * s aapeqarqa paq~eq-anuasaq3 
- (-) - (-) (-) (-) r (-1 - v* (*) (-) uanez uommo3 
ex * ,  - (-) v - (4 (w,) (-) (-) - - &sf q n a ~ s  
1 - * - - (t) - - - ( 1  ( )  (**) - + + ** a%* + Xaf s , l a ~ ~ a a s  
+ (-) - - - (-) (-) - )  (+) laYJTT3 Ula43lON - (+I - 

(+) (-) (-) (-) (-) t - )  (*) (-) - - * ~aq3adpoon  u l o ~ v  
(-) (-) (-) - (-) (6) (*) (-)  (-1 - + + uoaard pa~ rea -pueg  
- (+) - (-) (-) - - - - - 1-) (-) (-) (-1 (-1 - + - ~ x e n b  u x e a u n o ~  - - (-) - (-) (*) ~ a x a e a q  u s ~ y j a m y  







Table 11. Continued 

FOREST STAGES 

Species 

5 6 8 
Medium-large large 7 large 

softwood density hardwood density Down wood snag density 

Bre. Sum. Sum. Bre. Sum. Sum. Bre. Sum. Sum. Bre. Sum. Sum. 
1982 1981 1982 1982 1981 1982 1982 1981 1982 1982 1981 1982 

Sharp-shinned hawk 
Red-tailed hawk 
Mountain quail 
Bend-tailed pigeon 
Acorn woodpecker 
Red-breasted sapsucker 
Downy voodpecker 
Hairy woodpecker 
Northern flicker 
Hammond's flycatcher 
Western flycatcher 
Steller's jay 
Comon raven 
Mountain chickadee 
Chestnut-backed chickadee 
Red-breasted nuthstch 
White-breasted nuthatch 
Brown creeper 
Winter wren 
Golden-crowned kinglet 
Hermit thrush 
American robin 
Solitary vireo 
Hutton's vireo 
Usrbling vireo 
Nashville warbler 
Yellorrumped warbler 
Blsck-throated gray warbler 
Hermit warbler 
Wilson's warbler 
Western tanager 
Black-headed grosbeak 
Dark-eyed junco 
Purple finch 
Red crossbill 
Pine siskin 
Lesser goldflnch 
Evening grosbeak 
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Table 11. Continued 

FOREST STAGES 

Species 

8 9 
6 7 large Deciduous 

Canopy cover Snag density hardwood density foliage volume 

Spr. Fall Fell Spr. Fall Fall Spr. Fall Fall Spr. Fell Fall 
1982 1981 1982 1982 1981 1982 1982 1981 1982 1982 1981 1982 

Bsnd-tailed pigeon - (*) - (+) (-1 - - - - - - (-) 
Northern pygmy owl (-) (-) 
Acorn woodpecker (-) - - + (-1 (-) ** - 

(-) *; 
Downy woodpecker (-) - (-) (-) + - - (+) 
Hairy woodpecker (-1 - (-) (-) (-) - - 
Northern flicker - (+I - * - (*) (-) (-) (-) (-1 - - (-) 
Pileated woodpecker * - (*) (-) - (*) (-) 
Steller's jay (+I  (-) - (-) (-) (-) (-) + (+) - * - (*) 
Cornon raven (+) (-) (-) (-) - (-) - 
Cheetnut-backed chickadee (-) (-) (-) - - (-) (-) - - - - (+) (-) (-) 
Red-breasted nuthatch (-) (-) (-) - - - - (*) 
Brown creeper (+) (-1 t - - - - - (-) (-) (-) (-1 
Winter men (-1 (-) - - * (-) + (+) (*) - 
Golden-crowned kinglet (-) - - (+) - (-) - (*I (-) (-) (-) * 
Ruby-crowned kinglet - * - (+I (*)  - (-1 + 
Hermit thrush - - - (-) (-) (-) + - 
American robin * - + (-) (-) (-) * (-1 (-) (-) - - 
Varied thrueh - - - - (*) - - * 
Cedar waxwing (-) - (-) (-1 (-) * - - 
Button's vireo (-) (-) - (-) * + (-) - (-) - - - 
Yellorrumped warbler (-) (-) - (-) - - - - - - - - (-) 
Dark-eyed junco (-) - (*) (-) (-) (-) (-) - Purple finch (-) - (-) (-1 - (-) + 
Pine eiskin (-) - (-) (-1 - (-) - )  (*) (-1 + - - - - (-) 
Lesser goldfinch + (-1 (-) - + 
Evening grosbeak (-) + - (+) (-) (-) - - 
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Table 11. Continued 

FOREST STAGES 6 
Diameter 9 10 

Douglas-fir 7 8 Medium softwood Large snag 
stems Down wood Snag density density density 

Winter Winter Winter Winter Winter Winter Winter Winter Winter Winter 
Species I982 1983 1982 1983 1982 1983 1982 1983 1982 1983 

Band-tailed pigeon - - * - - 
Acorn woodpecker (-1 (-) (-) (-) (-) - (-) (-) (-) (-) 
Northern flicker (-) - (-) - (-) (-) (-) (-) (-) - 
Steller's jay (-) (-) (-) - (+) - (-1 (-) (-1 (-) 
Common raven (-) (-) (-) (-) (-) - (-) (-1 (-) - 
Mountain chickadee - - + - - 
Cheatnut-backed chickadee - + - + - - - + - + 
Red-breasted nuthatch (-1 - (-1 - (+) (-) (-) - (-) - 
Brow creepe - - - - + - - - + - 
Winter wren (+) - (-) + * (-) (-) - (-) - 
Golden-crowed kinglet (-1 * (-) - (-) - (-1 * (-) 
Ruby-crowned kinglet (-) (*) (-) (*) - (-) (-) (*) (-) ( * )  
American robin (-) - (+) - (-) - (+) - (-) - 
Varied thrush - (*) (-) - (-) - (-) (*) (-) (*)  
Cedar waxwing - - - - t 
hut ton'^ vireo - - - - (-) (-) - (-) - - 
Purple finch (-) (-) (+) (-) (+) - (-) (-) (+) (-) 
Evening grosbeak (-1 - (-) - (-) (-) (-) - (-) - 

** P < 0.01 
* P < 0.05 
+ 0.05 < P < 0.10 - P>O.lO 

blank Species absent or insufficient number of detections for estimation of density. 
( ) Negative correlation 



Table 12. Results of stepwise multiple linear regression of estimated bird densities 
(n/40.5 he) on vegetation and habitat variables, from breeding and uioter 1982 aesaona in 
shrub and forested ateges of vouna-nrovth Doueles-fir. northueat~rn Cal i f n r n l n  PI-* ..... -+." 

densities were first t;ensfor.ed ~log[r+ll). " ~ 1 1  equations are significant (F tests, Pi 
0.05). Unemonics of habitat variables are described in Appendix 2. 

-______-.____------.---.--------------.~------------------------~~----------~--~~--~---~~-~~~-~-~--~~--~-- 
Season, Year 2 Prediction 

Successional stages Adjusted R er ror \ *  
--------------------..---------------------------.------.-------------------.-----------.--.------------.- 
BREEDING 1982 

SHRUB STAGES 

Acorn woodpecker = 0.075 + 0.00003(FVOLLO) + 0.003(SOILOCC) - O.OOOl(DENHW1) 0.55 0.076 + O.O9L(BASW2) - 0.003(LITTOCC) 
American robin - 0.023 + 0.0005(PVOLDLO) 0.09 0.220 
Anne's hummingbird - -1.286 + 0.045(NOSPP10) - O.OOOZ(FVOLEL0) + 0.133(VEGHT) 0.50 + O.O29(LITTCOV) 0.748 
Bewick's wren - 0.768 + 0.084(NOSPPZU) - O.O23(LITTCOV) + 0.0001(PVOLDLO) 0.51 0.301 + 0.312(BASW2) - 0.00005(POLHIGH) 
Black-headed grosbeak - 0.203 + 0.085(VEGHT) + O.OOl(FVOLDT0) 0.49 0.419 
Black-throated gray warbler - -0.031 + O.OlO(NOSPPZU) + 0.287(BASWl) - 0.107(BAHWl) 0.43 0.398 

. . . . . - . . -, 
Rufous-sided towhee - 0.189 + 0.152(NOSPP2M) - 0.019(SOILCOV) + 0.017(GRNCOV) 0.70 0.403 
Scrub j a y  - 0.184 + 0.158(BASWZ) - O.OOOl(DENHW1) + 0.030(10SPP214) - 0.008(NOSPP10) 0.47 0.135 



Table 12. Continued 

Song sparrow - -0.225 + 0.012(GRNCOV) - O.O88(LITTDEP) + 0.094(NOSPP2M) 
- O.OOOO5(EVOLLO) + O.OO2(WOODMASS) 

Solitary vireo - -0.410 + O.lOO(VEGHT) + 0.004(DENHUZ) - 0.00005(EOLHIGH) 
) 1 O.OOO~(FVOLLO)~ 

Warbling vireo - 0.731 + 0.213(BAHWl) + O.OOOl(FVOLDTOT) 
Western bluebird - 3.556 - 0.027(LITTOCC) - O.OlS(GRNC0V) - 0.020(NOSPP10) 

- O.OOOl(DENHW1) 
Western flycatcher - 01378 - 0.023(NOSPPZM) - 0,007(GRNCOV) 
Western tanager - -0.373 t 0.068(VEGHT) - 0.141(BAHU1) + O.Oll(NOSPP10) 

+ O.l98(BAHW21 . . . . . . - - -, 
Western mood pewee - -0.307 t 0.022(SOILCOV) + 0.002(WOODMASS) 
Wilson's warbler - -0.980 + O.OOOl(EVOLL0) t 0.144(LITTDEP) + 0.019(GRNCOV) 
Wrentit - -0.051 + 0.0001(PVOLELO) - O.OOOl(PVOLDT0) + O.lll(NOSPP2M) 
Yellov-rumped warbler - 2.112 - 0.029(CANCOV) 

FOREST STAGES 

Acorn woodpecker - -0.344 t 0.115(NOSPPZH) 
American robin - 0.0134 + O.OZO(MOSSOCC) - O.Oll(CBASW40) + 0.019(GRNCOV) 
Black-throated gray warbler - 0.178 + O.lOl(BASW1) 
Bleck-headed grosbeak - 1.101 - O.OlZ(CDENSN40) + O.OlO(CBASW40) 
Brorn creeper - 3.066 - 0.0092(DENHW3) - 0.051(BAHW5) - 0.273(NOSPPZM) 

- O.O003(DENswl) t o.O008(DENHwl) 
Chestnut-backed chickadee - 1.546 - 0,0073(DENSW3) + 0.0003(PVOLELO) + 0.025(BASW2) 

+ O.O099(DENHW4) - O.O009(DENHW2) 
Common raven - 3.131 - 0.055(CANCOV) + 0.0021(CDSW40) + 0.0006(DENHWZ) 
Derk-eyed junco - 2.728 - 0.0083(WOODHASS) - 0.147(NOSPPZM) - 0.0035(DENHW3) - 0.222(BAHW5) + 0.079(DENHU5) 
Evening grosbeak - -1.780 t 0.019(SOILCOV) + 0.0003(PVOLDLO) + 0.0026(CDHW40) 

+ O.OZZ(LITTCOV) + O.OOOl(FVOLEL0) 
Golden-crowned kinglet - -0.253 + 0.0097(CBASW40) + 0.0035(DENHW2) - 0.062(BAHW3) 
Henmond's fllcatcher - 1.852 - 0.0017(DENSWZ) - 0.029(MOSSOCC) - 0.0061(DENSw3) 

- 0.0009(FVOLDLO) + 0.014(DENHW5) 
Hairy woodpecker - -0.853 + 0.162(LITTDEP) + 0.026(NOSPPlO) 
Hermit thrush - -0.013 + 0.609(BAHW4) - O.OBl(DENHW4) - 0.006(DENSW5) 

+ 0.0083(MEANDBH) - O.OOOB(DENSW3) 
Hermit warbler - 1.641 + O.OlO(SOILOCC) + 0.002(CDENSW40) + 0.000002(EVOLETOT) 

- 0.013(GRNCOV) 
Mountain chickidee - 11.417 t 0.216(LlTTDEP) + 0.0043(WOODHASS) t 0.0077(GRNOCC) 
Mountsln quail - -0.168 t 0.062(LITTDEP) 
Nashville vsrbler - -3.554 t 0.045(LlTTCOV) t 0.440(BAHWl) t 0.0003(DENSW1) 

A " ",,O,"DC"T, - "."'-.'\.""..', 
Pine siekin - 0.501 - 0.044(BASW4) + O.OOl(DENHW1) + O.OZl(DENSN2) 
Red-breasted nuthatch - 0.603 + 0.0002(DENSWl) 
Red-breasted sapsucker - 5.541 - O.O16(MOSSOCC) - O.O8O(CANCOV) 
Solitary vireo - 0.999 + 0.007(DENSW5) - O.OOZ(DENHW2) 
Steller's jay - 3.141 - O.O23(LITTCOV) - 0.059(NOSPP2M) - O.OOZ(CDENSW40) 
Warbling vireo - -0.319 + 0.0076(CDHW40) + 0.033(BAHW2) + O.OZO(BASW1) 

+ 0.0003(FVOLDLO) - 0.0005(DENSWl) 



Table 12. Continued 

Weatern flycatcher - -6.465 - 0.177(LITTDEP) + 0.128(CANCOV) + O.O~O(SOILOCC) 0.70 
0.013iVEGHT) 

0.309 

Western ta.aier - i.251 - 0.003(CDENHW40) 0.12 0.309 
Wilaon's warbler - -1.564 + O.OlS(CBASN40) - 0.0018(DENSNl) + 0.027(LITTCOV) 0.55 0.273 
Winter wren - -0.132 + 0.013(CBASN40) + O.OflIO(DENHW1) 0.92 0.143 
Yellov-rumped warbler - 0.433 + 0.0003(DENSWl) - 0.00004(FVOLDTOT) 0.46 0.377 

WINTER 1982 
SHRUB STAGES 

American robin - 4.912 + 0.163(NOSPPZH) - O.OZl(DENHW2) - O.O2O(SOILOCC) 0.83 0.422 
Bend-tailed pigeon - 0,072 + 1.119(BASWl) - O.OOZ(DENSW1) 0.61 0.226 
Bushtit - -1.551 + 0.353(VEGHT) - 0.0002(FVOLELO) + O.O17(SOILOCC) 0.32 0.404 
Cheatnut-backed chickadee - 0.274 + 0.24O(LITTDEP) - O.OlO(DENHW2) - 0.027(NOSPP10) 0.62 0.341 
Cedar waxwing - 0.027 + 0.0007(DENHW1) - 0.486(BAHW1) 0.74 0.169 
Derk-eyed junco - -0.789 + O.O91(NOSPPZH) 0.42 0.401 
Evening grosbeak - -0.329 + 0.252(VEGHT) - 0.0002(FVOLELO) + 0.0006(DENSW1) 0.77 0.210 
Fox sparrow - 0.754 + 0.15O(NOSPP2H) - 0.035(NOSPP10) 0.46 0.518 
Golden-crowned kinglet - 0.605 + O.Z06(LITTDEP) 0.27 0.733 
Pine siskin - 0.280 + O.l07(NOSPPZM) 0.54 
Purple Einch - -0.162 + O.O94(LITTDEP) 0.378 

0.55 0.194 
Ruby-crowned kinglet - 0.532 + O.lZS(NOSPP2H) - 0.026(GRNCOV) + O.OlI(DENHW2) 0.81 0.246 
Steller'a jay - -0.332 + 0.239(VEGHT) - O.OOOl(PVOLET0) + O.OOOZ(DENHW1) 0.88 
Varied thrush - -0.177 + O.lOZ(LITTDEP) 0.195 

0.28 
Winter wren - 1.233 + 0.113(NOSPPZH) 0.354 

0.48 0.438 
Wrentit - -0.136 + O.O79(VEGHT) 0.43 0.312 

FOREST STAGES 

Acorn woodpecker - 0.150 - 0.0016(CDSW40) + O.O56(NOSPP2M) + 0.0085(BAHWS) 0.70 - 0.0066(HOSSOCC) 
American robin - 0.292 + 0.0002(PVOLELO) - 0.004(DENSWS) 0.41 
Common raven - 0.058 + 0.050(BASWl) 
Evening grosbeak - 1.836 t 0.0003(DENSWl) - 0.225(LITTDEP) - 0.016(MOSSOCC) 
Northern flicker - -0.458 + 0.021(NOSPP10) + O.Oll(BAHW5) - 0.021(BASW4) 

+ O.O017(CDSW40) + O.O038(SOILOCC) 
Golden-crowned kinglet - 2.784 - 0.0068(CBASN40) + 0.0058(nEANDBH) - O.O85(LITTDEP) 
Hutton's vireo - -0.092 + 0.0012(DENHWl) + 0.074(BASW3) - 0.0003(FVOLELO) 

+ O.OO~O(CLIHWL~~ . ~... .-, 
Pine siskin - 8.832 - 0.140(CANCOV) - O.O4O(SOILCOV) + 0.236(8&HUl) -O.OOO2(FVOLELO) 
Red-breasted nuthatch - 4.878 - O.O16(HOSSOCC) - O.O57(LITTCOV) - 0.0079(CBAHW40) 
Ruby-crowned kinglet - -5.623 + 0.031(DENSN2) + 0.094(SOILCOV) t 0.096(CANCOV) 
Steller's jay - 0.114 + 0.0002(FVOLELO) + 0.0002(DENSWl) 
Varied thrueh - 0.372 - 0.0042(DENSW5) t 0.0021(CDHW40) - 0.093(BAHW1) 
Winter vren r 1.186 - O.OOS(DENHW3) 
Wrentit - -0.063 + 0.008(CDENSW40) 



S S r e s  
SEE = ----- 

" - 2  

w h e r e  S S r e s  - s u m s  o f  s q u a r e s  o f  r e s i d u a l s ,  a n d  n = number  o f  b i r d  c o u n t  p o i n t s  f r o m  w h i c h  
i n d i v i d u a l  e s t i m a t e s  of b i r d  d e n s i t i e s  w e r e  c a l c u l a t e d ,  f o r  a  g i v e n  s e a s o n ,  y e a r ,  a n d  set 
of s u c c e s s i o n a l  s t a g e s  ( s e e  T a b l e  3) ( D r a p e r  a n d  S m i t h  1981). S m a l l  p r e d i c t i o n  errors 
mean t h a t  d e n s i t y  of e g i v e n  b i r d  s p e c i e s  was t i g h t l y  a s s o c i a t e d  w i t h  t h e  g i v e n  h a b i t a t  
v a r i a b l e s ,  w h e r e a s  l a r g e  p r e d i c t i o n  e r r o r s  s u g g e s t  a l o o s e  a s s o c i a t i o n .  



Table 13. Results of anal'ysis designed to discern effects on 
bird species densities from topophysiagraphic variables, once 
vegetation and habitat variables are taken into account (see text 
for explanation of analysis), in young-growth Douglas-fir. 
northwestern California. 

Shrub stages Forested stages --------------- ------------------- 
Breeding Winter Breeding Winter 

1982 1982 1982 1982 -------- ------ -------- ------ 
Total no. bird species 

tested 36 16 29 15 

No.  species with significant 
partial correlation with 
topophysiographic 
variables 14(39%) 4(25%) 8(28%) 2(13%) 

Mean adjusted R' of 
regressions\a 

Topophysiographic variables\b 
(no. times entered into equations) 

SLOPE (percent slope) 5 0 3 1 
DISWAT (distance to nearest 

permanent water) 4 1 1 1 
DISHAB (distance to nearest 

similar habitat) 3 3 0 0 
TOP0 (slope position) 2 0 4 0 
AREA (study stand size) 1 0 1 0 
NOEDGES (no. adjacent 
stands) 1 0 0 0 ................................................................ 

a\ Proportion of variation in species densities that was not 
accounted for by on-site vegetation and habitat variables, that 
is explained by topophysiagraphic variables. 

b\ See Appendix 2. 



Table 14. Classification of mieration status of bird snecies - - - 
observed in stands of young-growth Donglas-fir, northwestern 
California. 

Migration class Code ------------------------ ---- 
Elevational migrants 
Downslope movement, winter 

Breed at studied elev.. . . .  move lower in winter El 
Breed at higher elev., 
move into area during . . . . . . . . . .  winter E2 

Upslope movement, post- 
breeding 
Breed in bottomlands, 
move upslape during . . . . . .  past-breeding. E3 

Latitudinal migrants . . . .  Displacement migrants L1 
Neotropical migrants and 
lower-latitude nearctic . . . . . . . . . .  migrants L 2  

High latitude nearccic 
migrants . . . . . .  L3 

. . . . . .  Permanent residents PR 

flomads. . . . . . . . .  .NOM 

Percent 
No. of 

spp.\b total ------- ------ 

X  X  

X X  X X Y  

X  X X  

X  X 

X X  X X X  

---- any ----- 
Predicted no. spp. per 

season:\= 45 69 70 73 47 
Total no. spp. observed: 

1981: 68 65 
1982: 39 71 71 72 42 
1983: (21)\d 41 

\ a  Seasons: Sp = spring, B - breeding. S u  = summer (post- 
breeding dispersal), F = fall. W = winter. 

\b Excluding rarely observed species (< 5 observations per 
season). 

\ c  Based on total list of all species observed in field 
surveys. 

\d Spring 1983: only grasslforb plots surveyed (n = 6 plots). 



Table 15. Euclidean distance measures of bird assemblages based 
on site-specific species densities, by season and successional stage 
of young-growth Douglas-fir, northwestern California (G P 

grasslfarb, E = early shrub/sapling, L = late shrub/sapling, P = 
pole, S = medium savtimber). Lover values denote greater similarity 
of bird assemblages between stages, higher values denote greater 
dissimilarity. 

.............................................. 
Season Stage G E L P .............................................. 
Summer 1981 E .066 

L .087 .012 
P .287 .256 .259 
S .457 .422 .425 .029 . . . . . . . . . . . . . . . . . . . . . . .  

Fall 1981 E .I86 
L .I30 .037 
P .449 .281 .253 
S .379 .247 .216 .051 . . . . . . . . . . . . . . . . . . . . . . .  

Winter 1982 E -- 
L .I54 -- 
P .391 -- .329 
S .396 -- .352 .002 . . . . . . . . . . . . . . . . . . . . . . .  

Spring 1982 E .225 
L .712 .462 
P .479 .272 .619 
S ,584 .393 .662 .080 . . . . . . . . . . . . . . . . . . . . . . .  

Breeding 1982 E .I88 
L .220 .024 
P .256 .159 .I54 
S .251 .170 .I66 ,009 . . . . . . . . . . . . . . . . . . . . . . .  

Summer 1982 E .I10 
L .I51 .014 
P .228 .I20 .I15 
S .350 .I77 .I57 .029 . . . . . . . . . . . . . . . . . . . . . . .  

Fall 1982 E .067 
L .044 .008 
P .286 .262 .238 

Winter 1983 E .348 
L .415 .080 
P .913 .373 .428 
S .882 .312 .396 ,033 
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Figure 1. Location of young-growth Douglas-fir study 

sites, northwestern California. 1 = Grass/forb, 2 = Early 

shrub/sapling, 3 = L a t e  shrub/sapling, 4 = P o l e ,  5 = M e d i u m  

sawtimber. Township and range locations are based on 

Humboldt Base Line Meridian. 



I ' Figure 1. 



Figure 2. Monthly average precipitation and minima and 

maxima temperatures, Willow Creek, northwestern 

California. Thirty-nine year 75 % tolerance interval of 

monthly precipitation i s  shown as shaded region. Data from 

Lower Trinity Ranger District office, Six Rivers National 

Forest. 
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F i g u r e  2. 



F i g u r e  3 .  V e g e t a t i o n  s a m p l i n g  d e s i g n  a t  b i r d  c o u n t  

p o i n t s ,  n o r t h w e s t e r n  C a l i f o r n i a .  



plot 3 

30 m radius, 0.28 ha 

I (used in pole, medium 
I 
I 

sawtimber stands) 

Early shrub/sapling 2 m 
H Pole (half circle) 

Late shrub/sapling Medium sawtinber (full circle) 
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litter depth measurement (10) 

0 slope aspect, angle measwements (1) 
plot size: 2 x 30 m 1 1.3 rn radius circle: 
plot area. 0.006 ha hatf circle: 0.02 ha - 

full cicle: 0.04 ha - - 
F i g u r e  3 .  



F i g u r e  4. F o l i a g e  v o l u m e  a s  a  f u n c t i o n  o f  2 - m h e i g h t  

i n t e r v a l s  a c r o s s  s u c c e s s i o n a l  s t a g e s  o f  young- growth  
I 

D o u g l a s - f i r ,  n o r t h w e s t e r n  C a l i f o r n i a .  V e r t i c a l  b a r s  

d e n o t e  mean v a l u e s  a n d  h o r i z o n t a l  b a r s  d e n o t e  o n e  s t a n d a r d  

I e r r o r .  S e e  T a b l e  2 f o r  s t a n d  s a m p l e  s i z e s .  
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Figure 5. Patchiness of overstory and understory foliage, 

expressed as coefficient of variation (CV) of densiometer 

readings of percent canopy closure, by successional stage 

of young-growth Douglas-fir, northwestern California. 

Horizontal bars denote mean values, vertical bars denote 

one standard error. 
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F i g u r e  5 .  



Figure 6. Crown diameters of 9 overstory tree species by 

diameter at breast height (dbh) class, from Douglas-fir 

pole and medium sawtimber stands combined, northwestern 

California. Horizontal lines denote mean values, vertical 

lines denote one standard deviation, and integers are 

number of trees measured. A total of 3,249 tree crowns 

were measured. 
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F i g u r e  7. L i v e  s t e m  d e n s i t y  by s u c c e s s i o n a l  s t a g e  a n d  

d i a m e t e r  a t  b r e a s t  h e i g h t  c l a s s ,  young- growth  D o u g l a s -  

f i r ,  n o r t h w e s t e r n  C a l i f o r n i a .  B a r s  d e n o t e  mean v a l u e s ,  

v e r t i c a l  l i n e s  d e n o t e  o n e  s t a n d a r d  e r r o r .  



No. stems/ha 



F i g u r e  8. L i v e  s t e m  b a s a l  a r e a  by s u c c e s s i o n a l  s t a g e  and  

d i a m e t e -r  a t  b r e a s t  h e i g h t  c l a s s ,  young- growth D o u g l a s - f i r ,  

n o r t h w e s t e r n  C a l i f o r n i a .  B a r s  d e n o t e  mean v a l u e s ,  

v e r t i c a l  l i n e s  d e n o t e  o n e  s t a n d a r d  e r r o r .  



5 
Grass/forb Softwood 

I Hardwood 

F i g u r e  8.  



F i g u r e  9. Mean v a l u e s  of p e r c e n t  g r o u n d  c o v e r  a n d  p e r c e n t  

o c c u r r e n c e  i n  1- m 2  v e g e t a t i o n  p l o t s  a t  b i r d  c o u n t  p o i n t s  

o f  6 g r o u n d  c o v e r  c a t e g o r i e s ,  by s u c c e s s i o n a l  s t a g e  o f  

young- growth  D o u g l a s - f i r ,  n o r t h w e s t e r n  C a l i f o r n i a .  





F i g u r e  10. P l o t  o f  c a s e s ,  d i s c r i m i n a n t  f u n c t i o n  a n a l y s e s  

o f  t h e  3 b r u s h  a n d  2 f o r e s t e d  s t a g e s  o f  young- growth  

D o u g l a s - f i r ,  b a s e d  on v e g e t a t i o n  and h a b i t a t  v a r i a b l e s  

( A p p e n d i x  2).  * = Group c e n t r o i d .  Axes  a r e  l a b e l e d  w i t h  

v a r i a b l e s  h a v i n g  g r e a t e s t  c o r r e l a t i o n .  
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F i g u r e  11. P e r c e n t  o f  t o t a l  d e n s i t y  o f  t h e  two m o s t  

a b u n d a n t  b i r d  s p e c i e s  by s e a s o n  a n d  s u c c e s s i o n a l  s t a g e  o f  

young- growth  D o u g l a s - f i r ,  n o r t h w e s t e r n  C a l i f o r n i a .  



Figure 11. 



I F i g u r e  12. D e n s i t i e s  o f  s i x  s e l e c t e d  b i r d  s p e c i e s  p l o t t e d  

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

medium s a w t i m b e r  s t a g e s  o f  e v e n - a g e  D o u g l a s - f i r  d u r i n g  t h e  

I 
b r e e d i n g  s e a s o n .  E a c h  p o i n t  r e p r e s e n t s  a s t a n d .  
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Figure 1 2 .  Continued 



Figure 13. Number of bird species detected at bird count 

points during surveys, by season and successional stage of 

young-growth Douglas-fir, northwestern California. 

Horizontal bars denote mean values, vertical bars denote 

one standard error. Sample sizes (no. bird surveys) are 

shown in Table 3. 



Figure 1 3 .  



F i g u r e  14. Number  o f  b i r d  s p e c i e s  w i t h  h i g h e s t  ( m o d a l )  

d e n s i t i e s  a c r o s s  s u c c e s s i o n a l  s t a g e s  by s e a s o n ,  y e a r s  

c o m b i n e d .  S e e  T a b l e  9 f o r  d e n s i t y  v a l u e s .  



Breeding Summer Fall Winter Spring 

F i g u r e  1 4 .  



F i g u r e  15. T o t a l  b i r d  s p e c i e s  d e n s i t y  a t  b i r d  c o u n t  

p o i n t s  by s e a s o n  a n d  s u c c e s s i o n a l  s t a g e .  H o r i z o n t a l  b a r s  

d e n o t e  mean v a l u e s ,  v e r t i c a l  b a r s  d e n o t e  o n e  s t a n d a r d  

e r r o r .  S a m p l e  s i z e s  (no. b i r d  s u r v e y s )  a r e  shown i n  T a b l e  

3 .  



Figure 1 5 .  



F i g u r e  16. B i r d  s p e c i e s  d i v e r s i t y  by s u c c e s s i o n a l  s t a g e  

a n d  s e a s o n .  D i v e r s i t y  i n d e x  u s e d  i s  S h a n n o n- W e i n e r  

( S h a n n o n  a n d  W e a v e r  1 9 4 9 ) ,  

S  

1 H = -  c p  i n  p  , w h e r e  S i s  t h e  t o t a l  n u m b e r  o f  
i i 

i=l  

s p e c i e s  d e t e c t e d  a t  a g i v e n  c o u n t  p o i n t  a n d  pi i s  t h e  

p r o p o r t i o n  o f  t o t a l  b i r d  d e n s i t y  o f  t h e  ith s p e c i e s .  
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F i g u r e  17. C l u s t e r  c l a s s i f i c a t i o n s  o f  b i r d  s p e c i e s  by 

s e a s o n ,  b a s e d  on  s i t e - s p e c i f i c  s p e c i e s  d e n s i t i e s .  I n  mos t  

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

h a b i t a t s  s e g r e g a t e d ' i n  t h e  c l a s s i f i c a t i o n  f r o m  s p e c i e s  f o u n d  

p r e d o m i n a n t l y  i n  g r a s s  a n d  s h r u b  s t a g e  h a b i t a t s .  "Mixed" 

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

s t a g e s .  A s t e r i s k s  (*) d e n o t e  c o r e  s p e c i e s  i n  b r e e d i n g  a n d  

w i n t e r  s e a s o n s ,  a s  d i s c u s s e d  i n  t h e  t e x t .  S e e  Append ix  4 

f o r  s p e c i e s  name c o d e s .  



b. BREEDING 1982 

F i g u r e  1 7 .  



C. SUMMER 1981 

Swna FOREST 

Figure 1 7 .  C o n t i n u e d  
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Figure 1 7 .  Continued 
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F i g u r e  18. Mean h a b i t a t  n i c h e  b r e a d t h  o f  a l l  s p e c i e s ,  by 

s e a s o n ,  s c a l e d  t o  r a n g e  b e t w e e n  a p p r o x i m a t e l y  z e r o  a n d  

o n e .  I n t e g e r s  a b o v e  p o i n t s  a r e  number o f  s p e c i e s  o b s e r v e d  

w h o s e  d e n s i t y  e s t i m a t e s  c o n t r i b u t e d  t o  mean n i c h e  b r e a d t h  

m e a s u r e s .  S e e  t e x t  f o r  d e s c r i p t i o n  o f  c a l c u l a t i o n s  u s e d .  



Figure 1 8 .  



Figure 19. Habitat niche breadth of 10 permanent resident 

species, by season, scaled to range between approximately 

zero and one. See text for description of calculations 

used. 
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Figure 20. Linear regression lines of unweighted mean 
j 

habitat niche breadth versus number of bird species 

I observed at count points, by season. All regressions are 
I 

significant (F-tests, P < 0.05), and all slopes are 

i 
I significantly different than zero (t-tests, P < 0.05). 

See text for description of niche breadth index used. 
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F i g u r e  21. Mean communi ty  o v e r l a p  among r e s i d e n t  b i r d  

s p e c i e s ,  by s e a s o n .  O v e r l a p  v a l u e s  r a n g e  f r o m  z e r o  ( n o  

o v e r l a p  i n  d i s t r i b u t i o n  o v e r  s t u d y  s i t e s )  t o  o n e  ( c o m p l e t e  

o v e r l a p ) .  S e e  t e x t  f o r  d e s c r i p t i o n  o f  c a l c u l a t i o n s  u s e d .  



Brown Creeper 

0 Hairy Woodpecker 

F i g u r e  21. 



Figure 22. Examples of site-specific foliage volume 

profiles with associated species of birds found in high 

abundance, during breeding and summer seasons. Hatched 

areas represent summertime deciduous foliage volume, 

unhatched areas represent evergreen foliage volume. 

Values following species names are values of simple 

correlations of breeding bird density with factor scores 

of principle components representing the particular 

habitat characteristic; values are not given for species 

associated with deciduous foliage volume in shrub stages 

because no principle component specifically represented 

that particular characteristic. 
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F i g u r e  23.  E x a m p l e s  o f  s i t e - s p e c i f i c  s t e m  f r e q u e n c y  

d i s t r i b u t i o n s  w i t h  a s s o c i a t e d  s p e c i e s  o f  b i r d s  f o u n d  i n  

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

summer s e a s o n s .  V a l u e s  f o l l o w i n g  s p e c i e s  names  a r e  v a l u e s  

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

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

p a r t i c u l a r  h a b i t a t  c h a r a c t e r i s t i c .  
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APPENDICES 



Appendix 1. Common and scientific names of plant species 
mentioned in this report. Nomenclature fallows Munz and Keck 
(1968). 

................................................................... 
Common name Scientific name 

Berries 

Big-leaf maple 
Blue elderberry 
Bull thistle 
California black oak 
California harebell 
Canyon live oak 
Cheat grass 
Deerbrush 
Dogbane 
Douglas-fir 
Draperia 
Fescue 
Golden chinquapin 
Gooseberry 

Groundsel 
Incense cedar 
Jeffery pine 
Mountain whitethorn 
Oregon white oak 
Pacific madrone 
Ponderosa pine 
Prickly lettuce 
Skeleton weed 
Sugar pine 
Tanoak 
Tobacco brush 
White fir 
Willow herb ....................... 

Rubus leucodermis, 
R. parviflorus, - 

Ceanathus velutinus 
Abies concolar 
Epilobium ~aniculatum ........................... 



Appendix 2. Vegetation and habitat variables measured around 
each bird count point, northwestern California. 

....................................................................... 
Mnemonic Description 

------------------->--------------------------------------------------- 

STAND STRUCTURE VARIABLES 

FVOLDLO Foliage volume, deciduous, 0.1 to 2 m (m\3/ha). 

FYOLDTOT Foliage volume, deciduous, 0.1+ m (m\3/ha). 

FVOLELO Foliage volume, evergreen. 0.1 to 2 m (m\3/ha). 

FVOLETOT Foliage volume, evergreen, 0.1+ m (m\3/ha). 

FVOLLO Foliage volume, deciduous and evergreen, 0.1 to 2 m 
(m\3/ha). 

FOLHIGH Foliage volume, deciduous and evergreen, > 2 m 
(m\3/ha). 

FOLTOTAL Foliage volume, deciduous and evergreen, O.l+ m 
(m\3/ha). 

VEGHT Total vegetation height (m) measured with clinometer. 

CANCOV Vegetation cover ( X )  estimated with spherical densio- 
meter. Model C (Lemmon 1956). 

MEANDBH 

DENSW1-5 

DENHWI-5 

Mean diameter (cm) at breast height (dbh). Douglas-fir, 
12+ cm dbh. 

Live stem density, softwoods, 1-12, 13-27, 28-39, 
40-52, and 53t cm dbh (nlha). 

Live stem density, hardwoods, 1-12, 13-27, 28-39, 
40-52, and 53t cm dbh (nlha). 

Stem density. snags, 13-52 and 53c cm dbh (n/ha). 

Live stem basal area, softwoods, 1-12, 13-27, 28-39, 
40-52, and 53+ cm dbh (m\Z/ha). 

Live stem basal area, hardwoods, 1-12. 13-27. 28-39. 
40-52. and 53+ cm dbh (m\Z/ha). 

Live stem density, softwoods, 40+ cm dbh (nlha). 
Measured from single 0.28-ha circular plor. 

Live stem density, hardwoods. 40+ cm dbh (nlha) 
Measured from single 0.28-ha circular plot. 



Appendix 2. Continued 

CDENSN40 Stem density, snags. 40+ cm dbh ("/ha). Measured 
from single 0.28-ha circular plot. 

CBASWLO Live stem basal area, softwoods. 40+ cm dbh (m\2/ha). 
Measured from single 0.28-ha circular plot. 

CBAHW40 Live stem basal area, hardwoods, 40+ cm dbh (m\2/ha). 
Measured from single 0.28-ha circular plot. 

CBASN4O Stem basal area, snags, 40+ cm dbh (m\2/ha). Measured 
from single 0.28-ha circular plot. 

NOSPPlO Number of plant species 10+ cm tall. 

NOSPP2M Number of plant species 2+ m tall. 

GROUND COVER VARIABLES 

LITTDEP Litter depth (em). 

GRNCOV Ground cover (I), green vegetation < 10 cm tall. 

ROCKCOV Ground cover (I), bare rock. 

SOILCOV Ground cover (I), bare soil. 

MOSSCOV Ground cover (I), moss. 

STMPCOV Ground cover (Z), stump. 

LITTCOV Ground cover (I), litter. 

GRNOCC Percent occurrence, green vegetation < 10 cm tall. 

ROCKOCC Percent occurrence, bare rock. 

SOILOCC Percent occurrence, bare soil. 

MOSSOCC Percent occurrence, moss. 

STMPOCC Percent occurrence, stump. 

LITTOCC Percent occurrence, litter. 

WOODMASS Down wood mass (metric tonsfha). 

WOODVOL Down wood volume (m\3/ha). 



Appendix 2. Continued 

TOPOPBYSIOGRAPHIC VARIABLES 

ELEV Elevation (5). 

AREA Stand area (ha). 

DISTWAT Distance from stand boundary to nearest permanent 
water (km). 

DISHAB Distance from stand boundary to next nearest stand of 
the same designation (km). 

TOP0 Topographic position of stand (1 - bottom slope, 2 = 
mid-slope, 3 = uppdr slope, 4 = ridge, 5 = bottom 
slope to ridge, 6 = isolated summit). 

BOUNDLEN Stand boundary length (m). 

NOEDGES Number of adjacent stands. 

SLOPE Percent slope. Measured with clinometer. 



Appendix 3. Summary and interpretation of vegetation and habitat 
factors from principle component factor analysis. 

---- 

SEASON, STAGE 
Factor Interpretation Associated variables\a ....................................................................... 

BREEDING. SUMMER 
Shrub Stages 

Factor 1 Foliage volume. 

Factor 2 Stem density. 

- (none) 
+ DENSW1,DENHWI 
- NOSPPlO 

Factor 3 Litter accumulation; low + LITTOCC 
vegetation patchiness. - (none) 

Factor 4 Density of pole 
softwoods. 

Factor 5 Down wood. 

+ DENSW2 
- GRNOCC 
+ WOODHASS - (none) 

Forested Stages 

Factor 1 Foliage volume and + NOSPP2M,NOSPPlO,FVOLDLO, 
low plant diversity. FVOLELO.DENHW1 - (none) 

Factor 2 Large softwoods. + VEGHT.MEANDBH.DENSW5, 
FVOLETOT - LITTDEP 

Factor 3 Density of small, medium + DENHW1-3 
diam. hardwoods. - (none) 

Factor 4 Canopy cover, deciduous + CANCOV.FOLDTOT 
foliage volume. - SOILCOV 

Factor 5 Density of medium, large + DENSW3-5 
softwood stems. - DENHW4 

Factor 6 Density of large hardwood + DENHW5 
stems. - DENSWl 

Factor 7 Down wood. + WOODMASS - (none) 
Factor 8 Density of large snags. + DENSN2 

- (none) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Appendix 3. Continued 

SPRING, FALL\b 
Shrub Stages 

Factor 1 Foliage volume 
development. 

+ VEGHT.FVOLETOT,FVOLDTOT, 
NOSPPZM 

- SOILCOV 
Factor 2 Density of sapling + DENSW1,BASWI 

softwoods. - (none) 
Factor 3 Basal area, medium + BAHW3 

diameter hardwoods. - (none) 
Factor 4 Down wood. + WOODMASS - LITTOCC.NOSPPl0 
Factor 5 Low vegetation + LITTCOV 

patchiness. - GRNCOV,GRNOCC 
Factor 6 Density of pole size + DENHW2 

hardwoods. - (none) 
Forested Stages 

Factor 1 Low vegetation cover. + GRNOCC,GRNCOV.FVOLELO 
- (none) 

Factor 2 Large diameter softwoods. + DENSW5,BASWS 
- (none) 

Factor 3 Diameter of Dougas-fir + MEANDBH 
stems. - DENSW1-2 

Factor 4 Down wood. + WOODMASS.NOSPP2M - LITTOCC 
Factor 5 Density of small to + DENHWI-3 

medium hardwood stems. - (none) 
Factor 6 Canopy cover. + CANCOV - SOILCOV 
Factor 7 Snag density, 

Factor 8 Density of large hard- + DENHW4-5 
wood stems. - (none) 

Factor 9 Deciduous foliage volume. + FVOLDTOT,FVOLDLO 
- DENSW4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Appendix 3. Continued 

Factor 1 Shrub volume development. + FVOLETOT,VEGHT,NOSPP2M 
- SOILCOV 

Factor 2 Litter deposition. 

- (none) 
Factor 3 Density of sapling + DENSW1,BASWI 

softwoods. - (none) 
Factor 4 Low vegetation + (none) 

patchiness. - GRNCOV,GRNOCC 
Factor 5 Down wood. + WOODMASS - (none) 

Forested Stages 

Factor 1 Low vegetation cover. + GRNCOV,GRNOCC,FVOLELO,NOSPP10. 
NOSPPZM - CDSW40,CBASW40,LITTOCC 

Factor 2 Large softwoods. + DENSW5,BASWS.VEGHT - (none) 
Factor 3 Large hardwoods. + CDHW40,CBAHW40,DENHW5,DENHW4 - (none) 
Factor 4 Stand growth rate. + BAGRTHHA\c,DGRTHTR\r. 

SOILCOV 
- CANCOV 

Factor 5 Density of small to med- + DENHW1-3 
ium diameter hardwoods. - (none) 

Factor 6 Diameter of Douglas-fir + MEANDBH 
stems. - DENSW1-2 

Factor 7 Down wood. + WOODMASS 
- LITTOCC 

Factor 8 Snag density. + DENSNI-2 - (none) 
Factor 9 Density of medium dia- + DENSW3-4 

meter softwood stems. - (none) 
Factor 10 Density of large snags. t CDSN40 - NOSPP2M 



A p p e n d i x  3. C o n t i n u e d  

\a S e e  A p p e n d i x  2. + = v a r i a b l e s ( s )  l o a d e d  p o s i t i v e l y  a n d  
s i g n i f i c a n t l y  o n t o  f a c t o r ,  - = v a r i a b l e s ( s )  l o a d e d  n e g a t i v e l y  a n d  
s i g n i f i c a n t l y  o n t o  f a c t o r .  
\b V a r i a b l e s  a s s o c i a t e d  w i t h  d e c i d u o u s  f o l i a g e  v o l u m e  w e r e  

s e t  t o  0.5 o f  t h e i r  summer t ime  e s t i m a t e d  v a l u e s  f a r  f a c t o r  
a n a l y s i s  o f  s p r i n g  a n d  f a l l  s e a s o n s ,  a n d  w e r e  e x c l u d e d  f r o m  
f a c t o r  a n a l y s i s  o f  w i n t e r  s e a s o n .  

\ BAGRTHHA = mean s t a n d  b a s a l  a r e a  g r o w t h  r a t e  (m\Z/ha /y )  
of c o n i f e r  s t e m s ;  DGRTHTR = mean d i a m e t e r  g r o w t h  r a t e  p e r  t r e e  
( c m l y )  o f  c o n i f e r  s t e m s .  D e t e r m i n e d  f r o m  i n c r e m e n t  c o r e s .  



Appendix 4. Bird species encountered during surveys in young-growth D 0 ~ 8 1 a s  
fir forest, northwestern Celifornia. 

Mnemonic\. Spicies\b Migration class\c 
---------------------------------------------------------------------------------..-. 

GBHE 
MALL 
TUVU 
SSHA 
COHA 
NOGO 
RTHA 
RSHA 
AMKE 
GOE A 
CAQU 
noqu 
NOPH 
BTPI 
wsow 
NPOW 
NSOW 
VASW 
ANHU 
CAHU 
RUHU 
ALHU 
ACWO 
RBSA 
now0 
HAW0 
WHWO 
NOEL 
PI40 
OSFL 
WWPE 
HAFL 
DUFL 
HDFL 
WEFL 
VGSW 
BASW 
STJA 
SCJA 
CORA 
MOCH 
CBCH 
BUSH 
RBNU 

Grest blue heron\£ 
Mellard\f . 
Turkey vulture 
Sherp-shinned hark 
Cooper's hawk 
Northern goshauk\f 
Red-tailed hawk 
Red-shouldered hawk\£ 
American kestrel 
Golden eagle\£ 
California quail\£ 
nountain quail 
Northern phalsrope\f 
Band-tailed pigeon 
Western screech oul\f 
Northern pygmy ow1 
Northern saw-whet owl\£ 
Vaux's swift 
Anna's hummingbird 
Calliope hummingbird 
R u f o u s ~  hummingbird 
Allen's humminebird 
Acorn roodpeck;r 
Red-breasted sapsucker 
Downy woodpecker 
Hairy woodpecker 
White-headed voodpecker\f 
Northern flicker 
Pileated woodpecker 
Olive-aided flycatcher 
Western wood pewee 
Hammond's flycatcher 
Dusky flycatcher 
Hammond's or dusky flycatc 
Western flycatcher 
Violet-green srallov 
Barn avallor\f 
Steller's jay 

her 
Emridonex difficilis 
Tachyeineta thalsssina 
Hirundo rustica -- 
Cysnocitta stelleri 

Scrub jay Arhelocoma c o e r u l e s c e n ~  
Common raven Corvus corax -- 
Mountain chickadee Parus aambeli 
Chestnut-backed chickadee Parus rufescens 
Bushtit P s s l t r i ~ a r u ~  minfmus 
Red-breasted nuthatch Sitta canadensis 

L 2  
LI.El? 
Ll.El? 

El? 
PR\d 
8 3  
PR 
PR 
E3 

El.PR\dv 
0 
L1 
PR 
PR 

PR.El(some) 
L 2  
E3 
L2 
L 2  
L2 
PR 

PR\d.LI 
PR 
A- 

f&2,~0M(rinter)> 
PR 
PR 
L 2  
L 2  
L 2  
L 2  



Appendix 4. Continued 

WBNU 
BRCR 
BEWR 
HOUR 
WIWR 
GCKI 
RCKI 
WEBL 
TOSO 
HETH 
AMRO . 
VATH 
WREN 
CEWA 
SOVI 
HUVI 
WAVI 
OCWA 
NAWA 
YEWA 
YRWA 
BGWA 
TOWA 
HEWA 
MGWA 
WIWA 
WETA 
BHGR 
LABU 
GTTO 
RSTO 
CHSP 
FOSP ~ -~ 

SOSP 
LISP 
GCSP 
WCSP 
DEJU 
WEMP 
STAR 
BHCO 
BRBL 
PUFI 
RECR 
PIS1 
LEG0 

White-breasted nuthatch 
Brown creeper 
Bewick's rren 
House wren 
Winter rren 
Golden-crowned kinglet 
Ruby-crowned kinglet 
Western bluebird 
Tornsend's solitaire 
Hermit thrush 
American robin 
Varied thrush 
wrentit 
Cedar waxwing 
Solitary vireo 
Hutton's vireo 
Warbling vireo 
Orange-Frowned warbler 
Nashville warbler 
Yellow varbler\f 
Yellow-rumped warbler 
Black-throated gray rarbi 
Tornsend's warbler 
Hermit warbler 
MacGillivray's warbler 
Wilson's warbler 
Western tanager 
Black-headed grosbeak 
Lazuli bunting 
Green-tailed towhee 
Rufous-sided towhee 
Chipping =?arrow 
For sperror 
Song sparrow 
Lincoln's spsrrov\f 
Golden-crowned sparrow 
White-crowned sparrow 
Dark-eyed junco  
Western meadovlark\f 
Starling\£ 
Brown-headed cowbird\£ 
Brewer's blackbird\f 
Purple finch 
Red crossbill 
Pine siskin 
Lesser goldfinch 

-. 
PR,Ll? 

NOH 
PR,LI? 

El(most). 



Appendix  4. C o n t i n u e d  

AHGO Amer ican  g o l d f i n c h \ £  C a r d u e l i s  rrietis E 3  
EVGR E v e n i n g  g r o s b e a k  C o c c o t h r a u s t e s  v e s ~ e r t i n u s  PR\d 

\ a  B i r d  mnemonics f o l l o w  c o n v e n t i o n  s e t  by K l i o k i e r i c z  and  
B o b b i n s  ( 1 9 7 8 ) .  

\ b  S p e c i e s  names a f t e r  Amer ican  O r n i t h o l o g i s t s '  Union (1983) .  
\ c  See T a b l e  14 f o r  d e s c r i p t i o n s  of m i g r a t i o n  c l a s s e s .  
\d  P r e s e n t  y e a r- l o n g  i n  s t u d y  area b u t  a re  e l e v a t i o n a l l y  

d i s p l a c e m e n t  m i g r a n t s .  
\ e  0 - use o t h e r ,  s p e c i a l  h a b i t a t s  w i t h i n  g e n e r a l  o t u d r  ares 

( a q u a t i c  h a b i t a t s ) .  
\f R a r e l y  o b s e r v e d  s p e c i e s  (<  5 o b s e r v a t i o n s  pe r  season). 



Appendix 5. Effect ive detecr ion arees (EFPAR; ha) cstimared f o r  bird species  (years  combined) by 
s u e e e s ~ i o n a l  stage (pole and medium savrimber combined i n t o  -foreare)  i n  young-growth Douglas-fir. 
norrhrescern Cal ifornia .  EPPAR valves may be used i n  eonjvncrlon with eatimarea of speciea-specific 
d e n s i t i e s  Co baek-calculare the o r ig ina l  =an number of detect ions rsrde of each specie. daring 
I I Y ~ Y C Y S  a t  count points  i n  the i ~ s u e c e a s i o n s l  .rage and the  j z a t a s o r r ,  a* follous: 

Mean "o. - (species  den.ftyij) ( B P P A R ~ ~ )  (12 couot.~.urvey) 
b i r d s  counted 

i j  40.5 ha 

Por example, i n  e w e r  1981, che o r t g i n s l  meso nmber of b rom creeper. counted during f i e l d  surveys 
i n  the medium ssurimber atage can be baek-calculated from t h e i r  denai ty (32.1 b rom ereepersl40.5 ba, 
from Appendix 6) and EPPAR (0.54 ha. from t h i s  Appendix). aa: 

Mean 5.14 brom 
(32.1 c ree~ers l40 .5  ha) (0.54 ha) (12 eounr~/survey)  

per  survey 40.5 ha 

Breeding Summer 

Shrublsapl ing Pole 6 Shrubl*apling Pole 6 
Craasl  r d i u m  ~ & m l  

Speciea 
r d i u n  

Forb Early Lace .artimbar Forb Early Lace sawtimber 

Sharpshinned hawk 
Red-tailed hawk 
American kes r ra l  
Mountain q u a i l  
Band-railed pigeon 
Anna's hummingbird 
Cel l iops hummingbird 
Acorn &odpac*e; 
Red-breaaced sapsucker 
m m y  voodpeeker 
Hairy woodpecker 
Northern f l i c k e r  
Pileaced woodpecker 
Olive-sided f lycatcher  
Yearern wood pewee 
Hamand's f lycatcher  
Dusky f lycatcher  
Hamands's o r  h a k y  f f l y e .  
Western f lycatcher  
Violet-green swallow 
S r e l l e r ' s  lav  - ,  
scrub jay 
Camnon raven 
~ o n t s l n  chickadee 

-Chestnut-backed chickadee 
Bushtic 
Red-breasted nuthatch 
White-breaeted nuthatch 
Bra- creeper 
Bewick'. wren 
HOYIIC vren 
Winter vren 
Colden-cramad kingler  
Wasrsrn bluebird 
Tomaend's s o l i t a i r e  
Hermit thrush 
American robin 
Wrentit 
Cedar vaxving 



... 
Appendix 5. Continued 
-- 

Breeding Summer 

shrublaapl ing Pole 6 Shrubflapling Pole 6 
Grass1 medium R a e d  nrdium 

Species Forb Early Lare .arrimber Forb Early Lare san imber  

S o l i c a ~  v i reo  5.16 1.99 2.26 3.31 3.64 2.03 
Hutton'e v i reo  
Warbling v i reo  5.14 1.34 5.22 
Oranne-crowned warbler 0.58 0.89 - 
Naehville warbler 3.00 0.80 0.74 1.44 
Yellorrumped warbler 0.89 0.64 4.66 2.51 
Black-throated nrav warbler 1.03 2.94 1.84 " .  
Hermit warbler 9.18 3.91 6-10 1.46 0.30 
n a e C i l l i ~ r a y ' s  warbler 2.38 0.93 1.00 0.92 0.56 
Wileon's warbler 1.50 0.82 1.58 6 0.54 0.24 0.46 
Western tanager 6.20 4.05 3.07 2 6 5  1 4  0.76 2.43 
Black-headed grosbeek 5.11 3.54 1.90 2.10 2.47 0.84 0.83 1.06 
Lnrul i  bunring 1.87 
Green-railed towhee 0.68 0.42 
Rufous-sided towhee 1.13 1-19 3.33 1.13 0.74 
Chipping sparrow 1.55 0.98 
Fax s~arrov  3.42 0.63 0.59 0.43 ~ - ~ 

Song sparrow 2.31 2.22 
Oark-eyed junco 1.02 0.50 0.67 0.56 0.52 0 . 0  0.29 0.37 
Purple f inch  3.64 0.84 0.79 3.16 0.89 1.61 0.73 2.45 
Red c r o e s b i l l  1.01 
Pine s l e k i n  3.18 3.11 3.47 1.51 1.46 1.26 2.08 1.93 
Lessor goldfinch 3.06 1.59 2.04 . 2.09 2.13 2.49 



Appendix 5. Concinved 

F a l l  Wiorer 

Shrublaapling Pole 6 Shrubleapling Pole & 
C r a ~ ~ l  medim Dr... / ,.?dim 

Speclee Forb Early Late .avtimbar Forb brly lrcs ..~imber 

Hounrain quail 1.31 5.45 
Band-teiled pigeon 6.23 0.82 0.82 0.73 
Northern pygmy owl 4.92 2.89 0.79 

15.34 
Acorn modpecker 5.33 10.46 3.85 
Downy woodpecker 6.79 

3.17 
Hairy woodpecker 3.46 
Northern flicker 2.09 4.43 5.25 4.40 
Pileaced woodpecker 6.33 

5.87 
Stellar'. jay 5.30 3.52 2.93 1.78 
Scrub jay 1.94 2.19 3.94 

5.60 1.04 
co-" raven 

4.05 
5.01 5.05 4.66 

liaunraln chickadee 6.74 

Chestnut-backed chleksdee 1.16 0.68 0.51 0.26 1.72 

Bushtit 
0.80 0.75 0.52 

0.83 0.33 0.88 0.37 
Red-breasted nurhscch 1.78 
8.0"" creeper 2.97 

0.48 
Bewick's wren 0.61 

0.66 0.45 
Winter wen 0.89 0.49 0.28 0.71 0.87 0.43 0.30 0.54 
Golden-crowned kinglet 0.40 0.30 0.26 0.32 0.61 
Ruby-crowned kinglet 0.21 0.28 

0.70 0.36 0.25 0.40 
Weatern bluebird 

0.50 0.50 
4.89 3-20 3.33 

Townsend's solitaire 3.75 
ilermlt thrush 1.29 0.54 0.57 
American robin 1.78 1.69 2.20 1.97 
Varied thrush 

1-81 4.50 0.49 3.46 
4.36 3.34 3.80 1.64 5.14 1.74 3.67 

Wrentit 3.33 1.31 0.71 
Csdcr wrning 

0.64 1.33 
4.68 0.92 1.11 0.38 3.41 1.34 1.49 

Uurronls vireo 1.02 1-25 1.28 
Yellorruoped warbler 

1.28 
1.29 0.60 1.05 0.39 

Rufoue-sided towhee 0.98 0.85 
FOX sparrow 0.50 0.48 0.48 0.60 0.36 
Song spsrror 1.64 0.68 
Golden-cromed sparrow 1.00 0.26 
Dark-eyed junco 0.86 0.48 0.34 0.29 0.66 0.46 
Purple finch 2.62 2.47 1.89 2.31 2.32 
Pine aiskin 1.63 3.28 3.25 1.63 2.72 2.63 2.70 
Lesser goldfinch 1.42 1.96 2.22 3.14 
Evening grosbeak 1.08 0.73 2.89 2.84 2.06 



Appendix 5. ConLinved 

Sprlng 

Shrub/lapling Pole 6 
Grasd medium 

Species Porb Early late sawtimber 

Mountain qvai l  4.34 11.74 
Band-tailed pigeon 1.96 
Northern f l i c k e r  8.33 
S t e l l e r ' a  jay 6.36 2.15 5.11 
Chcsrnur-beeked chickadee 0.75 
Bush t i t  0.05 
Brown c r e e ~ e c  1.05 

..... " 
Western bluebird 1.03 

Cedar waxwing 4.09 
Hutton's vireo 4.77 3.04 
FOX spartow 0.34 
Dark-eyed jvnco 0.35 0.47 0.65 
Pine niakin 0.94 
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Appendix 6. Continued. 

Bird Species 

Summer I981 
- 

Early Late 
ShrubISapling ShrubISapling Pole 

Medium 
Sawtimbc c - 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.U. 

Bushtit 27.7 59.98 57.3 97.37 P - 
Red-breasted nuthatch P - P - 2.1 4.32 11.7 14.11 3.3 4.69 
White-breasted nuthatch P - 1.2 2.40 0.2 0.51 
Brown creeper P - 31.7 38.23 32.1 21.98 
Bewick's wren P - 2.7 4.70 P - 
House wren 2.4 4.09 8.1 11.21 23.1 26.55 
Winter wren P - P - 
Golden-crowned kinglet P - 30.5 37.24 45.4 64.80 
Western bluebird 7.9 17.89 P - 
Tomsend's solitaire P - 2.6 5.46 P - 
Hermit thrush 9.6 16.13 2.5 4.20 0.7 1.76 P - 
American robin 2.4 2.75 5.1 9.91 4.7 7.37 4.2 5.36 
Varied thrush 
Wrentit 
Cedar waxwing 
Solitary vireo 
Hutton's vireo 
Warbling vireo 
Orange-crowned warbler 
Nashville warbler 
Yellow warbler 
Yellow-rumped warbler 
Black-throated gray warbler 
Townsend's warbler 
Hermit warbler 
MacGillivray's warbler 
Wilson's warbler 
Western tanager 
Black-headed grosbeak 
Lazuli bunting 
Green-tailed towhee 
Rufous-sided towhee 



Appendix 6.  Continued. 

Summer 1981 

Bird Species 

Chipping sparrow 
Fax sparrow 
Song sparrow 
Golden-crowned sparrow 
Whice-crowned sparrow 
Derk-eyed junco 
Brown-headed cowbird 
Brewer's blackbird 

Eerly  Late 
ShrubISspling ShrubISapling Pale 

Medium 
Sawtimber 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Meen S.D. 

Purple f inch 9.9 14.12 19.2 31.46 0.5 0.90 
Red c r o s s b i l l  P - 0.3 0.93 
Pine s i s k i n  79.4 129.54 16.1 19.24 0.4 0.95 0.7 1.52 1.8 3.03 
Lesser goldfinch 95.4 146.64 19.6 19.39 7.9 7.98 1.2 1.45 
American goldfinch P - 
Evening grosbeak P - 



Appendix 6. Continued. 

P a l l  1981 

Ear ly  l a t e  Medium 
Grass/Forb ShrubISapling ShrublSapling Pole Sawtimber 

Bird Species Uean S.D. Mean S.D. Mean S.D. Mean S.D. Uean S.D. 

Great b lue  heron P - 
Turkey vu l tu re  P - 
Sharp-shinned hawk P - P - P - P - 
Northern goshawk P - 
Red- tailed hawk P - P - P - P - 
Red-shouldered hawk P - 
American k e s t r e l  P - 
Mountain q u a i l  P - 14.3 30.06 1.8 2.80 P P - - 
Northern phalarope P - 
Band- tailed pigeon 0.2 0.50 18.1 60.49 25.2 69.4 6.7 14.51 P - 
Northern pygmy owl P - P - P - 0.1 0.19 
Northern m r w h e t  owl P - 
Vaux's s w i f t  P - 
Anna's hummingbird 
Acorn woodpeckec P 
Red-breasted espsueker P 
Downy woodpecker 
Halry woodpecker P 
Northern f l i c k e r  1.6 
Western f l y c a t c h e r  
Violet-green swallow 
Barn swallow 
S t e l l e r ' e  jay 3.4 
Scrub jay 
Comon raven 1.2 
Mountain chickadee P 
Chestnut-backed chickadee 5.6 
Bush t i t  
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Appendix 6. Continued. 

Win te r  1982 

Bird  Species  

E a r l y  Lete  Medium 
Grs s s lPo rb  Shrub/Saplinga ShrubISapl ing  Pole Sawtimber 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Sharp- shinned hawk 
Red- ta i led  hawk 
Mountain q u a i l  
Band- tailed pigeon 
Acorn woodpecker 
Downy woodpecker 
Ha i ry  woodpecker 
Nor thern  f l i c k e r  
P i l e a t e d  woodpecker 
S t e l l e r ' s  j ay  
Scrub j a y  
Common raven 
Mountain chickadee  
Cheatnut-backed chickadee 
B u s h t i t  
Red-breasted nu tha t ch  
Whi t e -b reaeed  nu tha t ch  
Brown c reepe r  
Winter wren 
Golden-crowned k i n g l e t  
Ruby-crowned k i n g l e t  
Western b lueb i rd  
Townsend's s o l i t a i r e  
Heroi  t t h rush  
American rob in  
Var ied  t h rush  
Wren t i t  4.2 5.08 
Hutton ' s  v i r e o  P - 3.8 3.68 3.8 4. LO 
Yellow-rumped warb l e r  P - P - 
Townsend's warbler  P - P - P - 
Rufous-sided towhee P - 
Fox sparrow 29.2 51.66 P - 
Song sparrow P - 
Dark-eyed junco P - 7.3 9.71 P - P - 
P u r p l e  f i n c h  P - 1.9 2.06 P - P - N 
Red c r o s s b i l l  P - C- 

Pine  s i s k i n  1.9 3.68 15.8 14.33 3.0 3.30 1.8 2.76 m 

Lesser go ld f inch  P - P - 
Evening grosbeak P - 7.0 7.98 7.7 8.86 4.0 4.88 
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Appendix 6. Continued. 

Breeding 1982 

E a r l y  Late 
GrassfForb ShrubfSapling Shrubfsapling Pole 

Medium 
Sawtimber 

B i rd  Species  Mean S.D. Mean S.D. Hean S.D. Mean S.D. Hean S.D. 

Turkey v u l t u r e  P - P - 
Sharp-shinned hawk P - P - P - P - 
Cooper's hawk P - P - 
Red- tailed hawk P - P - P - P - P - 
American k e s t r e l  P - P - P - 
C a l t f o r n i a  q u a i l  P - 
Mountain q u a i l  P - 3.0 3.05 4.3 5.69 0.8 1.06 0.2 0.64 
Band- tailed pigeon P - P - 
Western screech owl P - 
Anna's hummingbird 73.8 85.70 P - 135.7 157.98 P - 
Cal l iope  hummingbird 29.8 63.33 P - 
Rufoua hummingbird P - P - P - 
Allen 's  hummingbird P - P - P - 
Acorn woodpecker 0.4 1.03 P - 2.6 5.47 3.8 10.75 
Red-breasted sapsucker P - P - 2.8 6.06 11.3 17.82 1.4 3.91 
Downy woodpecker P - P - P - 
Hairy woodpecker P - P - P - 5.3 8.15 1.9 3.60 
White-headed woodpecker P - 
Northern f l i c k e r  P - 1.9 2.37 0.9 1.12 P - P - 
P i l e a t e d  woodpecker P - P - P - 
Olive- sided f l y c a t c h e r  1.0 0.97 1.4 1.43 2.2 3.56 P a P - 
Western wood pewee 4.5 4.25 P - 0.5 0.85 P - 
Hamond's f l y c a t c h e r  P - 15.1 31.41 
Dusky flycatcher 5.6 11.89 21.5 18.55 25.9 26.2 P - 
Hammond's or h s k y  f l y e .  17.9 23.11 1.6 5.14 
Western f l y c a t c h e r  1.3 2.07 P - P - 15.5 18.68 33.8 16.3 
S t e l l e r ' s  jay 0.9 0.74 5.4 4.60 6.1 6.61 10.9 7.31 11.3 7.12 
Scrub j a y  1.2 2.26 P - P - 
Common raven P - P - 0.6 1.01 0.3 0.53 



Appendix 6. Continued. 

Breeding 1982 

Bird Species 

Early Iace Medium 
GrassIPorb ShrubISapling ShrubISapling Pole . Sawtimber 

Mean S.D. Hean S.D. Mean .S.D. Mean S.D. Mean S.D. 

Mountain chickadee 
Chestnut-backed chickadee 
Bushtit 
Red-breasted nuthatch 
White-breasted nuthatch 
Brown crreper 
Bewick's wren 
House wren 
Winter wren 
Golden-crowned kinglet 
Western bluebird 
Townsend's solitaire 
Hermit thrush 
American robin 
Wrentit 
Solitary vireo 
Hutcon's vireo 
Warbling v i reo  
Orange-crowned warbler 
Nashville warbler 
Yellow warbler 
Yellow-rumped warbler 
Black-throated gray warbler 
Hermit warbler 
MacGillivray's warbler 
Wilson's warbler 
Western tanager 
Black-headed grosbeak 
Lazuli bunting 
Green-tailed towhee 
Rufous-aided towhee 



Appendix 6. Continued. 

Bird S p e c i e s  

Breeding  1982 
- 

E a r l y  Late Medium 
GrassIPorb S h r u b l s a p l i n g  Shrub/Sapling P o l e  Sawtimber 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Wan S.D. 

Chipping sparrow P - P - 3.2 4.05 P - P - 
Fox sparrow P - 2.4 5.58 27.3 68.48 
Song sparrav  4.9 7.07 P - 
Dark-eyed junco 65.6 25.78 96.1 86.89 54.8 45.12 41.2 43.22 60.9 43.30 
Brown-headed cowbird P - P - P - 
Purple  f inCh 1.2 1.74 26.3 48.31 22.6 31.31 2.0 2.08 2.9 3.62 
Red c r o e a b i l l  
P i n e  s i s k i n  
Lesser g o l d f i n c h  
Evening grosbeak P - P - P - 0.9 1.68 0.3 0.67 
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Appendix 6. Continued 

Summer 1982 

Bird Specie8 

Early late Medium 
GrassIForb ShrubISapling ShrubISapling Pole Sawtimber 

Mean S.D. Mean S.D. Hean S.D. Mean S.D. Mean S.D. 

Bushcit 1.3 4.97 26.5 41.95 62.2 106.28 
Red-breasted nuthatch P - P - 2.4 4.63 24.1 11.74 21.9 10.55 
White-breasted nuthatch P - P - P - 0.3 0.99 0.1 0.31 
Brown creeper P - 47.9 30.47 65.1 35.00 
Bevi~k's wren P - 4.9 10.34 - 

House wren 32.7 29.40 11.6 17.65 16.0 24.36 P - 
Winter wren P - P - 2.6 11.22 3.6 7.39 
Golden-crowned kinglet P - 33.1 74.20 9.9 17.82 
Western bluebird 
Townsend's solitaire 
Hermit thrush 
American robin 
Wrentit 
Cedar waxwing 
Solitary vireo 
Hutton's vireo 
Warbling vireo 
Orange-crowned warbler 
Nashville warbler 
Yellow-rumped warbler 
Blaek-throhted gray warbler 
Hermit warbler 
MacGillivray's warbler 
Wilson's warbler 
Western tanager 
Blsck-headed grosbeak 
Lazuli bunting 
Green-tail'ed towhee 
Rufoue-aided towhee 
Chipping sparrow 
POX SPBTTOW 
Song sparrow 
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Appendix 6. Continued 

B i rd  Spec i e s  

Fall  1982 

E a r l y  La t e  
ShrubISapl ing  ShrubISepl ing  Pole  

Medium 
Sawtimber 

Mean S.D. Mean S.D. k a n  S.D. Mean S.D. Mean S.D. 

Townsend's s o l i t a i r e  
Hermit t h rush  
American robin  
Var ied  t h r u s h  
W r e n t i t  
Cedar waxwing 
S o l i t a r y  v i r e o  
Hut ton ' s  v i r e o  
Warbling vireo 
Orange-c rouned warb l e r  
Nashv i l l e  wa rb l e r  
Yellow-rumped warb l e r  
Black- throated  gray warb l e r  
Townsend's wa rb l e r  
Hermit wa rb l e r  
MacGil l ivray ' s  wa rb l e r  
WilOon's wa rb l e r  
Western t anage r  
Green- ta i led  towhee 
Rufous-sided towhee 
Chipping sparrow 
Fox sparrow 
Song sparrow 
L ~ " c o ~ " ' B  SpBrrOW 
Golden-crowned sparrow 
White-crowned sparrow 
Dark-eyed junco 
Western meadowlark 
Brewer's b l a c k b i r  x 
P u r p l e  f i n c h  
Red c r o s s b i l l  
P ine  s i e k i n  
Lesser go ld f inch  
Evening grosbeak 





Appendix 6. Continued 

Winter  1983 

E a r l y  Late Medium 
GrassIPorb Shrublsapl ing S h r u b I S a ~ l i n g  Pole Sawtimber 

Bird Species Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Yel lorrumped warbler P - 
Rufoue-eided towhee P - 
FOX sparrow 15.9 19.29 143.8 140.73 P - 
Song sparrow P - P - 
Dark-eyed junco P - 37.7 34.48 51.4 31.98 P - P - 
Purple f inch  P - P - P - 
Red c r o s s b i l l  P - P - P - 
Pine a i s k i n  1.7 1.43 P - 1.7 2.96 0.3 0.79 0.3 0.56 
Lesser goldf inch P - 
Evening grosbeak P - 0.3 1.04 





Appendix 7. Percent occurrence of bird species a t  count points by successional stage, 
season, and year, in young-growth Wuglas-fir, northwestern California. See Table 3 in 
text for number of bird count points of each stage surveyed. 

Summer 1981 

Bird Species 

Early Late 
Grass/ Shrub/ Shrub/ Medium 
Forb Sapling Sapling Pole Sawtimber x2 

Turkey vulture n/aa 33 
Sharp-shinned hawk 27 
Cooper's hawk 13 
Bed-tailed hawk 20 
American kestrel 27 
Mountain quail 87 
Band-tailed pigeon 80 
Northern pygmy owl 7 
Vaux's swift 13 
Anna's hummingbird 7 
Rufous hummingbird 7 
Acorn woodpecker 53 
Red-breasted sapsucker 27 
Hairy woodpecker 47 
Northern flicker 87 
Pileaced woodpecker 
Olive-sided flycatcher 
Western wood pewee 40 
Hammond's or hsky flycatcher 7 
Western flycatcher 20 
Violet-green swallow 47 
Barn swallow 7 
Steller's jay 100 
Scrub jay 40 
Common raven 20 
Mountain chickadee 13 
Chestnut-backed chickadee 80 
Bushtit 20 
Red-breasted nuthatch 53 
White-breasted nuthatch 7 
Brown creeper 
Bewick's wren 40 
House wren 60 
Winter wren 20 
Golden-crowed kinglet 
Western bluebird 27 
Townsend's solitaire 40 
Hermit thrush 47 
American robin 67 
Wrentit 73 
Cedar waxwing 
Solitary vireo 20 
Hutton's vireo 73 
lisrbling vireo 7 
Orange-crowned warbler 27 
Nashville warbler 20 
Yello~rumped warbler 7 
Black-throated gray warbler 27 
Rermit warbler 
MacCillivray's warbler 27 
Wilson's warbler 40 
Western tanager 93 



Appendix 7. Continued 

Summer 1981 

Bird Species 

Early late 
Grass/ Shrub1 Shrub/ Hedium 
Forb Sapling Sapling Pole Sawtimber x2 

Black-headed grosbeak n/a 60 43 31 57.34** 
Green-tailed towhee 27 36 65.57** 
RU~OUS-sided towhee 100 100 8 177.85** 
Chipping sparrow 14 42.00** 
Fox sparrow 20 14 36.12** 
Song sparrow 27 8 55.63** 
Golden-crowned sparrow 7 21.00** 
Dark-eyed junco 100 100 62 57 20.72** 
Brewer's blackbird 7 21.00** 
Purple finch 80 71 31 90.57** 
Red crossbill 7 8 15.13** 
Pine siskin 67 21 23 29 40.00** 
Lesser goldfinch 100 86 54 29 45.54** 
American goldfinch 7 21.00** 
Evening grosbeak 7 21.00** 



Appendix 7. Continued 

F a l l  1981 

Ear ly  Late 
Grass1 Shrub1 Shrub1 Medium 

Forb Sapl ing Sapling Pole Sawtimber x2 Bird  Species  

Great blue  heron 
Turkey vu l tu re  
S h a r p s h i n n e d  hawk 
Northern goshawk 
Red- tailed nawk 
Red-shouldered hawk 
American k e s t r e l  
Mountain q u a i l  
Northern phalarope 
Band- tailed pigeon 
Northern pygmy owl 
Northern sau-whet owl 
vaux's Swif t  
Anna's hummingbird 
Acorn woodpecker 
Red-breasted sapsucker 
Downy woodpecker 
Ha i ry  woodpecker 
Northern f l i c k e r  
P i l e a t e d  woodpecker 
Western f lyca tche r  
Violet- green swallow 
S t e l l e r ' s  j ay  
Scrub j a y  
Camon raven 
Mountain chickadee 
Chestnut-backed chickadee 
Bueh t i t  
Red-breasted nuthatch 
White-breasted nuthatch 
Brawn c reeper  
Bewick's wren 
Kouse wren 
Winter  men 
Golden-crowned k ing le t  
Ruby-crowned k ing le t  
Western bluebird  
Townsend's s o l i t a i r e  
Hermit th rush  
American robin 
Varied th rush  
Wrentic 
Cedar warning 
S o l i t a r y  vireo 
K u t t ~ n ' s  v i r eo  
Warbling v i reo  
Orange-crowned warbler 
Ye l lo r rumped  warbler 
Black- throated gray warbler 
Townsend's warbler 
Wilson's warbler 
Rufous-sided towhee 
Fox sparrow 
Song sparrow 
Lincoln's sparrow 
Golden-crowned sparrow 
Oark-eyed junco 



Appendix 7. Continued 

F a l l  1981 

B i r d  Species 

Ear lv  lace ---- -- ~ - 

Crass1 ~ h r u b ~  Shrub1 Medium 
Forb Sapling Sapl ing Pole Sawtimber x2 

Western meadowlark 7 4 18.55** 
S t a r l i n g  4 16.00** 
P u r p l e  f inch  71 67 70 69 41 10.18* 
P i n e  s i s k i n  100 93 91 63 65 14.26** 
Lesser goldf inch 86 67 70 50 65 9.78* 
Evening grosbeak 7 47 30 31 6 50.69** 



Appendix 7. Continued 

Winter 1982 

Early  I ace  
Grass1 Shrub/ Shrub/ Hedlum 

Bird Species  Forb Saplfngb Sapling Pole Sawtimber x2 

Sharpsh inned  hawk 14 7 25.67** 
Red- tailed hawk 1 I 1 I 14 12.67** 
Mountain q u a i l  22 14 39.56** 
Band-tailed pigeon 22 66.00** 
Acorn woodpecker 22 14 21 21.67** 
Red-breaeted sapsucker 11 33.00** 
Downy woodpecker 14 42.00** 
Hairy woodpecker 33 22 29 29 2.2% 
b r t h e r n  f l i c k e r  11 I 1  14 57 65.58** 
P i l e a t e d  woodpecker 14 42.00** 
S t e l l e r ' s  jay 11 LOO 57 86 73.02** 
Scrub j a y  I I 33.00** 
Common raven 56 22 71 43 26.96** 
Xountain chickadee 11 33.00** 
Cheetnut-backed chickadee 22 33 86 86 64.37** 
Busht ic  11 7 19.78** 
Red-breaeted nuthatch 29 57 104.23** 
W h i t e b r e a s t e d  nuthatch 29 87.00** 
Brown c reeper  86 93 179.55** 
Winter w e n  89 100 100 93 0.93 
Golden-crowned k i n g l e t  89 100 100 100 0.93 
Ruby-crowned k i n g l e t  I I 67 86 57 55.11** 
Western bluebird  11 33.00** 
Tomsend 's  s o l i t a i r e  22 66.00** 
Hermit th rush  14 42.00** 
American robin  44 78 86 50 19.77** 
Varied thrush 56 86 7 1 79.45** 
Wrentic 78 234.00** 
Cedar waxwing 22 66.00** 
Hutton's v i r eo  33 71 79 87.40** 
Yellorrumped warbler  I I 7 19.78** 
Tounsend's warbler I I 14 21 19.91** 
Rufous-sided tovhee 11 33.00** 
FOX sparrow 67 14 150.36** 
Sang sparrow 11 33.00** 
Dark-eyed junco I I 89 14 14 135.56** 
Purple f inch  22 78 29 14 69.73** 
Red c r o s s b i l l  14 42.00** 
Pine s i s k i n  44 100 86 7 1 22.89** 
Lesser goldf inch 22 14 39.56** 
Evening grosbeak 78 89 86 64 4.73 



2 6 5  
Appendix 7. Continued 

Spring 1982 

Early Late 
Grass/ Shrub/ Shrub1 Medium 

Bird Species Forb Sapling Sapling Pole Sawtimber x2 

Red-tailed hawk n/a 17 33 60.24** 
Mountain quail 67 50 17 20 45.43** 
Band-tailed pigeon 17 51.00** 
Northern pygmy owl 17 20 37.49** 
Acorn woodpecker 50 50 20 60.00** 
Red-breasted sapsucker 17 50 17 20 29.77** 
Downy woodpecker 17 51.00** 
tkiry woodpecker 50 40 92.22** 
Northern flicker 67 67 40 69.17** 
Violet-green swallow 33 20 59.38** 
Steller's jay 83 100 100 60 12.56** 
Scrub jay 33 99.00** 
Common raven 25 20 46.11** 
Chestnut-backed chickadee 17 50 100 100 74.41** 
Bushtit 17 50 17 62.57** 
Red-breasted nuthatch 17 33 60.24** 
White-breasted nuthatch 20 60.00** 
Brown creeper 83 100 186.16** 
Bewick's wren 67 25 17 89.28** 
House wren 17 51.00** 
Winter wren 100 75 100 80 5.8- 
Golden-crowned kinglet 33 25 100 100 78.65** 
Ruby7crowoed kinglet 50 17 20 59.62** 
Western bluebird 67 201.00** 
Hermit thrush 17 25 17 20 2.1M 
American robin 50 67 60 62.30** 
Varied thrush 50 20 95.71** 
Wrentit 83 100 17 143.56** 
Hutton's vireo 33 50 83 100 41.94** 
Orange-crowned warbler 17 51.00** 
Townsend's warbler 40 120.00** 
Rufous-aided towhee 67 201.00** 
Fox sparrow 100 75 182.14** 
Song sparrow 33 17 60.24** 
Dark-eyed junco 100 75 83 60 10.48* 
Pine siskin 67 83 40 83.22** 
Lesser goldfinch 25 75.00** 
Evening grosbeak 33 25 50 48.07** 



Appendix 7. Continued 

Bird  Species 

. . 

. . Turkey vu l tu re  
Sharp-shinned hawk 
Cooper's hawk 

~. . . Red- tailed hawk 
American k e s t r e l  
C a l i f o r n i a  q u a i l  
Mountain q u a i l  
Band- railed pigeon 
Northern screech owl 
Anna's hummingbird 
Ca l l iope  hummingbird 
RuEous hummingbird , 
Allen 's  hummingbird 
Acorn woodpecker 
Red-breasted sapsucker 
Downy woodpecker 
Hairy  woodpecker 
White-headed woodpecker 

! 
Northern f l i c k e r  
P i l e a t e d  woodpecker 
Olive- sided f l y c a t c h e r  
Western wood pewee 

,I Bammond's f l y c a t c h e r  
Dusky f l y c a t c h e r  
Bammond's o r  Dusky f lyc .  
Wearern f l y c a t c h e r  
S t e l l e r ' s  j ay  

i 
! Scrub j ay  

Common raven 
Wountain chickadee 
Cheecnuc-backed chickadee 
B u s h t i t  
Red-breasted nuthatch 
White-breasted nuthatch 
Brown creeper  
Bewick's wren 
House vren 
Winter wren 
Golden-crowned k i n g l e t  
Western bluebird  
Townrend's s o l i t a i r e  
H e d t  thrush 
American robin  
Wren t i t  
S o l i t a r y  v i r e o  
Hutton's v i r eo  
Warbling v i r e o  
Orange-crowned warbler  
Nashvi l le  warbler  
Yellow warbler 

I, Yellow-rurnped warbler  
! Black- throated gray va rb le r  

B e w i t  warbler 

> HacGil l ivray 's  warbler  

I 
Wilson's warbler 

Breeding 1982 

Early  Late 
Grass/ Shrub/ Shrub/ lledium 
Porb Sapling Sapl ing Pole Sawtimber x2 



Appendix 7. Continued 

Bird Species 

Breeding 1982 

Early Lece 
Grass/ Shrub/ Shrub/ Medium 
Forb Sapling Sapling Pole Sawtimber x2 

Western tanager 58 62 81 100 100 20.06** 
Black-headed grosbeak 75 69 95 92 100 8.39+ 
Lazuli bunrlng 92 8 19 254.49** 
Green-tailed towhee 23 5 70.93** 
Rufous-sided towhee 8 92 95 33 29 122.05** 
Chipping sparrow 8 46 57 17 7 78.59** 
Pox sparrow 8 31 33 74.81** 
Song sparrow 46 5 158.90** 
Dark-eyed junco 100 100 100 100 100 0.OW 
Brow-headed cowbird 8 23 14 42.67** 
Purple finch 58 85 71 67 57 7.6@ 
Red crossbill 8 8 7 15.48** 
Pine siskin 75 77 86 67 79 2.4M 
Lesser goldfinch 17 69 76 36 108.11** 
Evening grosbeak 17 38 38 42 36 11.37* 



Appendix 7. Continued 

Summer 1982 

Early  l a t e  
Grass/ Shrub1 Shrub/ Medium 

Forb Sapling - Sapling Pole Sawtimber xZ  Bird Species 

Turkey vu l tu re  
Sharp-shioned hawk 
Cooper's hawk 
Red- tailed hawk 
American k e s t r e l  
A l l e n ' s  hummingbird 
Mountain q u a i l  
Band- tailed pigeon 
Northern pygmy owl 
Vaux's swi f t  
Anna's hummingbird 
Rufaus hummingbird 
Acorn woodpecker 
Red-breasted sapsucker 
Downy woodpecker 
Ha i ry  woodpecker 
White-headed woodpecker 
Northern f l i c k e r  
P i l eaced  woodpecker 
Olive- sided f l y c a t c h e r  
Western wood pewee 
Hammond's f l y c a t c h e r  
Dusky f lyca tche r  
Western f l y c a t c h e r  
Violet- green swallow 
S t e l l e r ' s  j ay  
Scrub jay 
Common raven 
Yountain chickadee 
Chestnut-backed chickadee 
B u s h t i t  
Red-breasted nuthatch 
White-breasted nuthatch 
Brown creeper 
Bewick's wren 
House well 
Winter  wen 
Golden-crowned k i n g l e t  
Western bluebird  
Townsend's s o l i t a i r e  
Hermit thrush 
American robin 
w r e n t i t  
Cedar waxwing 
SO l i t a r y  v i reo  
Hut ton 's  v i r eo  
Warbling v i reo  
Orange-crowned warbler 
Nashv i l l e  warbler 
Y e l l o ~ r u m p e d  warbler 
Black- throated gray warbler 
Hermit warbler 
NacGil l ivray 's  warbler  
Wilson's warbler 
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Appendix 7. Continued 

Summer 1982 

Early Late 
Grass/ Shrub1 Shrub/ Medium 

Bird Species Forb Sapling Sapling Pole Sawtimber x2 

Western tanager 50 87 100 78 79 17.09** 
Blaek-headed grosbeak 50 73 86 61 37 23.86** 
Lazuli bunting 14 7 37.33** 
Green-tailed towhee 27 I8 72.00** 
Rufous-sided towhee 29 87 91 11 5 154.51** 
Chipping sparrow 7 13 32 I I 5 34.06** 
Fox sparrow 7 33 18 6 53.03** 
Song sparrow 7 27 6 61.75** 
Dark-eyed junco 100 100 100 72 89 5.6% 
Brom-headed cowbird 5 20.00** 
Purple f inch  57 93 91 61 26 46.63** 
Red c r o s s b i l l  33 23 22 I I 35.89** 
Pine s i s k i n  79 100 82 78 79 4.13 
lesser goldfinch 57 80 59 33 16 50.41** 
American goldfinch 7 28.00** 
Evening grosbeak 7 20 23 I I 5 19.15** 



Appendix 7. Continued 

F a l l  1982 

Grass1 Shrub1 Shrub1 Hedium 
Forb Sapling Sapling Pole Sawtimber xZ Bird Species  

Mallard 
S h a r p s h i n n e d  hawk 
Cooper's hawk 
Northern goshawk 
Red- tailed hawk 
American k e s t r e l  
Mountain q u a i l  
Band- tailed pigeon 
Northern pygmy owl 
V ~ U X ' S  s w i f t  
Anna's hummingbird 
Acorn woodpecker 
Red-breasted sapsucker 
Downy woodpecker 
Hairy  woodpecker 
Northern f l i c k e r  
P i l e a t e d  woodpecker 
Olive- sided f l y c a t c h e r  
Western wood pewee 
Wearern f l y c a t c h e r  
Violet- green swallow 
S t e l l e r ' s  j a y  
Scrub j a y  
Common raven 
Mountain chickadee 
Chestnuc-backed chickadee 
B u ~ h t i t  
Red-breasted nuthatch 
White-breasted nuthatch 
Brown c reeper  
Bewick's wren 
House wren 
Winter wren 
Golden-crowned k i n g l e t  
Ruby-crowned k i n g l e t  
Weatern bluebird  
Townsend's s o l i t a i r e  
Hermit th rush  
American robin  
Varied th rush  
Wrent i t  
Cedar wa~twing 
S o l i t a r y  v i r e o  
Hutton's v i r e o  
Uarbl ing v i r e o  
Orange-crowned warbler 
Nashv i l l e  warbler  
Ye l lo r rumped  warbler  
Black-throated.pray warbler 
Townsend'. warbler  
Hermit warbler 
MacGillivray's warbler  
Wilson's warbler 
Western tanager  



Appendix 7. Continued 

Fa l l  1982 

Early l a t e  
Grass1 Shrub1 Shrub1 Hedium 

Bird Species  Forb Sapling Sapling Pole Sawtimber x2 

Green-tailed towhee 20 17 56.11** 
Rufous-aided towhee 14 80 70 6 169.18** 
Chipping sparrow 7 28.00** 
Fox sparrow 21 87 87 5 190.10** 
Song sparrow 21 27 6 57.67** 
Lincoln's sparrow 7 28.00** 
Golden-crowned sparrow 50 33 30 85.63** 
White-crowned sparrow 13 17 46.33** 
Dark-eyed junco 100 100 100 67 79 10.61* 
Western meadowlark 7 28.00** 
Brewer's blackbird 7 6 5 12.56* 
Purple f i n c h  57 87 97 61 84 15.14** 
Red c r o s s b i l l  7 20 9 11 22.26** 
Pine s i s k i n  57 67 65 67 42 7.6W 
ksser  go ldf inch  57 73 70 50 37 15.21** 
Evening grosbeak 7 4 11 21 28.81** 



Appendix 7. Continued 

Winter 1983 

Bird Species  

Ear ly  Late 
Grass/ Shrub/ Shrub/ Hedium 
Forb Sapling Sapling Pole Sawcimber x2 

Red-cailed ha& n/a 9 "/a n/a 
Red-shouldered hawk 
Band-called pigeon 55 30 60 
Western screech owl 
Acorn woodpecker 40 
Red-breasted sapsucker 18 20 
Domy woodpecker 20 60 
l ta i ry  woodpeeker 40 40 
Whice-headed woodpecker 9 
Northern f l i c k e r  36 50 60 
Pi leaced woodpecker 30 
S t e l l e r ' s  j ay  82 50 80 
Scrub j ay  36 
Camon raven 18 50 40 
Mouncain chickadee 27 10 
Chescnut-backed chickadee 45 100 100 
Bushcic 36 
Red-breasted nuthatch 27 90 20 
White-breasted nuthatch 10 
Brown creeper  90 80  
Bewick's wren 27 
Winter wren 100 70 100 
Golden-crowned k i n g l e t  64 100 100 
Ruby-crowed k ing le t  36 80 80 
Western bluebird 40 20 
Tomsend's solitaire 27 40 20 
Hermit thrush 36 20 20 
American robin 73 90 100 
Varied thrush 64 90 100 
Wrent i t  55 
Cedar waxwing 73 50 20 
Hutton's v i r eo  60 80 
Yel larrumped warbler 40 
Rufous-sided towhee 45 
Pox sparrow 82  10 
Song sparrow 9 
Dark-eyed junco 91 80 60 
Purple  f i n c h  36 70 40 
Red c r o s s b i l l  18 30 
Pine s i s k i n  64 20 20 
Lesser goldf inch 9 
Evening grosbeak 9 20 



Appendix 7. Continued 

Bird Species  

Spring 1983 

Early  l a t e  
Grass/ Shrub/ Medium 

Forb Sapling Sapling
b 

poleb Sawcimberb x2 

Red- tailed hawk 17 
Band- tailed pigeon 

n/a  
17 

Northern pygmy owl 17 
Hairy woodpecker 5 0  
Northern f l i c k e r  5 0  
S t e l l e r ' s  j a y  5 0  
Common raven 33 
Chestnut-backed chickadee 33 
Brown c reeper  17 
Winter wren 100 
Golden-crowned k ing le t  17 
Ruby-crowned k i n g l e t  17 
Western bluebird  100 
Townsend's s o l i t a i r e  8 3  
American robin  100 
Cedar waxwing 17 
Hutton's v i r e o  17 
Dark-eyed junco 100 
Purple  f i n c h  17 
Pine s i s k i n  8 3  
Evening grosbeak 17 

a n/a - percent  occurrence not ca lcu la ted  because of small amber of count p o i n t s  
surveyed. 

Stage n o t  sampled. 
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A p p e n d i x  8. C o e f f i c i e n t s  o f  v a r i a t i o n  (S.D. /mean)  o f  b i r d  d e n s i t i e s  by 
s u c c e s s i o n a l  s t a g e ,  season, a n d  y e a r ,  i n  young- growth  D o u g l a s - f i r ,  
n o r t h w e s t e r n  C a l i f o r n i a .  See T a b l e  3 i n  r e x c  f o r  number  o f  b i r d  c o u s t  
p o i n t s  o f  e a c h  s t a g e  s u r v e y e d .  

B i r d  S p e c i e s  

R e d - c a l l e d  hawk 
A m e r i c a n  k e s t r e l  
M o u n t a i n  q u a i l  
B a n d - t a i l e d  p i g e o n  
Acorn w o o d p e c k e r  
H a i r y  w o o d p e c k e r  
N o r t h e r n  f l i c k e r  
O l i v e - s i d e d  f l y c a t c h e r  
W e s t e r n  wood pewee 
Hamrnond's f l y c a t c h e r  
W e s t e r n  f l y c a t c h e r  
V i o l e t - g r e e n  s w a l l o w  
S t e l l e r ' s  j a y  
S c r u b  j a y  
Common r a v e n  
M o u n t a i n  c h i c k a d e e  
C h e s t n u t - b a c k e d  c h i c k a d e e  
B u s h c i c  
R e d- b r e a s t e d  n u t h a t c h  
W h i c e - b r e a s t e d  n u t h a t c h  
Brown c r e e p e r  
B e w i c k ' s  wren  
H o u s e  wren  
W i n t e r  wren  
G o l d e n- c r o w n e d  k i n g l e t  
W e s t e r n  b l u e b i r d  
T o w n s e n d ' s  s o l i t a i r e  
H e r m i t  t h r u s h  
A m e r i c a n  r o b i n  
W r e n t i c  
C e d a r  waxwing 
S o l i t a r y  v i r e o  
H u t t o n ' s  v i r e o  
W a r b l i n g  v i r e o  
N a s h v i l l e  w a r b l e r  
Y e l l o w- r u m p e d  w a r b l e r  
B l a c k - t h r o a t e d  g r a y  w a r b l e r  
M a c G i l l i v r a y ' s  w a r b l e r  
W i l s o n ' s  w a r b l e r  
W e s c e r n  t a n a g e r  
B l a c k - h e a d e d  g r o s b e a k  
G r e e n - t a i l e d  t o w h e e  
R u f o u s - s i d e d  t o w h e e  
P O X  s p a r r o w  
D a r k- e y e d  j u n c o  
P u r p l e  f i n c h  
Red c r o s s b i l l  
P i n e  s i s k i n  
Lesser g o l d f i n c h  

Summer 1 9 8 1  

E a r l y  L a c e  
G r a s s /  S h r u b /  S h r u b /  Medium 

F o r b  S a p l i n g  S a p l i n g  P o l e  S a w t i m b e r  



A p p e n d i x  8. C o n t i n u e d  

F a l l  1981 

B i r d  S p e c i e s  

E a r l y  L a t e  
Grass/ S h r u b /  S h r u b /  Medium 

F o r b  S a p l i n g  S a p l i n g  P o l e  S a w t i m b e r  

A m e r i c a n  k e s t r e l  
M o u n t a i n  q u a i l  
B a n d - t a i l e d  p i g e o n  
N o r t h e r n  pygmy owl  
A c o r n  w o o d p e c k e r  
Downy w o o d p e c k e r  
H a i r y  w o o d p e c k e r  
N o r t h e r n  f l i c k e r  
P i l e a t e d  w o o d p e c k e r  
S t e l l e r ' s  j a y  
S c r u b  j a y  
Common r a v e n  
C h e s t n u t - b a c k e d  c h i c k a d e e  
B u s h t i t  
R e d- b r e a s t e d  n u t h a t c h  
Brown c r e e p e r  
B e w i c k ' s  w r e n  
W i n t e r  w r e n  
G o l d e n- c r o w n e d  k i n g l e t  
Ruby- crowned k i n g l e t  
W e s t e r n  b l u e b i r d  
T o w n s e n d ' s  s o l i t a i r e  
H e r m i t  t h r u s h  
A m e r i c a n  r o b i n  
V a r i e d  t h r u s h  
w r e n t i t  
C e d a r  waxwing 
Hut C O O ' S  v i r e o  
Ye l low- rumped  w a r b l e r  
Ruf o u e - s i d e d  t o w h e e  
Fox sparrow 
S o n g  s p a r r o w  
G o l d e n- c r o w n e d  s p a r r o w  
Dark- eyed  j u n c o  
P u r p l e  f i n c h  
P i n e  s i s k i n  
Lesser g o l d f i n c h  
E v e n i n g  g r o s b e a k  



- Appendix 8.  Continued 

Bird species 

Winter 1981 

Earlv Lace 
Grass1 shrub1 Shrub1 Medium 
Forb Saplinga Sapling Pole Sawtimber 

Band-tailed pigeon 
A c o r n  woodpecker 
Northern flicker 
Sceller's jay 
Common raven 
Chestnut-backed chickadee 
Bushtit 
Red-breasted nuthatch 
BTown creeper 
Winter wren 0 . 6 0  
Golden-crowned kinglet 0 .79  
Ruby-crowned kinglet 
American robin 1 .73  
Varied thrush 
Wrentit 
Cedar waxwing 
Button's vireo 
Fox sparrow 
Dark-eyed junco 
Purple finch 
Pine siskin 1 .91  
Evening grosbeak 
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Appendix 8 .  Continued 

-- -- ~ ~ ~-~ 

Fall 1 9 8 2  

Early Late 
Grass/ Shrub/ Shrub/ Medium 

Bird Species Forb Sapling Sapling Pole Sawtimber 

Mountain quail 2.65 1.40 
Band-tailed pigeon 1.97 1 .58 1.35 1 .46  2.47 
Northern pygmy owl 2.47 1 .86 
A c o r n  woodpecker 3.04 2.65 4.24 1 .92 
Downy woodpecker 1.39 1 .61 
Hairy woodpecker 1.20 1 .54 
Northern flicker 1.64 0 .88 1.36 1.34 0.92 
Pileated woodpecker 2.24 1.55 
Steller's jay 1.36 0 . 7 4  0.62 0.78 0.71 
Scrub jay 1.71 3.63 
Common r a v e n  2.21 2.09 1 . 9 1  1 .34 
Chestnut-backed chickadee 2.23 2.34 1.55 0 .66 0.48 
Bushtit 3.87 3.42 
Red-breasted nuthatch 4.80 0.53 0.66 ' 

Brown creeper 0.58 0.69 
Bewick's wren 1.15 2.64 

! Winter wren 1 .49  1 .80 1.20 1 .26 0.79 
Golden-crowned kinglet 2.54 2 .91  1.56 1 .17 0.82 
Ruby-crowned kinglet 2.89 2.73 1.18 2.59 1.05 
Western bluebird 2.70 2.17 3.04 
Townsend's solitaire 3.04 
Hermit thrush 3.05 1.27 2.40' 2.37 
American robin 1.66 2.38 2 . 4 1 '  7 1.51 
Varied thrush 2.54 2.30 1.93 1.61 1 .33 
Wrentit 3.74 1.38 1.66 
Cedar waxwing 2.20 2.15 1.45 3 .29 2.25 
Hutton's vireo 2.80 2.23 1.36 1.13 
Yellow-rumped warbler 2.06 1 .94 2.02 2 .21 1.84 
Rufous-sided towhee 1.02 1.25 
Chipping sparrow I Fox sparrow 2.39 1 .00 0 .92 
Song sparrow 3.17 2.80 
Golden-crowned soarraw 1.89 2 - 6 4  
Dark-eyed junco I 

Purple finch 
Pine siskin 
Lesser goldfinch 
E v e n i n g  grosbeak 



Appendlx  8 .  Conc inued  

S p r i n g  1 9 8 2  

B i r d  S p e c i e s  

E a r l y  Late 
Grass/ Shrub/  Shrub1 Medium 

F o r b  S a p l i n g  S a p l i n g  P o l e  Sawt imber  

M o u n t a i n  q u a i l  
N o r t h e r n  f l i c k e r  
S c e l l e r ' s  j a y  
C h e s t n u t- b a c k e d  c h i c k a d e e  
Brown c r e e p e r  
B e w i c k ' s  wren 
W i n t e r  wren 0 . 2 7  
Golden- crowned k i n g l e t  
W e s t e r n  b l u e b i r d  0 . 5 7  
American r o b i n  1 . 4 1  
W r e n t i c  
t l u c t o n ' s  v i r e o  
F OX s p a r r o w  
Dark- eyed  j u n c o  1 . 3 7  
P i n e  s i s k i n  



A p p e n d i x  8. C o n c i o u e d  

B i r d  S p e c i e s  

B r e e d i n g  1 9 8 2  

E a r l y  L a t e  
Grass/ S h r u b /  S h r u b /  Medium 

F o r b  S a p l i n g  S a p l i n g  P o l e  S a w t i m b e r  

M o u n t a i n  q u a i l  
A n n a ' s  hummingb i rd  
C a l l i o p e  hummingb i rd  
A c o r n  w o o d p e c k e r  
R e d- b r e a s t e d  s a p s u c k e r  
H a i r y  w o o d p e c k e r  
N o r t h e r n  f l i c k e r  
O l i v e - s i d e d  f l y c a t c h e r  
W e s t e r n  wood pewee 
Hammond's f l y c a t c h e r  
Dusky  f l y c a t c h e r  
Western  f l y c a t c h e r  
S t e l l e r ' s  j a y  
S c r u b  j a y  
Common r a v e n  
M o u n t a i n  c h i c k a d e e  
C h e s t n u t - b a c k e d  c h i c k a d e e  
B u s h t i t  
R e d- b r e a s t e d  n u t h a t c h  
Brown c r e e p e r  
B e w i c k ' s  wren  
H o u s e  wren 
W i n t e r  wren  
G o l d e n- c r o w n e d  k i n g l e t  
W e s t e r n  b l u e b i r d  
H e r m i t  t h r u s h  
A m e r i c a n  r o b i n  
W r e n t i t  
S o l i t a r y  v i r e o  
W a r b l i n g  v i r e o  
O r a n g e- c r o w n e d  w a r b l e r  
N a s h v i l l e  w a r b l e r  
Ye l low- rumped  w a r b l e r  
B l a c k - t h r o a t e d  g r a y  w a r b l e r  
H e r m i t  w a r b l e r  
M a c G i 1 1 i ~ r a y ' s  w a r b l e r  
W i l s o n ' s  w a r b l e r  
Western t a n a g e r  
B l a c k- h e a d e d  g r o s b e a k  
L a z u l i  b u n t i n g  
Ruf o u s - s i d e d  towhee  
C h i p p i n g  s p a r r o w  
Fox s p a r r o w  
S o n g  s p a r r o w  
D a r k- e y e d  j u n c o  
B r e w e r ' s  b l a c k b i r d  
P u r p l e  f i n c h  
P i n e  s i s k i n  
Lesser g o l d f i n c h  
E v e n i n g  g r o s b e a k  
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Summer 1 9 8 2  

Early Late 
Grass1 Shrub1 Shrub1 Medium 

Bird Species Forb Sapling Sapling Pole Sawtimber 

Sharp-shinned hawk 4 . 2 4  4 . 1 7  
Red-tailed hawk 2 . 9 1  2 . 6 2  
American kestrel 3 . 8 7  
Mountain quail 2 . 2 4  1 . 4 2  1 . 1 7  2 . 9 1  
Band-tailed pigeon 3 . 7 4  1 . 8 5  L.64 4 . 2 4  
Acorn woodpecker 2 . 5 7  2 . 0 3  4 . 2 4  1 . 8 6  
Red-breasted sapsucker 3 . 6 2  4 . 3 6  
Downy woodpecker 4 . 2 4  2 . 7 6  
Hairy woodpecker 1 . 3 3  1.21 
Northern flicker 1 . 5 9  1 . 0 6  1 . 7 9  1 . 3 9  
Pileated woodpecker 2 . 4 7  1 . 4 8  
Olive-sided flycatcher 1 . 6 1  0 . 9 7  1 . 3 3  
Western wood pewee 1 . 3 6  1 . 9 2  2 . 7 7  
Dusky flycatcher 1 . 2 2  1 . 5 4  
Western flycatcher 1.89 1 . 2 9  1 .60  1 . 2 6  1 . 4 5  
Violet-nreen swallow 3 . 7 4  3 . 8 1  
Steller's jay 
Scrub jay 
Common raven 
Mountain chickadee 
Chestnut-backed chickadee 
Bushtit 
Red-breasted ourhatch 
White-breasted nuthatch 
Brown creeper 
Bewick'e wren 
Aouse wren 
Winter wren 
Golden-crowned kinglet 
Western bluebird 
Townsend's solitaire 
Eernit thrush 
American robin 
Wrentit 
Cedar waxwing 
Solitary vireo 
Hutton's vireo 
Warbling vireo 
Nashville warbler 
Yellow-rumped warbler 
Black-throated gray warbler 
Hermit warbler 
MacGillivray's warbler 
Wilson's warbler 
Western tanager 
Black-headed grosbeak 
Green-tai led towhee 
Rufous-sided towhee 
Chipping sparrow 
Fox sparrow 
Song sparrow 
Dark-eyed junco 
Purple finch 
Red crossbill 
Pine siskin 
Lesser goldfinch 



A p p e n d i x  8.  C o n t i n u e d  

W i n t e r  1983 

E a r l y  L a t e  
G r a s s /  S h r u b /  S h r u b /  Medium 

B i r d  S p e c i e s  F o r b  S a p l i n g  S a p l i n g  P o l e  S a w t i m b e r  

B a n d - t a i l e d  p i g e o n  1.45 3 . 1 1  0 . 9 9  
A c o r n  w o o d p e c k e r  1.37 
N o r t h e r n  f l i c k e r  1.17 1 .37  
S t e l l e r ' s  j a y  1.13 0 .60  1.88 1.17 
S c r u b  j a y  1.47 
Common r a v e n  1 . 5 4  1.48 
M o u n t a i n  c h i c k a d e e  3.16 
C h e s t n u t - b a c k e d  c h i c k a d e e  
B u s h t i t  
R e d - b r e a s t e d  n u t h a t c h  
Brown  c r e e p e r  
W i n t e r .  w r e n  
G o l d e n- c r o w n e d  k i n g l e t  
R u b y- c r o w n e d  k i n g l e t  
A m e r i c a n  r o b i n  
V a r i e d  t h r u s h  2.09 1.73 0 .90  1.00 
W r e n t i t  1.35 
C e d a r  waxwing  2.73 1.73 1 .61  2.24 
H u c c o n ' s  v i r e o  0.99 1.41 
F o x  s p a r r o w  1.22 0 .98  
D a r k - e y e d  junco 0 .92  0.62 
P i n e  s i s k i n  0 .87  1.73 3.16 2.24 
E v e n i n g  g r o s b e a k  3.16 



Appendix  8 .  Cont inued  

B i r d  S p e c i e s  

Early Late 
G r a s s 1  Shrub1 Shrub1 Hedium 
F o r b  s a p l i n g a  s a p l i n g a  p o l e a  ~ a w r i m b e r ~  

- 

B a n d- t a i l e d  p i g e o n  2 . 4 5  
W i n t e r  wren 0 . 6 7  
W e s t e r n  b l u e b i r d  1 . 3 6  
Townsend' s  s o l i t a i r e  0 . 8 7  
American  r o b i n  1 . 4 7  
Cedar  waxwing 2 . 4 5  
Dark- eyed  j u n c o  1 . 0 7  

a SCage n o t  s a m p l e d .  




