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ABSTRACT 

T h i s s t u d y was d e s i g n e d t o d e t e r m i n e w h i c h s e r a i 

s t a g e s o f t h e r e g e n e r a t i n g c o a s t f o r e s t a r e most e f f i c i e n t 

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

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

i n t e n s i v e l y u s e d b y d e e r . P o p u l a t i o n s o f C o l u m b i a n b l a c k -

t a i l e d d e e r C O d o c o i l e u s h emionus c o l u m b i a n u s R i c h a r d s o n ) i n 

c o a s t a l B r i t i s h C o l u m b i a have b e e n r e p o r t e d t o r e a c h maximum 

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

as. s u c c e s s i o n a d v a n c e s . The e f f i c i e n c y o f a d e e r r a n g e i n 

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

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

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

rumen c o n t e n t a n a l y s i s . C o v e r c o m p o s i t i o n up t o f o u r f e e t 

i n h e i g h t , and summer and w i n t e r e s t i m a t e s o f q u a n t i t y , 

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

were o b t a i n e d i n d i f f e r e n t s e r a i s t a g e s . . These d a t a were 

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

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

An e a r l y s a l a l - c a t s e a r C G a u l t h e r i a - H y p o c h a e r i s ) 

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

i n g . T h i s t y p e was p r e f e r r e d by d e e r d u r i n g s p r i n g and 

e a r l y summer.. H e r b a c e o u s p l a n t s f o r m e d 6Q p e r c e n t o f 



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

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

i n t h i s s e r a i s t a g e t h a n i n a n y o t h e r . . 

A s a l a l - D o u g l a s f i r CG a u 11 h e r i a -P s e u d o t s u g a ) a s s o c i 

a t i o n d e v e l o p s 12 t o 15 y e a r s a f t e r s l a s h - b u r n i n g . T h i s ' 

t y p e was p r e f e r r e d d u r i n g a u t u m n a n d w i n t e r . S h r u b a n d 

c o n i f e r o u s s p e c i e s f o r m e d 70 t o 80 p e r c e n t o f t h e a u t u m n -

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

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

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

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

f o o d s w e r e h i g h e r w h e n e a t e n ( a u t u m n - w i n t e r ) t h a n a t o t h e r 

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

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

T h e n u t r i e n t c o n t e n t o f k e y f o o d s c h a n g e d s i g n i f i 

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

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

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

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

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

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

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

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



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

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

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

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

p r o d u c i n g u n i t s f o r e a c h s e a s o n . A f u r t h e r 1 h y p o t h e s i s i s 

s u g g e s t e d w h i c h s t a t e s t h a t s u s t a i n e d p o p u l a t i o n s c a n n o t be 

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

w i l l i n e v i t a b l y c a u s e r e g r e s s i o n o f r a n g e q u a l i t y . 
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members o f t h e B r a n c h . I n p a r t i c u l a r I am i n d e b t e d t o 

Dr. P . J . Ba n d y , Head, W i l d l i f e R e s e a r c h D i v i s i o n who, w i t h 

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

t i o n and who has s i n c e o f f e r e d much v a l u a b l e a s s i s t a n c e . 

D r . I a n M c T a g g a r t Cowan, Dean o f G r a d u a t e S t u d i e s , 

and D r s . D.H. C h i t t y and H.C. N o r d a n o f t h e D e p a r t m e n t o f 

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

d u r i n g t h e p r e p a r a t i o n of' t h e m a n u s c r i p t . Dr. C.W. 

R o b e r t s , D e p a r t m e n t o f P o u l t r y S c i e n c e , h e l p e d s o l v e many 

s t a t i s t i c a l p r o b l e m s . D r . W.D. K i t t s and t h e s t a f f o f 

t h e D i v i s i o n o f A n i m a l S c i e n c e p r o v i d e d l a b o r a t o r y f a c i l 

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

age s a m p l e s . 

F e l l o w s t u d e n t s W.B. P r e s t o n and M.A. B i g g w o r k e d 

on t h e p r o j e c t as R e s e a r c h A s s i s t a n t s , T h e i r a c c u r a t e 

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

i a t e d . Mr. D o n a l d C. Thomas c o l l e c t e d t h e rumen s a m p l e s , 



which, were s u b s e q u e n t l y a n a l y s e d hy M i s s Rosemary P a r k e r . 

Mr. I a n D. Smith., p r o v i d e d ' s o u n d a d v i c e and a s s i s t a n c e w i t h 

c o m p u t e r p r o g r a m m i n g . 

T h i s s t u d y was made p o s s i b l e t h r o u g h t h e c o o p e r a 

t i o n o f t h e N o r t h w e s t Bay D i v i s i o n o f M a c M i l l a n B l o e d e l 

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

. s u p p l i e d much o f t h e i n f o r m a t i o n on l o g g i n g h i s t o r y ; and 

t h e B r i t i s h C o l u m b i a F o r e s t S e r v i c e , w h i c h p r o v i d e d summer 

a c c o m m o d a t i o n a t P a r k s v i l l e . 

F i n a l l y , I w i s h t o t h a n k my w i f e , S h a r o n , who t y p e d 

many r e v i s i o n s o f t h e m a n u s c r i p t . 



INTRODUCTION 

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

f i r e s and p r i o r t o t h e d e v e l o p m e n t o f the. l o g g i n g i n d u s t r y , 

few b l a c k t a i l e d d e e r ( O d o c o i l e u ' s h e m i o n u s C o l u m b i a n us 

R i c h a r d s o n ) were s u p p o r t e d by t h e m o i s t c o n i f e r o u s f o r e s t 

b iome o f t h e P a c i f i c N o r t h w e s t (Cowan 1 9 4 5 , L e o p o l d 1 9 5 0 , 

Dasmann and H i n e s 1 9 5 9 , and Brown 1 9 6 1 ) . E a r l y i n t h e t w e n 

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

w i d e - s p r e a d c o n v e r s i o n o f c l i m a x f o r e s t s b a c k t o e a r l y s e r a i 

s t a g e s b e g a n . M a r k e d i n c r e a s e s i n d e e r numbers- were noted, 

.by t h e s e w o r k e r s t o c o i n c i d e w i t h t h e r e g e n e r a t i o n o f new 

g r o w t h . -

R e a s o n s f o r f a v o r a b l e r e s p o n s e s by u n g u l a t e s t o t h e 

c r e a t i o n o f p i o n e e r f l o r a l c o n d i t i o n s have been d i s c u s s e d by 

D e W i t t and D e r b y ( 1 9 5 5 ) , and have b e e n a t t r i b u t e d t o an 

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

e t y and a b u n d a n c e o f h e r b a c e o u s p l a n t s and s h r u b s ( S t o r e r 

1 9 3 2 , B u c k l a n d 1 9 4 1 , Cowan 1 9 4 5 , L e o p o l d 1 9 5 0 , Dasmann and 

H i n e s 1 9 5 9 ) , as w e l l as i m p r o v e d n u t r i e n t c o n t e n t o f t h e 

p r e f e r r e d f o o d s p e c i e s ( E i n a r s e n 1946, Cowan, Hoar and H a t 

t e r 1 9 5 0 , and Swank 1956) have been s u g g e s t e d as c a u s a t i v e 

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

r e v e a l t h a t more r a p i d g r o w t h r a t e s , l a r g e r body s i z e , i n -



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

f r o m a b e t t e r n u t r i t i o n a l r e g i m e n ( T a b e r 1956, T a b e r a n d 

Dasmann 19 5 8 , S e v e r i n g h a u s and T a n c k 1964, Bandy 1 9 6 5 , K l e i n 

1 9 6 5 , Murphy and C o a t e s 1966, and U l l r e y e t a l . 1 9 6 7 ) . 

I t c a n be. h y p o t h e s i z e d , t h e r e f o r e , t h a t w i t h i n r e g e n 

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

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

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

d e f o r e s t a t i o n , and t o d e c l i n e as c l i m a x c o n d i t i o n s a r e ap

p r o a c h e d ( B r o w n , 1 9 6 1 ) . Deer numbers may be e x p e c t e d t o 

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

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

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

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

maximum. 

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

be r e f l e c t e d by t h e g r e a t e s t i n t e n s i t y o f d e e r u s e . • I t 

s h o u l d o c c u r when ' the' g r e a t e s t v a r i e t y o f n u t r i t i o u s and 

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

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

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

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

when l a r g e amounts o f e n e r g y become t r a p p e d i n u n p a l a t a b l e 

o r u n a v a i l a b l e p l a n t s . 



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

ed t o b l a c k t a i l e d d e e r n u m b e r s , a r e l i m i t e d t o work by T a b e r 

and Dasmann ( 1 9 5 8 ) , Brown ( 1 9 6 1 ) , and K l e i n ( 1 9 6 5 ) . These 

i n v e s t i g a t i o n s compare c o n d i t i o n s on s e p a r a t e r a n g e s o f 

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

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

t h a t e x t r a n e o u s i n f l u e n c e s were- k e p t t o a minimum,, t h e p r e s 

e n t s t u d y a t t e m p t e d t o m e asure t h e s e . f a c t o r s as t h e y o c c u r r e d 

w i t h i n a s i n g l e r a n g e . 

Obj e c t i v e s 

S p e c i f i c a l l y t h e p u r p o s e s were t o e x p l o r e t h e n a t u r e 

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

o f t h e c o a s t f o r e s t , and t o r e l a t e t h e s e c h a n g e s t o a p a t 

t e r n o f r a n g e s e l e c t i o n by b l a c k t a i l e d deer.- I n o r d e r t o 

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

d e t a i l : ( 1 ) t h e s e a s o n a l f o o d h a b i t s o f d e e r o c c u p y i n g t h e 

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

i m p o r t a n c e o f v a r i o u s p l a n t s p e c i e s ; ( 2 ) t h e c h a n g e s i n 

s p e c i e s c o m p o s i t i o n and v e g e t a t i v e c o v e r as s e r a i s u c c e s s i o n 

p r o g r e s s e s ; ( 3 ) t h e a n n u a l p r o d u c t i o n o f d e e r f o o d s i n d i f 

f e r e n t s e r a i c o m m u n i t i e s ; ( 4 ) t h e c h a n g e s w i t h s u c c e s s i o n 

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

and ( 5 ) t h e m a g n i t u d e o f use by d e e r o f v a r i o u s s e r a i commun

i t i e s . 



' 4 

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

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

e x t e n d e d ' p e r i o d o f t i m e . I n o r d e r t o make .the. s t u d y p r a c 

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

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

was c h o s e n . 

c 
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THE STUDY AREA 

L o c a t i o n 

The p r i v a t e l y owned f o r e s t l a n d o f t h e N o r t h w e s t Bay 

D i v i s i o n o f M a c M i l l a n B l o e d e l L i m i t e d e n c o m p a s s e s a p p r o x i 

m a t e l y 135 s q u a r e m i l e s on t h e e a s t s i d e o f V a n c o u v e r I s l a n d , 

18 m i l e s n o r t h w e s t o f t h e c i t y o f Nanaimo ( F i g u r e 1 ) . The 

l a n d l i e s on t h e s o u t h s i d e o f t h e E n g l i s h m a n R i v e r and i n 

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

E n g l i s h m a n R i v e r and M o r i a r t y C r e e k . I t i s b o u n d e d on t h e 

w e s t by Mt. M o r i a r t y ( 5 2 8 3 f t ) and Mt. A r r o w s m i t h (5962 f t ) , 

on t h e s o u t h by Mt. DeCosmos (4444- f t ) , and on t h e e a s t by 

Okay Mt. ( 2826 f t ) . 

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

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

s o u t h and m i d d l e f o r k s o f t h e E n g l i s h m a n R i v e r . I t I s 

c e n t e r e d a t c o o r d i n a t e s 49° 13'N and 124° 18'W. 

T o p o g r a p h y and S o i l s 

A g e n e r a l n o r t h e r l y a s p e c t and g e n t l y r o l l i n g s l o p e s 

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

r i v e r b a n k s and t o m i n o r a r e a s o f r o c k o u t c r o p . P h y s i o 

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



F i g . .1. S o u t h w e s t e r n B r i t i s h C o l u m b i a s h o w i n g t h e 
l o c a t i o n o f t h e N o r t h w e s t Bay l o g g i n g c l a i m 
and t h e i n t e n s i v e s t u d y a r e a ( c e n t e r ) . 
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D e p r e s s i o n (Nanaimo L o w l a n d ) o f t h e C o a s t a l T r o u g h and t h a t 

t y p i c a l o f t h e O u t e r Mount a i n A r e a o f V a n c o u v e r I s l a n d 

( H o l l a n d , 1 9 6 4 ) . . E l e v a t i o n s r a n g e f r o m 500 f t - i n t h e 

n o r t h - e a s t c o r n e r t o 1600 f t i n t h e s o u t h - w e s t c o r n e r . 

D e s c r i p t i o n s o f s o i l p r o f i l e s i n t h e Nanaimo L a k e s 

a r e a t e n m i l e s t o t h e s o u t h (Mc'Minn 19 57 , M u e l l e r - D o m b o i s 

1960) a r e c o n s i d e r e d r e p r e s e n t a t i v e o f t h e s t u d y a r e a . 

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

C r e t a c e o u s s a n d s t o n e and s e d i m e n t a r y r o c k . G l a c i a l d r i f t 

and a l l u v i a l d e p o s i t s have c o n t r i b u t e d most o f t h e s o i l , 

w i t h m i n o r and l o c a l i z e d c o n t r i b u t i o n s f r o m r o c k - o u t c r o p -

c o l l u v i a l m a t e r i a l s . The s o i l s b e l o n g t o t h e Brown o r Red-

Brown P o d z o l i c and G l e y g r o u p s c h a r a c t e r i s t i c o f warm, m o i s t 

c l i m a t e s w i t h d e n s e v e g e t a t i v e c o v e r . They a r e w e l l d r a i n e d > 

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

C l i m a t e 

N o r t h w e s t Bay l i e s i n t h e r a i n shadow o f t h e V an

c o u v e r I s l a n d M o u n t a i n Range 12 m i l e s t o t h e w e s t (Cowan and 

G u i g u e t , 1 9 6 5 ) . W e a t h e r r e c o r d s t a k e n a t t h e Nanaimo A i r 

p o r t d u r i n g t h e f o u r y e a r f i e l d s t u d y ( A p p e n d i x A) p r o v i d e a 

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

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

a b l y s l i g h t l y h i g h e r t h a n t h e a v e r a g e o f 42.6 i n c h e s r e c o r d 

ed a t Nanaimo. T h i s i s b a s e d on t h e o b s e r v a t i o n s o f M u e l l e r -



Dombois ( 1 9 6 0 ) , who r e p o r t e d t h a t ' i n t h e Nanaimo L a k e s a r e a 

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

as much as.a. 50 i n c h d e c r e a s e i n p r e c i p i t a t i o n o v e r a d i s 

t a n c e o f 14 m i l e s . N o r t h w e s t Bay a p p e a r s t o e x p e r i e n c e t h e 

same g r a d i e n t . 

T e m p e r a t u r e s a r e m o d e r a t e t h r o u g h o u t t h e y e a r as 

i n d i c a t e d by a f o u r y e a r mean J a n u a r y t e m p e r a t u r e o f 39.1 F 

and a f o u r y e a r mean J u l y t e m p e r a t u r e o f 64.7 F a t Nanaimo 

A i r p o r t . Here a g a i n , mean t e m p e r a t u r e s and d a i l y f l u c t u a 

t i o n s a r e assumed t o have b e e n more e x t r e m e i n t h e s t u d y 

a r e a t h a n a t Nanaimo A i r p o r t , s i n c e t h e f o r m e r i s two m i l e s 

f u r t h e r ' i n l a n d f r o m t h e s t a b i l i z i n g i n f l u e n c e o f t h e s e a and 

' i s 500 t o 1600 f t h i g h e r i n e l e v a t i o n . 

V e g e t a t i o n 

V e g e t a t i o n i s t y p i c a l o f t h e D o u g l a s F i r B i o c l i m a t i c . 

Zone d e s c r i b e d by K r a j i n a ( 1 9 5 9 ) and M u e l l e r - D o m b o i s ( 1 9 5 9 ) . 

The c l i m a t i c c l i m a x f o r e s t c o n s i s t s m a i n l y o f D o u g l a s f i r 

C P s e u d o t s u g a m e n z i e s i i v a r m e n z i e s i i ) , w i t h t h e e d a p h i c 

c l i m a x s p e c i e s w e s t e r n h e m l o c k ( T s u g a h e t e r o p h y 1 1 a ) , w e s t e r n 

r e d c e d a r ('Thuja p l i c a t a ) , b a l s a m f i r ( A b i e s g r a n d i s ) and 

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

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

i m a t e l y 50 , 000 f e e t - b o a r d - m e a s u r e ( f . b . m . ) p e r a c r e , w i t h a 

r a n g e o f f r o m 35 , 000 f .b.m. t o 60.000 f.b.m. . S p e c i e s com-



p o s i t i o n a v e r a g e s 70 p e r c e n t D o u g l a s f i r , 17 p e r c e n t w e s t 

e r n h e m l o c k , 10 p e r c e n t w e s t e r n r e d c e d a r , 2 p e r c e n t 

b a l s a m f i r , and 1 p e r c e n t w e s t e r n w h i t e p i n e . ( E . T o u z -

e a u , F o r e s t E n g i n e e r , N.W. Bay D i v i s i o n o f M a c M i l l a n B l o e d e 

L t d . , p e r s . comm. 1 9 6 3 ) . 

The c l i m a x and s u b c l i m a x u n d e r s t o r y i s d o m i n a t e d by 

s a l a l ( G a u l t ' h e r i a s h a l l o n ) , w i t h l e s s e r amounts o f O r egon 

g r a p e ( M a h o n i a n e r v o s a ) , d w a r f r o s e ( R o s a g y m n o c a r p a ) , b e a r 

b e r r y ( A r c t o s t a p h y l o s u v a - u r s i ) , p i p s i s s e w a ( C h i m a p h i l a  

u m b e l l a t a ) , and t w i n f l o w e r ( L i n n a e a b o r e a l i s ) . 

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

d e s c r i b e d by K r a j i n a ( 1 9 5 2 ) and M u e l l e r - D o m b o i s ( 1 9 5 9 ) ca n 

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

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

t h e s e - t h e s a l a l ( P s e u d o t s u g a - G a u l t h e r i a ) and t h e s a l a l -

l i c h e n ( P s e u d o t s u g a - G a u l t h e r i a - P e l t i g e r a ) a s s o c i a t i o n s -

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

L o g g i n g and s l a s h - b u r n i n g have e n c o u r a g e d . e s t a b l i s h 

ment o f most o f t h e e d a p h i c and s e r a i s p e c i e s l i s t e d by 

K r a j i n a ( 1 9 5 9 ) and M u e l l e r - D o m b o i s ( 1 9 6 0 ) . N o t e w o r t h y 

among t h e s e a r e r e d a l d e r (A1nus r u b r a ) , t r a i l i n g b l a c k b e r 

( Rubus v i t i f o l i u s ) , b l a c k . r a s p b e r r y (Rubus l e u c o d e r m i s ) , 

w i l l o w s ( S a l i x s p e c i e s ) , h a i r y c a t s e a r ( H y p o c h a e r i s  

r a d i c a t a ) , p e a r l y e v e r l a s t i n g ( A n a p h a l i s m a r g a r i t a c e a ) , 



v a n i l l a l e a f ( A c h l y s t r i p h y 1 1 a ) , f i r e w e e d ( E p i l o b i u m a n g u s t i 

f o l i u m ) , b r a c k e n f e r n ( P t e r i d i u r n a q u i l i n u m ) , and s w o r d f e r n 

( P o l y s ticfaum mu n i t urn ) .' • - •. 

. L o g g i n g H i s t o r y 

L o g g i n g f i r s t b e g a n i n t h e s t u d y a r e a i n 1 9 4 5 , and 

e x c e p t i n 1 9 4 6 , some t i m b e r was' removed e a c h y e a r u n t i l t h e 

end o f t h e f i e l d work i n 1962 ( T a b l e - I ) . . . S i x t y - f o u r p e r 

c e n t o f t h e m a t u r e f o r e s t was r e m o v e d i n t h a t 18 y e a r p e r i o d 

an a v e r a g e a n n u a l h a r v e s t o f 3.5 p e r c e n t . The maximum a n 

n u a l h a r v e s t , i n 1948, was 22 p e r c e n t . By J u n e , 1962 

s l i g h t l y more t h a n 2300 a c r e s o f m a t u r e f o r e s t r e m a i n e d . 

L o g g i n g was by c l e a r - c u t t i n g o f s e l e c t e d 30 t o 35 

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

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

e a r l y y e a r s up t o t e n a d j a c e n t s e t t i n g s were c l e a r e d i n a 

c o n t i n u o u s o p e r a t i o n . I n t h e l a t t e r y e a r s t h i s was r e d u c e d 

t o a maximum o f two o r t h r e e a d j a c e n t s e t t i n g s , t h u s becom

i n g more t y p i c a l o f p a t c h - l o g g i n g . 

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

d u r i n g t h e s t u d y . As a r e s u l t , a l m o s t a l l s e t t i n g s were 

s u b j e c t e d t o a t l e a s t some d e g r e e o f b u r n i n g . The e x t e n t 

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

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

v e g e t a t i o n was d e s t r o y e d . , t o l o c a l i z e d s p o t b u r n s i n w h i c h 
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TABLE 1 The l o g g i n g h i s t o r y o f t h e 10.1 s q . m i l e (6464 
a c r e ) s t u d y a r e a a t N o r t h w e s t Bay. 

Y e a r 
A n n u a l Cut 

A c r e s % 
A c c u m u l a t e d 

Cut 
R e m a i n i n g 

T i m b e r 

1945 99 . 9 1 . 6 1.6 98.4 
1946 n i l n i l 1. 6 98 . 4 
1947 266 . 2 4 . 2 5.7 94.3 
194 8 1436. 8 22.2 27.9 72.1 
1949 159 . 2 2 . 5 30 . 4 69.6 
1950 494 . 1 7 . 6 38.0 62.0 
1951 171. 9 2 . 7 40.7 59.3 
19 5 2 390 . 1 6 . 0 46.7 53.3 
1953 205 . 5 3 . 2 49.9 51.1 
1954 73 . 8 1. 1 51. 0 49 . 0 
1955 26 . 4 0 ,4 51.4 48.6 
19 5 6 179 . 1 2 . 8 54 . 2 45 . 8 
1957 92 . 5 1.4 5 5.6 43 . 4 
1958 184 . 4 2 . 8 58.5 41. 5 
1959 103 . 1 1.6 6 0,. 1 39 . 9 
1960 1 2 1 . 0 1 . 9 62.0 38.0 
19 61 138 . 4 2 .1- 64 . 1 35 . 9 
1962 14 . 3 0.3 6 4.3 35.7 

D a t a d e r i v e d f r o m l o g g i n g company o p e r a t i o n s maps 
and f r o m p l a n i m e t r i c m e a s u r e m e n t s o'f a e r i a l p h o t o g r a p h s . 
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o n l y p o r t i o n s o f t h e l i g h t s l a s h and v e g e t a t i o n were 

d e s t r o y e d , 

C o n i f e r r e g e n e r a t i o n d e p e n d e d p r i m a r i l y upon n a t u r a l 

s e e d d r i f t f r o m a d j a c e n t m a t u r e t r e e s . O n l y p o r t i o n s o f 

some l a r g e , e x p o s e d a r e a s were r e f o r e s t e d w i t h t w o - y e a r o l d 

D o u g l a s f i r s e e d l i n g s ( 1 0 - 1 4 i n c h e s h i g h ) a t d e n s i t i e s v a r y 

i n g f r o m . 3 7 0 t o 450 t r e e s p e r a c r e CE. T o u z e a u , F o r e s t E n g i n 

e e r , p e r s . comm. 1 9 6 3 ) . 

By 1962 a. m o s a i c o f d i s c r e t e l a n d u n i t s had been 

c r e a t e d . S e v e n t e e n d i f f e r e n t a g e - c l a s s e s o f s e r a i commun

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

were p r e s e n t ( F i g u r e 2 ) . A h i g h l y v a r i e d h a b i t a t w i t h an 

a b u n d a n c e o f edge was c r e a t e d f o r d e e r , and a w i d e c h o i c e 

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

f l o r a l c o m p o s i t i o n , f o o d p r o d u c t i o n s , and d e e r - u s e . 



F i g . 2 A e r i a l p h o t o g r a p h , o f a p p r o x i m a t e l y 15 s q u a r e m i l e s 
o f t h e N o r t h w e s t Bay l o g g i n g c l a i m , i n c l u d i n g t h e 
s t u d y a r e a . M a t u r e and s u b r a a t u r e f o r e s t s t a n d s 
o c c u p i e d a p p r o x i m a t e l y one t h i r d o f t h e a r e a when 
t h e p h o t o g r a p h was t a k e n i n June 1962. ( P h o t o g r a p h 
by A i r D i v i s i o n , P r o v i n c e o f B r i t i s h C o l u m b i a ) . 
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METHODS OF SAMPLING AND ANALYSIS 

P e r i o d o f S t u d y 

Most f i e l d work was c o n d u c t e d i n t h e summers o f 19 5 9 

t o 1 9 6 2 , w i t h b r i e f p e r i o d s i n M a r c h and December o f 1962 

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

a n a l y s i s . Rumen s a m p l e s were c o l l e c t e d . i n 1963 and 1964. 

Ruman A n a l y s e s 

Rumen s a m p l e s f r o m s e v e n t y — f i v e , f e m a l e d e e r were 

a n a l y s e d t o d e t e r m i n e s e a s o n a l d i e t s a t N o r t h w e s t Bay. The 

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

12-1/2 y e a r s (Thomas, 1963 ) , were c o l l e c t e d i n t h e autumn and 

w i n t e r , and i n t h e t r a n s i t i o n b e t w e e n t h e s p r i n g and summer 

f e e d i n g s e a s o n s d e s c r i b e d by Cowan ( 1 9 4 5 ) . 

O n e - p i n t s a m p l e s o f t h o r o u g h l y m i x e d dig'e.sta 'were 

p r e s e r v e d i n t h e f i e l d i n 10°£ f o r m a l i n ( T a b e r and Dasmann, 

1958) and s u b s e q u e n t l y washed o v e r U.S. S t a n d a r d No. 3-1/2 

and N'o . 5 s c r e e n s . The m a t e r i a l r e m a i n i n g on b o t h s c r e e n s 

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

s e c t i n g m i c r o s c o p e and r e f e r e n c e p l a n t c o l l e c t i o n . Where 

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

i e s w h i l e o t h e r p l a n t s were i d e n t i f i e d o n l y t o f a m i l y . No 
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a t t e m p t was made t o i d e n t i f y g r a s s and sedge s p e c i e s , and a l l 

f i n e r e s i d u e was l i s t e d as " u n i d e n t i f i e d " . 

The s e p a r a t e d f r a g m e n t s were s p o n g e - d r i e d and meas

u r e d v o l u m e t r i c a l l y t o .the n e a r e s t h a l f m i l l i l i t r e by w a t e r 

d i s p l a c e m e n t CCowan 19 4 5 , Brown 1 9 6 1 ) . F o r e a c h s p e c i e s 

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

c e n t a g e s and a v e r a g e v o l u m e p e r c e n t a g e s were c a l c u l a t e d . 

The most i m p o r t a n t f o o d p l a n t s , on t h e b a s i s o f t h e 

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

t h e " c o n s u m p t i o n i n d e x " method d e s c r i b e d by Cowan ( 1 9 4 5 ) . 

F o r t h i s c a l c u l a t i o n t h e s p r i n g - s u m m e r t r a n s i t i o n p e r i o d was 

g i v e n a l e n g t h o f one and o n e - h a l f m o n t h s , f r o m e a r l y May t o 

m i d - J u n e . T h i s c o r r e s p o n d s c l o s e l y w i t h t h e m i d - p o i n t o f 

t h e c o m b i n e d s p r i n g and summer f e e d i n g s e a s o n s f o r V a n c o u v e r 

I s l a n d - b l a c k t a i l e d d e e r (Cowan, op_. c i t . ) . The c o n s u m p t i o n 

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

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

E a r l y s p r i n g and l a t e summer f o r a g e p r e f e r e n c e s were n o t 

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

t a t i o n . 

Range S u r v e y 

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

r e p r e s e n t a t i v e s t a n d s o f m a t u r e t i m b e r and i n a c h r o n o l o g i c a l 
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s e q u e n c e 'of r e g e n e r a t i n g u n i t s . S i t e s e x h i b i t i n g minimum 

s l o p e , c o n s t a n t a s p e c t , and a r e l a t i v e l y homogeneous p l a n t 

c o m munity were s e l e c t e d so t h a t i n t e r a c t i o n s b e t w e e n v a r i 

ous e n v i r o n m e n t a l f a c t o r s w o u l d be m i n i m a l . R e p l i c a t e s o f 

a g e - c l a s s e s were s u r v e y e d w h e r e v e r p o s s i b l e . 

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

a l i n e - p o i n t s u r v e y method m o d i f i e d as f o l l o w s f r o m Dasmann 

and B l a i s d e l ( 1 9 5 4 ) : t r a n s e c t s were s e l e c t e d a t random f r o m 

a l l p o s s i b l e . 1 0 0 - f o o t i n t e r v a l s a l o n g a b a s e ' l i n e ( u s u a l l y a 

l o g g i n g r o a d ) and were r u n a t r i g h t a n g l e s t o t h e b a s e l i n e 

t h r o u g h t h e d e p t h o f t h e p l o t ; t h e number o f t r a n s e c t s 

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

p e l l e t g r o u p c o u n t s ( s e e M e t hods b e l o w ) ; a t e a c h f o o t mark 

a l o n g .a t a u t 1 0 0 - f o o t t a p e o n l y t h e u p p e r m o s t p l a n t o r i t e m 

" h i t " b e t w e e n g r o u n d l e v e l and f o u r f e e t above g r o u n d l e v e l 

( t h e n o r m a l maximum b r o w s i n g h e i g h t o f d e e r ) was r e c o r d e d , 

The s u c c e s s i o n a l age o f b u r n e d - o v e r s i t e s was 

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

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

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

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

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

s i t e s , and t h e i r s u c c e s s i o n a l age "was r e c o r d e d as t h e num

b e r o f g r o w i n g s e a s o n s s i n c e l o g g i n g . 



C o v e r - p e r c e n t a g e s f o r e a c h s p e c i e s and i t e m were 

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

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

o b t a i n e d . D a t a f o r b u r n e d and u n t u r n e d s i t e s were t r e a t e d 

s e p a r a t e l y . I n t h e summer o f 1962, s e l e c t e d p l o t s were r e -

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

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

s u r v e y e d a g e — c l a s s e s . 

Range P r o d u c t i v i t y 

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

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

c l a s s e s . F o u r were s a m p l e d i n J u l y , two i n A u g u s t and 

f o u r i n December. I n t h o s e p l o t s s a m p l e d i n J u l y and De

cember, t h e c u r r e n t y e a r ' s g r o w t h was c l i p p e d f r o m b e l t -

t r a n s e c t s 25 f t l o n g , 2 f t w i d e and 4- f t h i g h , e a c h s e l e c t e d 

a t random f r o m o n e - q u a r t e r o f t h e p e r m a n e n t 100 f t r a n g e 

s u r v e y t r a n s e c t s . I n t h o s e p l o t s s a m p l e d i n A u g u s t , two 

r a n d o m l y s e l e c t e d b e l t s 100 f t l o n g , 2 f t w i d e and 4 f t 

h i g h were s a m p l e d . W i t h b o t h methods an a v e r a g e o f 0.10 

p e r c e n t o f a l l new g r o w t h i n t h e p l o t , w h i c h was a v a i l a b l e 

t o d e e r , -was c l i p p e d . 

C l i p p i n g s were p l a c e d i n a i r - t i g h t b a g s and t r a n s 

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

w e i g h e d s e p a r a t e l y and t o t a l p r o d u c t i o n was e x p r e s s e d i n 
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pounds n e t w e i g h t p e r a c r e . Those s p e c i e s w h i c h a p p e a r e d 

i n g r e a t e r t h a n t r a c e q u a n t i t i e s i n t h e rumen s a m p l e s o r 

w h i c h were . r a t e d no l o w e r t h a n " m o d e r a t e l y p a l a t a b l e " by 

Cowan ( 1 9 4 5 ) were i n c l u d e d i n c a l c u l a t i n g f o o d p r o d u c t i o n . 

C h e m i c a l C o m p o s i t i o n o f Food S p e c i e s 

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

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

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

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

t a t i v e s a m p l e was o b t a i n e d by c o m b i n i n g s m a l l s u b - s a m p l e s 

t a k e n f r o m many i n d i v i d u a l p l a n t s . 

F o u r a g e - c l a s s e s o f s e r a i c o m m u n i t i e s were c h o s e n 

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

n i n e , and f o u r t e e n y e a r s o f r e g e n e r a t i o n . C o l l e c t i o n s were 

made i n J u n e , J u l y , A u g u s t , December and M a r c h . C l i p p i n g s 

were t r a n s f e r r e d t o a l a b o r a t o r y w i t h i n 12 h r o f c o l l e c t i o n , 

and m o i s t u r e c o n t e n t s were d e t e r m i n e d (Ohaus M o i s t u r e D e t e r 

m i n a t i o n B a l a n c e ) . S a mples were d r i e d f o r 24 h r i n a tem

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

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

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

S u b s e q u e n t l y , e a c h s a m p l e was g r o u n d i n a W i l e y M i l l t o p a s s 

t h r o u g h a. 40 mesh s c r e e n , t h o r o u g h l y m i x e d , p l a c e d i n an a i r 

t i g h t b o t t l e - , and s t o r e d a t room t e m p e r a t u r e u n t i l a n a l y s e d . 

3 
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P r o c e d u r e s , o u t l i n e d by t h e . A s s o c i a t i o n , o f Of f i c i a l 

A g r i c u l t u r a l C h e m i s t s C1960) were f o l l o w e d f o r t h e p r o x i m a t e 

a n a l y s i s . N i t r o g e n f r e e e x t r a c t CN , F , E. ) was c a l c u l a t e d as 

t h e d i f f e r e n c e b e t w e e n 1Q0 p e r c e n t and t h e sum o f t h e p e r 

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

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

t h e d r y i n g p r o c e s s and e x p r e s s e d on a d r y w e i g h t b a s i s . 

O v e r - a l l d i f f e r e n c e s i n n u t r i e n t l e v e l s b e t w e e n 

s p e c i e s , b e t w e e n s e r a i s t a g e s , and b e t w e e n s e a s o n s were 

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

e a c h n u t r i e n t i n t o a r a n d o m i z e d d e s i g n . P e r c e n t a g e s were 

t r a n s f o r m e d by means o f • t h e . a r c - s i n e t r a n s f o r m a t i o n and 

t e s t e d w i t h an a n a l y s i s o f v a r i a n c e l i b r a r y p r o g r a m (MFAV) 

a t t h e C o m p u t i n g C e n t e r o f t h e U n i v e r s i t y o f B r i t i s h C o l u m 

b i a . 

Deer Use o f S e r a i S t a g e s • 

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

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

C i r c u l a r p l o t s 100 s q f t i n a r e a ( r a d i u s 5.64 f t ) were c e n 

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

l i n e - p o i n t t r a n s e c t s and were marked f o r r e l o c a t i o n by r e f 

e r e n c e s t a k e s . S u f f i c i e n t p l o t s were e s t a b l i s h e d t o meet 

t h e 0.8 p e r c e n t s a m p l e s i z e recommended by R o b i n e t t e e_t a 1. 

( 1 9 5 8 ) , . a n i n t e n s i t y d e s i g n e d ' t o p r o v i d e a t . l e a s t 70 p e r 
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c e n t c o n f i d e n c e w i t h , t e n p e r c e n t s a m p l i n g e r r o r . 

When e a c h p l o t was e s t a b l i s h e d , and. a g a i n i n May.and 

S e p t e m b e r o f e a c h y e a r , p e l l e t g r o u p s were c o u n t e d and r e 

moved. May c o u n t s p r o v i d e d m e a s u r e s o f autumn t o s p r i n g 

d e e r u s e ; S e p t e m b e r c o u n t s p r o v i d e d m e a s u r e s o f summer d e e r 

u s e . E a c h g r o u p c o u n t e d i n May was a s s i g n e d an age c l a s s i 

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

A l t h o u g h somewhat a r b i t r a r y , t h e s e c a t e g o r i e s p r o v i d e d a. 

means o f d e t e r m i n i n g t h e a p p r o x i m a t e s e a s o n o f d e p o s i t i o n . 

The " f r e s h " and " m o d e r a t e l y f r e s h " : g r o u p s were assumed t o 

have b e e n d r o p p e d w i t h i n two months o f t h e c o u n t i n g p e r i o d -

s u b s e q u e n t t o t h e s t a r t o f p l a n t g r o w t h ; t h e " a g e d " g r o u p s 

were assumed t o have been d r o p p e d b e t w e e n t h e t i m e t h e p l o t s 

were l a s t c l e a r e d and e a r l y M a r c h . Age c l a s s i f i c a t i o n o f 

g r o u p s c o u n t e d i n S e p t e m b e r was n o t n e c e s s a r y s i n c e t h e 

p l o t s were c l e a r e d t h e p r e v i o u s May and t h u s , a l l g r o u p s 

were known t o have been d e p o s i t e d i n . t h e summer. 

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

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

c o u n t ( t h e " t i m e - l a p s e " , H a z z a r d , 1 9 5 8 ) . S i n c e t h i s f a c t o r 

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

i t i e s ( g r o u p s p e r a c r e ) were o f no v a l u e i n d e s c r i b i n g r e l a 

t i v e use by deer 1, and had t o be c o n v e r t e d t o t h e t i m e -

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

t h a t t h i s l a t t e r u n i t e x p r e s s e s r e l a t i v e d e e r use r a t h e r 



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

s t u d y p l o t . I t s c a l c u l a t i o n was b y means o f t h e f o l l o w i n g 

f o r m u l a , m o d i f i e d f r o m R a z z a r d Cop, c j t t ); 

X a x 640 a c r e s 
b x c 

where. X t h e number o f d e e r p e r s q u a r e m i l e ( p e r d a y ) 

a t h e number o f p e l l e t g r o u p s p e r . a c r e 

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

c t h e d a i l y d e f e c a t i o n r a t e o f d e e r . 

F a c t o r c was g i v e n t h e v a l u e 13 p e l l e t g r o u p s p e r d e e r - d a y 

b a s e d on work r e p o r t e d by Rasmussen and Doman ( 1 9 4 3 ) , Das

mann and T a b e r ( 1 9 5 5 ) and E v e r h a r d t and Van E t t e n ( 1 9 5 6 ) . 

I n i t i a l c o u n t s i n e a c h p l o t were n o t i n c l u d e d i n t h e c a l c u l 

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

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

and t h u s t h e t i m e - l a p s e c o u l d n o t be d e t e r m i n e d . 

I n an a t t e m p t t o d e m o n s t r a t e d i f f e r e n c e s i n d e e r 

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

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

s i t e s . . B e t w e e n - t r e a t m e n t d i f f e r e n c e s i n d e e r use f o r s i t e s 

o f e q u a l age were t e s t e d f o r s i g n i f i c a n c e w i t h a t_ T e s t f o r 

p a i r e d o b s e r v a t i o n s . 

T r e n d s i n use. w i t h a d v a n c i n g s e r a i s u c c e s s i o n were 

d e t e r m i n e d by p l o t t i n g mean u s e — i n d i c e s , a g a i n s t ' s u c c e s s i o n a l 

age.... • R e g r e s s i o n c u r v e s were f i t t e d ' . t h r o u g h t h e s e p o i n t s by. 
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means o f a . p o l y n o m i a l l i b r a r y p r o g r a m C P F I T ) a t t h e Comput

i n g C e n t e r o f t h e U n i v e r s i t y o f B r i t i s h C o l u m b i a . The a n a l 

y s i s was programmed f o r r e g r e s s i o n t h r o u g h t h e o r i g i n on t h e 

p r e m i s e t h a t d e e r do n o t make s i g n i f i c a n t use o f a s i t e 

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

E s t i m a t i o n o f Deer Numbers 

A method was d e r i v e d f o r e s t i m a t i n g t o t a l numbers o f 

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

t i a l o f t h e l a n d t o s u p p o r t d e e r . I t made use o f t h e p e l l e t 

g r o u p d e n s i t y i n f o r m a t i o n and was b a s e d upon t h e f o l l o w i n g 

a s s u m p t i o n s : Cl.) t h a t s a m p l e s i z e s f o r o b t a i n i n g d e e r d e n s i t y 

i n d i c e s i n t h e 18 a g e - c l a s s e s o f l a n d w i t h i n t h e s t u d y a r e a 

were a d e q u a t e , and ( 2 ) t h a t any l o g g e d o r b u r n e d s i t e o f a 

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

r i v e d , f o r t h a t a g e - c l a s s by t h e " p o l y n o m i a l e q u a t i o n . The 

c a l c u l a t i o n r e q u i r e d was t h e p r o d u c t o f t h e number o f d e e r 

p e r s q u a r e m i l e f o r e a c h a g e - c l a s s o f l a n d by t h e number o f 

s q u a r e m i l e s o c c u p i e d by t h a t a g e - c l a s s . . P l a n i m e t r i c meas

u r e m e n t s f r o m an a e r i a l p h o t o g r a p h t a k e n • i n . 1 9 6 2 ( F i g . 2 ) , 

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

age e s t i m a t e s n e e d e d . As an e x a m p l e o f t h e c a l c u l a t i o n , , i t 

was found- t h a t i n t h e summer o f 1962 t h e r e were 184.4 a c r e s 

(0.29 s q u a r e m i l e ) of- l a n d w h i c h had u n d e r g o n e f o u r years- o f 

r e g e n e r a t i o n . A c c o r d i n g t o t h e p o l y n o m i a l r e s u l t s , f o u r -
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y e a r o l d s i t e a were' u s e d by d e e r a t an i n t e n s i t y e q u i v a l e n t 

t o 140 d e e r p e r s q u a r e m i l e . T h e r e f o r e , 

0.29 s q u a r e m i l e s x 140 d e e r p e r s q u a r e m i l e = 40.6 d e e r , 

o r a b o u t 41 d e e r were p o t e n t i a l l y s u p p o r t e d by t h e f o u r - y e a r 

o l d s i t e s . . : The sum o f t h e p r o d u c t s , so d e r i v e d f o r . a l l age-

c l a s s e s p r o v i d e d t h e e s t i m a t e o f t o t a l h e r d s i z e . 
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RESULTS 

Food H a b i t s 

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

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

i t y o f n u t r i e n t s d e p e n d s upon a k n o w l e d g e o f t h e a n n u a l and 

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

y s i s o f d i g e s t a f r o m 75 rumens p r o v i d e d s u f f i c i e n t k n o w l e d g e 

t o d e m o n s t r a t e t h a t b l a c k t a i l e d d e e r a t N o r t h w e s t B a y , as on 

o t h e r r a n g e s (Cowan 1 9 4 5 , C h a t e l a i n 1947, T a b e r and Dasmann 

1958, Brown 1 9 6 1 , M c C u l l o u g h 1961) d epend p r i m a r i l y upon 

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

p r e f e r r e d when s u c c u l e n t , and c o n i f e r o u s t r e e s a r e t a k e n i n 

q u a n t i t y d u r i n g t h e w i n t e r . These and o t h e r p l a n t t y p e s 

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

n u t r i e n t s . B u t by v o l u m e , s h r u b s make, t h e g r e a t e s t y e a r -

r o u n d c o n t r i b u t i o n t o t h e d i e t . 

S e a s o n a l use o f t h e m a j o r p l a n t c l a s s e s i s shown i n 

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

a v a i l a b l e f o r b s d o m i n a t e d t h e rumen s a m p l e s , c o n t r i b u t i n g 59 

p e r c e n t o f t h e b u l k . G r a s s and s edge c o n s u m p t i o n r e a c h e d 

an a n n u a l p e a k , w h i l e s h r u b , c o n i f e r , and l i c h e n use were l o w . 

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



F i g . 3.. S e a s o n a l p a t t e r n o f use o f t h e m a j o r v e g e t a t i o n 
t y p e s by N o r t h w e s t Bay d e e r , as i n d i c a t e d by 
rumen c o n t e n t a n a l y s i s . 



c o m p o n e n t , t h e l a t t e r b e c o m i n g l a r g e l y u n a v a i l a b l e o r u n - . 

p a l a t a b l e . Mushrooms made up o n l y s e v e n p e r c e n t o f t h e 

autumn d i e t b u t were i m p o r t a n t i n t h a t t h e y w e r e ' p r e s e n t i n 

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

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

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

p e r i o d s . . 

I n , w i n t e r t h e g r e a t e s t d i v e r s i t y i n t h e use o f t h e ' 

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

b u t p r o v i d e d l e s s b u l k t h a n i n autumn. C o n i f e r s and l i c h e n s 

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

a n n u a l h i g h , l e v e l s . G r a s s e s , s e d g e s , and t h e few p e r e n n i a l 

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

autumn s a m p l e s b u t were s t i l l r e l a t i v e l y u n i m p o r t a n t i n t e r m s 

o f b u l k . 

A n n u a l d i e t - The a p p l i c a t i o n o f Cowan's ( 1 9 4 5 ) " c o n s u m p t i o n 

i n d e x " method t o t h e s e a s o n a l f o o d h a b i t s d a t a p r e s e n t i n 

A p p e n d i x B, g i v e s t h e r e l a t i v e i m p o r t a n c e o f f o o d s consumed 

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

a r e shown i n T a b l e 2. -

The t o p e l e v e n s o u r c e s a c c o u n t f o r a p p r o x i m a t e l y 92 

p e r c e n t o f a l l f o o d consumed i n t h a t p e r i o d . S a l a l f o r m e d 

more t h a n a t h i r d o f t h e t o t a l d i e t and was t h r e e t i m e s more 

i m p o r t a n t t h a n any o t h e r s p e c i e s . Red c e d a r (.11.per c e n t ) . -
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T a b l e 2 The r e l a t i v e i m p o r t a n c e o f f o o d i t e m s t o b l a c k t a i l e d ' 
d e e r a t N o r t h w e s t Bay as i n d i c a t e d by s t o m a c h c o n 
t e n t s o f 72 a n i m a l s s a m p l e d i n t h r e e , d i f f e r e n t , 
s e a s o n s . 

S e a s o n S p r i n g - S u m m e r Autumn W i n t e r T o t a l 
T r a n s i t i o n 

L e n g t h o f s e a s o n 
i n months 1-1/2 3 4-1/2 9 

Itern S e a s o n a l C o n s u m p t i o n F a c t o r s C o n s u m p t i o n 
I n d e x 

A c t u a l 2 c h 

S a l a l 8 .' 1 167 , . 7 136 , . 4 312 . . 2 34, . 7 
Red C e d a r 2. 9 6 , . 9 ' 94, . 0 103 . , 8 11, •5 
A r b o r e a l l i c h e n s 11-. 0 T 59 , . 4 . 7 0 . , 4 7 , . 8 
P e a r l y e v e r l a s t i n g 69 . 0 0 0 69 . , 0 7 , , 7 
G r a s s e s 2 2'. 6 7 . ,2 36 . . 9 66 . , 7 7 . . 4 
T r a i l i n g b l a c k b e r r y • 6-. 9 21. , 9 16 , . 6 45 . , 4 5 , . 0 
C a t s e a r 12 . 2 4 , . 5 17 , . 6 34, , 3 3 , . 8 
Mushrooms T 21, . 0 12, . 6 33 , , 6 3 , , 8 
D o u g l a s f i r 3 . 5 11. . 7 18 . . o . 33 . , 2 3 ; . 7 
B e a r b e r r y 4 . 1 • 3 . , 3 23. . 0 30 . , 4 3 , , 4 
Red a l d e r T ' 21. , 6 3 . , 2 24. , 8 2 , , 8 
O t h e r v e g e t a t i o n 9 . 8 34 . . 2 32 , .4 76 . .4 8 , , 4 

T o t a l s 900 , , 2 100 , , 0 

T = . T r a c e 

^ P r o d u c t o f a v e r a g e volume % f o r e a c h s e a s o n by 
t h e number o f months r e p r e s e n t e d by t h a t s e a s o n . 

2 Sum o f S e a s o n a l C o n s u m p t i o n F a c t o r s . See Cowan 
(1945). 
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r a n k e d s e c o n d ? f o l l o w e d by a r b o r e a l l i c h e n s . C8 p e r c e n t ) , 

p e a r l y e v e r l a s t i n g C8 p e r c e n t ) , and g r a s s e s and s e d g e s (7 

p e r c e n t ) . Of t h e t o t a l v o lume c o n t r i b u t e d hy t h e 11 k e y 

f o o d s , s h r u b s and d e c i d u o u s t r e e s made up 4 6 p e r c e n t , c o n 

i f e r s 15 p e r c e n t , h e r b a c e o u s p l a n t s 11 p e r c e n t , l i c h e n s 8 

p e r c e n t , and mushrooms 4 p e r c e n t . The b a l a n c e o f 8 p e r 

c e n t was g r o u p e d as m i x e d v e g e t a t i o n . 

Cowan (.1945 ) and Brown ( 1 9 6 1 ) , i n t h e i r s t u d i e s o f 

c o a s t a l ' b l a c k t a i l e d d e e r , f o u n d h e a v y use. o f D o u g l a s f i r , 

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

o f s a l a l , r e d a l d e r , . a n d t r a i l i n g b l a c k b e r r y i n l a t e summer. 

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

were n o t o b t a i n e d a t N o r t h w e s t Bay , i t i s l i k e l y t h a t . t h e s e , 

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

T a b l e 2. F o r t h i s r e a s o n a t e n t a t i v e l i s t o f t h e t e n most 

i m p o r t a n t a n n u a l f o o d s a t Northwest'. Bay was d e r i v e d f r o m t h e 

c o m b i n e d d a t a o f Cowan ( 1 9 4 5 ) , Brown ( 1 9 6 1 ) and t h e p r e s e n t 

s t u d y . T h i s and c o m p a r a b l e l i s t s p r e s e n t e d by t h e o t h e r 

two a u t h o r s a r e g i v e n i n Table. 3, 

S a l a l , D o u g l a s f i r , r e d a l d e r , and g r a s s e s a r e v e r y 

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

a t N o r t h w e s t Bay (.red c e d a r , t r a i l i n g b l a c k b e r r y , a r b o r e a l 

l i c h e n s and w i l l o w ) , a r e a l s o i m p o r t a n t i n one o f t h e o t h e r 

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

t h e N o r t h w e s t Bay. d i e t ' and i t " i s p o s s i b l e t h a t t h e s e w o u l d 
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n o t have r a n k e d i n t h e f i r s t t e n i f s u f f i c i e n t d a t a were 

a v a i l a b l e on l a t e summer f o o d h a b i t s . Mushrooms, f o r 

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

( T a b l e 2 ) , . and s i n c e some a r e a v a i l a b l e t o d e e r by l a t e sum

mer,, i t i s p o s s i b l e t h a t t h e y a r e more i m p o r t a n t ' i n t h e a n 

n u a l d i e t t h a n e i t h e r , o f t h e s e f o r b s . 

T a b l e 3 The. t e n d o m i n a n t i t e m s , i n . t h e a n n u a l d i e t s o f 
C o l u m b i a n b l a c k t a i l e d d e e r . o c c u p y i n g t h r e e 
s e p a r a t e r a n g e s . 

N o r t h w e s t Bay 

S a l a l 
Red c e d a r 
T r a i l . b l a c k b e r r y 
A r b o r e a l l i c h e n s 
G r a s s e s and s e d g e s 
D o u g l a s f i r 
P e a r l y e v e r l a s t i n g 
Red a l d e r 
W i l l o w 
C a t s e a r 

S o u t h e r n V a n c o u v e r , 
I s l a n d ' 

D o u g l a s f i r 
S a l a l 
A r b o r e a l l i c h e n 
Red a l d e r ; 
W i l l o w . . 
Mushrooms. 
B r a c k e n 
G r a s s e s and s e d g e s 
T h i m b l e b e r r y 
E q u i s e t u m , 

W e s t e r n ^ . 
Wash i n g t o n 

T r a i l . b l a c k b e r r y 
S a l a l 
G r a s s e s 
Red a l d e r 
V i n e maple 
W e s t e r n h e m l o c k 
D o u g l a s f i r 
H u c k l e b e r r y 
F i r e w e e d 
Red c e d a r 

From p r e s e n t s t u d y w i t h i n t e r p o l a t i o n f r o m Cowan 
( 1 9 4 5 ) and Brown (1961).. See t e x t . 

2 
From Cowan ( 1 9 4 5 ) . .. 
From Brown ( 1 9 6 1 ) 

W e s t e r n h e m l o c k , an. i m p o r t a n t f o o d t o w e s t e r n Wash

i n g t o n d e e r , was n e v e r o b s e r v e d t o have b e e n b r o w s e d at.. 

N o r t h w e s t Bay. Dz.ubin .(.19.51). r e p o r t e d t h a t i t f o r m e d l e s s 

t h a n one p e r c e n t o f t h e d i e t d u r i n g w i n t e r f e e d i n g t e s t s 
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w i t h . b l a c k t a i l e d d e e r , and Cowan C194 5) r a t e d i t as a p p a r e n t l y -

u n p a l a t a b l e t o d e e r on s o u t h e r n V a n c o u v e r I s l a n d . V i n e * 

maple was n o t p r e s e n t I n t h e s t u d y a r e a and r e d h u c k l e b e r r y 

was o f l i m i t e d d i s t r i b u t i o n . Where a v a i l a b l e , h o w e v e r , t h e 

l a t t e r was s e v e r e l y h e d g e d . B r a c k e n , t h i m b l e b e r r y , and 

E q u i s e t u m , r a t e d i m p o r t a n t by Cowan, were e a t e n a t N o r t h w e s t 

Bay b u t were f o u n d i n o n l y s m a l l amounts i n t h e s t o m a c h 

s a m p l e s . a n a l y s e d . 

S p r i n g - s u m m e r t r a n s i t i o n a l d i e t - P e a r l y e v e r l a s t i n g was t h e 

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

summer, f o r m i n g 4.6 p e r c e n t o f t h e d i e t ( F i g . 4 ) . t h e new 

l e a v e s and f l o w e r buds, were t h e p r e f e r r e d p o r t i o n s and were 

f o u n d i n 79 per., c e n t o f t h e s t o m a c h s s a m p l e d . Cowan (1945 ) 

r e p o r t e d t h a t t h i s s p e c i e s was a p p a r e n t l y n o t e a t e n by d e e r 

i n S o u t h e r n V a n c o u v e r I s l a n d . G r a s s e s and s e d g e s , a t 15 

p e r c e n t , were t h e s e c o n d most i m p o r t a n t i t e m . Among t h e 

s p e c i e s p r e s e n t i n t h e a r e a upon w h i c h g r a z i n g was r e c o r d e d 

were H u l c u s l a n a t u s , A g r o s t i s e x e r a t a , and L u z u l a m u l t i f l o r a . 

C a t s e a r , r a t e d t h i r d , by v o l u m e , f o r m e d 15 p e r c e n t o f t h e 

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

The a r b o r e a l l i c h e n s Usnea b a r b a t a and A l e c t o r i a s p . 

were a b u n d a n t i n May s a m p l e s b u t o c c u r r e d l e s s f r e q u e n t l y as. 

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

b e r r y , b e a r b e r r y , D o u g l a s f i r and r e d c e d a r e a c h made up 
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l e s s t h a n s i x p e r c e n t o f t h e d i e t ' . b u t a r e c o n s i d e r e d i m p o r t 

a n t b e c a u s e e a c h was p r e s e n t i n f r o m 50 p e r c e n t t o 71 p e r 

c e n t o f t h e s a m p l e s . As w i t h l i c h e n s , e a c h o f t h e s e s p e c i e s 

was t a k e n i n d e c r e a s i n g q u a n t i t i e s , w h i l e p e a r l y e v e r l a s t i n g , 

c a t s e a r and v a n i l l a l e a f were t a k e n i n i n c r e a s i n g q u a n t i t i e s 

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

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

t h e l a t t e r b e c o m e ' a v a i l a b l e i n t h e s p r i n g . 

B r a c k e n was n o t r e c o r d e d i n t h e s p r i n g rumen s a m p l e s 

b u t t h e t e n d e r s p r o u t s were n o t e d t o be e x t e n s i v e l y b r o w s e d . 

H i g h m o i s t u r e and l o w f i b r e c o n t e n t o f t h e new g r o w t h may 

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

• i n t h e rumen s o o n a f t e r c o n s u m p t i o n ( B r u g g e m a n n , G i e s e c k e , 
" it 

and W a l s e r - K a r s t , 1 9 6 8 ) . 

Autumn d i e t -- When a v a i l a b l e , b o t h g r e e n and r i p e s a l a l b e r 

r i e s f o r m e d an a v e r a g e o f 79 p e r c e n t o f t h e autumn d i e t . 

A f t e r t h e b e r r i e s had d r o p p e d i n e a r l y November, t h e l e a v e s 

a l o n e c o n t r i b u t e d 16 p e r c e n t o f t h e d i e t . F o r t h e t h r e e - ' 

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

an a v e r a g e o f 56 p e r c e n t by vo l u m e ( F i g . 4 ) . 

T r a i l i n g b l a c k b e r r y l e a v e s ;-were p r e s e n t i n 91 p e r 

c e n t o f t h e s a m p l e s b u t made up o n l y 7.3 p e r c e n t o f t h e 

b u l k . Brown ( 1 9 6 1 ) f o u n d t h i s t h e most i m p o r t a n t autumn 

and y e a r - r o u n d f o o d i n W e s t e r n W a s h i n g t o n , C h a t e l a i n ( 1 9 4 7 ) 
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f o u n d i t o f m o d e r a t e autumn i m p o r t a n c e i n O r e g o n , and Cowan 

( 1 9 4 5 ) f o u n d i t o f l i t t l e i m p o r t a n c e a t any t i m e o f t h e y e a r 

on s o u t h e r n V a n c o u v e r I s l a n d . 

• . ' Red a l d e r l e a v e s (.7.2- p e r c e n t ) , mushrooms ( 7 . 0 per 

c e n t ) , D o u g l a s f i r ( 3 . 9 p e r c e n t ) and g r a s s e s (2.4 p e r c e n t ) 

were o t h e r i m p o r t a n t i t e m s d u r i n g t h e autumn, w i t h mush

rooms and D o u g l a s f i r o c c u r r i n g i n more t h a n h a l f t h e stom

a c h s . A v a r i e t y o f b r o w s e s p e c i e s and a few f o r b s made up 

t h e b a l a n c e . 

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

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

i e s was s t i l l e a t e n by a l m o s t a l l d e e r and was s t i l l t h e key-

f o o d ( F i g . 4 ) . Red c e d a r , a t 21 p e r c e n t , r a t e d s e c o n d by 

vol u m e and i t t o o was p r e s e n t i n a l m o s t a l l s a m p l e s . A r b o r 

e a l l i c h e n s , made a v a i l a b l e by s t r o n g w i n d s and by snow and 

l o g g i n g damage t o m a t u r e t r e e s , c o n t r i b u t e d 13 p e r c e n t by 

v o l u m e . G r a s s e s and s e d g e s c o n t r i b u t e d • 8 p e r C e n t . 

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

amounts by a t l e a s t 70 p e r c e n t o f t h e a n i m a l s , w h i l e b e a r -

b e r r y , c a t s e a r and mushrooms were t a k e n i n s l i g h t l y g r e a t e r 

amounts b u t by o n l y one t h i r d o f t h e a n i m a l s . Many o t h e r 

p l a n t s were e a t e n i n m i n o r amounts " d u r i n g t h i s s e a s o n . 

Range C o m p o s i t i o n and Changes w i t h . . S e r a l S u c c e s s i o n 

C o v e r and s p e c i e s compos i t i o n of v a r i o u s s e r a i com-



m u n i t i e s were d e r i v e d f r o m 27 p e r m a n e n t s t u d y p l o t s e s t a b 

l i s h e d and s u r v e y e d d u r i n g 195.9-61. F i g u r e 5 shows t h e l o 

c a t i o n and ' r e l a t i v e s i z e o f e a c h p l o t , and t h e ' d i r e c t i o n o f 

t r a n s e c t . - l i n e s ; T a b l e 4 l i s t s d e s c r i p t i v e f e a t u r e s o f e a c h 

The l o g g e d p a t c h e s s t u d i e d i n c l u d e d 17 b u r n e d s i t e s r e p r e 

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

i n g s i x a g e - c l a s s e s , and two s t a n d s o f 180-200 y e a r o l d sub 

c l i m a x f o r e s t . The s i z e s o f t h e p l o t s r a n g e d f r o m 4.1 

a c r e s ( P l o t V) t o 69.0 a c r e s ( P l o t : 2) and a v e r a g e d 14.5 

a c r e s . 

. Average c o v e r - c o m p o s i t i o n by m a j o r p l a n t c a t e g o r i e s 

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

s u c c e s s i o n a l age a r e g i v e n i n A p p e n d i x C ( b u r n e d a r e a s ) and 

A p p e n d i x D (unburned. a r e a s ) . D e t a i l e d d a t a f o r t h e 27 

i n d i v i d u a l p l o t s a r e on f i l e w i t h t h e W i l d l i f e R e s e a r c h 

D i v i s i o n o f t h e B r i t i s h C o l u m b i a F i s h and W i l d l i f e B r a n c h . 

S e r a i c o m m u n i t i e s a t N o r t h w e s t Bay - The m a j o r s e r a i commun 

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

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

Cowan ( 1 9 4 5 ) . F o u r d i s t i n c t a s s o c i a t i o n s were r e c o g n i z e d : 

( 1 ) S e n e c i o - E p i l o b i u m a s s o c i a t i o n . 
( 2 ) G a u l t h e r i a - K y p o c h a e r i s a s s o c i a t i o n . 
( 3 ) G a u l t h e r i a - P s e u d o t s u g a a s s o c i a t i o n . 
( 4 ) P s e u d o t s u g a c o n s o c i e s . • 
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F i g . 5. The N o r t h w e s t Bay S t u d y A r e a s h o w i n g t h e 
m a j o r l o g g i n g r o a d s and t h e l o c a t i o n and 
r e l a t i v e s i z e o f t h e 27 p e r m a n e n t s t u d y 
p 1 o t s . 



T a b l e 4 The p e r m a n e n t r a n g e s u r v e y and p e l l e t - g r o u p • s t u d y 
_ p l o t s e s t a b l i s h e d .at . N o r t h w e s t B a y , 1.9 5 9 t o 1961. 

Age i n Y e a r s a t 
Y e a r L o g g e d I n i t i a l j R e s u r v e y A r e a 

P l o t o r B u r n e d S u r v e y ( A c r e s 

A . B u r n e d - o v e r s i t e s 
•A 1958 A* 1 — 9 . 7 
B 1957 A 2 — • •13.1 
C 1957 A 2 — 13 . 6 
R ' 195 8 3 4 •9 . 5 
S 1958 A 3 — 11.5 
E 1956 S 4 - 21. 7 
G 1954 A 5 - 8 . 9 
H 1953 A 6 9 8 . 9 
U 1956 S 6 - 11. 4 
P 1952 A 8 — 17 . 5 
J 1949 A 10 - 8 . 8 
N 1950 A 10 — 23 . 2 
0 1950 A 10 17 . 4 
L 1948 A 12 ' — 23 . 3 
M 1948 A 12 14 9 . 8 
W 1948 A 13 — 11. 4 
1 . 3.9 4 5 A 15 - 9.3 

B . U n b u r n e d s i t e s 
D 1957 2 — 9 . 4 
T 1956 5 - 8 . 8 
Q 1954 6 - 16 . 2 
I 1951 8 . 8.9 
V 1953 8 - 4.1 
K 19 4 7 12 - 9 . 7 
X 1948 13 - 13 . 2 
2 1947 13 - 69.0 

C . S u b c l i m a x f o r e s t s i t e s 
F — 18 0-200 8.3 
3 - 180-200 -. 15 . 0 

A v e r a g e 14.5 

A - A u t u m n b u r n 

S — S p r i n g b u r n 
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Cowan's " r o c k b l u f f " , " s e d g e meadow", and " a l d e r - w i l l o w " 

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

n o t c o n s i d e r e d i n d e t a i l . 

The s e q u e n c e o f t h e f o u r d o m i n a n t a s s o c i a t i o n s as 

t h e y d e v e l o p i n b u r n e d - o v e r s i t e s , and t h e r e l a t i o n s h i p t o 

t h e amount o f s u r f a c e c o v e r e d by p l a n t t y p e s a r e shown i n 

F i g . 6. I r r e g u l a r i t i e s i n t h e g r a p h a r e a t t r i b u t a b l e t o 

s a m p l e s i z e and t o s i t e v a r i a b i l i t y , t h e l a t t e r b e i n g p a r 

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

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

H e r b a c e o u s p l a n t s r e a c h peak c o v e r - d e n s i t i e s a b o u t 

t h r e e y e a r s a f t e r b u r n i n g , u s u a l l y i n t h e e a r l y G a u l t h e r i a -

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

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

by t h e f i f t e e n t h y e a r ( t h e e a r l y G a u l t h e r i a - P s e u d o t s u g a 

a s s o c i a t i o n ) . Under t h e m a t u r e f o r e s t , f o r b s c o v e r l e s s 

t h a n one p e r c e n t o f t h e s u r f a c e . 

S h r u b s and young d e c i d u o u s , t r e e s d o m i n a t e t h e l o w s t r a 

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

They d e v e l o p r a p i d l y , c o v e r 60 t o 65 p e r c e n t o f t h e s u r f a c e 

by t h e f i f t h y e a r , m a i n t a i n t h a t l e v e l u n t i l t h e t e n t h y e a r , 

and. t h e n d e c l i n e . By t h e f i f t e e n t h y e a r o n l y 30 p e r c e n t 

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

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



S e q u e n t i a l d e v e l o p m e n t of. f o u r m a j o r s e r a i a s s o c i a t i o n s 
and r e l a t e d c o v e r p e r c e n t a g e s by t h r e e v e g e t a t i o n t y p e s ; 
s l a s h - b u r n e d s i t e s o n l y . -

Senecio-

Epilobium 

Assoc. 

Gaultheria - Hypochaeris Association 
- E a r l y - -Intermediate— - A d v a n c e d -

(Cirsium-Epilobium (Epiiobium-Rubu's (PseudotsutjC-Rubus 
Subdom.) Subdom.) Subdom.) 

Gaultheria-

Pseudotsuqa-

Assoc. 

Pseudotsuaa 
Subclimax 

{Gaultheria 
Understory) 

80-



s h r u b s a r e s h a d e d and r e p l a c e d , by c o n i f e r o u s t r e e s . Under 

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

ance and r e a c h a p e a k c o v e r d e n s i t y o f a l m o s t 70 p e r cent'. 

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

o f t h e S e n e c i o — E p i l o b i u m and e a r l y G a u l t h e r i a - H y p o c h a e r i s ' 

a s s o c i a t i o n s . C o n i f e r o u s g r o u n d c o v e r i n c r e a s e s v e r y g r a d 

u a l l y , r e m a i n i n g b e l o w f i v e p e r c e n t f o r t h e i n i t i a l 12 t o 

13. y e a r s . I n t h e f o u r t e e n t h and f i f t e e n t h y e a r s , a marked, 

i n c r e a s e , o c c u r s and i t i s a t t h i s t i m e t h a t t h e G a u l t h e r i a -

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

q u i c k l y a d v a n c e s i n t o d e n s e s e c o n d - g r o w t h D o u g l a s f i r w i t h 

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

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

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

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

p h o t o g r a p h s o f e a c h a r e p r e s e n t e d i n t h e A p p e n d i x . 

( 1 ) S e n e c i o - E p i l o b i u m a s s o c i a t i o n 

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

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

t h e f i r s t y e a r C A p p e n d i x C) i t i s d o m i n a t e d by wood g r o u n d 

s e l ( S e n e c i o s y l v a t i c u s ) , w i t h t h e p r i n c i p a l a s s o c i a t e s , l e t 

t u c e ( L a c t u c a m u r a l i s ) , t h i s t l e C C i r s l u m l a n c e o l a t u s - andC_. 

a r v e n s e ) and w i l l o w h e r h CEp i l o b iurn mlnutum )'. S h r u b s and 



c o n i f e r o u s t r e e s a r e r a r e and t o t a l p l a n t c o v e r may Be l e s s 

t h a n f o u r p e r c e n t ( F i g . 6 ) . 

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

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

and w e s t e r n h e m l o c k become w e l l e s t a b l i s h e d . P l a n t c o v e r 

i n c r e a s e s m a r k e d l y t o a p p r o x i m a t e l y 20 p e r c e n t w i t h s h r u b s 

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

r e l a t i v e l y c o n s t a n t d e n s i t y , b u t s i n c e i t grows b e s t on 

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

( M u e l l e r - D o m b o i s 1 9 5 9 ) , i t and t h e a s s o c i a t i o n i t s e l f r a r e l y 

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

( 2) G a u l t h e r l a - H y p o c h a e r i s a s s o c i a t i o n 

From a p p r o x i m a t e l y t h e f o u r t h t o f o u r t e e n t h y e a r 

( A p p e n d i x C ) , a m i x e d s h r u b and f o r b community d o m i n a t e d by 

s a l a l and c a t s e a r i s r e c o g n i z a b l e . ' B o t h o f t h e s e s p e c i e s 

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

Rubus s p e c i e s , i n c l u d i n g t r a i l i n g b l a c k b e r r y , b l a c k r a s p 

b e r r y and s a l m o n b e r r y (Rubus s p e c t a b i l l s ) a r e u s u a l l y r e p 

r e s e n t e d , and become more a b u n d a n t w i t h a d v a n c i n g y e a r s . 

W i l l o w s , t w i n f l o w e r and O r e g o n g r a p e a r e o t h e r common s h r u b s 

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

and m o i s t u r e c o n d i t i o n s and w i t h t h e i n t e n s i t y o f b u r n . 

Most p r o m i n e n t a r e t h i s t l e s ( C i r s i u m s p p . and Carduus. s p p . ) , 



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

Wood g r o u n d s e l i s . g r e a t l y r e d u c e d i n c o v e r p e r c e n t * from, i t s 

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

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

s u n - e x p o s e d p o c k e t s C F i g . 7) and f r e q u e n t l y p r e v e n t s d e v e l o p 

ment o f t h e t y p i c a l f o r b s t r a t u m . S a l a l , h o w e v e r , may p e r 

s i s t u n d e r t h e b r a c k e n . 

The e a r l i e s t s t a g e s o f t h i s a s s o c i a t i o n a r e r e p r e 

s e n t e d by t h e t h r e e - and f o u r - y e a r - o l d s i t e s ( s e e F i g . 6 ) . 

T y p i c a l l y , o n e - t h i r d o r l e s s o f t h e s u r f a c e i s s h a d e d by 

p l a n t s . F o r b s and s h r u b s a r e e q u a l l y a b u n d a n t , e a c h o c c u p y 

i n g an a v e r a g e of. 15 p e r ' c e n t o f t h e s u r f a c e . . G r a s s e s a r e 

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

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

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

a s s o c i a t e s , and b l a c k r a s p b e r r y , w i l l o w s , t h i s t l e and l e t 

t u c e p r e s e n t i n m o d e r a t e q u a n t i t i e s . 

The more a d v a n c e d s t a g e s a r e r e c o g n i z a b l e i n f i v e -

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

r a n g e s f r o m 40 t o 70 p e r c e n t . S h r u b s d o m i n a t e and may 

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

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

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

p e r c e n t o f t h e s u r f a c e . O n l y u n d e r i d e a l s o i l and m o i s t -
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F i g . 7 Dense b r a c k e n f e r n g r o w i n g i n t h e m o i s t l o w e r end 
o f P l o t J, 14 y e a r s a f t e r s l a s h - b u r n i n g . I n t h i s 
s i t e s a l a l p e r s i s t e d u n d e r t h e b r a c k e n . 

F i g . 8 An e a r l y G a u l t h e r i a - P s e u d o t s u g a a s s o c i a t i o n 
f i f t e e n y e a r s a f t e r l o g g i n g and b u r n i n g ( P l o t M). 
D o u g l a s f i r r e g e n e r a t i o n was p a r t i c u l a r l y r a p i d 
i n t h i s s i t e , e v e n t h o u g h r e f o r e s t a t i o n was n o t 
a t t e m p t e d . When s u r v e y e d t h r e e y e a r s e a r l i e r 
t h i s p l o t was c l a s s i f i e d as an a d v a n c e d G a u l t h e r i a -
H y p o c h a e r l s a s s o c i a t i o n . 



u r e c o n d i t i o n s i s D o u g l a s f i r d o m i n a n t ( F i g . 8 ) . S a l a l i s 

u s u a l l y most a b u n d a n t , o c c u p y i n g an a v e r a g e o f 38 p e r c e n t o f 

t h e s u r f a c e . C a t s e a r c o v e r s o n l y f o u r p e r c e n t o f t h e s u r 

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

i n t e n s i v e . T r a i l i n g b l a c k b e r r y (2 p e r c e n t ) , a l o n g w i t h 

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

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

1 p e r c e n t ) a r e t h e o t h e r p r i n c i p a l c o m p o n e n t s . 

( 3 ) G a u l t h e r i a - P s e u d o t s u g a a s s o c i a t i o n 

A p p r o x i m a t e l y f o u r t e e n y e a r s a f t e r b u r n i n g , Doug

l a s f i r becomes t h e p r i n c i p a l a s s o c i a t e w i t h s a l a l . Dense 

s a l a l common i n t h e e a r l i e r s e r a i s t a g e s does n o t s e r i o u s l y 

hamper t h e e s t a b l i s h m e n t o f c o n i f e r s ( M u e l l e r - D o m b o i s , 1959) 

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

f o r b s and s h r u b s i n a b u n d a n c e . The f o u r t e e n - and f i f t e e n -

y e a r - o l d s i t e s ( A p p e n d i x C) r e p r e s e n t t h e e a r l i e s t s t a g e o f 

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

t h e a d v a n c e d G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n , t h e d i s 

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

and i n c r e a s e d D o u g l a s f i r c o v e r . T r a i l i n g . b l a c k b e r r y , 

O r e g on g r a p e , w i l l o w and c a t s e a r r e m a i n a s s u b d o m i n a n t s b u t 

become l e s s a b u n d a n t w i t h t i m e . 

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

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



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

s u r v e y . H owever, u n d e r a v e r a g e c o n d i t i o n s i t i s p r e s u m e d 

t h a t D o u g l a s f i r s u r p a s s e s s a l a l as t h e d o m i n a n t s p e c i e s 18 

t o 2.0 y e a r s a f t e r b u r n i n g . 

( 4 ) P s e u d o t s u g a . s u b c l i m a x 

The m a t u r e , s u b c l i m a x f o r e s t c o m m u n i t y , o r " P s e u d o 

t s u g a c o n s o c i e s " (Cowan 1 9 4 5 ) , was r e p r e s e n t e d by two s t a n d s 

o f 1 8 0 - t o 2 0 0 - y e a r — o l d t i m b e r . A d e n s e c a n o p y c o n s i s t i n g 

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

i n t h e u n d e r s t o r y t o o n l y t h e most s h a d e - t o l e r a n t s p e c i e s . 

T a l l - g r o w i n g s a l a l . d o m i n a t e d t h e two s i t e s s t u d i e d , c o v e r i n g 

an a v e r a g e o f 65 p e r c e n t o f t h e s u r f a c e . R o c k - o u t c r o p p i n g 

were p r e s e n t i n b o t h s i t e s , and s u p p o r t e d a moss community 

s i m i l a r t o t h a t d e s c r i b e d by M u e l l e r - D o m b o i s ( 1 9 5 9 ) . T w i n -

f l o W e r , O r egon g r a p e , d w a r f r o s e ( R o s a g y m n o c a r p a ) and 

p i p s i s s e w a were p r e s e n t on t h e s e s h a l l o w s o i l s b u t , t o g e t h e r 

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

t i o n o f w e s t e r n h e m l o c k was n o t e d i n t h e s a l a l z o n e s and a 

few l o w - h a n g i n g b r a n c h e s o f w e s t e r n r e d . c e d a r made up t h e 

r e m a i n d e r o f t h e low s t r a t u m . As n o t e d by Cowan ( 1 9 4 5 ) , 

p l a n t v a r i e t y i n t h i s a s s o c i a t i o n i s v e r y l i m i t e d . 
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Speci.es V a r i e t y I n S e r a i C o m m u n i t i e s 

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

of. r e g e n e r a t i n g r a n g e i s p r o b a b l y as i m p o r t a n t , .as t h e t o t a l 

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

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

rumen a n a l y s e s p r e s e n t e d e a r l i e r , and by f o o d h a b i t s t u d i e s 

r e p o r t e d by , o t h e r w o r k e r s CCowan 1945, C h a t e l a i n 194.7 , R i e c k 

1952 , Brown 1 9 6 1 ) . 

. S p e c i e s v a r i e t y , as i t i s r e l a t e d t o s e r a i s u c c e s s i o n 

a t N o r t h w e s t B a y , i s shown g r a p h i c a l l y i n F i g . 9. The d a t a 

f r o m . w h i c h t h e c u r v e s were d e r i v e d a r e g i v e n i n A p p e n d i x C. 

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

d u r i n g t h e r a n g e s u r v e y , 'and. known t o c o n t r i b u t e s i g n i f i 

c a n t l y t o t h e d i e t ( s e e f o o d h a b i t s r e s u l t s above , and Cowan 

1 9 4 5 ) , a r e i n c l u d e d as " p a l a t a b l e " d e e r f o o d s i n t h i s a n a l y 

s i s . S i n c e g r a s s e s and s e d g e s were n o t i d e n t i f i e d t o 

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

Peak v a r i e t y o c c u r r e d i n t h e i n t e r m e d i a t e G a u l t h e r i a -

H y p o c h a e r i s a s s o c i a t i o n s i x t o e i g h t y e a r s a f t e r b u r n i n g . 

A t t h i s t i m e t h e number o f s p e c i e s o f s h r u b s and t h e number 

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

e q u a l . T h u s , i t was a t t h i s t i m e t h a t t h e g r e a t e s t " d i v e r s 

i t y i n d e x " COdum, 1960 ) o c c u r r e d , a n d , i f v a r i e t y o f foo'ds i s 

i n d e e d i m p o r t a n t , t h e g r e a t e s t a t t r a c t i v e n e s s t o d e e r c o u l d ' 

http://Speci.es


F i g . 9. T r e n d s i n t h e v a r i e t y o f p a l a t a b l e d e e r f o o d s 
p r e s e n t a f t e r l o g g i n g and s l a s h - b u r n i n g . 

S e n e c i o -

E p i i o b i u m 

A s s o c . 

Gaultheria - Hvpochaer is A s s o c i a t i o n 
- E a r l y - - I n t e r m e d i a t e — - A d v a n c e d -

(Ci rs ium-Epi iobium (E p i l o b i u m - R u b u s ( P s e u d o t s u g q - R u b u s 
Subdom.) S u b d o m . ) S u b d o m . ) 

G a u l t h e r i a -

P s e u - d o t s u q a -

A s s o c . 

P s e u d o t s u g a 
S u b c l i m a x 

(Gaultheria 
Unders to ry ) 

£.0 

2 0 

'o 
111 

o 
& 

I 10 

a. 

ail s p e c i e s 

f o r b s and f e r n s - ^ 

c o n i f e r s 

1 

8 iO 12 
y e a r s s i n e s b u r n i n g 

14 16 1 8 0 - 2 0 0 
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be e x p e c t e d . 

E l e v e n h e r h a c e o u s p l a n t s . , e l e v e n s h r u b s , and t h r e e 

c o n i f e r s were the' maximum number's o f p a l a t a b l e s p e c i e s r e 

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

t i m e . F o r b s i n v a d e d q u i c k l y , w i t h , many b e c o m i n g e s t a b l i s h e d 

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

the i n t e r m e d i a t e G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n (6 t o 8 

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

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

f o r b s were r e c o r d e d . Under t h e m a t u r e t i m b e r t h i s number 

had d e c r e a s e d t o two. • •« 

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

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

G a u l t h e r i a - H y p o c h a e r i s and e a r l y G a u l t h e r i a - P s e u d o t s u g a 

a s s o c i a t i o n s . S u b s e q u e n t l y , t h e r e was i n d i c a t i o n o f a s i g 

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

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

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

w e s t e r n r e d c e d a r , and b a l s a m f i r , -were n o t c o n s i s t e n t l y 

p r e s e n t i n r e g e n e r a t i n g areas, u n t i l t h e f o u r t e e n t h t o f i f 

t e e n t h , y e a r ( F i g . 9 ) , Red c e d a r was t h e o n l y c o n i f e r f o u n d 

w i t h i n r e a c h o f d e e r under, t h e m a t u r e s u b c l i m a x . f o r e s t . 
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Range P r o d u c t i v i t y 

The p r o d u c t i o n o f d e e r f o o d s , i n f o r e s t c o m m u n i t i e s 

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

f i r e h i s t o r y ( H a l l s and C r a w f o r d 1 9 6 0 , E h r e n r e i c h and Murphy 

1 9 6 2 ) . G e n e r a l l y , a f t e r d e s t r u c t i o n o f s u b c l i m a x and c l i m a x 

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

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

as t h e c o m m u n i t y a p p r o a c h e s c l i m a x c o n d i t i o n s . I n t h e s t u d y 

a r e a , e s t i m a t e s o f t h e amount o f p a l a t a b l e new g r o w t h a v a i l 

a b l e , and o f t h e p e r c e n t o f t h e s u r f a c e c o v e r e d by p a l a t a b l e 

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

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

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

p l a n t s f r o m t h e t o t a l c o v e r - p e r c e n t a g e s g i v e n i n A p p e n d i x C. 

E s t i m a t e s o f t h e amount o f p a l a t a b l e b r o w s e i n December 

( T a b l e 6) c a n n o t be e x p e c t e d t o f o l l o w t h e same t r e n d be

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

do n o t a c c o u n t f o r t o t a l a n n u a l p r o d u c t i o n . 

No m e a s u r e was o b t a i n e d of- t h e amount o f b r o w s e 

w h i c h had a l r e a d y b e e n consumed by ! d e e r a t t h e t i m e t h e 

s a m p l e s were c o l l e c t e d . T h e r e f o r e , t h e e s t i m a t e s r e p r e s e n t 

t h e s t a n d i n g c r o p i n J u l y and A u g u s t ( n e a r t h e end o f t h e 

g r o w i n g s e a s o n ) , a n d . i n December. D u r i n g t h e c l i p p i n g p r o 

gram r e l a t i v e l y l i t t l e f o o d was n o t e d t o have a l r e a d y been 
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T a b l e 5 A n n u a l p r o d u c t i o n of. d e e r f o o d i n v a r i o u s p o s t - f i r e 
s e r a i s t a g e s , e x p r e s s e d a s p o u n d s p e r a c r e w e t -
weigh, t'. The .numbers i n pare.nth.eses e x p r e s s p a l a t 
a b l e f o o d p r o d u c t i o n a s a p e r c e n t a g e , o f t o t a l new-
g r o w t h p r o d u c t i o n . 

Y e a r s , M a t u r e 
s i n c e b u r n i n g 4 10 12 14 T i m b e r 

F o r b s and g r a s s e s 151 12 5 13 97 T 
F e r n s 15 6 9 140 16 6 2 
S h r u b s 782 8 47 ; 7 91 7 44 42 3 
C o n i f e r s T 249 28 105 5 
T o t a l 94 8 1290 ' 972 1114 430 

( 9 3 . 5 ) ( 9 3 . 0 ) ( 6 3 . 9 ) ( 7 9 . 5 ) ( 9 5 . 5 ) 
P e r c e n t o f g r o u n d 
c o v e r e d by p a l a t -
a b l e s p e c i e s 3-9 . 3 61. 8 47 . 0 43.4 6 7.1 

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

T a b l e 6 W i n t e r a v a i l a b i l i t y o f d e e r f o o d s i n v a r i o u s p o s t -
f i r e s e r a i s t a g e s , e x p r e s s e d as pounds per. a c r e 
w e t - w e i g h t . The numbers i n p a r e n t h e s e s e x p r e s s 
f o o d a v a i l a b i l i t y d u r i n g w i n t e r as a p e r c e n t a g e 
o f t o t a l a v a i l a b l e n e w - g r o w t h . 

Y e a r s M a t u r e 
s i n c e , b u r n i n g 4 53 14 T i m b e r 

F o r b s and g r a s s e s T T T T 
F e r n s T 6 10 2 
S h r u b s 1.0 16 4 299 421 
C o n i f e r s 45 59 34 5 
T o t a l 55 229 343 428 

( 8 2 . 4 ) ( 8 7 , 7 ) ( 9 7 . 4 ) (98 . 

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

http://pare.nth.eses
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c onsumed, so i t w o u l d appear, t h a t e s t i m a t e s of. t h e s t a n d i n g 

c r o p c l o s e l y a p p r o x i m a t e t h e t o t a l c r o p . 

D a t a f o r t h e summer i n d i c a t e a r a p i d i n c r e a s e i n 

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

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

y e a r s ( F i g . 1 0 A ) . T h i s d e c l i n e p r o b a b l y c o n t i n u e s g r a d 

u a l l y t h r o u g h t o t h e s u b c l i m a x f o r e s t s t a g e . As a g r o u p , 

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

y e a r s a f t e r b u r n i n g , a t w h i c h t i m e a p p r o x i m a t e l y 151 pounds 

p e r a c r e were a v a i l a b l e . T h e i r a b u n d a n c e t e n d e d t o d e c l i n e 

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

f o r e s t . F e r n s showed an o p p o s i t e t r e n d , i n c r e a s i n g i n a b u n 

d a n c e f r o m t h e f o u r t h t o t h e f o u r t e e n t h y e a r , when a p p r o x i 

m a t e l y 166 pounds p e r a c r e were a v a i l a b l e . As w i t h t h e 

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

t i m b e r was n e g l i g i b l e . S h r u b g r o w t h f o r m e d t h e b u l k o f t h e 

a n n u a l p r o d u c t i o n i n a l l a g e - c l a s s e s , and was most a b u n d a n t 

t e n y e a r s a f t e r b u r n i n g . A p p r o x i m a t e l y 847 pounds o f p r e 

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

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

i n d i c a t e d . 

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

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

e s t i m a t e s shown i n F i g , 6. They do n o t f o l l o w t h e e x p e c t e d 



F i g . 10. The w e i g h t o f d e e r f o o d a v a i l a b l e m summer and 
w i n t e r i n e a c h o f t h e m a j o r s e r a i s t a g e s . 

S e n e c i o -

E p i l o b i u m 

A s s o c . 

a . summer 

200-

900 

600-

GjluJlhexi f l - Hvpochaer is A s s o c i a t i o n 
- E a r l y - - I n t e r m e d i a t e — - A d v a n c e d -

(Cirs ium-Epi lobium ( E p i l o b i u m - R u b u s ( P s e u d o t s u g c - R u b u s 
Subdom.) S u b d o m . ) S u b d o m . ) 

all plants 

G a u l t h e r i a -

P s e u d o t s u a a -

A s s o c 

P s e u d o t s u q a 
S u b c l i m a x 

(Gaulther ia 
U n d e r story) 

3 0 0 -
fo rbs-p 

conirers 
P . -

600r 
b. winter 

4 8 10 12 
y e a r s s i n c e burning 

14 !6 180-200 
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t r e n d o f a v e r y g r a d u a l i n c r e a s e f o r t h e f i r s t 10 t o 12 y e a r s 

f o l l o w e d by a more r a p i d i n c r e a s e .at a b o u t 14- y e a r s . T h i s 

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

a t i o n i n d i f f e r e n t s o i l t y p e s as r e p o r t e d by M u e l l e r - D o m b o i s 

(1959 ). I n two s e r a i s t a g e s , h owever , t h e r e s u l t s do a g r e e . 

Low a n n u a l p r o d u c t i o n and. n e g l i g i b l e s u r f a c e c o v e r a g e by 

c o n i f e r s were r e c o r d e d i n t h e e a r l y G a u l t h e r i a - H y p o c h a e r i s 

a s s o c i a t i o n and u n d e r t h e P s e u d o t s u g a s u b c l i m a x . 

As shown i n F i g . 10B, a v a i l a b i l i t y o f p r e f e r r e d w i n 

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

s i o n . O n l y 55 p o u n d s p e r a c r e were a v a i l a b l e f o u r y e a r s 

a f t e r b u r n i n g , and most o f t h i s was D o u g l a s f i r . I n t h e 

n i n e - and 1 4 - y e a r - o l d s i t e s 229 pounds p e r a c r e and 343 

pounds p e r a c r e r e s p e c t i v e l y were a v a i l a b l e , w i t h s h r u b s t h e 

dominant, s o u r c e . Under t h e m a t u r e t i m b e r , where a v a i l a b i l 

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

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

e s t i m a t e d i n summer, a p p r o x i m a t e l y 428 pounds were a v a i l a b l e 

on e a c h a c r e , 97 p e r c e n t o f w h i c h was s a l a l . 

I t i s a p p a r e n t f r o m T a b l e 6 t h a t as s e c o n d a r y s u c 

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

a v a i l a b l e i n December was i m p o r t a n t d e e r f o o d . T h i s c a n be 

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

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

t o w i n t e r i n g d e e r . 

. When t h e d a t a i n T a b l e s 5 and 6 a r e r e l a t e d t o t h e 

s e r a i a s s o c i a t i o n s d e s c r i b e d e a r l i e r , t h e i n t e r m e d i a t e G a u l - . 

t h e r i a — H y p o c h a e r i s a s s o c i a t i o n i s c l e a r l y most p r o d u c t i v e i n 

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

c o v e r . ' F u r t h e r m o r e , i t s v a r i e d c o m p o s i t i o n makes i t c a p a b l e 

o f s u p p l y i n g f o o d f r o m s p r i n g t o l a t e autumn and e a r l y w i n t e r . . 

The m a t u r e Pseu'dotsuga s u b c l i m a x has a r e l a t i v e l y h i g h c o v e r 

o f p a l a t a b l e f o o d s i n b o t h summer and w i n t e r , arid i s p o t e n t i a l 

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

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

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

The e a r l y G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n produces' 

o n l y m o d e r a t e amounts o f f o o d . M o r e o v e r , s u b t r a c t i o n o f t h e 

amounts p r o d u c e d by h e r b a c e o u s p l a n t s and by p l a n t s n o t e a t e n 

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

i s a v a i l a b l e as w i n t e r f o o d . T h e r e f o r e , f o r a g i n g by d e e r i n 

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

a v a i l a b l e d u r i n g t h e s p r i n g and summer, 

The G a u l t h e r i a - P s e u d o t s u g a a s s o c i a t i o n was c o n s i d 

e r e d by Cowan (.1945) t o be t h e most i m p o r t a n t f o o d - p r o d u c i n g 

c o m m u n i t y , p a r t i c u l a r l y when s u p p l e m e n t e d by f r i n g e s o f s u b -



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

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

t i o n p r o v i d e s n e a r optimum c o n d i t i o n s f o r l a t e summer, autumn 

and e a r l y w i n t e r f e e d i n g , b u t i s l e s s t h a n ' i d e a l d u r i n g t h e 

s p r i n g and summer when 'various, s u c c u l e n t f o r b s a r e p r e f e r r e d . 

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

when f o o d a v a i l a b i l i t y i s r e s t r i c t e d by deep snow. 

C h e m i c a l C o m p o s i t i o n o f Deer F o r a g e S p e c i e s 

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

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

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

a l . 1950 ) , and t o m e a s u r e s e a s o n a l , and s p e c i e s d i f f e r e n c e s i n 

n u t r i e n t l e v e l s . Work by E i n a r s e n ( 1 9 4 6 ) and D i e t z e t a l . 

( 1 9 5 8 ) s u g g e s t s t h a t e a c h ' o f t h e s e f a c t o r s may be i m p o r t a n t 

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

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

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

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

y e a r of- s u c c e s s i o n . However, s e a s o n a l c h a n g e s and d i f f e r 

e n c e s b e t w e e n s p e c i e s were g e n e r a l l y s i g n i f i c a n t . 

The e f f e c t o f s e r a i s u c c e s s i o n on f o r a g e n u t r i e n t s - T a b l e 7 

s u m m a r i z e s t h e r e s u l t s , o f a s e r i e s " o f f o u r a n a l y s i s o f v a r i 

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

r e g e n e r a t i o n on f o r a g e q u a l i t y . F o r most s p e c i e s , means 
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T a b l e 7 R e s u l t s o f a s e r i e s o f fo u r , a n a l y s i s o f v a r i a n c e 
- t e s t s d e s i g n e d t o d e t e r m i n e t h e e f f e c t o f s e r a i 

s u c c e s s i o n on t h e n u t r i e n t c o n t e n t o f i m p o r t a n t 
d e e r f o r a g e s p e c i e s , The v a l u e s t e s t e d a r e 
g i v e n i n A p p e n d i x E, T a b l e s 1-4. 

T e s t 1; F i v e - y e a r - o l d v s 1 4 - y e a r - o l d commun
i t i e s ; n i n e s p e c i e s s a m p l e d i n M a r c h . 

V a l u e s o f F 
C r u d e C r u d e C r u d e 

S o u r c e . d f P r o t e i n F a t -Ash . F i b r e . N.F.E. 

Be t w e e n 
B e t w e e n 
E r r o r 

S p e c i e s 
Ages 

8 
1 
8 

6.18** 7.. 58** 3.84* 73 . 6 6 * * 23.27** 
1.07 .82 .26 .02 1.73 

T o t a l 17 

T e s t 2: F o u r - y e a r - o l d v s n i n e - y e a r 1 - o l d commun
i t i e s ; f o u r s p e c i e s s a m p l e d i n December. 

V a l u e s o f F 

S o u r c e d f 
C r u d e C r u d e C r u d e 

P r o t e i n F a t A s h F i b r e N.F.E, 

B e t w e e n 
B e t w e e n 
E r r o r 

S p e c i e s 
Ages 

3 
1 
3 

1 4 . 7 2 * 12.28* 10.74* 7 5 . 6 0 * * 20.13* 
.07 2.72 .73 .63 .02 

T o t a l . 7 

T e s t 3: N i n e - y e a r - o l d v s 1 4 — y e a r - o l d commun
i t i e s ; t h r e e s p e c i e s s a m p l e d i n 
December. 

V a l u e s o f F 

S o u r c e d f 
C r u d e C r u d e Crude 

P r o t e i n F a t Ash F i b r e N.F.E. 

B e t w e e n 
B e t w e e n 
E r r o r 

s p e c i e s 
ages 

2 
1 
2 

2 3.13* 16.40 2.05 43 . 7 2 * 6 6 3.67** 
.5.-2 5 .40 .33 .01 13 0.37** 

T o t a l 

* p < 0 , 
— p < 0 , 

5 

,05 
. 01 
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T e s t 4: F o u r — y e a r - o l d v s n i n e — y e a r - o l d vs 
- 1 4 ~ y e a r - o l d c o m m u n i t i e s ; f.our 
s p e c i e s c o l l e c t e d i n J u n e , 

S o u r c e 

V a l u e s o f F 
C r u d e C r u d e 

d f P r o t e i n ' ' F a t Ash. 
C r u d e 
F i b r e N . F . E 

B e t w e e n 
B e t w e e n 
E r r o r 
T o t a l 

s p e c i e s 
a g e s 

3 
2 
6 

11 

6 8.48"" 4.03 15.19"- 4 0 . 6 6 - " 5 9 . 8 5 : 

.57 .07 .30 .65 .09 

p < 0.05 
p < 0 . 01 

d e r i v e d f r o m s a m p l e s c o l l e c t e d i n two o r more s i t e s o f e q u a l 

s u c c e s s i o n a l age were u s e d i n t h e a n a l y s i s . However, f o r 

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

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

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

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

A p p e n d i x E . 

I n o n l y one t e s t were t h e r e s i g n i f i c a n t d i f f e r e n c e s 

a t t r i b u t a b l e t o a g e - o f - s i t e ; December n i t r o g e n - f r e e e x t r a c t 

( N . F . E . ) l e v e l s i n D o u g l a s f i r , t r a i l i n g b l a c k b e r r y and w i l 

l o w , when t r e a t e d as a g r o u p , were h i g h e r f o u r t e e n y e a r s 

a f t e r b u r n i n g t h a n n i n e y e a r s a f t e r b u r n i n g ..(.Test. 3 ) . A 

s i m i l a r r e s u l t was r e p o r t e d by Cowan' :et a l . (195Q) f o r t h r e e 

c o n i f e r o u s s p e c i e s i n c e n t r a l B r i t i s h C o l u m b i a , b u t no 
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p h y s i o l o g i c a l e x p l a n a t i o n c a n .he o f f e r e d f o r t h e i n c r e a s e . 

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

i n December, M a r c h , and .June were n o t a l t e r e d by s e r a i s u c 

c e s s i o n . 

I n g e n e r a l , t h e s e r e s u l t s do n o t s u p p o r t t h o s e o f 

Cowan e t a l . Cop c i t . ) , who c o n c l u d e d t h a t f o o d q u a l i t y d e 

c l i n e s as f o r e s t s r e g e n e r a t e t o w a r d c l i m a x c o n d i t i o n s . As 

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

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

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

y e a r s o f age and o l d e r t h a n 14 y e a r s . 

The e f f e c t o f s e a s o n on f o r a g e n u t r i e n t s - On -the b a s i s o f 

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

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

f o r e a c h s p e c i e s ( T a b l e 8 ) . These d a t a t h e n p r o v i d e d a 

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

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

i n summer ( J u l y ) , e a r l y w i n t e r ( D e c e m b e r ) , and l a t e w i n t e r 

( M a r c h ) , were e x t r a c t e d f r o m T a b l e ' 8, p o o l e d , t e s t e d w i t h an 

a n a l y s i s o f v a r i a n c e , and where a p p l i c a b l e , w i t h a r a n g e 

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

s a l a l , t r a i l i n g b l a c k b e r r y , r e d a l d e r , and w i l l o w . R e s u l t s 

o f t h e s e t e s t s a r e shown i n T a b l e s '9 and 10. 



T a b l e i 3 The a v e r a g e s e a s o n a l compos i t i o n o f some i m p o r t a n t d e e r f-or age 
s p e c i e s a t K o r t h w e s t Bay , V a n c o u v e r I s l a n d • -

Browse S p e c i e s P e r c e n t o f d r y w e i g h t 
% C r u d e E t h e r 

M o i s t u r e P r o t e i n E x t r a c t A s h F i b r e N . F . E-

D o u g l a s F i r J u l y 63.5 6.32 16 . 43 2 .36 20 . 20 54.67 
Dec . 59.6 10 .17 12 .69 3 .97 20 . 31 52.84 
Mar . 53.9 7.63 13 .76 2 . 60 . 18 . 96 57.03 

W e s t e r n J u l y 61.0 4.68 18 . 04 •. 4 .22 2 5 . 34 47 .71 
Red C e d a r Dec . 58.5 7.38 18 .02 4 .48 27 . 02 43 . 09 

Mar . 51.6 4.75 9 .55 3 . 40- 21. 10 '. 61.10 

S a l a l J une 78.4 9.68 14 . 16 3 .83 18 . 2 6 54.07 
J u l y 71. 4 7.9 7 . 13 .63 . 4 . 46 22. 93 51.56 
Aug . 57.6 3.70 7 . 20 3 .85 26 . 05 . 59.10 
Dec . 58.5 6 . 40 10 .42 5 .23 24 . 48 53.45 
Mar1 . 55.9 5.03 10 . 20 4 .66 - 19 . 60 60.50 

T r a i l i n g J u l y 66.3 15 . 04 12 . 64 6 .22 13 . 13 52.96 
B l a c k b e r r y Aug. 61. 2 9.30 8 . 10 5 . 60 15 . 40 61.60 

Dec . 63.0 13.23 12 .70 6 . 57 13 . 92 53.56 
M a r . 57.4 8.55 8 .00 5 . 40 1 1 . 40 ' 56.20 

Red A l d e r J u l y 56.5 17 . 47 13 .66 4 . 14 . 1 1 . 41 53.32 
Aug . 59.4 13 .70 10 . 50 3 .30 16 . 50 55.90 
Dec . 46 . 5 - 11.16 14 . 16 . 3 . 00 23 . 47 47 . 47 
Mar . 53.5 .7.90 17 . 17 2 .50 21. 17 51.23 

W i l l o w J u n e 69.1 "14.46 12' . 69 6 . 30 15 . 78 50.77 
J u l y 62.9 12 .35 14 . 27 • 6 . 46 16 . 26 50.63 
Aug . — 5.40' 4 . 60 5 .70 22 . 90 61.40 
Dec . 5.C . 4 . 9 . 46 8 . 3 0 3 . 92 29 . 54 48.7 6 
Mar . 5 0.5 6 . 25 10 . 5 0 3 . 4 0 24 . 0 0 56.10 



T a b l e 8 ( c o n t ) 

C r u d e 
B r owse S p e c i e s M o i s t u r e P r o t e i n 

O r e g o n Aug. 50 . 8 4 . 40 
g r a p e Dec . . 50 .2 10 .12 

Mar . • 50 . u 7 . 53 

B l a c k June 75 . 9 18 .38 
R a s p b e r r y J u l y - 15 . 04 

Aug . 53 . 0 8 . 30 
Dec . 61 . 5 6 . 24 
Mar . 41 . 6 6 .90 

S a l m o n b e r r y J u n e •' 6 9 . 1 • 17 . 10 
J u l y - 12 .35' 
Aug . 57 . 0 7 .00 
Dec . 51 . 1 7 . 37 

A r b u t u s Aug". 56 . 0 4 .70 
Mar .•• 55 . 1 5 . 93 

Rose J u l y 56 . 3 11 . 4 5 
Aug . 49 . 6 4 . 10 
Mar . 43 . 9 4 .13 

Red 
H u c k l e b e r r y Mar . • 84 . 4 5 . 50 

T h i m b l e -
b e r r y Aug . 65.6 11 .70 

P e r c e n t o f d r y w e i g h t 
E t h e r 

E x t r a c t A s h F i b r e N.F.E. 

4.40 
7 .61 
5.30 

3.25 
2.87 
2.57 

36.90 
33.10 
29.53 

51.05 
4 5.70 
55.07 

12 .17 
12 .57 
3.20 
8.07 
3.9 5 

6.92 
6.96 
5.50 
4.50 
3.15-

13.79 
.17.22 
2 2.00 
35.59 
'3.1. 2 5 

48 .74 
48 . 21 
51.00 
45.59 
54.75 

12.50 
13 .31 
7 . 40 
6 . 8,6 

5.50 
5 . 41 
6.30 
3.72 

13.32 
13.31 
23.30 
23.33 

51.58 
55.62 
56.00 
56.72 

7.20 
4.53 

3 
2 

60 
97 

13.30 
9.37 

71. 20 
77.20 

15 .15 
6.20 
4 . 37 

6 
6 
6 

32 
20 
10 

18 .07 
26.90 
34.10 

4 9.01 
56.60 
51.30 

8.65 5.00 26.45 5 4 . 40 

15 . 40 7.3 6 15.39 50.15 



T a b l e 8 ( C o n t ) 

P e r c e n t o f d r y w e i g h t  
% C rude E t h e r 

M o i s t u r e P r o t e i n E x t r a c t A s h F i b r e N . F'. E . 

H e r b a c e o u s S p e c i e s 
C a t s e a r J u n e 84 . 4 15 . 50 16 .97 8 . 67 14 .90 . 43. 95 

J u l y 8 0 .. 5 13 .42 16 .83 8 .37 17 . 45 44. 93 
Aug . - 4 .10 5 . 30 8 .20 29 . 10 53 . 30 

F i r e w e e d J u n e 75 . 8 14 .85 13 . 42 6 . 89 8 .77 56 . 12 
J u l y 76 . 8 13 . 17 14 . 18 ' 5 .74 8 . 81 58 . 10 

P e a r l y J u l y 76 . 2 10 . 86 14 .02 . 9 .79 18 .63 46 . 60 
E v e r l a s t i n g Aug . - 5 . 00 5 . 20 5 . 80 28 .90 51. 10 
T h i s t l e J u n e 81. 6 11 .28 12 . 55 10 . 81 16 . 73 48 . 63 

• J u l y 82 . 0 12 .58 15 . 53 10 . 35 26 . 84 34 . 69 
Aug . - 4 . 10 7 . 80 5 .40 35 .30- 47 . 4 0 

L e t t u c e J u l y 77 . 0 12 •22 9 . 29 6 .72 19 .98 • 47 . 15 
Aug . - 3 . 00 5 .00 6 . 4 0 ' 3 5 

• 20 50 . 40 
W h i t e 
Hawkwe e d Aug . 3 .40 5 .90 3 .70 36 .00 5.1. 00 

F e r n s and G r a s s e s 
B r a c k e n J u n e 85 . 6 33 . 24 15 . 25 8 .22 9 .73 35 . 55 

J u l y 60 . 6 • 11 .90 14 .75 7 .15 • 22 . 77 . 43 . 4 2 
Aug . 59 . 3 6 .65 5 .00 .8 .75 21 . 25 57 . 35 

S w o r d f e r n Dec . 61. 9 . 12 .48 10 . 84 4 .'5 6 28 .79 43 . 32 
G r a s s e s J u l y 53 . 0 8 . 10 9 . 84 • 5 . 30 43 . 56 33 . 20 

Aug . 3 . 10 11 . 80 6 .30 31 .40 54 . 40 



. C r u d e p r o t e i n l e v e l s were f o u n d t o be • s i g n i f i c a n t l y , 

h i g h e r (p .05) i n summer t h a n l a t e w i n t e r , h u t n o t 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 and e a r l y w i n t e r . The two 

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

w e s t e r n r e d c e d a r ) .showed s e a s o n a l t r e n d s i n p r o t e i n o p p o s i t e 

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

l e v e l s i n December and l o w e s t l e v e l s i n J u l y ( T a b l e 8 ) . 

These two s p e c i e s were a p p a r e n t l y enough t o o f f s e t a g e n e r a l 

J u l y t o December d e c l i n e i n p r o t e i n i n d i c a t e d by e a c h o f t h e 

o t h e r f o u r p l a n t s . 

A v e r a g e N.F.E. l e v e l s f o r t h e s i x s p e c i e s were ^ h i g h e r 

i n ' l a t e . w i n t e r t h a n i n e i t h e r summer (p 0.05) o r e a r l y w i n 

t e r (p 0.01).. D i e t z (1965 ) r e p o r t e d t h a t N.F.E. ' c o n t e n t ' 

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

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

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

t h e g r o u p w h i c h was n o t c o n s i s t e n t ,, w i t h t h i s t r e n d was r e d 

a l d e r , i n w h i c h h i g h e s t N.F.E. l e v e l s were r e c o r d e d i n J u l y 

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

A u g u s t and S e p t e m b e r was c u r r e n t b r o w s i n g on t h i s p l a n t 

n o t e d . 1 . . 

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

n u t r i e n t s b o r d e r e d on s i g n i f i c a n c e ( a l l p 0 . 1 4 ) . .The-, 

g e n e r a l r e l a t i o n s h i p s a n d c o n c l u s i o n s w h i c h c a n b e . 
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T a b l e 9 A n a l y s i s o f v a r i a n c e f o r d i f f e r e n c e s i n n u t r i e n t 
c o m p o s i t i o n o f s i x i m p o r t a n t d e e r f o r a g e s p e c i e s 
c o l l e c t e d i n J u l y , December and M a r c h . V a l u e s 
.of F a r e shown . 2 

1 

S o u r c e d f 
C r u d e 

P r o t e i n 
C r u d e 
Fat- A s h 

C r u d e 
F i b r e N . F . E 

Be t w e e n s p e c i e s 5 
B e t w e e n s e a s o n s 2 
E r r o r 10 
T o t a l 17 

4.39' 
4.65 = 

1.78 
2.31 

5.94-
2 . 67 

4 . 21 
3 . 11 

1.85 
9.9 7** 

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

2 
I n t e r a c t i o n s were n o t s e p a r a b l e f r o m e r r o r mean 

s q u a r e s b e c a u s e r e p l i c a t e s a m p l e s were n o t a v a i l a b l e f o r 
a l l s p e c i e s . 

" D i f f e r e n c e s s i g n i f i c a n t at; p < 0.05 
* * D i f f e r e n c e s s i g n i f i c a n t a t p < 0.01 

T a b l e 10 R e s u l t s o f Duncan's new m u l t i p l e r a n g e t e s t 
a p p l i e d t o t h e s e a s o n a l means f o r c r u d e p r o t e i n 
and n i t r o g e n f r e e e x t r a c t d e r i v e d f o r t h e a n a l y 
s i s o f v a r i a n c e shown i n T a b l e 9. Any two 
means n o t u n d e r s c o r e d by t h e same l i n e a r e s i g 
n i f i c a n t l y d i f f e r e n t a t p <• 0.05. 

Mean p e r c e n t a g e f o r : Mar. Dec. J u l y 

C r u d e p r o t e i n 6.6 3 9.6 3 10.46 

N i t r o g e n - f r e e e x t r a c t 58.69 49.91 51.81 
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s u g g e s t e d , , t h e r e f o r e , a r e t h a t : ash. [ m i n e r a l ) l e v e l s were 

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

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

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

had d e c l i n e d s l i g h t l y b y M a r c h ; c r u d e f i b e r l e v e l s d u r i n g 

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

g r e e n s ; c r u d e f a t ( e t h e r e x t r a c t i v e ) l e v e l s were h i g h i n 

b o t h summer and w i n t e r b u t showed no c o n s i s t e n t s e a s o n a l 

t r e n d ; m o i s t u r e p e r c e n t a g e s were h i g h e s t d u r i n g t h e summer 

g r o w i n g p e r i o d and l o w e s t d u r i n g l a t e w i n t e r . 

D i e t z et_ aJ_. (1958 ) r e p o r t e d t h a t C o l o r a d o mule d e e r 

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

n u t r i e n t s d u r i n g e a c h s e a s o n , e s p e c i a l l y i n t h e c a s e o f p r o -
i' 

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

Bay. F o r e x a m p l e , J u n e s a m p l e s o f b r a c k e n f e r n s h o o t s , t y p 

i c a l l y t h e p o r t i o n e a t e n by d e e r , a v e r a g e d 33.2 p e r c e n t 

c r u d e p r o t e i n ' ( r a n g e 29.7 p e r c e n t t o 35.6 p e r c e n t ) . , One 

month l a t e r , when a l m o s t a l l p l a n t s had r e a c h e d t h e open 

f r o n d s t a g e and were r a r e l y b r o w s e d , a v e r a g e p r o t e i n had de

c r e a s e d by a l m o s t two t h i r d s t o 11.9 p e r c e n t ( r a n g e 11.6 

p e r c e n t t o 12.1 p e r c e n t ) . M o i s t u r e and a s h c o n t e n t were 

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

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

A n o t h e r e x a m p l e was n o t e d w i t h r e d a l d e r and t h i m b l e -
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b e r r y . Among A u g u s t samples,, t h e h i g h e s t p r o t e i n and f a t 

l e v e l s , and t h e l o w e s t f i b e r . l e v e l s were r e c o r d e d i n t h e 

l e a v e s o f t h e s e two s p e c i e s ( T a b l e 8 ) . ' As n o t e d above f o r 

r e d a l d e r , b o t h were b r o w s e d o n l y i n l a t e summer and autumn, 

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

q u a l i t y . 

S i x e v e r g r e e n s p e c i e s , i n c l u d i n g D o u g l a s f i r , w e s t e r n 

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

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

f a t s i n e a r l y w i n t e r . A l t h o u g h some o f t h e s e were e a t e n i n 

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

as a g r o u p t h e y c o m p r i s e d a b o u t 60 p e r c e n t o f t h e w i n t e r 

d i e t . 

F i n a l l y , t h e c r u d e p r o t e i n ! , f a t , and a s h c o n t e n t s o f 

p e a r l y e v e r l a s t i n g and c a t s e a r d e c l i n e d m a r k e d l y b e t w e e n Ju n e 

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

t h e rumen s a m p l e s . A s i m i l a r r e l a t i o n s h i p was f o u n d ' w i t h 

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

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

two p l a n t s were o b s e r v e d ' o n l y b e t w e e n s p r i n g and mid-summer -

a t a t i m e when t h e i r n u t r i e n t c o n t e n t s were h i g h e s t . 

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

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

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

c h a n g e s i n . t h e n u t r i t i o n a l s t a t u s .of each, o f t h e s e s e r a i 

s t a g e s must a l s o o c c u r . The r e l a t i o n s h i p s b e t w e e n s e a s o n a l 

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

t h e c o n t e n t i o n t h a t d e e r n o t o n l y . s e l e c t t h e most n u t r i t i o u s 

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

a b l e a t e a c h s e a s o n . 

Deer Use o f S e r a i C o m m u n i t i e s 

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

and t h e t i m e s p e n t by the. a n i m a l s i n a c o m m u n i t y . A f t e r 

e q u a l t i m e i n t e r v a l s , • h i g h e s t d e n s i t i e s r e f l e c t t h e most 

h e a v i l y u s e d o r p r e f e r r e d c o m m u n i t i e s ( H a r p e r , 1 9 6 7 ) . T h i s 

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

de er, f o r ( 1 ) d i f f e r e n t - a g e d s e r a i s t a g e s , and ( 2 ) d i f f e r e n t l y 

t r e a t e d s e r a i s t a g e s o f e q u a l a g e . I t i s u n d e r s t o o d t h a t 

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

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

r e l a t i v e l y s h o r t p e r i o d s o f t i m e . The i n d e x " d e e r - d a y s p e r 

s q u a r e m i l e " , o r as u s e d h e r e , s i m p l y " d e e r per. s q u a r e m i l e " , 

was c h o s e n i n p r e f e r e n c e t o ''deer-days p e r a c r e " t o a v o i d c o n 

f u s i o n a s s o c i a t e d w i t h t h e use. o f d e c i m a l , numbers. R e s u l t s 

a r e b a s e d upon d a t a f r o m 85 s p r i n g and autumn c o u n t s c o n d u c t e d 

i n e a r l y s e r a i u n i t s r e p r e s e n t i n g 17 a g e - c l a s s e s and t h e 

a d j a c e n t m a t u r e t i m b e r . 
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A l t h o u g h , i t i s shown l a t e r t h a t s l a s h - b u r n i n g s i g - . 

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

means f o r b o t h h u r n e d and u n b u r n e d . a r e a s g i v e n i n T a b l e 11 

were u s e d t o d e s c r i b e t r e n d s i n s i t e s e l e c t i o n . T h i s p r o 

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

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

s i n c e b u r n e d , p a r t i a l l y b u r n e d , and u n b u r n e d s i t e s were 

c l o s e l y a s s o c i a t e d . 

S e a s o n a l use i n r e l a t i o n t o s e r a i s u c c e s s i o n - T r e n d s i n 

d e e r use f o r t h e summer p e r i o d and f o r the. a u t u m n - s p r i n g 

p e r i o d a r e shown g r a p h i c a l l y i n F i g . 11. D u r i n g t h e . summer,, 

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

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

G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n , t h r e e t o f o u r y e a r s a f t e r 

d i s t u r b a n c e . A t t h a t t i m e , u s e - i n d i c e s e q u i v a l e n t t o 140 

d e e r p e r s q u a r e m i l e ( 4 . 5 a c r e s p e r d e e r ) were r e c o r d e d . A 

marked d e c l i n e t h r o u g h t h e n e x t s i x y e a r s i n t o t h e l a t e 

G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n f o l l o w e d , by w h i c h t i m e -

use e q u i v a l e n t t o 55 d e e r p e r s q u a r e m i l e (12 a c r e s p e r d e e r ) 

was r e c o r d e d . 

A s l i g h t upward t r e n d b e g i n n i n g i n t h e 1 2 t h y e a r o f 

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

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

s e r a i s t a g e s . . I t may a l s o r e f l e c t g r e a t e r .use o f t h e l a t e 

G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n and t h e e a r l y G a u l t h e r i a -



T a b l e 11 Mean i n d i c e s o f d e e r u s e i n d i f f e r e n t - a g e d s e r a i s i t e s . V a l u e s were 
d e t e r m i n e d by p e l l e t g r o u p c o u n t s and a r e e x p r e s s e d as d e e r p e r s q u a r e 
mile.-'- The number o f r e p l i c a t e s a m p l e s o b t a i n e d f o r e a c h a g e - c l a s s 
i s shown i n p a r e n t h e s e s . 

Y e a r s s i n c e - Summer U s e - p e r i o d Autumn t o S p r i n g U s e - p e r i o d 
l o g g i n g and B u r n e d . U n b u r n e d P o o l e d B u r n e d U n b u r n e d P o o l e d 

b u r n i n g S i t e s S i t e s d a t a s i t e s s i t e s d a t a 

2 106 . 6 ( 1 ) 106 . 6 ( D 110 . 4 CD 110 .4 ( D 
3 118 . 8 ( 3 ) 99 . 3 ( 1 ) 113 . 9 C4) I l l . 7 ( 4 ) 79. 3 ( D 103 . 2 C5) 
4 1 8 1 . 2 ( 5 ) 113 . 4 CD' 169 . 9 C6) • - -
5 . 152 . 8 ( 3 ) 166 . 2 (D. 156 . 1 ( 4 ) 44. 2 ( D 7 1 . 8 ( D 58 . 0 ( 2 ) 
6 58 . 5 ( 2 ) 85 . 5 ( D 52 . 2 ( 3 ) 60 . 5 ( 2 ) - 60 . 5 ( 2 ) 
7 97 . 0 ( 4 ) 37 . 8 CD 85 . 2 ( 5 ) 69 . 4 CD 25 . 0. (D 47 o 

• 
( 2 ) 

8 35 . 4 ( 2 ) I l l . 5 (D 51. 8 ( 3 ) - 95 . 2 CD • 95 . 2 ( D 
9 126 . 6 ( 2 ) 70 . 9 ( 2 ) 98 . 8 ( 4 ) 68 . 7 ( D 64 . 7 ( D 66 .7 ( 2 ) 

10 99 . 6 ( 1 ) • . 63 . 2 CD 81. 4 ( 2 ) - - • -
11 24 . 8 ( 3 ) 86 . 4 CD 40 . 2 ( 4 ) 29 . 4 ( 3 ) - 29 . 4 ( 3 ) 
12 50 . 1 ( 3 ) - 50 . 1 ( 3 ) • - - -
13 75 . 1 ( 3 ) 43 . 1 CD 67 . 4 ( 4 ) 57 . 4 ( 3 ) 48 . U ( 2 ) 5 3 . 7 ( 5 ) 
14 6 1 . ( 3 ) 54 . 1 ( 3 ) ' 57 . 8 ( 6 ) - 45 . 9 ( D 45 . 9 ( D 
15 - 86 . 1 ( 2 ) 86 . 1 ( 2 ) - - -
16 44 . 2 ( 1 ) - 44 . 2 ( 1 ) 3 . 3 ( D 3 . 3 ( D 
17 4 7 . 5 ( 1 ) - 47 . 5 ( 1 ) - • - -
t i m b e r - - 55 . 0 ( 5 ) - - 42 . 9 ( 2 ) 

See page 22 f o r method o f c o n v e r t i n g p e l l e t g r o u p d e n s i t i e s t o 
d e e r p e r s q u a r e m i l e . 



F i g . 1 1 . The r e l a t i v e u t i l i z a t i o n by d e e r o-f e a r l y s e r a i 
s t a g e s d u r i n g t h e summer and t h e a u t u m n - s p r i n g 
p e r i o d . 

Senecio-

Epilobium 

Assoc. 

GaultheriQ - Hypochaeris Association 
- E a r l y - -Intermediate— -Advanced-

(Cirsium-Epilobium (Epilobiurn-Rubus (Pseudotsuac-Rubus 
Subdom.) Subdom.) Subdom.) 

Gaultheria-
Pseudotsuqa-

Assoc. 

Pseudotsuqo 
Subclimax 

(Gauifheric 
Understory) 

S 10 12 
y e a r s s ince burning 

14 16 180-200 



P s e u d o t s u g a a s s o c i a t i o n w h e r e , as shown a b o v e , p r e f e r r e d sum 

mer and autumn b r o w s e s p e c i e s a r e most a b u n d a n t and v a r i e d . 

The s h i f t t o t h e s e a s s o c i a t i o n s l i k e l y o c c u r s a f t e r h e r b a 

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

From autumn t o s p r i n g , d e e r use o f t h e v a r i o u s s e r a i 

s t a g e s was b a s i c a l l y p a r a l l e l t o t h a t o f t h e summer months 

( F i g . 1 1 ) , b u t i n . m o s t a g e - c l a s s e s was s u b s t a n t i a l l y l o w e r 

i n i n t e n s i t y . E a r l y G a u l t h e r i a - H y p o c h a e r i s s i t e s were most 

h e a v i l y u s e d , s u p p o r t i n g d e n s i t i e s . ' e q u i v a l e n t t o 100 d e e r 

p e r s q u a r e m i l e ( s i x a c r e s p e r d e e r ) - a b o u t 26 p e r c e n t 

l o w e r t h a n peak d e n s i t i e s r e c o r d e d , d u r i n g summer. S i m i l 

a r l y , t h e i n t e r m e d i a t e G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n , 

t h e G a u l t h e r i a - P s e u d o t s u g a a s s o c i a t i o n , and t h e m a t u r e 

P s e u d o t s u g a s u b c l i m a x were u s e d l e s s i n t e n s i v e l y i n t h e 

a u t u m n - s p r i n g p e r i o d t h a n i n summer. The l a t e G a u l t h e r i a -

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

u se d u r i n g b o t h s a m p l e p e r i o d s . E v i d e n c e w i l l be p r e s e n t e d 

l a t e r i n d i c a t i n g t h a t fewer d e e r were p r e s e n t w i t h i n t h e 

s t u d y a r e a i n t h e a u t u m n - s p r i n g p e r i o d t h a n i n summer. T h i s 

b e i n g t h e c a s e , i t ' w o u l d a p p e a r t h a t d u r i n g autumn and w i n 

t e r , d e e r t e n d t o c o n c e n t r a t e i n t h i s l a t e G a u l t h e r i a -

H y p o c h a e r i s a s s o c i a t i o n i n p r e f e r e n c e t o o t h e r s e r a i s t a g e s . 

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

t h e s p r i n g o f 1961 and 1962 ( t h o s e u s e d t o d e r i v e t h e autumn 

s p r i n g c u r v e o f F i g . 11)' a r e s u m m a r i z e d I n T a b l e 12. The 



T a b l e 12 Age c l a s s i f i c a t i o n o f p e l l e t g r o u p s e n c o u n t e r e d 
d u r i n g t h e r e g u l a r s y s t e m a t i c May c o u n t s o f 1961 
and 1962. 

Age C a t e g o r i e s o f P e l l e t G r o u p s 

Age o f . S i t e F r e s h 
. ( y e a r s ) No. (%•) 

Mod . 
F r e s h 
No . ( % ) 

Aged 
' No . (%) 

1 t o 6 
7 t o M a t u r e 

t i m b e r 

16 ( 4 . 9 ) 14 4 ( 4 3 . 7 ) 169 ( 5 1 . 4 ) 

7 (.1.3 ) 12 8 ( 2 3 . 0 ) 421 V ( 7 5 . 7 

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

b e e n d e p o s i t e d w i t h i n two months o f t h e c o u n t i n g p e r i o d -

s u b s e q u e n t t o t h e o n s e t o f s p r i n g g r o w t h . I n a g e - c l a s s e . s 

one t o s i x , 48.6 p e r c e n t o f a l l g r o u p s c o u n t e d were c l a s 

s i f i e d as " f r e s h " o r " m o d e r a t e l y f r e s h " ; i n t h e a d v a n c e d 

s e r a i s t a g e s o n l y 24.3 p e r c e n t o f t h e g r o u p s were p l a c e d i n 

t h e s e c a t e g o r i e s . T h e r e f o r e , a p p r o x i m a t e l y h a l f t h e use o f 

t h e v e r y e a r l y s e r a i s t a g e s (where 1 s p r i n g f o o d s were p l e n t i 

f u l ) o c c u r r e d i n t h e e a r l y s p r i n g . I n t h e more a d v a n c e d 

s t a g e s ( w h ere s p r i n g f o o d s were n o t p l e n t i f u l ) , o n l y a b o u t 

one q u a r t e r o f the- use o c c u r r e d i n s p r i n g , t h e o t h e r 75 p e r 

c e n t o c c u r r i n g i n autumn and w i n t e r . T h u s , t h e autumn-

s p r i n g c u r v e o f F i g . 11 c a n be c o n s i d e r e d a s y n t h e s i s o f two 

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

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

peak i n t e n s i t y i n t h e t h i r d o r f o u r t h y e a r , and d e c l i n e s 

r e l a t i v e l y q u i c k l y a f t e r t h e s i x t h ; 1 y e a r ; and an autumn-
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w i n t e r p a t t e r n which, r i s e s v e r y g r a d u a l l y a f t e r d e f o r e s t a 

t i o n , r e a c h e s a p e a k i n t h e e l e v e n t h t o t h i r t e e n t h y e a r , a n d , 

d e p e n d i n g on t h e d e p t h and d u r a t i o n of. s n o w f a l l , d e c l i n e s 

r e l a t i v e l y l i t t l e t h r o u g h t o t h e s u b c l i m a x s t a g e . The two 

s e a s o n a l p e a k s a r e a p p a r e n t , i n F i g . 11. . ..' 

The e f f e c t s o f s l a s h - b u r n i n g on r a n g e use T- A c o m p a r i s o n o f 

t h e d a t a f o r b u r n e d and u n b u r n e d s i t e s p r e s e n t e d i n T a b l e 11 

i n d i c a t e d t h a t a r e a s . s u b j e c t e d t o s l a s h - b u r n i n g were -more 

i n t e n s i v e l y u s e d by d e e r t h a n u n b u r n e d a r e a s . A t_ T e s t o f 

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

s a m p l e s f r o m b o t h , t r e a t m e n t s were a v a i l a b l e . . The d i f f e r 

e n c e s were s i g n i f i c a n t f o r b o t h the.summer (p < 0.01) and t h e 

a u t u m n - s p r i n g p e r i o d .(p < 0 . 0 5 ) . 

I s a a c and H o p k i n s (1937 ) r e p o r t e d t h a t an average" o f 

29,000 cu f t o f s l a s h r e m a i n s on e a c h a c r e a f t e r c l e a r - c u t 

l o g g i n g o f c o a s t a l D o u g l a s . f i r , f o r e s t s . They a l s o c o n c l u d e d 

t h a t , e v e n l i g h t s l a s h - f i r e s remove, as much as 90 p e r c e n t o f 

t h e s m a l l e r d e b r i s and 10 p e r c e n t o f t h e l a r g e r wood. 

T h e r e f o r e , t h e more i n t e n s i v e use by d e e r o f b u r n e d s i t e s 

p ' r o b a b l y r e f l e c t s f r e e r movement w i t h i n t h e s i t e . I t may 

a l s o r e f l e c t g r e a t e r v a r i e t y and a v a i l a b i l i t y • o f f o o d s , and 

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

b u r n e d t h a n i n u n b u r n e d " s i t e s (.Ei.narsen, 1966 ). 



F i g u r e s 12 and 13 compare e a r l y s e r a i c o n d i t i o n s i n 

two l o g g e d u n i t s , one i n w h i c h t h e s l a s h was t h o r o u g h l y 

b u r n e d , t h e o t h e r i n w h i c h b u r n i n g was n o t a.ttempted. Wood 

g r o u n d s e l , l e t t u c e , b l a c k ' r a s p b e r r y and w i l l o w h e r b a r e abun

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

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

E s t i m a t e d Number o f Deer i n t h e S t u d y A r e a 

The method o f e s t i m a t i n g numbers o f d e e r w i t h i n t h e 

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

page 22. The f i r s t o f t h e c o n d i t i o n s upon w h i c h t h e a c c u r 

a c y o f t h e method depends was f u l f i l l e d . E s t i m a t e s o f p e l 

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

s q u a r e - r o o t t r a n s f o r m a t i o n and a p p l i e d t o S t e i n ' s t w o - s t a g e 

s a m p l i n g p r o c e d u r e ( S t e e l e and T o r r i e , 1960: 8 6 ) , i n d i c a t e d 

t h a t t h e d e s i r e d s a m p l i n g l e v e l o f 70 p e r c e n t c o n f i d e n c e 

w i t h 10 p e r c e n t s a m p l i n g e r r o r ( R o b i n e t t e e t a l . 1 958) was 

o b t a i n e d ' . The s e c o n d ' a s s u m p t i o n may n o t have b e e n e n t i r e l y 

f u l f i l l e d . F o r some a g e - c l a s s e s o f l a n d , l a r g e d i f f e r e n c e s 

b e t w e e n r e p l i c a t e e s t i m a t e s o f d e e r u se were n o t e d . F o r 

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

and t h e method c a n be e x p e c t e d t o p r o d u c e an a c c e p t a b l e 

a p p r o x i m a t i o n t o t h e t r u e p o p u l a t i o n s i z e . 

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

T a b l e 13. I n t h e w i n t e r o f 1961-62 t h e r e were e s t i m a t e d t o 



4 

F i g . 12 A S e n e c i o - E p i l o b i u m a s s o c i a t i o n one y e a r a f t e r 
l o g g i n g and b r o a d c a s t b u r n i n g ( P l o t A ) . Deer 
use i n t h i s p l o t was i n t e n s i v e . 

F i g . 13 An u n b u r n e d a r e a one y e a r a f t e r l o g g i n g . P r o 
d u c t i v i t y was l i m i t e d t o s a l a l s u r v i v i n g f r o m 
t h e m a t u r e t i m b e r s t a g e . A c c e s s t o , and move
ment t h r o u g h the area by deer was n o t i c e a b l y 
r e s t r i c t e d . 



T a b l e 13 E s t i m a t e s o f t h e number o f d e e r s u p p o r t e d by e a c h a g e - c l a s s o f r e g e n 
e r a t i n g l a n d , and t h e e s t i m a t e d d e e r p o p u l a t i o n i n t h e s t u d y a r e a . 

Autumn- S p r i n g 1961 -62 Summer-1962 
. r s s i n c e . T o t a l a r e a Use i n d e x No. d e e r i n T o t a l a r e a Use i n d e x No. d e e r i n 
;g i n g o r ( s q m i ) (de e r / s q a g e - c l a s s ( sq mi ). ( d e e r / s q a g e - c l a s s 
: r n i n g CO mi ) (CD) (A ) mi ) (AB) 

(D) ( B ) 

0 . 22 _ _ .02 _ 

1 . 19 6 3 12 . 0 .22 63 13.9 
2 .16 98 15.7. .19 120 22.8 
3 . 29 102 29 . 6 .16 140 2 2.4 
4 . 14 92 12.9 . 29 140 40.6 
5 .28 7 6 21.3 . 14 13 0- 18 . 2 
6 . 04 63 2 . 5 .28 114 31 . 9 
n 
i . 12 53 6 . 4 . 04 . 8 6 3.4 
8 . 32 49 15.7 . 12 79 9.4 
9 -.61 49 29 . 9 .32 6 5 20 . 8 

10 .27 51 13 . 8 .61 5 6 34.1 
11 .78 c 5 3 41.3 . 27 53 .14.3 
12 .25 54 13.5 .78 ' 54 42.1 
13 2 .25 4 8 108.5 .25 60 15 .0 
14 ' • - .42 38 16.0 .2.26 64 144,6 
15 - — - .42 65 27.3 
16 . 15 9 1.4 .- - -17 - - - .16 40 6 . 4 
T i m b e r 3 . 64 4 3 155.5 3.62 55 199.1 

T o t a l s 10 . 15 49 7 10 . 15 666 



75 

be 497 d e e r i n t h e t e n s q u a r e m i l e s - an a v e r a g e o f one d e e r 

f o r e v e r y 13 a c r e s . I n t h e summer o f 1 9 6 2 , numbers had i n 

c r e a s e d by a p p r o x i m a t e l y 3 4 p e r c e n t t o an e s t i m a t e d 566 

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

The i n c r e a s e i s b e l i e v e d t o be due p a r t l y t o b i r t h i n June 

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

S m i t h ( 1 9 6 8 ) c o n c l u d e d t h a t r e c r u i t m e n t t h r o u g h , b i r t h i n t h e 

N o r t h w e s t Bay h e r d may be as h i g h as 35 p e r c e n t i m m e d i a t e l y 

a f t e r f a w n i n g and as l o w as 18.9 p e r c e n t by A u g u s t . The 

a v e r a g e r e c r u i t m e n t t o A u g u s t p r o b a b l y l i e s somewhere be

twe e n t h e s e two e x t r e m e s , p e r h a p s i n t h e o r d e r o f 20 t o 25 

p e r c e n t . I f s o , a b a l a n c e o f 10 t o 14 p e r c e n t o f t h e 

t o t a l 34 p e r c e n t ' i n c r e a s e n o t e d above w o u l d be a t t r i b u t a b l e 

t o i m m i g r a t i o n . No s p e c i f i c d a t a - w e r e g a t h e r e d t o s u p p o r t 

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

o f d e e r t a g g e d as f a w n s i n t h e s t u d y a r e a ( S m i t h , o p . c i t . ) 

i n d i c a t e t h a t a t l e a s t some i n d i v i d u a l s w h i c h summer i n t h e 

s t u d y . a r e a s p e n d t h e w i n t e r • m o n t h s a t l o w e r e l e v a t i o n s j u s t 

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

t e r movement i n t o t h e l o w e r , p e r i p h e r a l a r e a s i s p r o b a b l e 

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

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

a d j a c e n t t o t h e E n g l i s h m a n R i v e r a p p e a r s t o be h i g h . T h u s , 

a 34 p e r c e n t i n c r e a s e i n d e e r numbers f r o m w i n t e r t o summer 

i s c o n s i d e r e d e n t i r e l y r e a s o n a b l e . 
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A l s o c o n s i d e r e d r e a s o n a b l e i s a 26 p e r c e n t r e d u c 

t i o n i n numbers b e t w e e n t h e summer.of 1962 and t h e w i n t e r o f 

1 9 6 2 - 6 3 . T h i s r e p r e s e n t s t h e t h e o r e t i c a l r e t u r n o f t h e 

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

1 9 6 1 - 6 2 . S m i t h ( o p . c i t . ) c o n c l u d e d t h a t i n e a c h o f t h e 

y e a r s 1960 t o 1 9 6 2 , a n n u a l h u n t i n g m o r t a l i t y a c c o u n t e d f o r 

as much as 20 p e r c e n t o f t h e N o r t h w e s t Bay h e r d , and m i s 

c e l l a n e o u s m o r t a l i t y , e x c l u d i n g summer fawn d e a t h s , f o r an 

a d d i t i o n a l 10 p e r c e n t . T h e r e f o r e , t h e d i f f e r e n c e s b e t w e e n 

w i n t e r and summer p o p u l a t i o n s i z e s i n d i c a t e d by p e l l e t g r o u p 

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

h e r d . 
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DISCUSSION ' 

T h i s i n v e s t i g a t i o n was d e s i g n e d t o d e s c r i b e v e g e 

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

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

t i o n by d e e r . The r e s u l t s have d e m o n s t r a t e d t h a t , f o r f o u r 

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

e x i s t s b e t w e e n s t a g e o f s e r a i s u c c e s s i o n and d e e r u s e . 

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

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

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

H o w ever, s i g n i f i c a n t and c o n s i s t e n t t r e n d s i n t h e n u t r i e n t 

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

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

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

L i m i t a t i o n s o f t h e d a t a 

C e r t a i n l i m i t a t i o n s i n t h e d a t a , due m a i n l y t o t h e 

m ethods u s e d , s h o u l d be r e c o g n i z e d as' i n f l u e n c i n g t h e r e 

s u l t s . The r a n g e s u r v e y , f o r e x a m p l e , may n o t have e s t i m 

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

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

p l a n t a t e a c h t r a n s e c t p o i n t was r e c o r d e d , and s i n c e t a l l 

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

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

s e s and s e d g e s may have been p r o p o r t i o n a t e l y u n d e r r a t e d as 

c o m p o n e n t s o f t h e c o m m u n i t y . C o n v e r s e l y , t h e s h r u b s may 

have been o v e r r a t e d . Such an e r r o r w o u l d t e n d t o be most 

p r e v a l e n t i n t h e more a d v a n c e d s e r a i s t a g e s where s h r u b s 

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

u s e d as a m e a s u r e Of f o r a g e a v a i l a b i l i t y . ' Th i s - was n o t t h e 

c a s e h e r e , h o w e v e r , as a s e p a r a t e c l i p p i n g i n v e s t i g a t i o n .was 

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

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

S t o c k i n g d e n s i t y , w h e t h e r n a t u r a l o r a r t i f i c i a l ; , was 

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

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

most s p e c i e s a r e n o r m a l l y d i s t r i b u t e d and i f s i z e s ( d i a m e t e r s ) 

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

H o wever, where v a r i a b i l i t y o c c u r s ( a s i t u s u a l l y does i n a 

r e g e n e r a t i n g s h r u b - c o n i f e r c o m m u n i t y ) , s t o c k i n g d e n s i t y may., 

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

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

s t o c k i n g r a t e o f s a l a l o r D o u g l a s f i r , f o r e x a m p l e , may 

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

a s s o c i a t i o n s d e s c r i b e d a b o v e . As p o i n t e d o u t e a r l i e r , 

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

and was n e g l i g i b l e i n t h e s i t e s s e l e c t e d f o r s t u d y . T h u s , 



any d i f f e r e n c e s i n s p e c i e s d e n s i t y o r i n c o v e r c o m p o s i t i o n 

b e t w e e n e q u a l - a g e d s i t e s was due e n t i r e l y t o n a t u r a l f a c t o r s 

The p r o p o r t i o n o f t h e a n n u a l c r o p a l r e a d y t a k e n by 

d e e r a t t h e t i m e o f measurement was m e n t i o n e d e a r l i e r as a 

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

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

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

any g i v e n s e a s o n a r e most h e a v i l y u s e d by d e e r . F o r ex

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

p l a n t s i n e a r l y G a u l t h e r i a - H y p o c h a e r i s s i t e s a r e p r o b a b l y 

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

p o r t i o n a t e l y so when com p a r e d w i t h t h o s e f o r o t h e r s e r a i 

s t a g e s . I t was i n t h e s e s i t e s t h a t h i g h e s t s p r i n g - s u m m e r 

d e e r u se was e x h i b i t e d ( F i g . 1 1 ) , and i n t h e s p r i n g and sum

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

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

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

c a t s e a r . 

T a b e r and Dasmann ( 1 9 5 8 ) d i s c u s s e d o t h e r f a c t o r s 

w h i c h p r o d u c e e r r o r s i n e s t i m a t i n g a v a i l a b l e f o o d s . Not 

a l l n e w-growth on p a l a t a b l e p l a n t s i s . p o t e n t i a l f o o d b e c a u s e 

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

n a t e h a b i t s ' s u c h as t h e t e n d e n c y t o a v o i d d e n s e t h i c k e t s and 

c e n t r a l p o r t i o n s o f l a r g e open a r e a s ( s e e a l s o H a r p e r , 1967 ) , 
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and t h e u t i l i z a t i o n o f o n l y t h e l o v r e r s i d e s o f s h r u b s and 

t r e e s g r o w i n g on h i l l s i d e s ( s e e a l s o Cowan, 1945.) must be 

c o n s i d e r e d . I f n o t , o v e r - e s t i m a t e s o f f o o d p r o d u c t i o n 

r e s u l t . A l t h o u g h a few i m p e n e t r a b l e t h i c k e t s do e x i s t i n 

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

l o g g i n g m e t h o d s , and e x t e n s i v e s l a s h - b u r n i n g p r o g r a m a t 

N o r t h w e s t Bay t e n d t o m i n i m i z e t h e e f f e c t o f b e h a v i o u r on 

f o o d a v a i l a b i l i t y . 

F ood a v a i l a b i l i t y may a l s o depend t o some e x t e n t 

upon t h e v a r i e t y o f p l a n t s p r e s e n t . S e r a i a s s o c i a t i o n s 

d o m i n a t e d by a s i n g l e p a l a t a b l e s p e c i e s ( s u c h as s a l a l ) may-

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

a l and p o t e n t i a l u t i l i z a t i o n o f t h i s f o o d may be low b e c a u s e 

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

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

d o m i n a t e d a s s o c i a t i o n s a r e r e c o g n i z e d as b e i n g h i g h e r t h a n 

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

R e s u l t s o f t h e p r o x i m a t e , a n a l y s e s do n o t c o m p l e t e l y 

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

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

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

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

( I s a a c and H o p k i n s , 1 9 3 7 ) . I n t h e i n i t i a l two o r t h r e e 

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



81 

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

s l o w l y d e c a y i n g p l a n t t i s s u e s ( s e e a l s o T a b e r and Dasmann, 

1 9 5 8 ) . F o r t h i s r e a s o n , t h e a g e - c l a s s e s o f l a n d s a m p l e d i n 

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

e f f e c t s o f s u c c e s s i o n on n u t r i e n t a v a i l a b i l i t y . M a j o r 

c h a n g e s may a l r e a d y have t a k e n p l a c e when s a m p l e s f r o m t h e 

y o u n g e s t ( f o u r - y e a r - o l d ) c o m m u n i t i e s were o b t a i n e d . The 

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

were c o l l e c t e d may a l s o have b e e n i m p o r t a n t i n m a s k i n g 

n u t r i e n t t r e n d s (Cowan e t a _ l . 1950 , Cook and H a r r i s 1950 , 

Swank 1 9 5 6 ) . But s i n c e e a c h s a m p l e a n a l y s e d was p o o l e d 

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

ed m i n i m a l . 

F i n a l l y , d e e r d e f e c a t i o n r a t e s have b e e n r e p o r t e d t o 

v a r y w i t h d i f f e r e n c e s i n s e a s o n a l f o o d h a b i t s . D a i l y " r a t e s 

r a n g i n g f r o m a m i d - w i n t e r l o w o f 10 g r o u p s p e r d e e r t o a 

h i g h i n e a r l y s p r i n g o f 17 g r o u p s p e r d e e r have b e e n r e c o r d 

ed (Dasmann and T a b e r 195 5 , R o g e r s ejt a l . 1958 ). S i n c e a l l 

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

13 g r o u p s p e r d e e r ( E b e r h a r d t and Van E t t e n 1 9 5 6 ) , i t i s 

r e c o g n i z e d t h a t u s e - i n d i c e s • d e r i v e d f o r t h e summer p e r i o d 

may be s l i g h t l y h i g h . Those f o r t h e autumn t o s p r i n g p e r 

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

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

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

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

w i t h , t h e a v e r a g e b e i n g c l o s e t o 13 g r o u p s p e r d e e r . 

The r e l a t i o n s h i p b e t w e e n f o o d arid''the s e l e c t i o n o f s p r i n g  
and summer r a n g e • , 

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

s t a g e p r e f e r r e d d u r i n g t h e . l a t e s p r i n g and summer was t h e 

e a r l y G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n , a s t a g e . d e v e l o p i n g 

a f t e r t h r e e t o f i v e y e a r s o f r e g e n e r a t i o n . I n t h e s e s i t e s 

the•• i n t e n s i t y o f d e e r use was e q u i v a l e n t t o 140 a n i m a l s p e r 

s q u a r e , m i l e . T h e r e i s l i t t l e d o u b t t h a t q u a l i t y and quan

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

use o f t h i s a s s o c i a t i o n , p a r t i c u l a r l y when o t h e r e n v i r o n 

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

a v a i l a b l e h e r e . 

Food h a b i t s , i n c o n j u n c t i o n w i t h t h e o t h e r r e s u l t s , 

s u p p o r t t h i s a r g u m e n t . H e r b a c e o u s p l a n t s were shown t o 

d o m i n a t e t h e s p r i n g - s u m m e r d i e t o f N o r t h w e s t Bay d e e r . . 

M e a s u r e m e n t s o f c h a n g e s i n r a n g e c o m p o s i t i o n , as s u c c e s s i o n 

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

most a b u n d a n t i n t e r m s o f g r o u n d c o v e r ' t h r e e y e a r s a f t e r 

l o g g i n g and b u r n i n g ; most a v a i l a b l e on a w e i g h t b a s i s 

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

g r e a t e s t v a r i e t y o f s p e c i e s f i v e t o s i x y e a r s a f t e r 



l o g g i n g and b u r n i n g . F u r t h e r m o r e , s e a s o n a l t r e n d s i n 

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

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

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

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

g r o w i n g s e a s o n , i t i s l i k e l y t h a t n u t r i e n t l e v e l s were max

i m a l t h e n and had d e c l i n e d s l i g h t l y when June s a m p l e s were 

c o l l e c t e d ( D i e t z , 1 9 6 5 ) . N e v e r t h e l e s s , n o t a l l i n d i v i d u a l 

p l a n t s a r e a t t h e same p h e n o l o g i c a l s t a g e a t any g i v e n t i m e . 

I f d e e r t e n d t o s e l e c t t h e y o u n g e s t and t h e r e f o r e most nu

t r i t i o u s p l a n t s a v a i l a b l e , as s u g g e s t e d by T a b e r and Das

mann ( 1 9 5 8 ) , i t c a n be c o n c l u d e d t h a t f o o d s t a k e n d u r i n g 

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

s u p e r i o r t o " o t h e r s a v a i l a b l e . 

I n t e r m s o f a v a i l a b i l i t y , v a r i e t y , and n u t r i t i o n a l 

q u a l i t y o f f o o d , t h e r e f o r e , t h e e a r l y G a u l t h e r i a - H y p o c h a e r i s 

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

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

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

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

I n an a v e r a g e summer, i n t e n s i v e e x p l o i t a t i o n o f e a r l y 

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

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

p l a n t s d o m i n a t i n g t h i s c ommunity become u n p a l a t a b l e as t h e y 
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a p p r o a c h m a t u r i t y . T h u s , w i t h a d v a n c i n g p h e n o l o g y , d e e r a r e 

f o r c e d t o f e e d more f r e q u e n t l y i n b r o w s e - d o m i n a t e d s e r a i 

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

G a u l t h e r i a - P s e u d o t s u g a a s s o c i a t i o n s . T h i s s h i f t i n r a n g e 

p r e f e r e n c e was r e f l e c t e d by an i n c r e a s e d i n t e n s i t y o f use 

n o t e d i n t h e 1 2 - t o 1 4 - y e a r a g e - c l a s s e s ( F i g . 1 1 ) . A v a i l 

a b i l i t y - o f v a r i o u s l a t e summer and autumn f o o d s , e s p e c i a l l y 

s a l a l b e r r i e s , i s l i k e l y an i m p o r t a n t ' f a c t o r s t i m u l a t i n g 

t h i s , i n c r e a s e d e x p l o i t a t i o n . A b u ndance o f s a l a l i n t e r m s 

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

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

have been h i g h e r h e r e t h a n u n d e r m a t u r e t i m b e r (Cowan 1 9 4 5 ) . 

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

a v a i l a b l e . 

Not a l l a c t i v i t y c o n t r i b u t i n g t o t h e s e c o n d upward 

t r e n d i n t h e use o f s e r a i s t a g e s d u r i n g summer ( F i g . 11) c a n 

be a s s o c i a t e d w i t h f e e d i n g . Brown ( 1 9 6 1 ) r e p o r t e d a c o r r e s 

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

l o g g e d a r e a s o f w e s t e r n W a s h i n g t o n . He a t t r i b u t e d i t t o 

use a s s o c i a t e d w i t h b e d d i n g and p r o t e c t i v e c o v e r . The s i t 

u a t i o n i s u n d o u b t e d l y s i m i l a r a t N o r t h w e s t Bay. A l t h o u g h 

a d v a n c e d s e r a i s t a g e s , p r o v i d e v e r y l i t t l e i n t h e way of. 

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

used, i n t h o s e s e a s o n s and f o r m an i m p o r t a n t p a r t o f t h e a n i 

m a l s ' h a b i t a t . 



The i n t e n s i t y t o w h i c h deer, . u t i l i z e , t h e m a t u r e t i m 

b e r i n summer ( e q u i v a l e n t t o a p p r o x i m a t e l y 55 d e e r p e r s q u a r e 

m i l e ) was s u r p r i s i n g l y h i g h , and must be i n t e r p r e t e d as b e i n g 

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

a r e a . Cowan (194-5) e s t i m a t e d t h a t , b e c a u s e o f l o w f o o d 

p r o d u c t i o n , u n d i s t u r b e d t r a c t s o f c o a s t f o r e s t may s u p p o r t . 

as few as one d e e r p e r s q u a r e m i l e . The h e a v y use o f t i m b e r 

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

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

r o n m e n t . Some l a t e summer f e e d i n g on s a l a l b e r r i e s and 

mushrooms a c c o u n t s f o r p a r t o f t h e a c t i v i t y , b u t most o f i t 

must be a t t r i b u t e d t o b e d d i n g and p r o t e c t i o n . 

The r e l a t i o n s h i p b e t w e e n f o o d and t h e s e l e c t i o n o f autumn 
and w i n t e r r a n g e s 

P e l l e t g r o u p s a c c u m u l a t i n g b e t w e e n autumn and e a r l y 

s p r i n g were most numerous i n t h e two- t o f o u r - y e a r - o l d 

s t a g e s . H owever, r e s u l t s o f t h r e e o t h e r - a s p e c t s o f t h i s 

i n v e s t i g a t i o n i n d i c a t e t h a t most d e e r a c t i v i t y i n t h e s e 

y o u n g s t a g e s o c c u r r e d i n s p r i n g r a t h e r t h a n i n autumn o r 

w i n t e r . F i r s t . , p r o d u c t i o n and v a r i e t y o f a u t u m n - w i n t e r 

f o o d s were shown t o be low i n t h e e a r l y s e r a i s t a g e s , t h e 

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

e a l l i c h e n s b e i n g , most a b u n d a n t i n t h e G a u l t h e r i a - P s e u d o -

t s u g a a s s o c i a t i o n and u n d e r t h e s u b c l i m a x f o r e s t . S e c o n d , 

i m p o r t a n t a u t u m n - w i n t e r f o o d s were n o t f o u n d t o be n u t r i -
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t i o n a l l y b e t t e r i n the' y o u n g t h a n i n t h e o l d s e r a i s t a g e s . 

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

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

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

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

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

ment o f t h e G a u l t h e r i a - P s e u d o t s u g a . a s s o c i a t i o n . P r e s u m a b l y , 

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

t i o n s i n autumn a n d . w i n t e r w o u l d have r e v e a l e d t h e h i g h e s t 

i n t e n s i t i e s o f use i n t h e a d v a n c e d , s h r u b - and c o n i f e r - d o m i n 

a t e d s e r a i s t a g e s , and t h e l o w e s t i n t e n s i t i e s o f use i n t h e 

e a r l y , f o r b - d o m i n a t e d s e r a i s t a g e s . D a t a c o n c e r n i n g t h e age 

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

r e a s o n i n g . So does t h e a n a l y s i s , o f p o p u l a t i o n , e s t i m a t e s . 

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

p a r e n t s h i f t o f a n i m a l s i n autumn and w i n t e r i n t o t h e more 

a d v a n c e d and c o m p l e x a s s o c i a t i o n s . 

T h u s , on t h e b a s i s o f f o o d a v a i l a b i l i t y , c o m f o r t , 

and p r o t e c t i o n , t h e 1 2 - t o 1 5 - y e a r - o l d s a l a l - c a t s e a r and 

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

autumn and w i n t e r r a n g e s . C o n v e r s i o n o f s o l a r e n e r g y i n t o 

a v a i l a b l e f o o d a p p e a r s t o be most e f f i c i e n t i n t h e s e s i t e s . 
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CONCLUSIONS 

T h i s s t u d y i n d i c a t e s t h a t q u a l i t y and q u a n t i t y o f 

•food- are- the- p r i m a r y f a c t o r s g o v e r n i n g r a n g e s e l e c t i o n by. 

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

I n s p r i n g and summer, d e e r p r e f e r s e r a i s t a g e s w h i c h 

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

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

y e a r s o f r e g e n e r a t i o n . From l a t e summer t o l a t e w i n t e r , d e e r , 

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

q u a n t i t y o f s h r u b s ( p a r t i c u l a r l y s a l a l ) and c o n i f e r s . G e n e r 

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

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

i t y i n t h e r e g e n e r a t i n g a r e a s , t h e s u b c l i m a x f o r e s t becomes an 

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

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

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

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

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

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

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

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

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

-by t h e . e f f i c i e n c y a t which, r a d i a n t e n e r g y i s c o n v e r t e d i n t o . 
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s u i t a h l e and a y a i . l a b . l e f o o d . L a r g e s t p o p u l a t i o n s w i t h i n t h e 

w h o l e l o g g e d c o m m u n i t y c a n be e x p e c t e d when t h e number o f 

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

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

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

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

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

r e g e n e r a t i o n t h r o u g h l o g g i n g , b u r n i n g o r some o t h e r f o r m o f 

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

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

b a l a n c e b e t w e e n h a b i t a t c r e a t i o n and h a b i t a t d e t e r i o r a t i o n 

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

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

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

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

http://ayai.lab.le
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A p p e n d i x A T e m p e r a t u r e and p r e c i p i t a t i o n r e c o r d s t a k e n a t t h e Nanaimo A i r p o r t , 
and a v e r a g e s f o r t h e f o u r - y e a r s t u d y p e r i o d . 

Mean. D a i l y 
Temp . °F . J a n . Feb . Mar . A p r . May J u n . J u l . Aug. Sep . . O c t . Nov . Dec . 

1959 36.6 38 . 2 4 1 . 0 46 . 1 52.0 57.8 65.2 60.8 56.0 48.9 39.9 38.0 

1960 35.6 38.4 40 . 5 47 .1 50.7 57.3 65.3 60.9 55.7 5 0 . 6 40 . 9 •37.7 

1961 38.8 4 1 . 8 42 . 5 47 . 2 53.2 60.8 66.3 66.2 55.4 47 . 2 39.0 36.4 

19 6 2 36.4 39 . 3 38.6 47 . 1 50.5 57.2 61.9 '60.4 57.0 50.2- 43 . 6 39.9 

A v e r a 36 . 4 39.4 43 .1 46 . 8 51.6 58.3 64 . 7 62.1 56.0. 49 . 2 40 . 8 -38.0 

P r e -
c i p -
i t a - • A n n u a l 
t i o n 
(.ins) J a n . Feb . Mar . A p r . May J u n . J u l . Aug . Sep . Oct . Nov . Dec. 

P p t n . 
( i n s . ) 

1959 5 . 84 2.96 4.23 1. 40 1.98 2.56 . 25 .66 2 . 85 2.02 4.53 3.40 •32.68 

1960 7.62 5.10- 3.56 3.05 2 .25 .58 .07 1.35 .56 3.05 8.67 4 .47 -40.33 

1961 9.76 9.93 6.76 1 . 9 4 2.88 .39 . 83 .95 1.95 4.09 5 . 14 7.76 52.3-8 

19 6 2 3.32 2.43 3.78 3 . 57 1.99 1.35 ,72 2.62 2 .71 5.03 10 . 44 6 . 94 44.90 

Avge.. 6 . en- 5 . 10 4.58 2 . 49 2 . 29 1.22 . . 4 7 1.40 2.02 3.55 7 . 20 5 . 64 42.57 



A p p e n d i x B S e a s o n a l d i e t s o f b l a c k t a i l e d d e e r a t N o r t h w e s t B a y , b a s e d on 
a n a l y s e s o f rumen s a m p l e s f r o m f e m a l e d e e r . 

S p r i n g - summer T r a n s - ^ 9 i t i o n Autumn W i n t e r 
S p e c i e s Volume % | F r e q u e n c y . % Volume %| F r e q u e n c y % Volume % l F r e q u e n c y % 

S a l a l 5 . 4 71 55.9 100 30.3 94 
Red c e d a r 1. 9 57 2 . 3 9 20.9 94 
A r b o r e a l l i c h e n s 7 . 3 29 T 9 13.2 49 
P e a r l y e v e r l a s t i n g 46 . 0 79 
G r a s s e s and s e d g e s 15 . 1 57 2 . 4 27 8 . 2 68 
T r a i l i n g b l a c k b e r r y 4 . 6 54 7 . 3 91 - 3 . 7 73 
C a t s e a r 8.. 1 42 1. 5 36 3 . 9 38 
Mushrooms T 8 7 . 0 73 2 . 8 38 
D o u g l a s f i r 2 .3 54 3.9 64 • 4 . 0 81 
B e a r b e r r y 2 . 7 50 1.1 9 5.1 32 
Red A l d e r T 12 7 . 2 36 0 . 7 5 
V a n i l l a l e a f 4 . 4 17 
H a r d h a c k 2 . 5 2 7 
L i v e r w o r t 1. 3 32 
W i l l o w ' T 8 1.3 36 
L i c h e n TV 12 0 . 9 41 
E q u i s e t u m T- 4 1.0 . 9 ' 
Rose 0.8 9 
F i r e w e e d T 27 
Moss . . T . 4 T 27 T • 16 
Sword f e r n T • 4 T • 11 
O r e g o n g r a p e T 22 
U n i d e n t i f i e d T . 17 8.0 72.7 1. 0 35 

T w e n t y - f o u r s a m p l e s , May 5 t o J u n e - 1 5 
2 
E l e v e n s a m p l e s , O c t . 2 t o Nov. 27 

°Thirty-seven s a m p l e s , Dec. 10 t o M a r c h 25 



A p p e n d i x C A v e r a g e c o v e r - p e r c e n t a g e s f o r t h e m a j o r c a t e g o r i e s o f v e g e t a t i o n , 
t h e r a n k o f d o m i n a n t s p e c i e s , and t h e mean number o f p a l a t a b l e 
s p e c i e s r e c o r d e d i n b u r n e d s i t e s o f i n c r e a s i n g s u c c e s s i o n a l a g e . 

Y e a r s s i n c e s l a s h - b u r n i n g 
C o v e r t y p e • • 1 2 3 4 5 . 6 

H e r b a c e o u s p l a n t s 2.8 7 . 1 16 . 6 11.1 11. 9 14 . 6 
S h r u b s and 
d e c i d u o u s t r e e s 0.5 12 . 0 14.7 27 . 0 49.9 38.6 

C o n i f e r o u s t r e e s 0 . 1 0 . 7 0 . 4 0.4 0 . 9 1 . 6 
A l l p l a n t s 3.5 24 . 8 31.6 . 33.5: 62.7 54.8 
B a r e s o i l 60.9 44 . 2 18.2 11 . 7 5 . 7 4 . 3 

D o m i n a n t s p e c i e s : Wood S a l a l S a l a l S a l a l •. S a l a l S a l a l 
g r o u n d s e l Ep i l o b ium C a t s e a r C a t s e a r C a t s e a r C a t s e a r 
L e t t u c e . spp T h i s t l e T r a i l i n g R a s p b e r r y R a s p b e r r y 
Ep i l o b ium spp T h i s t l e E p i l o b i u m b l a c k  T r a i l i n g T r a i l i n g 
" T h i s t l e - Wood spp b e r r y ' b l a c k  b l a c k 
S a l a l g r o u n d s e l T r a i l i n g P e a r l y b e r r y b e r r y 

Mean number C a t s e a r b l a c k  e v e r  P e a r l y L e t t u c e 
o f P a l a t a b l e b e r r y l a s t i n g e v e r 
S p e c i e s : W i l l o w l a s t i n g 

F o r b s and f e r n s 7.0 7 . 0 9 . 0 9 . 0 8 . 0 •11.0 
S h r u b s 4 . 0 4.0 6.5 7 . 5 9 . 0 10.. 0 
C o n i f e r o u s t r e e s 2.0 1.5 1. 5 1.5' 2 . 0 2.0 
T o t a l 13 . 0 12 . 5 17 . 0 18 . 0 19 . 0 23.0 

CO 
CD 



A p p e n d i x C ( c o n t ) 

Y e a r s s i n c e s l a s h - b u r n i n g 
C o v e r t y p e 8 9 , i o 12 13 14 15 

H e r b a c e o u s p l a n t s 7 . 2 14 .1 5 . 5 10 . 5 6 . 3 7 . 0 1. 3 
S h r u b s and 
d e c i d u o u s t r e e s 53.5 23.4 59.6 36.3 43 . 4 30 .1 25 . 7 

C o n i f e r o u s t r e e s 4 . 8 4 . 9 2 , 8 5.0 1. 8 14 . 4 9 . 2 
A l l p l a n t s 65.5 42.2 66.3 51.7 51.5 51.6 36 . 2 
E a r e s o i l 1. 6 2 . 0 1 . 4 1.8 3 . 1 1.7 4.8 

D o m i n a n t s p e c i e s : S a l a l S a l a l S a l a l S a l a l S a l a l S a l a l S a l a l 
C a t s e a r T r a i l i n g C a t s e a r C a t s e a r C a t s e a r D o u g l a s D o u g l a s 
D o u g l a s b l a c k  T r a i l i n g D o u g l a s T r a i l i n g f i r f i r 
f i r b e r r y b l a c k  f i r b l a c k - . W e s t e r n O r e g o n 

W e s t e r n C a t s e a r b e r r y W e s t e r n b e r r y h e m l o c k g r a p e 
h e m l o c k V a n i l l a D o u g l a s h e m l o c k W i l l o w C a t s e a r Red . A l d e r 

T r a i l i n g l e a f f i r W i l l o w O r e g o n T r a i l i n g C a t s e a r 
Mean number b l a c k  B l a c k . W e s t e r n g r a p e b l a c k 
o f P a l a t a b l e b e r r y r a s p  h e m l o c k b e r r y 
S p e c i e s : b e r r y 

F o r b s and f e r n s 11. 0 6 . 0 7 . 5 8.0 8 . 0 8 . 0 4 . 0 
S h r u b s 10.0 9 . 0' 9 . 5 9 . 0 11.0 9.0 7.0 
C o n i f e r o u s t r e e s 2.0,' 2 . 0 2 . 0 2 . 5 2 . 0 3 . 0 3 . 0 
T o t a l . . 23.0 17 . 0 19 . 0 19 . 5 21.0 20.0 14.0 



A p p e n d i x C C C o n t ) 

Y e a r s s i n c e s l a s h - b u r n i n g 
C o v e r Type M a t u r e T i m b e r  

0 . 6 
67 . 1 
1. 8 

69.5 
1. 3 

D o m i n a n t s p e c i e s : 

Mean number 
o f P a l a t a b l e 
S p e c i e s ; 

F o r b s and f e r n s 2.0 
S h r u b s 8.0 
C o n i f e r o u s t r e e s 1.0 
T o t a l 11.0 

H e r b a c e o u s p l a n t s 
S h r u b s and d e c i d u o u s t r e e s 
C o n i f e r o u s t r e e s 
A l l p l a n t s 
B a r e s o i l 

S a l a l 
W e s t e r n h e m l o c k 
D w a r f r o s e 
T w i n f l o w e r 
W e s t e r n r e d c e d a r 

CO 



A p p e n d i x D A v e r a g e c o v e r - p e r c e n t a g e s f o r t h e 
arid t h e rank' o f d o m i n a n t s p e c i e ' s , 
i n c r e a s i n g s u c c e s s i o n a l a g e . 

m a j o r c a t e g o r i e s o f v e g e t a t i o n , 
r e c o r d e d I n u n b u r n e d s i t e s ' o f 

Y e a r s s i n c e l o g g i n g 
C o v e r t y p e 12 13 

H e r b a c e o u s p l a n t s 12.6 2.8 4.6 8 . 0 2 . 9 7 . 0 
S h r u b s and 
d e c i d u o u s t r e e s 3 4 . 3 66 .1 68.5 4 4.7 : 71.4 41.3 

C o n i f e r o u s t r e e s 0 . 5 0 . 5 2 . 0 3 . 3 4,2 4.8 . 
A l l p l a n t s 47 . 4 69.4 7 5.2 56.1. 78.4 53.4 
B a r e s o i l 17.0' 2 . 2 .1.0 8.5' 1.9 2 . 5 

D o m i n a n t s p e c i e s : S a l a l S a l a l S a l a l S a l a l S a l a l S a l a l 
T r a i l i n g C a t s e a r T r a i l i n g T r a i l i n g W e s t e r n C a t s e a r 
b l a c k  G r a s s es b l a c k  b l a c k  h e m l o c k D o u g l a s 
b e r r y T w i n f l o w e r b e r r y b e r r y D o u g l a s f i r 

B e d s t r a w D o u g l a s C a t s e a r C a t s e a r f i r T r a i l i n , 
B r a c k e n f i r L e t t u c e D o u g l a s C a t s e a r b l a c k 
V a n i l l a D w arf r o s e f i r T r a i l i n g b e r r y 

. l e a f W i l l o w . b l a c k - W i l l o w 
b e r r y 

CO 
CO 
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A p p e n d i x E N u t r i e n t v a l u e s o f f o u r g r o u p s of. f o r a g e s p e c i e s 
s a m p l e d i n d i f f e r e n t - a g e d s i t e s and a t d i f f e r e n t 
s e a s o n s . The a n a l y s e s o f v a r i a n c e f o r . t h e s e 
d a t a a r e g i v e n i n T a b l e 7. 

Age o f P e r c e n t Dry W e i g h t • 
S i t e C r u d e E t h e r C r u d e 

S p e c i e s C y r s . ) P r o t e i n E x t r a c t A s h F i b r e N.F.E. 

T e s t 1: F i v e - y e a r - o l d v s 1 4 - y e a r - o l d s i t e s i n M a r c h 

W i l l o w 5 5 .- 8 0 7 . 50 .3 . 00 ' 2 5 . 00 58 .70 
14 6 .70 13 . 50 3 . 80 22 . 50 53 .50 

Red A l d e r 5 7 .60 17 . 5 0 1. 50 20 . 50 5 2 .90. 
14 8 .05 17 . 0 0 3 . 00 21. 5 0 50 .45 

Red c e d a r 5 4 .40 9 .80 4 . 3 0 20 . 50 .61 .00 
14 .5 .10 9 . 50 2. 5 0 21. 70 61 .20 

B l a c k r a s p b e r r y 5 7 .60 4 .60 . 3 . 50 •3 0. 60 53 . 7 0 
14 6 . 2 0 3 . 30 2 . 8 0 31. 90 55 .80 

A r b u t u s 5 5 . 60 3 .30 2 . 80 ; 10 . 40 77 .90 
14 6 . 10 5 .15 3 . 05 8. 8 5 76 .85 

Rose 5 3 . 10 6 .30 8 . 00 32 . 90 49 .70 
14 4 .65 ,3 .40. • 5 . 15 . 34 . 7 0 52 . 10 

O r e g on g r a p e .5 8 .30 3 . 40 2 . 60 28 . 30 ,57 . 40 
14 7 .15 6 . 25 2 . 5 5 30 . 15 53 . 9 0 

S a l a l 5' 5 . 30 11 . 30 4'. 50 19 . 30 59 . 60 
14 4 .90 9 .65 4 . 7 5 19'. 75 60 .95 

D o u g l a s f i r 5 6 .30 9 . 80 2. 8 0 20 . 10 61 .00 
14 . 8 . 30 15 .75 2 . 5 0 18 . 4 0 55 . 05 

T e s t 2: F o u r - y e a r - o l d vs n i n e -y e a r - o l d s i t e s i n 
December 

W i l l o w . 4 8 .79 9 .32 3 . 89 28 . 51 49 . 49 
9 9 .80 7 .73 3. 67 30 . 76. 48 . 05 

D o u g l a s f i r 4 12 .09 12 . 24 2 . 87 21. 19 51 . 61 
9 10 .24 13 .18 4 . 44 19 . 40 52 .72 

B l a c k r a s p b e r r y 4 6 .85 8 . 69 4 . 21 35 . 54 4 4 .71 
9 5 .64 7 .45 4 . 79 35 . 64 46 . 48 

T r a i l i n g 4 12. .69 13 . 98 7 . 65 11. 87 53 .'81-
b l a c k b e r r y 9 14 . 18 11 . 26 7 . 14 14 . 56 52 .86 
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A p p e n d i x E C C o n t ) 

Age o f .Percent' 'Dry We i g h t ' 
S i t e C r u d e E t h e r C r u d e 

S p e c i e s Cyr.s.) ' ' P r o t e i n ' ' E x t r a c t ' A s h ' F i b r e N.F.E. 

T e s t 3: N i n e - y e a r — o l d v s 1 4 - y e a r - o l d s i t e s i n 
December 

D o u g l a s f i r 9 10 . 24 ,13 .18 4 . 44 19 , .40 52 , .72 
14 8 .13 ' 12 . 18 4 . 14 21. . 24 .5 4, .31 

T r a i l i n g 9 14 .18 11 . 26 7 .14 14 , . 56 52 , .8 6 
b l a c k b e r r y 14 12 .82 12 .88 4 .93 15 , .34 54 , .03 

W i l l o w 9 9 .80 7 .73 3 .67 30 . .76 48 , .05 
14 9 .48 8 .42 4 .47 28 , .16 49 , , 47 

T e s t 4: F o u r - y e a r - o l d vs n i n e - y e a r - o l d v s 14-; y e a r -- o l d 
s i t e s i n • J u n e 

W i l l o w 4 15 .72 11 .66 6 . 2:8 15 . . 5 0 50 , .84 
9 13 . 52 12 .90 5 . 86 15 , , 36 52 , .36 

14. ' 13 . 51 14 .03 6 .78 16 . . 60 49 , .08 
C a t s e a r 4 14 .50 17 .94 8 .62 15 . . 28 43 , ,67 

9 16 .86 16 . 76 8 . 86 15 , , 24 42 , ,28 
14 14 .78 15 .47 8 .38 13 , .50 47 . . 8 7 

F i r e w e e d 4 15 .39 12 . 23 6 .89 9 , .07 56 , .42. 
9 12 . 11 15 .46 6 .88 9 . . 54 56.. , 01 

14 • 16 .79 13 . 16 6 .74 .7 . .54 55 , .78 
B r a c k e n 4 34 .13 14 .05 8 .58 8 . .69 34 . ,55 

9 32 .28 12 .25 8 . 82 . 10 , . 12 . 36 . .53 
14 33 .79 13 .85 7 . 44 9 . .86 35 . ,06 
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F i g . 1 4 a . A S e n e c i o - E p i l o b i u m a s s o c i a t i o n two y e a r s a f t e r 
l o g g i n g and s l a s h - b u r n i n g ( P l o t B ) . Wood 
g r o u n d s e l and w i l l o w h e r b d o m i n a t e , w i t h c a t s e a r 
and t h i s t l e t h e p r i n c i p a l a s s o c i a t e s . S a l a l 
d o m i n a t e s i n u n b u r n e d s p o t s ( u p p e r l e f t ) . 

F i g . 14b. The same p l o t s i x y e a r s a f t e r s l a s h - b u r n i n g . 
The a r e a has d e v e l o p e d i n t o an i n t e r m e d i a t e 
G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n , w i t h 
s a l a l and c a t s e a r r e p l a c i n g t h e g r o u n d s e l 
and w i l l o w h e r b . 
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F i g . 15a. An e a r l y G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n 
f i v e y e a r s a f t e r s l a s h - b u r n i n g ( P l o t G ) . 
T h i s t l e s , f i r e w e e d and t r a i l i n g b l a c k b e r r y 
a r e s u b d o m i n a n t s t o t h e s a l a l and c a t s e a r . 

F i g . 15b. The same p l o t a s an a d v a n c e d G a u l t h e r i a -
H y p o c h a e r i s a s s o c i a t i o n n i n e y e a r s a f t e r 
b u r n i n g . T r a i l i n g b l a c k b e r r y and n a t u r a l 
D o u g l a s f i r s e e d l i n g s a r e t h e p r i n c i p a l 
a s s o c i a t e s . 
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F i g . 1 6 a . An a d v a n c e d G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n 
n i n e y e a r s a f t e r l o g g i n g and s p o t b u r n i n g 
( P l o t I ) . T r a i l i n g b l a c k b e r r y i s s u b d o m i n a n t 
and f o r b c o v e r i s l i g h t . N o t e t h e d e b r i s . 

F i g . 16b. The same p l o t as an e a r l y G a u l t h e r i a -
P s e u d o t s u g a a s s o c i a t i o n 13 y e a r s a f t e r d e 
f o r e s t a t i o n . Red a l d e r , t r a i l i n g b l a c k 
b e r r y and w i l l o w a r e now t h e p r i n c i p a l 
a s s o c i a t e s . 



F i g . 17a. An 
12 
K) 

a d v a n c e d G a u l t h e r i a - H y p o c h a e r i s a s s o c i a t i o n 
y e a r s a f t e r l o g g i n g and s p o t b u r n i n g ( P l o t 

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

F i g . 17b. P l o t K as a G a u l t h e r i a - P s e u d o t s u g a a s s o c i a t i o n 
16 y e a r s a f t e r l o g g i n g and b u r n i n g . D o u g l a s 
f i r has e n c r o a c h e d s u f f i c i e n t l y t o r e p l a c e 
most h e r b a c e o u s s p e c i e s . 


