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ABSTRACT 

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

r o e d e e r ( C a p r e o l u s c a p r e o l u s ) f r o m H a m s t e r l e y F o r e s t , C o . D u r h a m . 

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

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

g r o u p s was r a n d o m , a n d i n g e n e r a l not c o r r e l a t e d w i t h i n d i c e s o f p l a n t 

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

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

T h e mean t e r r i t o r y s i z e o f t e r r i t o r i a l b u c k s was 11.2 h a . , t h e same 

a s mean home r a n g e s i z e o f n o n - t e r r i t o r i a l b u c k s . Mean home r a n g e s i z e 

o f d o e s was 8.0 h a . i n 1973 a n d 16.5 h a . i n 197^. 

T h e d i e t was s t u d i e d by rumen c o n t e n t s and f a e c a l a n a l y s i s a n d a 

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

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

w e r e t h e most u s e d p l a n t g r o u p w i t h Ca1 l u n a t h e most i m p o r t a n t f o o d . T h e 

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

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

a n a l y s i s i n d i c a t e d t h a t i n w i n t e r s h e e p ( O v i s a r i e s ) a t e s i g n i f i c a n t l y 

more g r a s s e s a n d g r a s s l i k e p l a n t s and l e s s b r o w s e t h a n t h e d e e r . 

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

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

cementum l a y e r method a p p e a r e d t o be c o m p l e t e l y r e l i a b l e ; l a y e r i n g was 

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

T h e d r y w e i g h t o f t h e e y e l e n s i n c r e a s e d r a p i d l y up t o 12 months o f a g e 

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

18 m o n t h s o f a g e but n o t s u b s e q u e n t l y . 
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1. GENERAL INTRODUCTION 

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

i n B r i t a i n . I t i s w i d e l y d i s t r i b u t e d t h r o u g h o u t t h e c o u n t r y but i s 

a p p a r e n t l y a b s e n t f r o m most o f t h e M i d l a n d s , e x t r e m e s o u t h - e a s t a n d 

s o u t h - w e s t E n g l a n d and much o f W a l e s ( C a r n e 197*0. T h e c o n s i d e r a b l e i n c r e a s e 

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

t h e a f f o r e s t a t i o n p rogrammes o f t h e F o r e s t r y C o m m i s s i o n c a r r i e d o u t s i n c e 

1920. 

T h e body l e n g t h v a r i e s f r o m 95 t o 135 c m . , s h o u l d e r h e i g h t f r o m 65 

t o 75 c m . , a n d w e i g h t f r o m 15 t o 27 k g . T h e c o l o u r o f t h e w i n t e r c o a t i s 

g r e y brown a n d t h a t i n summer , r e d b r o w n . T h e w h i t e rump p a t c h i s most 

c o n s p i c u o u s i n w i n t e r ( V a n den B r i n k 1973) . M a t i n g o c c u r s i n A u g u s t w i t h 

t h e y o u n g b e i n g b o r n i n May o r J u n e o f t h e f o l l o w i n g y e a r . 

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

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

r e a l i s e d t h a t i t c o u l d no l o n g e r be r e g a r d e d a s s u c h a n d t h a t t h r o u g h a 

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

i n t h e f o r e s t e c o n o m y . I t h a s t h e r e f o r e b e e n o n l y i n t h e p a s t 15 y e a r s 

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

T h e s o c i a l b e h a v i o u r o f t h e r o e b u c k and t h e i n f l u e n c e o f t e r r i t o r i a l 

b e h a v i o u r on p o p u l a t i o n r e g u l a t i o n was s t u d i e d by Cumming (1966) a n d l a t e r 

i n more d e t a i l by B r a m l e y ( 1 9 7 0 ) . B r o w s i n g a n d f r a y i n g damage was i n v e s t i g a t e d 

byThomson ( 1 9 6 6 ) , t h e d i e t by R o b e r t s o n (1967) and d i s t r i b u t i o n a n d h a b i t a t 

r e q u i r e m e n t s by Thompson (1967) and M i s h r a ( 1 9 7 1 ) . An a c c o u n t o f t h e 

e c o l o g y a n d b e h a v i o u r o f t h e r o e i s g i v e n i n P r i o r (1968) b u t t h e w o r k 

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

h a v e been i n v e s t i g a t e d by W h i t e (197*0 and A i t k e n ( 1 9 7 5 ) . P r o b l e m s o f 

management and c o n t r o l i n w o o d l a n d s w e r e d i s c u s s e d by G i b s o n and M a c A r t h u r 

( 1 9 6 5 ) , B r a m l e y ( 1 9 7 2 ) , Lowe a n d D o n a l l y (1973) a n d P r i o r (197*0 . T h e 
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r e p r o d u c t i v e p h y s i o l o g y o f t h e f e m a l e was i n v e s t i g a t e d by S h o r t a n d Hay 

(1965, 1966) and A i t k e n (1974) a n d t h a t o f t h e m a l e by S h o r t a n d Mann ( 1 9 6 6 ) . 

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

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

and a v o i d a n c e o f o t h e r s h a v e no t been t h o r o u g h l y s t u d i e d . L i k e w i s e , t h e 

v a r i o u s m e t h o d s u s e d to i n v e s t i g a t e t h e s e a s p e c t s o f t h e a n i m a l ' s e c o l o g y 

and t h e r e s u l t s o b t a i n e d h a v e not been s u b j e c t t o c r i t i c a l e v a l u a t i o n a n d 

c o m p a r i s o n . T h e o n l y d e t a i l e d f o o d s t u d y i s t h a t o f H o s e y (1974) w h i c h 

d e t a i l s t h e s e a s o n a l v a r i a t i o n s i n t h e d i e t o f t h e r o e d e e r i n a D o r s e t 

w o o d . I n f o r m a t i o n i s r e q u i r e d on t h e v a r i a t i o n i n d i e t o f t h e d e e r w i t h 

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

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

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

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

r e s e a r c h was c o n d u c t e d i n H a m s t e r l e y F o r e s t , C o . Durham a n d t h e t o p i c s 

s t u d i e d w e r e t h e d i s t r i b u t i o n p a t t e r n s , d i e t and d e t e r m i n a t i o n o f a g e . 
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2 . D E S C R I P T I O N OF THE STUDY AREA 

H a m s t e r l e y F o r e s t ( O r d n a n c e S u r v e y G r i d R e f : 0^52 85 ) i s s i t u a t e d i n 

t h e s o u t h e r n p a r t o f C o . D u r h a m , a p p r o x i m a t e l y 25 km. s o u t h - w e s t o f Durham 

C i t y . T h e f o r e s t was f i r s t p l a n t e d by t h e F o r e s t r y C o m m i s s i o n i n a b o u t 

1930. C u r r e n t l y c o m p a r t m e n t s a r e b e i n g t h i n n e d a n d f e l l e d i n r o t a t i o n a n d 

t h e t o t a l p l a n t e d a r e a i s a b o u t 2800 h a . T h e e l e v a t i o n o f t h e f o r e s t 

r a n g e s f r o m 1.00 m. i n v a l l e y b o t t o m s t o kOO m. o n t h e s u r r o u n d i n g h i l l s . 

T h e s o i l t y p e i n t h e u p l a n d a r e a s i s an a c i d p e a t u n d e r l a i n by c l a y . A t 

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

T h e s t u d y a r e a ( F i g s 1 a n d 2) i s l o c a t e d i n t h e s o u t h - e a s t c o r n e r o f 

t h e f o r e s t and h a s an e l e v a t i o n a l r a n g e o f 250 m. t o 380 m. I t h a s a n 

e a s t e r n a s p e c t w i t h a s l o p e i n g e n e r a l o f a b o u t 8 ° , but l o c a l l y a s s t e e p 

a s 1 5 ° . T h i s p a r t o f t h e f o r e s t w a s c h o s e n b e c a u s e i t c o n t a i n e d w i t h i n a 

s m a l l a r e a (213 h a . ) a v a r i e t y o f h a b i t a t t y p e s r e p r e s e n t a t i v e o f t h o s e 

p r e s e n t t h r o u g h o u t t h e e n t i r e f o r e s t . 

2.1 H a b i t a t T y p e s 

H a b i t a t s w e r e c l a s s i f i e d a c c o r d i n g t o t h r e e c r i t e r i a : 1. T r e e s p e c i e s 

2 . Age o f t r e e s a n d 3 . P r e s e n c e o r a b s e n c e o f g r o u n d f l o r a . R e f e r e n c e w a s 

made t o F o r e s t r y C o m m i s s i o n Map No. NZ02 NW, N E , 03 S W S E . T h e f o l l o w i n g 

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

M a t u r e S p r u c e 

T h i s h a b i t a t t y p e i s d o m i n a t e d by 35 t o kO y e a r o l d s i t k a s p r u c e ( P i c e a 

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

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

a r e P l a g i o t h e c i u m u n d u l a t u m , H y l o c o m i u m s p l e n d e n s , Sphagnum s p . a n d 

P o l y t r i c h i u m s p . . D e s c h a m p s i a f l e x u o s a ( h a i r g r a s s ) , C a 1 l u n a v u l q a r i s 

( h e a t h e r ) and Ga1iurn s a x a t i l e ( h e a t h b e d s t r a w ) a r e p r e s e n t i n a r e a s w h e r e 

w i n d b l o w o f t r e e s h a s c r e a t e d s m a l l o p e n i n g s . 
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P l a t e 1. M a t u r e S p r u c e h a b i t a t i n t h e m i d d l e d i s t a n c e 
w i t h c l e a r i n g s h a b i t a t i n t h e f o r e g r o u n d . 
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F i g . 3 a to c. Re la t ionsh ip of mean number of p e l l e t groups 
to mean values of cover and p lant type 
dens i t y in i nd i v i dua l hab i ta ts !r> \<\13. 
W = Win te r , Sp = Spr ing , S = Summer, 
Au-= Autumn 

CHI Grasses and Grass l ike Plants 

QUI Pi cea si tchensi s 

E23 Calluna 

Cover Type 
A= Ground Cover 
B Canopy Cover 
C = H o r i z o n t a l Cover 

Method 
Score 
Score' 

D e n s i t y Board 
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M a t u r e P i n e 

T h i s h a b i t a t t y p e ( s e e P l a t e 2 ) i s d o m i n a t e d by 35 to 4 0 y e a r o l d 

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

g r o u n d f l o r a i s d o m i n a t e d by D e s c h a m p s i a f l e x u o s a a n d F e s t u c a s p . ( f e s c u e ) . 

G r a s s l i k e p l a n t s a r e r a r e b u t L u z u l a s p . (wood r u s h ) a n d C a r e x s p . ( s e d g e ) 

do o c c u r . V a c c i n i u m m y r t i l u s ( b i l b e r r y ) i s t h e mos t common d w a r f s h r u b 

w i t h b r a c k e n ( P t e r i d i u m a q u i l i n i u m ) t h e most common f e r n . T h e most 

f r e q u e n t l y o c c u r r i n g h e r b s a r e G a 1 i urn s a x a t i l e a n d O x a 1 i s a c e t o s e l l a 

(wood s o r r e l ) . M o s s e s p r e s e n t i n c l u d e Sphagnum s p . , P o l y t r i c h i u m s p . , 

P l a g i o t h e c i u m u n d u l a t u m a n d Mnium h o r n u m . 

D e c i d u o u s 

T h i s h a b i t a t t y p e ( s e e P l a t e 3 ) i n c l u d e s s t a n d s c o n s i s t i n g s o l e l y 

o f L a r i x d e c i d u a ( E u r o p e a n l a r c h ) a n d m i x e d s t a n d s o f n a t u r a l l y r e g e n e r a t i n g 

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

T h e most common d w a r f s h r u b i s V a c c i n i u m , w i t h Ca1 l u n a o c c u r r i n q r a r e l y . 

T h e common g r a s s e s a r e D e s c h a m p s i a f l e x u o s a , F e s t u c a s p . , Ho 1 c u s s p . a n d 

A n t h o x a n t h u m o.do r a t u m . Of t h e g.r_a.s.sJj_ke_p_l.a.n.t.s_,. Ca r e x s p . a n d _ L u z u l a _ s p . . . 

a r e p r e s e n t o c c a s i o n a l l y . G a l i u m s a x a t i l e and O x a l i s a c e t o s e l l a a r e t h e 

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

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

P l a n t a t i o n 

T h i s h a b i t a t t y p e i s d o m i n a t e d by t e n a n d e l e v e n y e a r o l d P i c e a 

s i t c h e n s ? s ( s e e P l a t e k ) . C a l l u n a i s t h e d o m i n a n t d w a r f s h r u b bu t E r ? c a 

t e t r a l i x ( c r o s s l e a v e d h e a t h ) o c c u r s r a r e l y . G r a s s e s a r e a b u n d a n t w i t h 

A q r o s t i s s p . ( b e n t s ) , D e s c h a m p s i a f l e x u o s a , D e s c h a m p s i a c a e s p i t o s a , F e s t u c a 

s p . , A n t h o x a n t h u m o d o r a t u m a n d Ho 1 c u s s p . t h e most i m p o r t a n t s p e c i e s . 

C a r e x s p . , J u n c u s s p . ( r u s h ) a n d L u z u l a s p . o c c u r o c c a s i o n a l l y . T h e most 

common h e r b s a r e G a l i u m s a x a t ? l e a n d P o t e n t i 1 l a e r e c t a ( t o r m e n t i l ) . F e r n s 

p r e s e n t i n c l u d e D r y o p t e r i s s p . , P t e r i d i u m a q u i l i n i u m a n d B l e c h n u m s p i c a n t . 

Common m o s s e s a r e Sphagnum s p . a n d P o l y t r i c h i u m s p . 
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P l a t e 2 . M a t u r e P i n e h a b i t a t . Note t h e g r o w t h o f 
P t e r j d i u m aqu i 1 i ni urn. 
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P l a t e 3 . D e c i d u o u s h a b i t a t i l l u s t r a t e d by L a r i x d e c i d u a 
w i t h a g r o u n d f l o r a o f g r a s s e s and P t e r i d i u m 
a q u i 1 i n i u m . 
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P l a t e k. P l a n t a t i o n h a b i t a t . T h e t r e e s a r e 10 y e a r o l d 
P i c e a s i t c h e n s i s . No te t h e g r o u n d f l o r a o f 
g r a s s e s a n d g r a s s l i k e p l a n t s . 
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C l e a r i ngs 

T h e s e a r e a s ( s e e P l a t e 5) had b e e n c l e a r f e l l e d i n t h e l a t e 1960's 

a n d r e p l a n t e d i n I969 w i t h P i c e a s i t c h e n s i s , a n d i n o n e s m a l l p a r t w i t h 

Norway s p r u c e ( P i c e a a b i e s ) . Ca1 Tuna i s t h e d o m i n a n t d w a r f s h r u b w i t h 

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

F e s t u c a s p . a n d D e s c h a m p s i a f l e x u o s a . G r a s s l i k e p l a n t s p r e s e n t a r e 

E r i o p h o r u m v a g i n a t u m , L u z u l a s p . , J u n c u s s p . a n d C a r e x s p . Ga1 ium s a x a t i l e 

i s t h e commonest h e r b bu t C h a m a e n e r i o n a n q u s t i f o l i u m ( r o s e - b a y w i l l o w h e r b ) , 

U r t i c a d ? o i c a ( s t i n g i n g n e t t l e ) a n d T r i f o l i u m s p . ( c l o v e r ) a r e a l s o p r e s e n t . 

F e r n s p r e s e n t i n c l u d e P t e r i d i u m a q u i l i n i u m and D r y o p t e r i s s p . M o s s e s 

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

R i d e s 

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

m a t u r e t r e e s o n l y ; no t r e e s a r e p r e s e n t b u t a s u b s t a n t i a l g r o u n d f l o r a 

o c c u r s ( s e e P l a t e 6 ) . R i d e s c o u l d no t be d i s t i n g u i s h e d w i t h i n c o m p a r t m e n t s 

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

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

r e q u i r e d f o r r i d e s t o be r e c o g n i s e d . Ca11una i s t h e d o m i n a n t p l a n t . 

G r a s s e s p r e s e n t i n c l u d e D e s c h a m p s i a f l e x u o s a , F e s t u c a s p . a n d A g r o s t ? s s p . 

G r a s s l i k e p l a n t s o c c u r r i n g a r e E r i o p h o r u m v a g i n a t u m , J u n c u s s p . and Ca r e x s p . 

H e r b s p r e s e n t i n c l u d e Ga1iurn s a x a t i l e a n d P o t e n t ? 1 l a e r e c t a . F e r n s o c c u r 

o c c a s i o n a l l y w i t h P t e r i d i u m a q u i l i n i u m t h e most common. Of t h e m o s s e s , 

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

F i e l d s 

G r a s s e s a r e a b u n d a n t i n t h i s h a b i t a t t y p e a n d i n c l u d e F e s t u c a s p . , 

Ho 1cu s s p . , D e s c h a m p s i a f l e x u o s a , Poa s p . , A n t h o x a n t h u m o d o r a t u m a n d Na r d u s 

s t r i e t a . Of t h e g r a s s l i k e p l a n t s , J u n c u s s p . i s t h e most i m p o r t a n t bu t 

C a r e x s p . a n d L u z u l a s p . o c c u r o c c a s i o n a l l y . T h e most f r e q u e n t l y o c c u r r i n g 

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

( d o c k ) , P o t e n t i 1 l a e r e c t a , G a l i u m s a x a t i l e a n d Onopordon s p . ( t h i s t l e ) a r e 
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P l a t e 5 . C l e a r i n g s h a b i t a t . N o t e t h e d e n s e p i l e s o f 
b r a s h a n d g r a s s e s and g r a s s l i k e p l a n t s . P i c e a 
s i t c h e n s i s i s v i s i b l e i n t h e m i d d l e d i s t a n c e 
a n d b a c k g r o u n d . 
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P l a t e 6 . R ides h a b i t a t s e p a r a t i n g two compartments of 
mature P i c e a s i t c h e n s i s . Juncus s p . a r e v i s i b l e 
i n the foreground w i t h Ca1luna vu1ga ri s , U lex 
europaeus and g r a s s e s and g r a s s l i k e p l a n t s in 
the middle d i s t a n c e and background. 



l*f 

a l s o p r e s e n t . Mosses p resen t i n c l u d e Sphagnum s p . , P o l y t r i c h i u m s p . and 

R h y t i d i a d e l p h u s s q u a r r o s u s . Vacciniurn and Ca1luna o c c u r r a r e l y . 

2 .2 C l i m a t e 

M e t e o r o l o g i c a l data were u n o b t a i n a b l e f o r Hamster ley F o r e s t and 

so I have used those from both Durham U n i v e r s i t y O b s e r v a t o r y and Moor House 

Nat iona l Nature R e s e r v e , Westmorland to p rov ide an i n d i c a t i o n of the 

c l i m a t i c c o n d i t i o n s a t Hamster ley . Durham Observa to ry i s l o c a t e d 100 m. 

above sea l e v e l and i s 25 km. n o r t h e a s t of Hamster ley F o r e s t . Moor House 

has an e l e v a t i o n a l range of 300 m. to 880 m. , w i t h i t s o b s e r v a t o r y a t an 

a l t i t u d e of about 550 m. , and i s s i t u a t e d kO km. e a s t of Hamster ley . The 

F o r e s t has an e l e v a t i o n a l range of 100 m. to U00 m. The f o l l o w i n g 

m e t e o r o l o g i c a l data a r e g iven f o r 1973 o n l y s i n c e t h i s was the y e a r when 

a lmost a l l o f the f i e l d w o r k was c a r r i e d o u t . At Durham the mean d a i l y 

temperature i n January was 3 . 9 ° C , in February k.7°C, in J u l y 1 4 . 8 ° C , i n 

August ]k.k°C, and the mean monthly was 8 . 6 ° C . 1 * At Moor House the 

cor respond ing v a l u e s were 0 . 9 ° C , - 0 . 1 ° C , 1 1 . 2 ° C , 11.3°C and the mean 

monthly was 5 . 2 ° C . 2 * T o t a l r a i n f a l l f o r the y e a r was 503.0 mm. a t Durham, 

1485.0 mm. a t Moor House and f o r both a r e a s t h e s e v a l u e s were l e s s than 

the long term a v e r a g e . At Durham snow f e l l on 16 days and t h e r e were 116 

days w i th ground f r o s t , whereas a t Moor House the c o r r e s p o n d i n g f i g u r e s 

were 61 days and 196 days r e s p e c t i v e l y . The mean monthly wind speed a t 

Durham was 19 .^ km/h. but 23 .0 km/h. a t Moor House. S i n c e Hamster ley i s 

approx imate ly one t h i r d the d i s t a n c e from Durham to Moor H p u s e a n d the mean 

a l t i t u d e r a t h e r below the mid point between tha t o f Durham and Moor House, 

i t can be assumed tha t the v a l u e s a t Hamster ley w i l l have been about midway 

between those of the two s t a t i o n s . 

^ 'Data from Durham U n i v e r s i t y O b s e r v a t o r y , D a i l y Me teoro log ica l O b s e r v a t i o n s 
1973. 

2 'Data from Rawes, M. 197^-. 15th Annual P r o g r e s s R e p o r t . The Nature 

Conservancy Counci1 , Moor House. 
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3 . DISTRIBUTION AND HABITAT USE RELATED TO PLANT AVAILABIL ITY AND 
COVER DENSITY 

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

The d e t e r m i n a t i o n of the h a b i t a t p r e f e r e n c e s of roe deer i s b a s i c 

to an u n d e r s t a n d i n g of the a n i m a l ' s eco logy and to i t s management. The 
i 

main methods used i n such work a r e counts of f a e c a l p e l l e t groups and 

o b s e r v a t i o n of the behav iour and l o c a t i o n of i n d i v i d u a l s and groups . 

Counts of p e l l e t groups have been used to determine the d i s t r i b u t i o n 

p a t t e r n s of c e r v i d s in North America (White 1960, J u l a n d e r 1966, McCaf fery 

and Creed 1966, McMahon and I n g l i s 197**) , in New Zealand (R iney 1957) and 

in B r i t a i n ( B a t c h e l o r 1960, Thompson 1967» Holloway 1967 and Jackson 197^) . 

However, the e x t e n t to which p e l l e t group d i s t r i b u t i o n p a t t e r n s a r e v a l i d 

a s i n d i c a t o r s to h a b i t a t p r e f e r e n c e s i s u n c e r t a i n owing to l a c k of s tudy 

of the r e l a t i o n s h i p between d e f e c a t i o n and o t h e r deer a c t i v i t i e s . McMahon 

and I n g l i s (197*0 have reported tha t compar isons o f p e l l e t group counts 

between s e a s o n s cannot be used to show changes i n the degree of u s e of g iven 

h a b i t a t s w i t h season because of s e a s o n a l d i f f e r e n c e s in d e f e c a t i o n r a t e s . 

However, Neff (1968) s t a t e d that counts of f a e c a l groups can be used to 

i n d i c a t e p o p u l a t i o n t rend between y e a r s o r between a r e a s wi thout knowing 

to what ex ten t d e f e c a t i o n r a t e changes w i t h s e a s o n . I t i s n e c e s s a r y to 

assume o n l y tha t d e f e c a t i o n r a t e s a r e s i m i l a r a t a g iven season i n a l l 

y e a r s and a r e a s . J u l a n d e r (1966) s t a t e d that Odoco i leus hemionus u s u a l l y 

d e f e c a t e where they feed and seldom a t bed s i t e s . R e s u l t s ob ta ined from 

o b s e r v a t i o n have in some c a s e s supported those from p e l l e t group counts 

(White 1960, L o v e l e s s 1967 > Henry 1972 ) , whereas in o t h e r s they have d i s a g r e e d 

w i th them (Leckenby 1968 from Anderson , Medin and Bowden 1972a) . 

Dasmann (1971) has s t a t e d that food, cover and water a r e the main 

f a c t o r s i n f l u e n c i n g deer d i s t r i b u t i o n and c h o i c e of h a b i t a t . Thompson 

(1967) found a r e l a t i o n s h i p between the d i s t r i b u t i o n of roe deer and 

h a b i t a t f a c t o r s , in p a r t i c u l a r the a v a i l a b i l i t y of browse, the na ture of 
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ground v e g e t a t i o n and degree of c o v e r . Anderson e t a l ( 1 9 7 2 a ) , working on 

the w i n t e r range of Odoco?1eus hemionus, at tempted c o r r e l a t i o n a n a l y s i s of 

the f requency d i s t r i b u t i o n of counts of p e l l e t groups and 32 a b i o t i c and 

b i o t i c s i t e f a c t o r s measured on p e l l e t group p l o t s . The d i s t r i b u t i o n of 

p e l l e t group numbers was c l o s e l y c o r r e l a t e d w i t h the d i s t r i b u t i o n of 

v e g e t a t i o n and w i t h the d e n s i t y o f the main w i n t e r f o o d . However, deer 

numbers were not c o r r e l a t e d w i t h the product ion and use of t h i s main w i n t e r 

food and of another important w i n t e r food (Anderson e t a_l_ 1972b) . 

O b s e r v a t i o n has been w i d e l y used to determine h a b i t a t p r e f e r e n c e s 

( A l l e n 1968, M i l l e r 1968, N ixon , M i l f o r d , McCla in and R u s s e l l 1970) and 

the a c t i v i t i e s of deer i n North America (Montgomery 1963, Michael 1970) 

and to a l i m i t e d e x t e n t , those of roe deer in Europe (St randgaard 1972) 

and in B r i t a i n (Bramley 1970) . Most workers make t h e i r o b s e r v a t i o n s in the 

e a r l y morning and e v e n i n g , w i t h some a l s o making midday o b s e r v a t i o n s . A 

few workers have made n igh t t ime a s we l l a s day t ime o b s e r v a t i o n s (Michael 

1970, St randgaard 1972 ) , but the s i g h t i n g of deer a t n ight i s d i f f i c u l t , 

g i v e n the much reduced vi s i bi 1 i t y . 

O b s e r v a t i o n i s the o n l y method f o r de te rmin ing the s i z e of home range 

and of t e r r i t o r y of l a r g e mammals, w i t h the e x c e p t i o n of l o c a t i o n by 

t r a c k i n g in snow (Mottl 1 9 5 7 ) . or by r a d i o - t e l e m e t r y . S e v e r a l s t u d i e s have 

repor ted on the home range and t e r r i t o r y s i z e s o f roe deer in Europe (Van 

.Mottl 1957, S t randgaard 1972) and in B r i t a i n (Cumming 1966, Bramley 197>2 

and Hosey 197*0 • 

T e r r i t o r i a l behav iour in roe deer l i m i t s the number o f bucks in an 

a r e a by c a u s i n g emigra t ion of young males (Bramley 1970, S t randgaard 1972 ) . 

Because of t h i s t e r r i t o r i a l system and the f a c t t h a t does occupy a home 

range which o v e r l a p s t e r r i t o r i e s , the number of does u s i n g p a r t s of a g iven 

t e r r i t o r y v a r i e s , be ing dependent upon tha t p a r t o f the home range w i t h the 

b e s t f e e d i n g (St randgaard 1972 ) . Consequent ly home range s i z e may be 

r e l a t e d to the food supp ly (S t randgaard 1972) . T e r r i t o r i e s a r e a l s o repor ted 
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to c o n t a i n an adequate food supply (Bramley 1970) . In Laqopus s c o t i c u s 
(red g r o u s e ) , the males c o n t e s t a n n u a l l y f o r t e r r i t o r i e s in the autumn w i t h 
the r e s u l t that those cocks which do not o b t a i n o r r e t a i n a t e r r i t o r y a r e 
f o r c e d to emigra te ( J e n k i n s Watson and M i l l e r 1963) . The number of cocks 
ho ld ing t e r r i t o r i e s and of hens p a i r i n g w i t h them l i m i t s the number of 
breed ing b i r d s in the f o l l o w i n g s p r i n g (Watson and J e n k i n s 1968) . T h i s 
number of b reed ing b i r d s i s a l s o dependent on the number of t e r r i t o r i e s 
an a r e a can support which i s dependent upon t e r r i t o r y s i z e . Mean t e r r i t o r y 
s i z e i s i n v e r s e l y c o r r e l a t e d w i t h the s p r i n g popu la t ion d e n s i t y , but a 
more important f a c t o r i n f l u e n c i n g t e r r i t o r y s i z e i s a g g r e s s i o n (Watson 
and M i l l e r 1971) . In Parus major (grea t t i t ) , t e r r i t o r i a l behav iour l i m i t s 
breed ing d e n s i t y in opt imal h a b i t a t s o n l y . D i f f e r e n c e s i n t e r r i t o r y s i z e 
a r e a p p a r e n t l y due to s o c i a l i n t e r a c t i o n s amongst the b i r d s and not to 
food supp ly o r o t h e r envi ronmenta l r e s o u r c e s (Krebs 1970) . 

The aims in the p resen t s tudy were to compare counts of p e l l e t groups 

and o b s e r v a t i o n as methods of de te rmin ing h a b i t a t p r e f e r e n c e s ; to r e l a t e 

counts of p e l l e t groups to i n d i c e s o f p lan t type aya.i l a b i l i t y and d e n s i t y 

of c o v e r ; and f i n a l l y to e s t i m a t e and compare home range and t e r r i t o r y 

s i z e s o f the deer l i v i n g i n the c o n i f e r o u s h a b i t a t s a t Hamster ley w i t h those 

recorded from o t h e r p a r t s o f B r i t a i n . 

3 .2 Methods 

3.2 .1 Counts of P e l l e t G r o u p s ' * 

Small r e c t a n g u l a r p l o t s 25 m. x 2 m. were used a s they can be e a s i l y 

s e a r c h e d , which c o n t r i b u t e s to i n c r e a s e d sampling e f f i c i e n c y (Neff 1968) . 

In o r d e r to e s t i m a t e the optimum number o f p l o t s requ i red to sample the 

e n t i r e s tudy a r e a , a p r e l i m i n a r y p e l l e t group survey was c a r r i e d o u t . In 

t h i s s u r v e y , two p l o t s were l o c a t e d in each o f the mature s p r u c e and the 

c l e a r i n g s h a b i t a t types as t h e s e types o c c u p i e d between them a l i t t l e o v e r 

' "Deer f a e c a l p e l l e t s were g e n e r a l l y of smal l s i z e and ova l in shape relative 
to those o f sheep which were l a r g e r , round in shape and w i t h the p e l l e t s 
o f t e n a d h e r i n g in c lumps. 



18 

h a l f the s tudy a r e a , and one p l o t in each of the r i d e s , p l a n t a t i o n , mature 

p ine and deciduous h a b i t a t s . 

Each p l o t in the p r e l i m i n a r y s u r v e y was randomly l o c a t e d by wa lk ing 

100 m. in to each h a b i t a t in a d i r e c t i o n determined by the second hand of 

a w a t c h . At the 100 m. p o i n t , sampl ing was conducted on a 25 m. x 2 m. 

p l o t , the d i r e c t i o n of the long a x i s of which was l i k e w i s e determined from 

the watch second hand. T h i s random sampl ing procedure i s h e r e a f t e r r e f e r r e d 

to as the watch method. The c r i t e r i o n f o r a p e l l e t group was a c o l l e c t i o n 

o f 20 o r more p e l l e t s (Henry 1972) o r a cont inuous t r a i l o f the same which 

cou ld have been dropped by a moving d e e r . F i f t y percent of a p e l l e t group 

l o c a t e d on a p lo t boundary had to be w i t h i n the p l o t to be counted a s one 

group. The data ob ta ined from the p r e l i m i n a r y survey were: 

Number of p l o t s = 8 

T o t a l number of p e l l e t groups = 15 

Mean " " " " per p l o t x, = 1.87 

V a r i a n c e s 2 = 0 .67 

Accord i n~g — to - the - fbTmuTa - gi ven by NeTf ~ (1968 ) , the t o t a l number of p l o t s 

(N) requi red was: 

N = s 2 x t 2 

(d x i c ) 2 

At P = 0 . 0 5 , t = 2 .36 f o r 8-1 d . f . At t h i s l e v e l of p r o b a b i l i t y , the t o t a l 

number of p l o t s requ i red f o r a d e s i g n a t e d a c c u r a c y (d) o f x - o f 10% proved 

to be 110. 

The number of p l o t s l o c a t e d in each h a b i t a t was made p r o p o r t i o n a l to 

the percentage a r e a o c c u p i e d by each h a b i t a t t y p e , w i t h a minimum of 

f i v e f o r the two h a b i t a t s c o v e r i n g o n l y a smal l p ropor t ion of the 

t o t a 1 a r e a . 
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Hab i ta t Type % of 
Study Area 

E s t i m a t e d number 
of p l o t s requi red 

A c t u a l number of 
p l o t s e s t a b l i s h e d 

Mature Spruce 31 3k 34 

Mature pine 2 2 6 

Deciduous 7 8 12 

P l a n t a t i o n 13 15 18 

C l e a r i ngs 27 30 30 

R ides 1 1 5 

F i e l d s 19 20 1 8 

(Tota1) 1 10 12 3 

P l o t s were l o c a t e d randomly in the r i d e s h a b i t a t u s i n g the watch method 

because of the smal l p ropor t ion of the t o t a l a r e a which the r i d e s c o v e r e d . 

In each o t h e r h a b i t a t , p l o t s were s y s t e m a t i c a l l y l o c a t e d a t 75 m. i n t e r v a l s 

a l o n g t r a n s e c t l i n e s which were p e r p e n d i c u l a r to the contours (see Appendix 

F i g . 1 ) . The d i s t a n c e between t r a n s e c t l i n e s v a r i e d . I t was dependent 

upon the a r e a and the d i s t r i b u t i o n of the h a b i t a t and the number of p l o t s 

to be l o c a t e d . A l l p e l l e t groups were removed from the p l o t s when p l o t s 

were f i r s t e s t a b l i s h e d in December 1972. W i n t e r , s p r i n g , summer and autumn 

_d.Ls.tr_ib.uti.on. and habi t a t u s e by deer were determined f rom pel- let—group-

counts a t the end of March, J u n e , September and December 1973. 

P e l l e t group counts a r e u s u a l l y made a t the end of w i n t e r o n l y because 

o f the d i f f i c u l t y of f i n d i n g p e l l e t groups in the growing season through 

the ground being obscured by v e g e t a t i o n . In t h i s s tudy i t was f e l t 

j u s t i f i a b l e to make counts in a l l s e a s o n s , g iven v e r y thorough s e a r c h e s of 

a l l p l o t s w i t h long g r a s s and P t e r i d i u m in June and September and on those 

p l o t s w i t h Ca1luna a t a l l t i m e s . 

3 . 2 . 2 E s t i m a t i o n of P l a n t A v a i l a b i l i t y and Cover D e n s i t y 

P l a n t a v a i l a b i l i t y was measured by v i s u a l e s t i m a t i o n of the percentage 

a r e a of ground covered by p o s s i b l e food p l a n t s namely, g r a s s e s and g r a s s l i k e 

p l a n t s , C a l l u n a and P i c e a s i t c h e n s i s . In the l a s t ment ioned, a v a i l a b i l i t y 

i n c l u d e d growth up to a he ight of 1.23 m. The s c a l e of a v a i l a b i l i t y used 

was a m o d i f i c a t i o n by DeVos and Mosby (1969) of that d e v i s e d by Aldous 

http://_d.Ls.tr_ib.uti.on
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OSkk) to e s t i m a t e d e n s i t y of a v a i l a b l e browse. The s c a l e used in the 
p resen t study had a base e s t i m a t e of 5% ( r a r e ) r i s i n g to a maximum of 95% 
(dominant) in increments of 10%. 

Two methods were used to measure d e n s i t y of ground c o v e r : the Wight 

D e n s i t y Board method (DeVos and Mosby 1969) and a q u a l i t a t i v e s c o r e method 

based on Thomson (1966 ) . The Wight D e n s i t y board i s 1.84 m. h igh w i th each 

30 cm. marked o f f and numbered from one , a t the bottom, to s i x a t the top . 

The board was used by being p l a c e d a t one end of each p l o t and read ing from 

the o t h e r e n d , from d i r e c t l y in f r o n t of the board and one metre to the 

l e f t , the f i g u r e s which were unobscured by c o v e r . The mean of t h e s e two 

read ings was taken as the measure of c o v e r ; zero cover gave a read ing of 21 

( 1 + 2 + 3 . . . . + 6 ) , whereas w i t h the board t o t a l l y o b s c u r e d , the read ing was 

z e r o . Hence a measure of the v i s u a l o b s t r u c t i o n o r d e n s i t y of cover was 

i n d i c a t e d . The b a s i c c r i t e r i o n f o r u s i n g the s c o r e method was a l l v e g e t a t i o n 

up to a he ight of 1.23m., s i n c e cover t h i s h igh i s s u f f i c i e n t to comple te ly 

h i d e a d e e r . P l a n t growth of t h i s he ight would be c l a s s i f i e d as t a l l w i t h 

tha t c l a s s e d as moderate and low being p r o p o r t i o n a t e l y s h o r t e r . 

Ground Cover 
Q u a l i t y : None Low Moderate T a l l 
S c o r e : 0 1 2 3 

E s t i m a t i o n of canopy cover was a l s o based on a q u a l i t a t i v e s c o r e 

p r o c e d u r e . Us ing t h i s method, a l l growth above 1.23 m. was c l a s s i f i e d 

Canopy Cover 
Q u a l i t y : None S c a r c e Moderate Dense 
Cover: 0 1 2 3 

a s canopy. For example , a mature deciduous canopy in w i n t e r cou ld be 

c l a s s i f i e d as s c a r c e s i n c e l e a v e s a r e a b s e n t , but in summer when the 

l a t t e r a r e p resen t the same canopy cou ld be c l a s s i f i e d as d e n s e . 

In dense or t a l l cover the s c o r e method p r o v i d e s a h igh s c o r e whereas 
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the d e n s i t y board read ing would be low. S i n c e the two methods p r o v i d e 

converse r e s u l t s , c a r e in i n t e r p r e t i n g t h e s e i s r e q u i r e d . For example , a 

n e g a t i v e r e l a t i o n s h i p between d e n s i t y board cover e s t i m a t e s and i n d i c e s o f 

deer use in an a r e a would i n d i c a t e tha t the h i g h e s t l e v e l of d e e r u s e of 

the a r e a was a s s o c i a t e d w i t h maximum d e n s i t y of ground c o v e r , whereas the 

o p p o s i t e r e s u l t would be i n d i c a t e d i f cover e s t i m a t e s based on the s c o r e 

method were r e l a t e d to the deer usage i n d i c e s . 

3 . 2 . 3 O b s e r v a t i o n of I n d i v i d u a l s 

O b s e r v a t i o n s were made in each month of 1973 and from A p r i l to 

J u l y 197^ u s i n g 7 x 35 mm. b i n o c u l a r s from a v e h i c l e on f o r e s t roads o r 

d u r i n g wa lks through the s tudy a r e a . They were made between 6 a .m. to 

9.30 a .m. in the mornings and from 5 p.m. to 10 p.m. in the even ings d u r i n g 

l a t e s p r i n g and summer; from 7.30 a .m. to 10 a .m. in the mornings in e a r l y 

autumn, and from 8 a .m. to nbon a t a l l o t h e r t imes of the y e a r . Each t ime 

a deer was o b s e r v e d , i t s s e x , b e h a v i o u r , h a b i t a t type where l o c a t e d , and 

age group based on body s i z e , and a l s o degree o f a n t l e r development in m a l e s , 

were no ted . A deer was c l a s s e d a s a k id i f under s i x months o f age; as 

a y e a r l i n g from s i x months to 18 months of a g e . A d u l t s were o v e r 18 months 

o f a g e . A l l o b s e r v a t i o n s were p l o t t e d on maps of s c a l e 1 cm. = 0.1 km. 

The number of hours spent o b s e r v i n g in each month was a l s o r e c o r d e d . 

3 . 2 . 4 E s t i m a t i o n of T e r r i t o r y and Home Range S i z e 

T e r r i t o r y r e f e r s to a defended a r e a which in roe deer i s he ld by a 

mature buck (Bramley 1971 ) . J u v e n i l e bucks and does of a l l ages do not 

defend the a r e a they occupy which i s t h e r e f o r e r e f e r r e d to a s a home range . 

E s t i m a t i o n o f t e r r i t o r y and home range s i z e i s dependent upon the 

a b i l i t y to i d e n t i f y i n d i v i d u a l s . The o n l y marking techn ique permi t ted by 

the F o r e s t r y Commission in the Hamster ley a r e a was the s e l f - a t t a c h i n g 

c o l l a r method (Verme 1962) . The c o l l a r s were made from s t r i p s of c o l o u r e d 

p l a s t i c (Dal ton Marker S t r a p s ) and had f l a s h s made from d i f f e r e n t l y c o l o u r e d 
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p l a s t i c tape s t u c k onto e i t h e r s i d e . From March to May 197^, about 50 

s e l f - a t t a c h i n g c o l l a r s were l o c a t e d on s e l e c t e d deer paths throughout the 

s tudy a r e a . In a d d i t i o n , k i d s captured w i t h i n a few days o f b i r t h were 

tagged in one ear w i t h a l a r g e numbered p l a s t i c e a r t a g . 

Some i n d i v i d u a l deer cou ld be i d e n t i f i e d from n a t u r a l markings and 

a n t l e r c h a r a c t e r i s t i c s : does as i n d i v i d u a l s by s c a r s and p e l a g e , i n d i v i d u a l 

n o n - t e r r i t o r i a l bucks by t h e i r smal l body s i z e , ' b u t t o n s ' , hard sp iked 

a n t l e r s o r more o f t e n by t h e i r s p i k e d , sometimes s l i g h t l y f o r k e d , v e l v e t 

a n t l e r s . Adul t bucks which were n o n - t e r r i t o r i a l were so recogn ised by 

t h e i r r e t i r i n g , s u b m i s s i v e b e h a v i o u r , tendency to c a r r y t h e i r heads low 

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

bucks were d i s t i n g u i s h e d by t h e i r b e a r i n g , b e h a v i o u r , l a r g e s i z e and 

i d e n t i f i e d i n d i v i d u a l l y by t h e i r a n t l e r c o n f o r m a t i o n . Fur thermore , the 

a n t l e r s of t e r r i t o r i a l bucks had a l r e a d y shed the ' v e l v e t ' i n l a t e 

February or March. T h i s was some weeks be fore i t was l o s t by n o n - t e r r i t o r i a l 

a d u l t bucks and some months be fore i t s l o s s i n n o n - t e r r i t o r i a l y e a r l i n g 

b u c k s . . _ . . . _. 

Ske tches were made of the a n t l e r form of a l l b u c k s . When an i n d i v i d u a l l y 

r e c o g n i s a b l e deer was o b s e r v e d , the l o c a t i o n was noted on a map of s c a l e 

1 cm = 0.1 km. The a r e a of the t e r r i t o r y o r home range dur ing the per iod 

o f t e r r i t o r i a l behav iour from March to August (Bramley 1970) was e s t i m a t e d 

by the polygon method. T h i s i n v o l v e s j o i n i n g the outermost l o c a t i o n s o f 

s i g h t i n g s by s t r a i g h t l i n e s and measur ing the a r e a thus e n c l o s e d . 

3 . 2 . 5 O u t l i n e of S t a t i s t i c a l T e s t s Used 

Sokol and Roh l f (1969) i s the r e f e r e n c e t e x t f o r a l l s t a t i s t i c a l 

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

I t was n e c e s s a r y to compare the f requency d i s t r i b u t i o n s of numbers of 

p e l l e t groups per p l o t in i n d i v i d u a l h a b i t a t s in each s e a s o n , w i t h the 

P o i s s o n d i s t r i b u t i o n in c a s e the data r e q u i r e d t r a n s f o r m a t i o n f o r a n a l y s i s 

i. See A ^ e ^ d i x 5. 

L 
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of v a r i a n c e ( a n o v a ) . T h i s was done u s i n g the c o e f f i c i e n t of d i s p e r s i o n 
index and c h i - s q u a r e (Southwood 1968 ) . I t was found t h a t a l l f requency 
d i s t r i b u t i o n s , except one which was clumped, were of the P o i s s o n type 
(see s e c t i o n 3 .3 .1 and Appendix 2 ) . The numbers of p e l l e t groups per p l o t 
f o r a l l h a b i t a t s were then t ransformed u s i n g square roo ts i^c+ 5 ) so t h a t 
a s i n g l e c l a s s i f i c a t i o n anova could be c a r r i e d o u t . A l though square root 
t r a n s f o r m a t i o n of clumped data i s not s t r i c t l y v a l i d , even i f such data 
a f t e r t r a n s f o r m a t i o n o n l y approximate to a normal d i s t r i b u t i o n , the 
p a r a m e t r i c anova can s t i l l be u s e d . An a l t e r n a t i v e a n a l y s i s which a v o i d s 
t r a n s f o r m a t i o n i s the n o n - p a r a m e t r i c K r u s k a l - W a l 1 i s s i n g l e c l a s s i f i c a t i o n 
anova by ranks (see Appendix k). M u l t i p l e comparisons t e s t s of s i g n i f i c a n c e 
among means were based on the a p o s t e r i o r i Student-Neumann-Keuls (SNK) t e s t . 
A l l m u l t i p l e comparisons t e s t s were made a t the 5% l e v e l o f s i g n i f i c a n c e 
o n l y because comparisons a t ano ther l e v e l o f s i g n i f i c a n c e would e n t a i l 
d u p l i c a t i o n of a l l t a b l e s which show m u l t i p l e compar isons a n a l y s e s . 
C l a s s i f i c a t i o n s of a l l p e l l e t group da ta under h a b i t a t t ypes and s e a s o n s 

were c o n s i d e r e d as f ixed_ef_f iects a s opposed torandom e f f e c t s . 

C o r r e l a t i o n a n a l y s i s was conducted u s i n g the n o n - p a r a m e t r i c Spearmann 

c o e f f i c i e n t of rank c o r r e l a t i o n . T h i s method can be used when the data 

a r e known not to be b i v a r i a t e normal ly d i s t r i b u t e d and when the v a r i a b l e s 

be ing t e s t e d a r e not s u s c e p t i b l e to a c c u r a t e measurement ( P a r k e r 1973) . 

3 .3 R e s u l t s 

3 .3 .1 Counts of P e l l e t Groups as an Index of D i s t r i b u t i o n and Hab i ta t U s e . 

The t o t a l number of p e l l e t groups counted on a l l p l o t s f o r each season 

was:winter11 I, s p r i n g 8 9 , summer 108 and autumn 110. The f i t t i n g o f the 

f requency d i s t r i b u t i o n of counts of p e l l e t groups per p l o t to the P o i s s o n 

i n d i c a t e d random d i s t r i b u t i o n s in i n d i v i d u a l h a b i t a t s in each s e a s o n , w i t h 

the e x c e p t i o n of the p l a n t a t i o n i n w i n t e r when p e l l e t groups were clumped 

(see Appendix 2 ) . The d i s t r i b u t i o n of p e l l e t groups over the e n t i r e s tudy 

a r e a was random in summer but clumped in each of the remaining s e a s o n s . 

No counts o f p e l l e t groups were made in the f i e l d s i n any s e a s o n . T h i s 
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was because about one month be fore the w i n t e r p e l l e t group count was made, 

someone removed the p e l l e t group p l o t m a r k e r s . R e - l o c a t i o n of the p l o t s 

was not c a r r i e d out as the markers might be removed a g a i n . In a d d i t i o n , 

dur ing walks in the f i e l d s in w i n t e r I never found deer f a e c e s . T h i s was 

taken to be e v i d e n c e i n d i c a t i n g l i t t l e o r no deer a c t i v i t y in t h i s h a b i t a t . 

I t h e r e f o r e dec ided to r e l y on o b s e r v a t i o n a l o n e to i n d i c a t e u s e of t h i s 

a r e a . 

The number of p e l l e t groups per 100 m? of sampled h a b i t a t f o r each 

season i s g iven i n T a b l e 1. Dur ing each s e a s o n , the r i d e s were the most 

h e a v i l y used h a b i t a t , w i t h the c l e a r i n g s and p l a n t a t i o n the second and t h i r d 

most h e a v i l y used r e s p e c t i v e l y , except in autumn when the p l a n t a t i o n was 

more h e a v i l y used than the c l e a r i n g s . The mature p ine was used to a 

g r e a t e r ex ten t than the mature spruce and dec iduous t y p e s . A n a l y s i s of 

t h e s e data u s i n g a s i n g l e c l a s s i f i c a t i o n anova i n d i c a t e d s i g n i f i c a n t 

T a b l e 1. Number o f p e l l e t groups per 100 m? of h a b i t a t in each s e a s o n . 

Seasons 

Hab i ta t Type Sampled 
Area m? 

Wi n t e r 
No. pe r 
100 mf 

Spr i ng 
No. pe r 

100 m? 

Summer 
No. per 

100 nf; 

Autumn 
No. per 

100 nf; 

Mature Spruce 1700 1.1 ( 1 9 ) a * 1.1 (19) 0 . 8 (13) 1.0 (18) 

Mature Pine 300 2 .0 (6) 1.0 (3) 1.0 (3) 1.7 (5) 

Deciduous 600 0 .3 (2) 0 . 3 (2) 0 . 8 (5) 0 . 5 (3) 

P l a n t a t i o n 9 0 0 b ' 2 . 3 (21) 1.8 (16) 2 . 9 (26) 3 .4 (27) 

C l e a r i ngs 1500 _ 3 . 3 (50) 2.k (36) 3.1 (k7) 2 . 9 {kk) 

Rides 250 5 .2 (13) 5.2 (13) 5 .6 ( l i f ) 5 . 2 . ( 1 3 ) 

'Number of p e l l e t groups i n sampled a r e a . 

"800m? i n autumn. 

d i f f e r e n c e s (P < 0 . 0 1 ) in the number of p e l l e t groups among h a b i t a t s w i t h i n 

each season (see T a b l e 2 ) . 
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T a b l e 2 . S i n g l e c l a s s i f i c a t i o n anova of counts of p e l l e t groups i n each 
season among h a b i t a t s . 

Source of V a r i a t i o n 

T o t a l 102 

Wi n t e r 

d . f . S . S . M.S. 

Among h a b i t a t s 5 5.87 1.17 
Wi th in h a b i t a t s 99 16.93 0.17 
T o t a l 104 

Spr i ng 

d . f . S . S . M.S. 

Among h a b i t a t s 5 3 .86 0 .77 
Wi th in h a b i t a t s 99 14.13 0 .14 
To ta l 104 

Summer 

d . f . S . S . M.S. 

Among h a b i t a t s 5 7 .44 1.48 
Wi th in h a b i t a t s 99 12.12 0 .12 
T o t a l 104 

Autumn 

d. f . s . s . M . S . 

Among habi t a t s 5 6 .63 1 .32 
Wi th in h a b i t a t s 97 15.28 0 .15 

s . 
6 . 8 6 1 

s . 
5.41 

12.15 

8 . 5 8 ' 

1 S i g n i f i c a n t a t P = 0.01 

The SNK t e s t was used to show among which h a b i t a t s d i f f e r e n c e s in the 

mean number of p e l l e t groups were s i g n i f i c a n t , w i t h i n seasons (see T a b l e 3) 

These t e s t s i n d i c a t e that in the r i d e s the mean was s i g n i f i c a n t l y d i f f e r e n t 

(P < 0 .05 ) from the mean in each of the o t h e r h a b i t a t s in each s e a s o n , 

except f o r the c l e a r i n g s in autumn. The mean f o r the c l e a r i n g s was 

s i g n i f i c a n t l y d i f f e r e n t from the same in the deciduous d u r i n g each s e a s o n , 

from the mature p ine in summer and mature spruce in w i n t e r , summer and 

autumn. For h a b i t a t s ranked one to four in w i n t e r and s p r i n g and those 

ranked one to t h r e e in summer and autumn, d i f f e r e n c e s were not s i g n i f i c a n t 

(P > 0 . 0 5 ) . 
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The i n f l u e n c e of season on p e l l e t group numbers in each h a b i t a t was 

t e s t e d u s i n g a s i n g l e c l a s s i f i c a t i o n anova (see T a b l e k). I t was found 

tha t season d id not have a s i g n i f i c a n t i n f l u e n c e (P > 0 . 0 5 ) on p e l l e t 

group numbers in an i n d i v i d u a l h a b i t a t . No SNK t e s t s were c a r r i e d out 

as the o v e r a l l anovas were not s i g n i f i c a n t . 

Tab le 3 . M u l t i p l e compar isons of the mean number of p e l l e t groups per p l o t 
in each h a b i t a t in each s e a s o n . 

Wi n t e r 

Habi t a t Type: Deci duous Mature Mature P l a n t a t i o n C l e a r i n g s R ides 
Spruce P ine 

Rank: 1 2 3 4 5 6 
Mean: 0 . 7 9 0 .98 1.16 1.18 1.38 1.72 

Spr i ng 

Hab i ta t Type: Deci duous Mature Mature P l a n t a t i o n C l e a r i ngs R i d e s 
P i n e Spruce 

Rank: 1 2 3 4 5 6 
Mean: 0 .79 0.97 0 .98 1.12 1.23 1.68 

-

Summer 

Hab i ta t Type: Mature Deci duous Mature P l a n t a t i o n C l e a r i n g s R ides 
Spruce P i n e 

Rank: 1 2 3 4 5 6 
Mean: 0 . 8 9 0.91 0 .97 1.36 1.38 1.80 

Autumn 

Habi t a t Type: Deci duous Mature Mature C l e a r i n g s P l a n t a t i o n R i d e s 
Spruce Pi ne 

Rank": - 1 2 3 4 5 6 
Mean: 0 . 8 4 0 . 9 ^ 1.11 1.33 1 .42 1.75 

D i f f e r e n c e s not s i g n i f i c a n t at P = 0 .05 a r e u n d e r l i n e d 
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Tab le 4 . S i n g l e c l a s s i f i c a t i o n anova of counts of p e l l e t groups in each 
h a b i t a t w i t h s e a s o n . 

Mature Spruce 

Source of V a r i a t i o n d . f . S . S . M.S. F 
s . 

Among seasons 3 0 .15 0 .05 0 . 4 6 1 -
Wi th in seasons 132 14.88 0.11 
T o t a l 135 

Mature P ine 

Source of V a r i a t i o n d . f . S . S . M.S. F 
s . , 

Among seasons 3 0 .18 0 . 0 5 1 
0.51 " 

Wi th in seasons 20 2 .32 0.11 
To ta l 23 

Deci duous 

Source o f V a r i a t i o n . d . f . S . S . M.S. F 
S . H 

Among seasons 3 0.11 0 .03 1 
0 . 6 0 1 " 

Wi th in seasons 44 2 .57 0 .05 
T o t a l 47 

P l a n t a t i o n 

Source of V a r i a t i o n d . f . S S M S 
• • • • 

F 
s . . 

Among-seasons 3 1.08 0 .36 1 
1.99 * 

Wi th in seasons 66 11.91 0 . 1 8 
T o t a l 69 

C l e a ri ngs 

Source o f V a r i a t i o n d . f . S S M S F . s . . 
Among seasons 3 0 .46 0 . 1 5 1 

0.71 
Wi th in seasons 116 24 .98 0.21 
T o t a l 119 

_ Rides 

Source o f V a r i a t i o n d . f . S. S. 'M. S. F 
s . , 

Among seasons 3 0 .04 0.01 1 
0 .09 * 

Wi th in seasons 16 2 .63 0 .16 
To ta l 19 

"Not s i g n i f i c a n t a t P = 0 .05 
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3 . 3 . 2 D i s t r i b u t i o n of the Seasona l T o t a l Number of O b s e r v a t i o n s as an 
Index of Habi ta t Use and P r e f e r e n c e 

O b s e r v a t i o n s in the s tudy a r e a were s u b j e c t to b i a s e s caused by 

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

b i a s e s could not be e l i m i n a t e d and the data in T a b l e 5 a r e c o n s i d e r e d w i t h 

t h i s in mind. Monthly h a b i t a t p r e f e r e n c e s could not be determined s i n c e 

the t o t a l number of o b s e r v a t i o n s f o r each month was smal l (see Appendix 9 ) . 

T h e r e f o r e , the monthly data have been pooled in to s e a s o n s , and h a b i t a t 

p r e f e r e n c e s determined on a s e a s o n a l b a s i s w i th the same months compr is ing 

each season of 1973 as comprised the s e a s o n a l p e l l e t group d a t a . The 

p r e f e r e n c e r a t i o s employed in T a b l e 5 , assume a p r o p o r t i o n a l r e l a t i o n s h i p 

between the a r e a of a h a b i t a t and i t s importance to d e e r , a l though such an 

assumpt ion i s not s t r i c t l y v a l i d because a rea i s not the o n l y component 

o f a h a b i t a t . However, the r e l a t i o n s h i p so d e r i v e d does prov ide a u s e f u l 

index o f r e l a t i v e h a b i t a t p r e f e r e n c e . 

Over h a l f o f a l l o b s e r v a t i o n s in each s e a s o n , except s p r i n g 197^, were 

made in the c l e a r i n g s , a r e s u l t produced p a r t l y by v i s i b i l i t y being much 

b e t t e r in t h i s h a b i t a t than in any o t h e r . The percentage of o b s e r v a t i o n s 

i n the mature spruce in each season except autumn 1973 and s p r i n g 197^. was 

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

caused by c r a c k i n g s t i c k s when w a l k i n g through i t . The percentage of 

o b s e r v a t i o n s in each of the remaining h a b i t a t s amounted to l e s s than 10% 

o f the t o t a l in any s e a s o n , excep t f o r the p l a n t a t i o n in s p r i n g 197^; 

even so in each s e a s o n , maximum h a b i t a t p r e f e r e n c e was f o r the r i d e s fo l lowed 

by the c l e a r i n g s and mature p i n e types r e s p e c t i v e l y . Deer u s e o f the 

p l a n t a t i o n and deciduous h a b i t a t s was p r o p o r t i o n a l to t h e i r a v a i l a b i l i t i e s 

o n l y in s p r i n g . Those h a b i t a t s which were a p p a r e n t l y unimportant to the 

deer were the mature s p r u c e , p l a n t a t i o n , deciduous and f i e l d s . The data 

i n d i c a t e a non-random d i s t r i b u t i o n of deer in the study a r e a a s a whole . 
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3 . 3 . 3 R e l a t i o n s h i p of Counts of P e l l e t Groups to P l a n t A v a i l a b i l i t y and Cover 
D e n s i t y in I n d i v i d u a l Habi ta t T y p e s . 

The r e l a t i o n s h i p of the mean number of p e l l e t groups per p l o t w i th 

mean v a l u e s of i n d i v i d u a l s i t e f a c t o r s for i n d i v i d u a l h a b i t a t types dur ing 

each season i s shown in F i g . 3 . a to f . D e t a i l s of t h e s e data a r e g iven in 

Appendices 1 and k. C o e f f i c i e n t s of rank c o r r e l a t i o n ( r g ) of counts of 

p e l l e t groups w i t h the percentage d e n s i t y of p l a n t types could be computed 

o n l y f o r those h a b i t a t s where the p l a n t type o c c u r r e d . For example , in 

the mature spruce h a b i t a t , rank c o r r e l a t i o n c o e f f i c i e n t s were not c a l c u l a t e d 

f o r numbers of p e l l e t groups w i th d e n s i t y of g r a s s e s and g r a s s l i k e p l a n t s , 

s i n c e t h i s p l a n t group was not a v a i l a b l e w i t h i n i t (see F i g . 3 a ) . In 

the f o l l o w i n g t e x t the term v a r i a b l e r e f e r s to changes between seasons 

from p o s i t i v e to n e g a t i v e rank c o r r e l a t i o n and v i c e v e r s a , f o r counts of 

f a e c a l groups w i t h another f a c t o r . 

In the mature spruce h a b i t a t , numbers of p e l l e t groups were low in 

a l l seasons ( F i g . 3 a ) . Canopy cover was c o n s t a n t throughout the y e a r 

as was the d e n s i t y board measurement of ground c o v e r . P e l l e t groups were 

s i g n i f i c a n t l y (P < 0 . 0 5 ) i n v e r s e l y a s s o c i a t e d w i t h ground cover in w i n t e r 

o n l y : the re was no apparent r e l a t i o n s h i p between t h e s e two f a c t o r s in the 

remaining s e a s o n s . No attempt was made to c o r r e l a t e numbers of f a e c a l 

groups w i th the s c o r e method e s t i m a t e s of ground cover in t h i s h a b i t a t 

because of the absence of h e r b s , g r a s s e s and dwarf shrubs which normal ly 

compr ise the ground c o v e r . Numbers of p e l l e t groups were s i g n i f i c a n t l y 

p o s i t i v e l y rank c o r r e l a t e d (P < 0 . 0 5 ; P < 0.01 in s p r i n g ) w i t h canopy cover 

in a l l seasons (Tab le 1 0 ) . 

In the dec iduous , fewer p e l l e t groups were found per u n i t a r e a than in 

any o t h e r h a b i t a t . The s c o r e and d e n s i t y board methods i n d i c a t e d tha t 

ground and canopy c o v e r i n c r e a s e d d u r i n g the s p r i n g and d e c r e a s e d in 

summer and autumn. P e l l e t group numbers were s i g n i f i c a n t l y (P < 0 .05 ) rank 

c o r r e l a t e d w i t h d e n s i t y board e s t i m a t e s of ground cover o n l y in w i n t e r 

(Tab le 9 ) . but s i g n i f i c a n t l y c o r r e l a t e d (P < 0 . 0 5 ; P < 0.01 in w i n t e r ) 
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w i t h s c o r e cover e s t i m a t e s in w i n t e r and autumn (see T a b l e 1 0 ) , and w i t h 
canopy cover in a l l seasons except summer (P < 0 . 0 5 ; P < 0 . 0 1 in w i n t e r and 
autumn) . G r a s s e s and g r a s s l i k e p l a n t s were the o n l y important p lan t 
group. I t s d e n s i t y was s i g n i f i c a n t l y (P < 0 . 0 5 in autumn; P < 0 . 0 1 in 
w i n t e r ) c o r r e l a t e d to deer use in w i n t e r and autumn o n l y (Tab le 6 ) . 

T a b l e 6 . Rank c o r r e l a t i o n c o e f f i c i e n t s of counts o f p e l l e t groups w i th 
d e n s i t y o f g r a s s e s and g r a s s l i k e p l a n t s . 

Hab i ta t Type Wi n t e r 

Seasons 

S p r i n g Summer Autumn 

Mature P i n e 6 

Deciduous 12 

P l a n t a t i o n 18' 

C l e a r i n g s 30 

Rides 

a . 

-b . 

- 0 . 2 6 

0 . 7 9 5 

0 .22 

0 . 3 8 1 

- 0 . 0 5 

0 . 5 5 

0A5 
- 0 . 2 5 

0 . 0 2 

-0A5 

-0 .41 

0.11 

-0 .11 

0.27 

0 

0 . 2 6 

0 . 6 3 1 

0 . 1 0 

0 . 0 8 

-0M 

1 2 . 
Si g n i f i c a n t at P = 0 . 0 1 "Si gni f i cant a t P = 0 . 0 5 

' 1 6 in autumn 

'Cannot be compared w i t h t a b u l a t e d v a l u e a t above s i g n i f i c a n c e l e v e l 
as sample s i z e - i s too smal l (Snedecor and Cochran—1967~)~~ 

T a b l e 7 - Rank c o r r e l a t i o n c o e f f i c i e n t s of counts o f p e l l e t groups 
w i t h d e n s i t y of Pi cea s i t c h e n s i s 

Seasons 

Hab i ta t Type n Wi n t e r S p r i n g Summer Autumn 

P l a n t a t i o n 18 0 . 2 7 0.k7] 0 . 3 0 0A7]-
C l e a r i ngs 30 - 0 . 1 0 0 . 0 6 0 . 0 2 - 0 . 1 9 

' S i g n i f i c a n t at P = 0 . 0 5 . 

The mature p ine had lower numbers of p e l l e t groups in s p r i n g and 

summer than in w i n t e r and autumn. There was an i n c r e a s e in the d e n s i t y of 
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canopy and ground cover in the s p r i n g , which then remained c o n s t a n t dur ing 

the summer but decreased in the autumn. Ground and canopy cover were not 

s i g n i f i c a n t l y (P > 0 . 0 5 ) r e l a t e d to f a e c a l group numbers in any season 

( T a b l e s 9 and 1 0 ) , p o s s i b l y a r e f l e c t i o n of the smal l sample s i z e . G r a s s e s 

and g r a s s l i k e p l a n t s were the most common p lan t t y p e , but i t s d e n s i t y was 

not s i g n i f i c a n t l y r e l a t e d to numbers of p e l l e t groups a t any t ime (Tab le 6 ) . 

T a b l e 8 . Rank c o r r e l a t i o n c o e f f i c i e n t s of counts of p e l l e t groups w i th the 
d e n s i t y of Ca1 luna v u l g a r i s 

Hab i ta t Type n Wi n t e r 

Seasons 

Spr i ng Summer Autumn 

P l a n t a t i o n 18 0 . 0 9 0 . 5 6 1 ' 0A7]' - 0 . 1 9 

C l e a r i ngs 30 0 . 5 5 2 ' 0 . 2 2 0 .27 0 . 1 5 

R i d e s 3 * 5 0 . 5 5 0 . 6 5 - 0 . 5 2 0 .72 

' S i g n i f i c a n t a t P = 0 . 0 5 " S i g n i f i c a n t a t P = 0 . 0 1 

a , S e e Tab le 6 . 

In the p l a n t a t i o n , fewer p e l l e t groups were found in s p r i n g than in 

any o t h e r s e a s o n . The d e n s i t y board and the s c o r e method both i n d i c a t e d 

an i n c r e a s e in cover dur ing the s p r i n g which then remained c o n s t a n t dur ing 

the summer. In autumn the s c o r e method i n d i c a t e d a d e c r e a s e in ground 

cover whereas the d e n s i t y board suggested tha t i t remained s t e a d y . The 

rank c o r r e l a t i o n c o e f f i c i e n t of f a e c a l group numbers w i th cover measured 

u s i n g the s c o r e method was s i g n i f i c a n t (P < 0 . 0 1 ) in s p r i n g o n l y (Tab le 1 0 ) . 

No c o r r e l a t i o n s were found between f a e c a l group numbers and the d e n s i t y 

board e s t i m a t e s of ground cover (Tab le 9 ) . Rank c o r r e l a t i o n c o e f f i c i e n t s 

c o u l d not be c a l c u l a t e d f o r numbers of p e l l e t groups w i th e s t i m a t e s of 

canopy c o v e r , as the l a t t e r was a b s e n t . Ground v e g e t a t i o n was abundant 

i n the p l a n t a t i o n but w i th s i g n i f i c a n t (P < 0 . 0 5 ) a s s o c i a t i o n s o n l y f o r 

f a e c a l counts w i t h P i c e a in s p r i n g and autumn and w i t h C a l l u n a in s p r i n g and 

summer (Tab les 7 & 8 ) . Rank c o r r e l a t i o n s between p e l l e t groups, and g r a s s e s and 
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g r a s s l i k e p l a n t s were v a r i a b l e between s e a s o n s , and i n d i c a t e d the absence 

o f an a s s o c i a t i o n between these two f a c t o r s (see T a b l e 6 ) . 

T a b l e 9 . Rank c o r r e l a t i o n c o e f f i c i e n t s of counts of p e l l e t groups w i th 
cover measured u s i n g the Wight D e n s i t y Board . 

Hab i ta t Type n Wi n t e r Spr i ng 

Seasons 

Summer Autumn 

Mature Spruce 34 - 0 . 3 6 1 * - 0 . 0 9 - 0 . 0 7 0 .13 

Mature P ine 6 0 .20 0.71 0 .03 0 .93 

Deci duous 12 0 . 5 8 1 " 0 . 0 6 0.30 0 .35 

P l a n t a t i o n 18 0 . 0 9 0 . 1 4 0 .03 - 0 . 1 6 

C l e a r i ngs 30 - 0 . 3 6 0 .16 0.11 0 . 1 4 

R i d e s 3 ' 5 - 0 . 5 9 0 .02 - 0 . 5 5 - 0 . 3 0 

" S i g n i f i c a n t a t P = 0 .05 

a " S e e T a b l e 6 . 

T a b l e 10. Rank c o r r e l a t i o n c o e f f i c i e n t s of counts of p e l l e t groups 
w i t h .cover measured u s i n g the sc.Qr.e_method.. 

Seasons 

Hab i ta t Type Cover Winter S p r i n g Summer Autumn 
I y p e , j , r 

Mature Spruce Canopy 0 .42 ' 0 .53 0 .45 0 .38 

Mature P ine Canopy 0 .74 0 .65 0 .65 - 0 . 0 3 

Ground 0.57 0 .79 - 0 . 0 3 0.57 

Deciduous Canopy 0 . 7 9 2 " 0 .45 0 . 6 3 1 - 0 . 7 2 2 " 

Ground 0 . 7 9 2 ' 0 .45 0.11 0 . 6 3 1 " 

P l a n t a t i o n Ground 0.41 0 . 6 1 2 ' 0 .22 0.32 

C l e a r i n g s Ground 0 . 4 9 2 " 0 .12 0 . 4 7 2 ' 0 . 3 9 1 -

R i d e s 3 , Ground 0 .52 0 .75 0 .55 0 .60 

" S i g n i f i c a n t a t P = 0 .05 ' S i g n i f i c a n t at P = 0 . 0 1 . 

a " S e e T a b l e 6 . 

The c l e a r i n g s h a b i t a t had mean numbers of p e l l e t groups per p lo t which 

were s i m i l a r in a l l seasons except s p r i n g when the re was a r e d u c t i o n . 

http://sc.Qr.e_
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Ground cover i n c r e a s e d s l i g h t l y in s p r i n g and then d e c r e a s e d in autumn, 

a c c o r d i n g to both methods of e s t i m a t i n g c o v e r . Rank c o r r e l a t i o n s f o r f a e c a l 

groups w i t h s c o r e cover e s t i m a t e s were s i g n i f i c a n t (P < 0 . 0 5 ; P < 0.01 in 

w i n t e r and summer) in a l l seasons except s p r i n g ( s e e T a b l e 1 0 ) , but w i t h 

the d e n s i t y board e s t i m a t e s of cover the c o r r e l a t i o n s were v a r i a b l e between 

seasons and not s i g n i f i c a n t a t any time (Table 9 ) . Al though ground 

v e g e t a t i o n was r e l a t i v e l y common, f a e c a l groups were s i g n i f i c a n t l y (P < 0 . 0 5 ) 

a s s o c i a t e d w i th g r a s s e s and g r a s s l i k e p l a n t s and w i t h C a l l u n a in w i n t e r 

o n l y (Tab les 6 and 8 ) . The low rank c o r r e l a t i o n s between f a e c a l groups 

and P i c e a i n d i c a t e d tha t these two v a r i a b l e s were not a s s o c i a t e d at any 

t ime (Table 7 ) . 

The r i d e s h a b i t a t had much h igher numbers of p e l l e t groups than any 

o t h e r h a b i t a t . Both methods of e s t i m a t i n g ground cover i n d i c a t e d an 

i n c r e a s e in d e n s i t y in s p r i n g and a gradual d e c r e a s e in summer and autumn. 

Rank c o r r e l a t i o n s of f a e c a l group numbers w i t h e s t i m a t e s of cover and p l a n t 

a v a i l a b i l i t y could not be t e s t e d f o r s i g n i f i c a n c e (see T a b l e s 6 , 8 , 9 and 1 0 ) . 

3 . 3 . 4 Counts of P e l l e t Groups Re la ted to P lan t A v a i l a b i l i t y in the E n t i r e 
Study Area 

P e l l e t group counts were s i g n i f i c a n t l y c o r r e l a t e d (P < 0 .01 ) dur ing 

each season w i t h the t o t a l d e n s i t y of ground v e g e t a t i o n , tha t i s up to a 

he igh t of 1.23 m. . (Tab le 1 1 ) , s i g n i f i c a n t l y c o r r e l a t e d (P < 0 . 0 1 ) w i t h 

the d e n s i t y of P i c e a s i t c h e n s i s (Tab le 13) and Ca1luna (Tab le 1 4 ) . 

T a b l e 11. Rank c o r r e l a t i o n c o e f f i c i e n t s of p e l l e t group counts w i t h the 
t o t a l d e n s i t y of v e g e t a t i o n . 

Season r 
s 

S i g n i f i c a n c e L e v e l s 
P = 0 .05 P = 0.01 

Sample Si ze 

Wi n t e r 0 .28 s i g . s i g . 105 

Spr i ng 0.27 ii I I I I 

Summer 0.47 n 1 1 n 

Autumn 0 . 4 9 I I 1 1 103 
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T a b l e 12. Rank c o r r e l a t i o n c o e f f i c i e n t s of p e l l e t group counts w i t h the 
d e n s i t y of g r a s s e s and g r a s s l i k e p l a n t s over s tudy a r e a a s a whole 

Season r 
s 

S i g n i f i c a n c e L e v e l s 
P = 0 .05 P = 0.01 

Sample S i z e 

Wi n t e r 0 .22 s i g . n . s . 105 

Spr i ng 0.11 n . s . n . s . 1 1 

Summer 0 .33 s i g . s i g . ii 

Autumn 0 .35 " 1 1 103 

T a b l e 13. Rank c o r r e l a t i o n c o e f f i c i e n t s of p e l l e t group counts w i th the 
d e n s i t y of Pi cea s i t c h e n s i s over s tudy a r e a a s a whole . 

Season r 
s 

S i g n i f i c a n c e L e v e l s 
P = 0 .05 P = 0.01 

Sample Si ze 

Wi n t e r 0 . 2 9 s i g . s i g . 105 

Spr i ng 0.37 n I I n 

Summer OAS I I " 11 

Autumn O.kS I I 11 103 

t a b l e 14. Rank c o r r e l a t i o n c o e f f i c i e n t s of p e l l e t group counts w i t h the 
d e n s i t y of C a l l u n a v u l g a r i s over s tudy a r e a as a whole . 

Season r 
s 

S ign i f i c a n c e 
P = 0 .05 

L e v e l s 
P = 0.01 

Sample Si ze 

Wi n t e r 0 .55 s i g . s i g . 105 

Spr i ng 0.51 n n I I 

Summer 0 .66 I I I I I I 

Autumn 0 .59 I I I I 103 

3 . 3 . 5 Counts of P e l l e t Groups R e l a t e d to Cover D e n s i t y in the E n t i r e Study 
Area 

Numbers of p e l l e t groups were s i g n i f i c a n t l y rank c o r r e l a t e d (P < 0 . 0 5 ) 

w i t h the d e n s i t y board e s t i m a t e s of ground cover on ly in w i n t e r (Table 1 5 ) . 
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T a b l e 15. Rank c o r r e l a t i o n c o e f f i c i e n t s of p e l l e t group counts w i th d e n s i t y 
of cover over the study a r e a as a who le , measured u s i n g the 
Wight D e n s i t y Board . 

Season r 
s 

S i g n i f i c a n c e L e v e l s 
P = 0 .05 P = 0.01 

Sample Si ze 

Wi n t e r 0 .22 s i g . n . s . 105 

Spr i ng 0.10 n . s . n 11 

Summe r 0 .18 I I 11 1 1 

Autumn 0 . 1 9 it 1 1 103 

A n a l y s e s r e l a t i n g the number of p e l l e t groups to ground and canopy 

c o v e r measured u s i n g the s c o r e method a r e shown in T a b l e 16. 

T a b l e 16. Rank c o r r e l a t i o n c o e f f i c i e n t s of p e l l e t group counts w i t h the 
d e n s i t y of cover over the s tudy a r e a as a who le , measured 
u s i n g the s c o r e method. 

Season Ground Cover ( r ) s ' Canopy Cover (r ) Sample Si ze 

Wi n t e r 

Spr i ng 

Summer 

Autumn 

0 . 3 1 2 ' 

0 . 2 3 1 ' 

"oM2'-
0 . 4 8 2 ' 

- 0 . 1 7 

- 0 . 2 5 1 ' 

-0 .11 
2 

- 0 . 3 3 

105 
I I 

I I 

103 

1 ' S i g n i f i c a n t at P = 0 . 0 5 . 
2 

' S i g n i f i c a n t at P = 0 . 0 1 . 

There was a s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n (P < 0 .05 in s p r i n g ; P < 0.01 

in w i n t e r , summer and autumn) between p e l l e t group numbers and ground cover 

i n each s e a s o n . In c o n t r a s t , p e l l e t group numbers and canopy were i n v e r s e l y 

c o r r e l a t e d throughout the y e a r . The c o r r e l a t i o n c o e f f i c i e n t s were 

s i g n i f i c a n t (P < 0 .05 in s p r i n g ; P < 0.01 in autumn) o n l y in s p r i n g and 

autumn. 

3 . 3 . 6 T e r r i t o r i e s 

The t e r r i t o r y s i z e was e s t i m a t e d fo r e i g h t bucks in 1973 and in 1974. 

Each buck cou ld be i d e n t i f i e d by i t s a n t l e r s ; none was marked w i t h a c o l l a r . 

The s i z e s of the t e r r i t o r i e s in each y e a r , number of o b s e r v a t i o n s of 
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i n d i v i d u a l bucks and the t ime i n t e r v a l between the f i r s t and l a s t o b s e r v a t i o n 

of an i n d i v i d u a l buck a r e g iven in T a b l e 24 . The d i s t r i b u t i o n of the 

t e r r i t o r i e s in 1973 and 1974 a r e i l l u s t r a t e d in F i g s , k and 5 r e s p e c t i v e l y . 

As i s to be expected w i t h a t e r r i t o r i a l a n i m a l , the re was l i t t l e 

o v e r l a p between neighbour ing t e r r i t o r i e s in e i t h e r y e a r ; in some c a s e s , a 

c l e a r gap e x i s t e d between them. For example , in 1973 a t t h e i r c l o s e s t 

p o i n t s , the t e r r i t o r y of buck number 8 was about 150 m. from tha t of number 

13 ( F i g . 4 ) . In 1974 the c o r r e s p o n d i n g t e r r i t o r i e s occup ied by bucks 26 

and 33 ( F i g . 5) over lapped s l i g h t l y . More t e r r i t o r i e s were s e p a r a t e in 

each y e a r than had a common boundary. 

The l o c a t i o n s of t e r r i t o r i e s in 1974 were in genera l s i m i l a r to those 

in 1973. T e r r i t o r i e s of bucks 8 , 1 3 , 15 i 17 and 12 in 1973 l a r g e l y c o r r e s ­

ponded to those of 2 6 , 3 3 , 3 4 , 23 and 40 r e s p e c t i v e l y in 1974. S i n c e 

t e r r i t o r i a l bucks a r e c a p a b l e of ho ld ing t h e i r t e r r i t o r i e s f o r s e v e r a l 

y e a r s , i t was probable that in each c a s e the same buck occup ied the g iven 

t e r r i t o r i e s in the two y e a r s . No t e r r i t o r i e s were d e l i n e a t e d in 1974 

which corresponded, to t.ho_s_e of _bucks_2 .and_7 in 1.9.73... .Buck..number. 2 was 

shot in l a t e August 1973. There was no i n d i c a t i o n in 1974 of a buck t a k i n g 

o v e r i t s t e r r i t o r y . Buck number 7 i n 1973 cou ld have been number 31 in 

1974. The t e r r i t o r y of t h i s buck extended over p a r t s of the t e r r i t o r i e s 

he ld by numbers two and seven the p r e v i o u s y e a r . No bucks were seen to take 

over the t e r r i t o r i e s of bucks 3 1 , 35 and 40 a f t e r each was s h o t . Buck 

number 8 was observed th ree t imes w i t h doe 41 and four t imes w i t h an 

u n i d e n t i f i e d a d u l t doe. An a d u l t doe was seen to accompany bucks 2 , 7 , 

1 2 , 2 6 , 2 3 , 33 and 34 on two, f o u r , two, f i v e , f o u r , two and one o c c a s i o n ( s ) 

r e s p e c t i v e l y . Buck 31 was s i g h t e d in a w i n t e r group^" composed of an 

a d u l t doe , y e a r l i n g doe 46 and y e a r l i n g buck 5 4 , on n ine o c c a s i o n s . 

1 ' F r o m Bramley (1970) 
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T a b l e 17. T e r r i t o r i e s of bucks in 1973 and 1974. 

O b s e r v a t i o n s 

Deer numbers 
in 1973 

Age Number Time Range T e r r i to ry Si ze 
(ha.) 

2 Adul t 13 11 / 4 - 10/8 11.5 

4 10 2 4 / 4 - 27 /7 12.8 

1 14 30 /3 - 31 /8 14.5 

8 17 12/4 - 26/7 13.7 

12 10 2 4 / 4 - 3 1 / 8 5 .5 

13 8 2 / 6 - 2 4 / 6 11 .2 

15 7 11 / 4 - 8 /8 11 .5 

17 8 2 6 / 4 - 14/8 7 . 0 

10.9 + 1.1 

in 197^ 

23 13 2 8 / 3 - 30/7 10.6 

26 15 2 1 / 3 - 3/7 15.3 

3 1 a ' 13 4 / 4 - 7 / 5 11 .7 

33 9 2 4 / 4 - 2 0 / 6 14 .2 

3 4 a ' 8 3 0 / 4 - 1/7 10 .0 

3 5 a ' 4 16/4 - 7 / 5 11.1 

37 9 17/4 - 24 /7 Tl.7~ 

4 o a * 1 1 5 16/4 — 24 /7 7 .3 
11 . 5 + 0 . 9 

a * S h o t d u r i n g c u l l . Age determined from examinat ion of t e e t h conf i rmed 
above age c l a s s i f i c a t i o n . 

Each t e r r i t o r y o c c u p i e d p a r t s of two or more h a b i t a t t y p e s . I t 

was p o s s i b l e t h a t topograph ic f e a t u r e s such a s s tone w a l l s formed p a r t s 

of the t e r r i t o r y boundary o f bucks 8 , 13. 15. 2 6 , 33 and 34 , and a s t ream 

may have a l s o formed p a r t o f the t e r r i t o r y boundary o f bucks 13 and 33 . 

A l l o f t h e s e bucks had t e r r i t o r i e s border ing on the f i e l d s h a b i t a t which 

was surrounded by a s tone w a l l . T e r r i t o r y s i z e s i n 1974 were not 

s i g n i f i c a n t l y (P > 0 . 0 5 ) d i f f e r e n t from those in 1973. 





F i g . k. T e r r i t o r i e s o f bucks in 1973 
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3 . 3 . 7 Home Ranges of N o n - T e r r i t o r i a l Bucks 

The home ranges o f s i x and e i g h t n o n - t e r r i t o r i a l bucks were e s t i m a t e d 

i n 1973 and 1974 r e s p e c t i v e l y . D e t a i l s a r e g iven in Tab le 18 and F i g s . 6 

and 7 . Only one of t h e s e b u c k s , number 10 in 197 3 > was c l a s s i f i e d a s a d u l t . 

Bucks 5 and 50 were each marked w i t h a s e l f - a t t a c h i n g c o l l a r . Bucks 55i 56 

and 57 were e a r - t a g g e d a s k i d s in 1973. 

Bucks 5 i 11 and 16 were a lways observed a l o n e . Buck 11 was found 

dead o u t s i d e of i t s home range as shown i n F i g . 6 , in September 1973. Buck 

9 was o f t e n seen w i t h an a d u l t doe i n the w i n t e r months, a l though dur ing 

the t ime per iod shown i n T a b l e 18, i t was s o l i t a r y except f o r two o c c a s i o n s 

when an u n i d e n t i f i e d y e a r l i n g doe accompanied i t . Buck number 6 , a l though 

u s u a l l y s o l i t a r y , was once observed w i t h two u n i d e n t i f i e d y e a r l i n g b u c k s . 

Number 10, a l s o u s u a l l y s o l i t a r y , was seen t w i c e w i t h an u n i d e n t i f i e d a d u l t 

doe. In 1974, bucks 50 , 5 1 , 5 3 , 55 and 56 were a lways s i g h t e d a l o n e . 

Number 52 and 57 were normal ly s o l i t a r y but the former was observed t w i c e 

w i t h two u n i d e n t i f i e d y e a r l i n g bucks and the l a t t e r t w i c e w i th another 

y e a r l i n g . The t h r e e e a r - t a g g e d y e a r l i n g s were never seen t o g e t h e r . There 

was a g r e a t e r degree of o v e r l a p p i n g of home ranges of bucks in 1974 

than in 1973. The mean s i z e of the home ranges was s i m i l a r in each y e a r 

and s i m i l a r a l s o to the mean t e r r i t o r y s i z e . Home ranges a lways o c c u p i e d 

p a r t s o f two o r more h a b i t a t t y p e s . 

3 . 3 . 8 Home Ranges of Does 

Home ranges were e s t i m a t e d f o r t h r e e does in 1973 and f i v e in 1974. 

D e t a i l s a r e g iven in T a b l e 19 and F i g s . 8 and 9 . Does 41 and 44 ( s e e P l a t e 

7 ) were each marked w i t h a s e l f - a t t a c h i n g c o l l a r . Doe 45 was e a r - t a g g e d 

a s a k id in 1973. 

Of the does fo l lowed in 1973, number 41 was u s u a l l y s o l i t a r y , but 

was accompanied by buck number 8 on th ree o c c a s i o n s . Doe 42 had twin k i d s 

but one d i e d . T h i s doe was observed t w i c e by i t s e l f and w i t h the remaining 



T a b l e 18. Home ranges of n o n - t e r r i t o r i a l bucks in 1973 and 1974. 

Deer Number 
in 1973 

Age Number 

Observat ions 

Time Range Home Range 
( h a . ) 

6 Y e a r l i ng 9 2 6 / 4 - 7 / 6 11.6 

9 a - ii 7 16/4 - 3 / 5 10.1 

10 Adu l t 8 4 / 5 - 7 / 8 13.9 

16 Y e a r l i ng 7 2 2 / 5 - 4 / 8 13.3 

5 II 3 1/6 - 7/7 4.1 

l l a ' n 5 2 6 / 4 - 7 / 5 13.4 

11.1 + 1.5 

in 1974 

50 Y e a r l i ng 5 2 / 4 - 1/5 9 .6 

S I 3 " 5 7 / 4 - 6 / 5 8.1 

5 2 a ' " 7 13/4 - 1/5 12.8 

53 8 2 A - 2 8 / 5 3 .9 

54 13 11 /4 - 2 6 / 5 10.6 

5 5 b - 17 1 3 A - 12/6 20.1 

5 6 b - 15 9 A - 17/6 19.4 

5 7 b ' 9 1 0 A - 25 /7 7 . 6 

11 .5 + 2 . 0 

"Shot d u r i n g c u l l . Age determined from examinat ion of t e e t h 
conf i rmed above age c l a s s i f i c a t i o n . 

'Known age 



h5 

r 



F i g . 6 . Home ranges of n o n - t e r r i t o r i a l bucks 
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F i g . 7 . Home ranges of n o n - t e r r i t o r i a l bucks 
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P l a t e 7 . Doe No. kk. marked w i t h a s e l f -
a t t a c h i n g c o l l a r ( C l e a r i n g s h a b i t a t 
t y p e ) . 
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Table 19. Home ranges of does in 1973 and 1974 

Deer Number 
In 1973 

Age Number 

Observations 

Time Range Home Range 
(ha.) 

41 Yea r l i ng 10 2 7 / 5 - 31/7 6 .5 

42 n 10 16/6 - 2 / 8 7.1 

43 Adult 9 2 /6 - 1/8 10.5 

8.0 + 1.2 

in 1974 

44 Adult 13 8 / 5 - 25 /7 32 .3 

4 5 a " Yearl i ng 8 2 4 / 4 - 25 /7 13.9 

46 ii 12 10/4 - 5 /6 14.7 

47 ii 9 20 /5 - 5 /7 9 .7 

48 Adult 14 17/4 - 2 9 / 6 " 11.9 

16.5 + 4 . 0 

'Known age. 

kid on eight occasions. The kid was ear-tagged and in 1974 was year l ing 

buck 56 . Doe 43 had twins, one of which was ear-tagged and in 1974 was 

year l ing buck 55 . Thisdoe was accompanied by i t s kids each time i t was 

seen. Doe 44 had the largest home range of a l l bucks and does. This 

doe was observed three times in the winter of 1974 in an area approximately 

1 km. west of the study area (see F i g . 9 ) , but was not seen again unt i l 

the following June. At th is time, the doe was sighted c lose to the study 

area boundary but by ear ly July was again in the area where i t had been 

seen during the winter . Doe number 44 was always observed alone, as was 

doe 45 which was ear-tagged as a k id . Doe 46 was sighted alone three times 

but otherwise on the remaining occasions in the winter group of buck 31 . 

Doe 47 was observed alone s ix times and on three occasions with another 

year l ing doe. Doe 48 was seen once with each of t e r r i t o r i a l bucks 33 and 
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F i g . 8 . Home ranges of does in 1973. 
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F i g . 9 . Home ranges of does in 1974. 
The home range of doe kk i s drawn 
to the sca le of 0 .3 cm. = 100 m. 
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3k respect ive ly and twice with a k id . 

The mean home range s i ze of does in 197^ was over twice the mean in 

1973. Home ranges of does overlapped with those of non - te r r i to r i a l bucks 

and with the t e r r i t o r i e s of t e r r i t o r i a l bucks. A l l doe home ranges 

occupied two or more habitat types. 

3 A Discussion 

The random d is t r ibu t ion of pe l le t groups within individual habitat 

types in a l l seasons, except for the plantation in winter , i s at tr ibuted 

to the uniformity of the environment within each habi ta t . Random pe l le t 

group d is t r ibu t ions of Cervus canadensi s and Odocoileus hemionus within 

habitats were s i m i l a r l y explained by McConnell and Smith (1970). However, 

Bowden, Anderson and Medin (1969) found that pe l l e t group d is t r ibut ions 

of 0. hemionus wi th? n individual habitats were u s u a l l y , though not always, 

clumped. Non-random d is t r ibu t ions can be caused by aspects of soc ia l 

behaviour or by behavioural response to the physical habitat or both 

(Bowden et aj_ 19&9i McConnell and Smith 1970). The clumped d is t r ibu t ion 

of the pe l le t groups in the plantation in winter was possibly the resul t 

of a behavioural response to sheep which congregate at th is time in parts 

of the p lantat ion. Since deer were never observed in the f i e l d s , which 

were grazed by sheep (Ovi s a r i e s ) , nor c lose to them in other parts of the 

f o r e s t , i t i s suggested that roe avoid sheep. Such avoidance could cause 

the deer to use only those parts of the plantation from which sheep are 

absent. Such behaviour could have the e f fec t of producing greater numbers 

of pe l le t groups in some plots than others . 

For most habitat types there was an absence of s ign i f i can t corre la t ion 

(for exceptions see Section 3.3 .3) between pe l le t group numbers and the 

density of each plant type, including Ca1luna the pr inc ipa l food (see 

Section 4 ) . The fact that both pe l le t group numbers and estimates of the 

density of plant types extend over small ranges of values would tend to 

reduce the degree of cor re la t ion between them. Even so , the resul ts are 
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surpr is ing given that accordirig to Julander (1966), deer defecate mainly 
where they feed (see Section 3 . 1 ) . More s ign i f i can t rank corre la t ions than 
those shown in Section 3.3.3 might therefore be expected between faecal 
group numbers and the density of plant types in the rides and c lear ings 
habitats, p a r t i c u l a r l y s ince these habitats were the main feeding areas , 
and the most preferred habitats according to both counts of pe l l e t groups 
and observation data. It i s possible that in roe,defecation may not be 
in fact associated with feeding, but rather with such other a c t i v i t i e s 
as moving or bedding. If th is la t te r suggestion is t rue , then c loser 
re la t ionships might be expected between pe l le t group numbers and indices 
of cover in those habitats with a t t r a c t i v e cover conditions for deer. 

Quite c lose corre la t ions were indeed indicated between pe l le t group 

numbers and ground cover as measured using the score method in the p lantat ion, 

c lear ings and deciduous habitats and with canopy cover in the mature spruce 

and deciduous habi ta ts . Cover as a factor inf luencing habitat se lect ion by 

other cervids has been reported by Dzieciolowski (1969b) and Henry (1975). 

Canopy cover however, cannot be.of absolute importance ±n habitat s e l e c t i o n , 

as both counts of pe l le t groups and observation indicated the mature spruce 

and deciduous habitats to be the least preferred with the exception of the 

f i e l d s where the presence of sheep and c a t t l e as well as the absence of 

cover may have reduced i t s use by deer. 

The rank corre la t ion c o e f f i c i e n t s of pe l le t group numbers with 

the density board estimates of ground cover were more var iab le than the 

cor re la t ions with the score method values of ground cover. This i s 

surpr is ing because the density board had a greater number of possible 

cover values which would be expected in p r inc ip le to provide, with counts 

of pe l le t groups, c loser cor re la t ions than would the small number of 

possib le values provided by the score method. When using the density board, 

i t might have been best to have taken more than the two readings made for 

a given plot and to have averaged these. Because the score method provided 
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less var iab le rank corre la t ion c o e f f i c i e n t s with numbers of pe l le t groups, 
i t i s suggested that i t measures a parameter of cover which is of more 
importance to the deer than that measured by the density board. 

Both counts of pe l le t groups and observation indicated d i f f e r e n t i a l 

use by deer of habitats within each season. Neither method is an absolute 

technique for determining the degree of habitat use as both suf fer from 

the errors referred to in Section 3 . 2 . 1 . However, estimates of habitat use 

based on counts of pe l le t groups, may be the more re l i ab le because the 

method represents a continuous monitoring of use, whereas observation 

r e f l e c t s use only in the evenings and mornings. It i s probably best to 

employ the two methods in conjunction. 

The clumped d is t r ibut ion of pe l l e t groups over the study area as 

a whole in winter , spring and autumn was probably caused by marked di f ferences 

in the environment of the d i f ferent hab i ta ts . Clumped pe l le t group 

d is t r ibu t ions were reported for deer in heterogeneous environments by 

Bowden ejt aj_ (1969) and McConnell and Smith (1970). The random d is t r ibut ion 

of faecal groups over the study area in summer may have been caused by such 

environmental factors as the d is t r ibu t ion of bi t ing insects or areas of 

high temperature which superceded the influence of environmental hetero­

geneity, or possibly the random exploratory behaviour by kids led to 

the i r dams, l ikewise moving randomly as a resul t of following them. 

The total number of pe l l e t groups counted was lowest in spr ing. 

I t was unl ike ly that at th is time of year , many pe l le t groups were missed 

during the survey, or that many groups had been destroyed by insect at tack, 

s ince vegetation was more dense and insects more abundant in summer when 

many more pe l le t groups were found. A possible cause of the low spring 

total was a reduction in deer numbers. Four dead deer were found in the 

study area in March and Apri l 1973. Other animals may have died at that 

time, but were j u s t not found. In addi t ion , some bucks were shot on and 

around the study area during the c u l l in May. Subsequent movement of deer 
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into the study area and the b i r th of kids might explain why the total 
number of pe l le t groups in summer returned to a level s imi la r to that of 
winter . 

For the study area as a whole, the c loser re lat ionship of pe l le t 

group numbers, as indices of deer d i s t r i b u t i o n , to the density of Calluna 

than to that of any other plant type was not surpr is ing as Calluna was the 

pr incipal food. The c loser associa t ion of pe l l e t group numbers to the 

density of Pi cea than to that of grasses and g r a s s l i k e p lants , even though 

the la t te r was a more heavi ly used food than Pi cea (see Section 4 ) , may be 

because Pi cea was frequently also used by bucks as a fraying stock and the 

trees were a source of cover. Ca1luna and grasses and g r a s s l i k e plants a lso 

provide bedding areas for roe, and Jackson (1974) has noted that Dama dama 

regular ly defecate a f t e r r i s ing from bedding s i t e s . In the present study, 

although a corre la t ion was shown between food d is t r ibu t ion and deer 

d i s t r i b u t i o n , a more prec ise test for determining the importance of food 

in regulating roe d is t r ibu t ion is necessary. This could be obtained by 

co.r.re.la.ti ng_i.ndi.ces o.f_deer d is t r ibu t ion wi th Indices of the degree of use 

of the pr incipal foods. Food d is t r ibut ion i s known to influence the 

d is t r ibu t ion of other cervids (Mil ler 1968, Anderson et_ a_j_ 1972a, b, 

Staines 1974) and of Afr ican ungulates (Mukinya 1973, Spinage 1974). 

Deer d is t r ibu t ion in the study area as a whole was s i g n i f i c a n t l y 

correlated with the density board estimates of ground cover only in winter 

but s i g n i f i c a n t l y corre lated with the score method estimates of ground 

cover in a l l seasons. Ground cover might be expected to be more important 

in winter than in any other season because i t i s a source of shel ter at a 

time when weather condit ions are most severe. However, as reported by 

Squires (1975) for sheep, cover a lso provides privacy for the female during 

p a r t u r i t i o n , hides the young in the immediate post-natal period and i s a 

means of escape from predators and aggressive c o n s p e c i f i c s . Canopy cover, 

although not c l o s e l y related to deer d is t r ibu t ion over the study area as 

http://ng_i.ndi.ces
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a whole, was important l o c a l l y . The cover afforded by the canopy of mature 

even age timber stands, p a r t i c u l a r l y coni fer stands, i s important to deer, 

e s p e c i a l l y in winter. In the winter yarding areas of Odocoileus v i rq in ianus 

these stands reduce wind ve loc i ty and provide even temperature conditions 

(Verme 1965, Ozoga 1968). 

T e r r i t o r i a l boundaries often coincide with topographic features in 

roe deer (Bramley 1970, Hosey 1974, A. Louden pers. comm.), in Setonix 

brachyurus (Holsworth 1967) and in Vicunga vicunqa (Frankl in 1974). 

Where such features can be assumed to const i tu te the ent i re boundary of 

a t e r r i t o r y , then i t s s i z e can be estimated by measuring the area enclosed 

by these features (Hosey 1974). Using th is 'boundary method 1, Hosey (197*0 

estimated the mean t e r r i t o r y s i ze of roe at Chedington in 1972 to be 9.8 ha. 

a greater value than the means of 5.7 h a . , 8.1 ha. and 5.1 ha. for 1970 to 

1972 respec t ive ly , which he estimated using the polygon method. These 

l a t t e r estimates were general ly s imi la r to the average t e r r i t o r y s i z e s of 

7.4 h a . , for the same area given e a r l i e r by Bramley (1972). The mean 

te r r i tory si zes for the roe bucks a.t_ Hamster 1.e.y_of 1.0.9 ha.._and.JJ_.5_ha. 

in 1973 and 1974 were larger than those at Chedington and there was less 

var ia t ion between years . 

Considerable d iscussion has centred on the factors inf luencing 

t e r r i t o r y and home range s i z e . In the case of roe deer, Strandgaard (1972) 

suggested that home range s i z e was related to food a v a i l a b i l i t y . Kitchen 

(197^-) noted in Antil-ocapra americana that a l l t e r r i t o r i e s of males which 

received a doe during the rut , had a water source and a place where the 

buck could corner the doe. Kitchen suggested that Anti locapra americana 

might select t e r r i t o r i e s on the basis of forage abundance and qua 1 i t y , s inee 

indiv iduals concentrated the i r use in cer ta in parts of the i r t e r r i t o r i e s . 

Smith (1968) has reported that in Tamiasciurn sp. (tree s q u i r r e l s ) , t e r r i t o r y 

s i ze i s inversely correlated with food supply. The defence of such a 

resource as food could accord with Brown's (1964) theory on t e r r i t o r i a l i t y 
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that the energy and time expended in defending an area only has se lec t i ve 

value i f a resource in short supply could be e f f e c t i v e l y defended in that 

a rea . McNab (1963) suggested that a c lose re la t ionship existed between 

home range s i z e and the weight or metabolic rate of the animal. However, 

th is view was dismissed by Holsworth (1967) when d iscuss ing the factors 

inf luencing home range and t e r r i t o r y s i ze in Setonix brachyurus. 

Estes (197*0 commenting on the t e r r i t o r i a l system of male gregarious 

Afr ican bovids a lso concluded that body s i ze was unimportant and he stated 

that i t was not obvious why one species defended a larger area than another, 

although the frequency and in tens i ty of t e r r i t o r i a l i n te rac t ions , tolerance 

of bachelors and herding of females appeared to be related to t e r r i t o r y 

s i z e . For example, with species holding small t e r r i t o r i e s the herding and 

t e r r i t o r i a l encounters were frequent and intense, and aggression was 

directed against bachelors, while the opposite behaviour patterns were 

observed with species which held large t e r r i t o r i e s (Estes 1974). Leuthold 

(197*0 has stated that ' the expression of t e r r i t o r i a l i t y is af fected to 

a large extent by the s i z e , densi ty and di spersi on of- an-animal population, 

these in turn being governed by the qual i ty of the h a b i t a t 1 . But as 

pointed out by Spinage (197*0, the reasons for t e r r i t o r i a l i t y in one species 

may not be the same as those in another. 

On the basis of the above d i s c u s s i o n , d i f ferences in habitat structure 

might account for the d i f ferences in te r r i to ry and home range s i z e in roe 

deer between areas . The roe at Chedington having ideal habitat (Bramley 

1972) might therefore have been expected, as was in fact observed, to have 

smaller t e r r i t o r i e s than the deer in Hamsterley where the habitat i s far 

from i d e a l . However, Strandgaard (1972) reported mean t e r r i t o r y s i zes of 

30 ha. and 26 ha. for roe at Kalo , Denmark. Here almost a l l of the 

t e r r i t o r i e s extended over farmland as well as f o r e s t . Since the farmland 

should help to provide a p lent i fu l food supply, and with the forest 

providing ava i lab le food and cover, a large t e r r i t o r y might seem unnecessary 
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under these condi t ions, yet the mean t e r r i t o r y s i z e i s over twice that of 
Hamsterley.A.Louden (pers. comm.) has estimated mean t e r r i t o r y s i z e of roe 
deer in Glentress Fores t , Peebles to be j u s t over twice that at Hamsterley, 
yet from casual observation of G len t ress , I would judge that the structure 
of the habitat there is s imi la r to that at Hamsterley. Hosey (197*0 
invest igat ing the influence of food abundance on roe t e r r i t o r y s i z e in 
Chedington, establ ished that t e r r i t o r i e s there contained the same amount 
of food, i r respect ive of s i z e . This led Hosey to suggest that other 
f a c t o r s , such as food qual i ty and aggression, were important in inf luencing 
t e r r i t o r y s i z e . 

At Hamsterley, the mean home range s i z e of non- te r r i to r ia l bucks 

was the same in each year . At Chedington i t varied between years: Bramley 

(1972) recorded a mean home range s i z e of 15.0 ha. for the years 1966 and 

1968, an estimate over twice those of 6.7 h a . , 6.2 ha. and 3.9 ha. quoted 

in Hosey (1974) for the years 1970 to 1972. Hosey found that the non-

aggressive y e a r l i n g s , which were tolerated by the stand bucks, had larger 

home ranges than the more aggressive two arjd_J:hr^e_yea.r_joJd_no.n-ter_r_i .t.o_rj_aJ_ 

bucks which were res t r i c ted to smaller home ranges by t e r r i t o r i a l behaviour. 

A s imi la r s i tuat ion to th is was not apparent at Hamsterley s i n c e , with one 

exception, a l l the non- te r r i to r ia l males followed in both years were 

y e a r l i n g s . If the home ranges of more two and three year old bucks had 

been estimated at Hamsterley, then f indings s imi la r to those given by Hosey 

(197^) above for Chedington, might have been recorded. 

At Chedington, the year l ing bucks which were tolerated by the 

t e r r i t o r i a l males had a greater quantity of food ava i lab le within the i r 

home ranges than the two and three year old bucks which were res t r ic ted to 

areas of in fe r io r habitat (Hosey 197*0. The non- te r r i to r i a l year l ings at 

Hamsterley a l l had home ranges which overlapped with t e r r i t o r i e s and since 

these year l ings were tolerated by the stand bucks, i t seems probable that 

the quantity of food ava i lab le within the home ranges was s imi la r to that 
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in the t e r r i t o r i e s . This could perhaps explain the f inding at Hamsterley 

that in each year mean home range s i z e of non- te r r i to r ia l males was the 

same as mean t e r r i t o r y s i z e . 

At Hamsterley in 1973, the mean home range s i ze of does was less than 

that of non - te r r i to r i a l bucks, a f inding which accords with Hosey's (1974) 

work at Chedington. The high value for mean home range s i ze of does at 

Hamsterley in 1974 of over twice that of the previous year , i s possibly 

anomalous because the resul t was in f la ted by the except ional ly large (30 ha.) 

home range of doe 4 4 , an estimate of home range s i z e possibly more apparent 

than real because there may have been a s h i f t in the location of a smaller 

home range. Therefore, the 30 ha. area incorporated more than one home 

range. Unlike the s h i f t in home range reported in Bayless (1969) for 

Anti locapra americana, the doe at Hamsterley must have returned to i t s or ig ina 

a r e a , i f in fact i t le f t i t in the f i r s t instance. 

The exploratory behaviour of kids may cause the home range s i z e of 

the adult doe to increase following par tur i t ion and the ear ly part of 

lactat ion _(M.i_lJ_er_1.97-0.._Henr_y J9.7.5.)-.. - Su.ch-an_e.f_fect_o.f_ ki.ds_on-the..home 

ranges of does 43 and 48 was deduced, but not proven, s ince few observations 

were recorded on these does over the period concerned. Does presumably 

have abundant food within the i r home ranges, although Hosey (1974) was 

unable to f ind a corre la t ion between home range s i z e and mean food quantity 

within them. He at t r ibuted th is to his i n a b i l i t y to estimate home range 

boundaries accurate ly using the polygon method. 

The r e s t r i c t i o n of the s i z e of home range by high population dens i t i es 

in 0 . vi rqi nianus was implied by Marchinton and Jeter (1966) and reported 

by Marshall and Whittington (1968 ) . However, for the same s p e c i e s , 

Bridges (1968) reported the opposite resu l ts while Henry (1972) found home 

range s i z e to increase from summer to winter in the absence of any change 

in-population densi ty . As population density at Hamsterley was not known, 

i t s inf luence on t e r r i t o r y and home range s i z e cannot be d iscussed . At 

http://Su.ch-an_e.f_fect_o.f_
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Kalo , where population density i s about 1 deerA.O ha. according to 
Strandgaard (1972), t e r r i t o r y s i z e i s considerably greater than te r r i to ry 
and home range s i z e at Chedington, where the population density i s about 
1 deer /2 .5 ha. (from Bramley 1972) 1 ". However, these two areas have 
di s s i m i l a r habi ta ts . 

3.5 Summary 

1. Observations were made of roe deer behaviour and habitat use during 

each month of 1973 and from Apri l to July 197^ in an area of 213 ha. in 

Hamsterley Fores t . In the same a rea , pe l le t groups were counted on 100 

systemat ica l ly and f i ve randomly located 25 m. x 2 m. plots at the end of 

each season of 1973. On these plots estimates were made of the density 

of plant types using a percentage sca le from DeVos and Mosby (1969), of 

ground and canopy cover using a qua l i t a t i ve score method and of ground cover 

using a lso the Wight density board (OeVos and Mosby 1969). 

2 . Pe l l e t groups were d ist r ibuted at random within individual habitat 

types, except for the plantat ion habitat in winter , while over the study 

area as. a whole, they showed a clumped d i s t r i b u t i o n . In d i s c u s s i o n , i t 

i s suggested that the random d is t r ibu t ion of pe l l e t groups within individual 

habitats was due to the uniformity of the environment within each habi ta t , 

whereas the clumped d is t r ibu t ion over the study area as a whole was due 

to marked di f ferences in the environment of the d i f ferent hab i ta ts . 

3 . Seasonal use of individual habitats was general ly not s i g n i f i c a n t l y 

related to indices of plant type and cover dens i ty , while seasonal 

d is t r ibut ion over the study area as a whole was s i g n i f i c a n t l y related to 

these same i n d i c e s , although canopy cover was not very important. Food and 

'̂Home range s i zes not given in Strandgaard (1972). 
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cover as f a c t o r s i n f l u e n c i n g h a b i t a t c h o i c e and d i s t r i b u t i o n a r e d i s c u s s e d . 

k. The s c o r e method i s c o n s i d e r e d a more v a l u a b l e method o f e s t i m a t i n g 

ground cover than the Wight d e n s i t y board . 

5 . There was l i t t l e change in the c h o i c e of p r e f e r r e d h a b i t a t s between 

s e a s o n s : the r i d e s and c l e a r i n g s being the most p r e f e r r e d . Counts of 

p e l l e t groups w i t h i n i n d i v i d u a l h a b i t a t s a r e b e l i e v e d to i n d i c a t e h a b i t a t 

p r e f e r e n c e s more r e l i a b l y than o b s e r v a t i o n , a l though i t i s probably best 

to u s e both methods t o g e t h e r . 

6 . T e r r i t o r y s i z e s were s i m i l a r to the home range s i z e s of n o n - t e r r i t o r i a l 

b u c k s . Mean home range s i z e of does in 197** was t w i c e tha t of 1973. In 

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

p a r t u r i t i o n , popu la t ion d e n s i t y , p r o x i m i t y of food and c o v e r a l l a c t to 

i n f l u e n c e home range and t e r r i t o r y s i z e . 
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k. DETERMINATION OF DIET 

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

In the d e t e r m i n a t i o n of d i e t , i t i s o f t e n u s e f u l to employ s e v e r a l 

methods w i t h the aim of comparing and e v a l u a t i n g not on ly the r e s u l t s , 

but a l s o the t e c h n i q u e s t h e m s e l v e s . Standard Techniques of s tudy a r e 

the a n a l y s i s of stomach o r rumen c o n t e n t s and of f a e c e s . Both methods 

prov ide q u a l i t a t i v e and q u a n t i t a t i v e d a t a , the l a t t e r u s u a l l y being e x p r e s s e d 

on a percentage b a s i s . A t h i r d method i s to e s t i m a t e the p ropor t ion of the 

product ion of a p l a n t s p e c i e s grazed or browsed by the h e r b i v o r e c o n c e r n e d . 

One way of doing t h i s i s to compare p lan t growth i n s i d e and o u t s i d e 

e x c l o s u r e s . The data obta ined e s t i m a t e the amount of food a v a i l a b l e and 

tha t used by the h e r b i v o r e over a p a r t i c u l a r t ime p e r i o d . 

The r e l i a b i l i t y of the techn ique of rumen c o n t e n t s a n a l y s i s was t e s t e d 

by D i r s c h l ( 1 9 6 2 ) . He screened the stomach c o n t e n t s of A n t i l o c a p r a 

amer icana through s i e v e s of v a r i o u s mesh s i z e s and compared the p l a n t 

composi t ion of the conten ts of each s i e v e . D i r s c h l found l i t t l e d i f f e r e n c e 

in the mean s p e c i e s composi t ion of the c o n t e n t s of the d i f f e r e n t s i e v e s . 

In c o n t r a s t , a s i m i l a r t e s t by Bergerud and R u s s e l l (1964) on the rumen 

c o n t e n t s of Ranqi f e r ta randus led them to conc lude t h a t samples of l a r g e r 

p l a n t f ragments d id not a c c u r a t e l y i n d i c a t e d i e t . However, i f the f r a c t i o n s 

r e t a i n e d by a l l s i e v e s were a n a l y s e d , d i e t cou ld be de termined . 

S tewar t (1967) i n v e s t i g a t e d the r e l i a b i l i t y of f a e c a l a n a l y s i s . He 

noted t h a t p l a n t s which were r e a d i l y d i g e s t e d had fewer epidermal fragments 

present in f a e c e s than more i n d i g e s t i b l e p l a n t s . Hansen Peden and R i c e 

(1973) suggested 'the degree of d i g e s t i o n i n f l u e n c e d the mean weight l o s s 

per p l a n t fragment to a g r e a t e r ex ten t than the e f f e c t of d i g e s t i o n in 

reduc ing the t o t a l number of p lan t f r a g m e n t s ' . Fur thermore , Hansen e t a l 

(1973) s t a t e d t h a t even i f the r e c o g n i t i o n of fragments of h i g h l y d i g e s t i b l e 

p l a n t s d e c r e a s e d a f t e r d i g e s t i o n , the s i z e of the change i s o f t e n so smal l 

tha t the e r r o r would be of no b i o l o g i c a l impor tance , a v iew a l s o taken by 
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Todd and Hansen ( 1 9 7 3 ) . An advantage of the techn ique of m i c r o s c o p i c f a e c a l 
a n a l y s i s i s tha t i f the q u a n t i f i c a t i o n method of Sparks and Malechek (1968) 
i s u s e d , percentage dry weight of the i n g e s t e d p l a n t s can be es t imated 
from the r e l a t i v e d e n s i t i e s of r e c o g n i s a b l e p l a n t f ragments in h e r b i v o r e 
f a e c e s . T h i s i s a l e s s l a b o r i o u s method f o r e s t i m a t i n g the weight of 
p l a n t s used than the comparison of p l a n t growth i n s i d e e x c l o s u r e s w i t h tha t 
o u t s i d e . T h i s l a t t e r type of work has been c a r r i e d out by D z i e c i o l o w s k i 
(1969a) and Bobek, Weiner and Z i e l i n s k i (1972) i n P o l a n d . Such work can 
p rov ide data on p r e f e r r e d foods and the amount of energy u t i l i s e d by the 
deer per h e c t a r e of f o r e s t in r e l a t i o n to the t o t a l energy produced (Bobek 
e t al_ 1972) . 

The work d e s c r i b e d in t h i s study w i l l supplement the i n v e s t i g a t i o n s 

o f roe deer d i e t conducted by Hosey (197*0 a n d ' n a d d i t i o n , p rov ide new 

in fo rmat ion on the s e a s o n a l d i e t . I have used each of the th ree methods 

d e s c r i b e d above i n an e f f o r t to a s s e s s the-, r e l iab i 1 i t y o f t h e s e d i f f e r e n t 

t e c h n i q u e s . S i n c e s t r a y sheep were p r e s e n t in the s tudy a r e a , the amount 

of d i e t a r y o v e r l a p of the two s p e c i e s was a 1 so- de te rmined . -

4 . 2 Methods 

4 .2 .1 Determina t ion of D i e t from Rumen Contents A n a l y s i s 

Approx imate ly one l i t r e samples of rumen c o n t e n t s were c o l l e c t e d d u r i n g 

the per iod January 1973 to J u l y 1974 from deer which were shot dur ing 

r o u t i n e F o r e s t r y Commission c u l l i n g o p e r a t i o n s . Of t h e s e s a m p l e s , 16 were 

from does k i l l e d in January and February ( w i n t e r ) 1973; 21 from bucks k i l l e d 

i n May ( s p r i n g ) 1973; 24 from does k i l l e d in November (autumn) 1973; 21 

from bucks in May and June ( s p r i n g ) 1974 and e i g h t from bucks in J u l y 

(summer) 1974. Each sample was c o l l e c t e d in a po ly thene bag and f rozen 

u n t i l j u s t before e x a m i n a t i o n . I t was then thawed and s u c c e s s i v e l y washed 

in a 2 .0 mm? and a 1.0 mm? mesh s i e v e in o r d e r to remove f i n e p l a n t m a t e r i a l . 

The c o n t e n t s of the s i e v e s were spread out on an aluminium f o i l t r a y 

measur ing 30 cm. x 20 cm. and examined u s i n g the po in t frame method of 
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Chamrod and Box ( 1 9 6 4 ) . A maximum of 100 point c o n t a c t s were recorded per 
sample . The po in t frame method i s e f f i c i e n t and r e l a t i v e l y qu ick to c a r r y 
out when a l l the items in the rumens can be e a s i l y i d e n t i f i e d , and when 
mean v a l u e s of items in s e v e r a l rumens a r e requ i red and not v a l u e s f o r 
i n d i v i d u a l an ima ls (Robel and Watt 1970) . The method p r o v i d e s an e s t i m a t e 
of the percentage volume and percentage f requency of o c c u r r e n c e of a p l a n t 
s p e c i e s in a sample of rumens. The percentage volume of each p l a n t s p e c i e s 
i s d e r i v e d from the number o f p o i n t s c o n t a c t i n g tha t s p e c i e s in the sample 
a s a percentage of the t o t a l . Percentage f requency of o c c u r r e n c e i s the 
number of rumen samples (or d e e r ) in w h i c h . a g iven p l a n t i s found, e x p r e s s e d 
a s a percentage of the t o t a l . 

k.2.2 E s t i m a t i o n of P l a n t A v a i l a b i l i t y 

P l a n t a v a i l a b i l i t y was e s t i m a t e d to he lp e s t a b l i s h i f p l a n t s were 

used in p ropor t ion to t h e i r a v a i l a b i l i t y . E s t i m a t i o n of a v a i l a b i l i t y was 

based on a point sampl ing p r o c e d u r e . T h i s invo lved a count of the number 

o f s p e c i e s Which con tac ted a bamboo cane he ld v e r t i c a l l y a t ground l e v e l . 

At the end of June 1973. po in t sampl ing was conducted a t 2 . 5 m. 

d i s t a n c e s w i t h i n p e l l e t group p l o t s . T h i s gave 10 sample p o i n t s per p l o t . 

I t proved conven ient to sample the v e g e t a t i o n a t t h e s e d i s t a n c e s because I 

was count ing p e l l e t groups on the p l o t s a t the same t i m e . The method 

prov ided data on p l a n t a v a i l a b i l i t y f o r 105 p l o t s and thus a t 1050 sampl ing 

p o i n t s . A d d i t i o n a l data were ob ta ined from an a r b i t r a r y number of 170 

sample p o i n t s randomly l o c a t e d u s i n g the watch method in a r e a s of edge. 

In June 197^. p l a n t a v a i l a b i l i t y was e s t i m a t e d u s i n g po in t sampl ing 

a t f i v e metre d i s t a n c e s a long random w a l k s . The d i r e c t i o n of each f i v e 

metre d i s t a n c e was determined by the watch method. T h i s random w a l k i n g 

was a l s o used by A l l e n ( 1 9 6 8 ) , and was chosen fo r conven ience and because 

the f a e c a l group p l o t s of 1973 had been abandoned. I t was assumed t h a t 

da ta from a t o t a l of 500 sample p o i n t s would prov ide a r e l i a b l e index of 

p l a n t a v a i l a b i l i t y . The d i s t r i b u t i o n of these sample p o i n t s between h a b i t a t 
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types was: mature spruce 150, mature p ine 5 0 , deciduous 50 , p l a n t a t i o n 5 0 , 

c l e a r i n g s 150 and r i d e s 50. 

Al though t h i s sampl ing was conducted a t t imes when p l a n t s p e c i e s a r e 

most p l e n t i f u l , i t was assumed t h a t the data ob ta ined could s t i l l be used 

as the b a s i s of an index of p lan t a v a i l a b i l i t y dur ing w i n t e r and autumn 

when c e r t a i n p l a n t s and p lan t p a r t s , e g . v a r i o u s annual herbs and the l e a v e s 

of dec iduous t r e e s , a r e r e l a t i v e l y l e s s abundant . The above assumpt ion 

was c o n s i d e r e d a c c e p t a b l e because o n l y a s imp le index of a v a i l a b i l i t y e x p r e s s e c 

as percentage p l a n t f requency was r e q u i r e d , and not p r e c i s e e s t i m a t e s of the 

d r i e d weights o f p l a n t s p e c i e s in d i f f e r e n t s e a s o n s . For example , when 

p o i n t sampl ing in w i n t e r , the f requency o f o c c u r r e n c e of the p l a n t s p e c i e s 

should be the same as in summer, w i t h the e x c e p t i o n s given above, even though 

the d r i e d weight of the a v a i l a b l e v e g e t a t i o n in w i n t e r i s much l e s s than 

that in summer (Bobek e_t a j . 1972) , s i n c e o n l y the number of i n d i v i d u a l s p e c i e s 

c o n t a c t i n g the cane a r e r e c o r d e d . I t was a l s o assumed tha t t h e s e p l a n t 

a v a i l a b i l i t y data which were based on sampl ing conducted in the s tudy a r e a , 

were r e p r e s e n t a t i v e o.f__t he. . f o r e s t as. a who le . _. _ __ _ 

The data were c l a s s i f i e d a c c o r d i n g to the s c a l e of r e l a t i v e a v a i l a b i l i t y 

d e v i s e d by Chamrod and Box ( 1 9 6 8 ) . 

Q u a l i t a t i v e P e r c e n t A v a i l a b i l i t y 
D e s c r i p t i o n Frequency F a c t o r 

Rare 0 - 0 . 5 1 

O c c a s i o n a l 0 . 5 1 - 2 . 5 2 

Frequent 2 . 5 1 - 7 . 5 3 

Abundant > 7 . 5 k 

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

formula d e s c r i b e d by Chamrod and Box ( 1 9 6 8 ) . 

P r e f e r e n c e R a t i n g = % F r e q . of O c c u r r e n c e x % Volume 

A v a i l a b i l i t y F a c t o r 

P l a n t i d e n t i f i c a t i o n was based on Grant ( 1 9 ^ 7 ) , Hyde and Wade (1962) and 

Mart in ( 1 9 6 9 ) . 
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4 . 2 . 3 Determina t ion of D i e t from A n a l y s i s of Faeces 

Dur ing the l a s t t h r e e weeks of each month between January 1973 and 

December 197^, ten p e l l e t s were c o l l e c t e d from each f r e s h f a e c a l group found 

i n the s tudy a r e a . Each month's c o l l e c t i o n was s t o r e d in a s e p a r a t e j a r 

c o n t a i n i n g 5% formaldehyde s o l u t i o n . I t proved convenient to prepare seven 

p e l l e t s f o r a n a l y s i s a t a t ime . They were f i r s t l y so f tened in 5% sodium 

hydroxide s o l u t i o n in a beaker f o r 2k h o u r s . The sodium hydroxide s o l u t i o n 

was then poured o f f and r e p l a c e d by tap w a t e r , the r e s u l t i n g s u s p e n s i o n 

b o i l e d fo r 15 minutes w i t h con t inous s t i r r i n g , and the f a e c a l m a t e r i a l 

then a l lowed to s e t t l e . B o i l i n g f o r t h i s t ime proved adequate to prevent 

p l a n t fragments a d h e r i n g in c lumps. The superna te was poured o f f and tap 

water added. The r e s u l t i n g f a e c a l s u s p e n s i o n was s t i r r e d , a smal l sample 

t a k e n , p laced on a s l i d e , covered w i t h a watch g l a s s and examined a t 100 

t imes m a g n i f i c a t i o n . P l a n t s p e c i e s were i d e n t i f i e d by comparing the s i z e , 

p a t t e r n and type of the c e l l s in the fragments of c u t i c l e and e p i d e r m i s 

from the f a e c a l sample w i t h mounted p r e p a r a t i o n s of the same from l e a v e s 

_and stems of known p l a n t s , and wi th a r e f e r e n c e , photomicro.graph. co.l l e c t i o n 

of the same prepared by L i n l e y ( 1 9 7 3 ) . The procedure f o r p r e p a r a t i o n of 

mounts fo l lowed Zyznar and Urness ( 1 9 6 9 ) . F o l l o w i n g McDougall (1972 , 1975) 

counts were made of the number of r e c o g n i s a b l e p lan t f ragments in 15 random 

a r e a s of each s l i d e . 

The number of f a e c a l p e l l e t s requ i red to determine each month's d i e t 

was e s t i m a t e d as f o l l o w s : 

The p lan t group composi t ion of one p e l l e t from each monthly c o l l e c t i o n 

between January and May 1973 was determined by c o u n t i n g the number of 

i d e n t i f i a b l e p l a n t f ragments of each p l a n t group and e x p r e s s i n g t h i s a s a 

percentage of the t o t a l fragments of a l l p l an t g roups . The f o l l o w i n g 

data a r e a r c s i n e t r a n s f o r m a t i o n s o f t h e s e pe rcen tages (see S e c t i o n h.2.5). 
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Month 

J a n . 

F e b . 

March 

Apr i 1 

May 

G r a s s e s and 
G r a s s l i k e P l a n t s 

3 9 . 5 

3 9 . 8 

34 .3 

37 .3 

4 2 . 4 

Browse 

44.1 

4 2 . 4 

4 4 . 3 

3 8 . 8 

3 8 . 9 

P l a n t Groups 
Mosses and 

Ferns 

9 .5 

15.1 

12.8 

13.3 

10.5 

Herbs 

16.5 

15.1 

2 2 . 5 

2 5 . 8 

21 .3 

I t was assumed t h a t one p e l l e t can be a n a l y s e d by examining i t s c o n t e n t s 

on one s l i d e . The number o f p e l l e t s or s l i d e s requ i red to e s t i m a t e the mean 

o f each p l a n t group to w i t h i n 10% of the mean w i th 90% c o n f i d e n c e was 

c a l c u l a t e d u s i n g the f o l l o w i n g formula from DeVos and Mosby (1969) : 

N = s 2 x t 2 

(d x £ ) 2 

t = 2 .13 a t 4 degrees o f freedom (n - 1) a t P = 0 . 1 , d = d e s i g n a t e d a c c u r a c y 

of 20% t imes 5L. 

s 2 

N 

G r a s s e s - a n d -
G r a s s 1i ke P l a n t s 

38 .6 

9.1 

2 . 8 

P l a n t Groups 

Browse 

4 1 . 8 

7 . 4 

1.9 

Mosses and 
F e r n s 

12.2 

5.1 

15.6 

Herbs 

2 0 . 3 

19.2 

21 .2 

O v e r a l l N = 21; t h e r e f o r e the d e s i r e d l e v e l of a c c u r a c y per month w i l l be 

a c h i e v e d by a n a l y s e s of 21 p e l l e t s . S i n c e I had c o l l e c t e d a minimum number 

o f 80 p e l l e t s per month, I decided to a n a l y s e 70 o f t h e s e and to r e t a i n the 

remainder in c a s e they might be u s e f u l fo r f u t u r e a n a l y s e s . In 1974, I 

a n a l y s e d o n l y 35 p e l l e t s per month because the techn ique proved more t ime 

consuming and l a b o r i o u s than o r i g i n a l l y a n t i c i p a t e d and a l s o because a 

comparison was to be made w i t h the d i e t of s t r a y sheep u s i n g a l l the 

h a b i t a t types in the study a r e a except the f i e l d s . I t was c o n s i d e r e d v a l i d 

to compare the d i e t s of the sheep and deer occupy ing the same h a b i t a t s 

because w i l d and domest ic ungu la tes have s i m i l a r d i g e s t i v e a b i l i t i e s . 
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The f a e c a l p e l l e t s of sheep were prepared f o r a n a l y s i s a s d e s c r i b e d f o r 
the d e e r . In o r d e r to determine seasona l d i e t , the y e a r was s p l i t i n to 
p e r i o d s having the same monthly composi t ion a s d e s c r i b e d f o r s e a s o n a l 
d i s t r i b u t i o n and h a b i t a t u s e in S e c t i o n 3 . 2 . 1 . 

4 . 2 . 4 E s t i m a t i o n of Summer P l a n t Abundance and Use in a smal l C o n i f e r Wood 

T h i s work was c a r r i e d out in a smal l wood, o f a r e a 5 3 . 4 h a . , and 

known as Westmoor P l a n t a t i o n (see F i g . 1) which i s s i t u a t e d a t the nor thern 

c o r n e r o f Hamster ley F o r e s t . The c l a s s i f i c a t i o n of the h a b i t a t types in 

t h i s wood was based on the same c r i t e r i a a s was used to d e s c r i b e those in 

the main study a rea (see S e c t i o n 2 ) . S i x h a b i t a t types ( s e e F i g . 10) were 

recogn ised as f o l l o w s : 

B i r c h P ine i s dominated by 45 year o ld P inus s y l v e s t r i s but i n c l u d e s 

two t i n y s tands of 40 y e a r o l d B e t u l a s p . 

S c o t s P i n e i s dominated by 20 y e a r o l d po le s t a g e P inus s y l v e s t r i s . 

L a r c h i s dominated by 20 year o ld po le s tage L a r i x d e c i d u a . 

F i r Spruce has 20 year o ld Pseudostuqa m e n z i e s i i predominant but 

P i c e a a b i e s i s impor tant . 

P l a n t a t i o n c o n t a i n s s i x year o l d P i c e a s i t c h e n s i s and P inus s y l v e s t r i s . 

R ides s e p a r a t e o r form a boundary to a l l the po le s t a g e compartments. 

The number of e x c l o s u r e p l o t s requ i red was c a l c u l a t e d from data 

c o l l e c t e d in a p r e l i m i n a r y t r i a l conducted a t the end of March 1974. In 

t h i s t r i a l , ten 0 . 2 5 p l o t s were randomly l o c a t e d in each h a b i t a t u s i n g 

the watch method. In each p l o t a l l v e g e t a t i o n , e x c l u d i n g t r e e s , was cut 

a t ground l e v e l . In the c a s e of the l a t t e r , the c u r r e n t y e a r ' s growth 

up to a he ight of 1.23 m. was c l i p p e d , but not the l e a d e r shoot i f w i t h i n 

t h i s he ight range. S i m i l a r l y , o n l y the c u r r e n t y e a r ' s growth from the 

c l i p p e d stems of Ca 1 luna and Vacc?niurn, was u s e d . The p l o t s i z e of 0 . 25 irf; 

was chosen because i t was b e l i e v e d that t h i s was the maximum s i z e of p l o t 

from which c l i p p e d v e g e t a t i o n could be handled in the r e s t r i c t e d d r y i n g 
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F i g . 10. Hab i ta t Types in Westmoor P l a n t a t i o n 
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F i g . 11. Frequency d i s t r i b u t i o n of the t o t a l weight 
of v e g e t a t i o n ( to n e a r e s t gram) per 
0.25m2. p l o t from s i x h a b i t a t types in 
Westmoor P l a n t a t i o n . 
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f a c i l i t i e s a v a i l a b l e in the l a b o r a t o r y . The m a t e r i a l from each p l o t was 

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

The number of p l o t s requ i red per h a b i t a t (N) based on the data g iven 

below was c a l c u l a t e d u s i n g the f o l l o w i n g formula from DeVos and Mosby (1969) 

N = s 2 x t 2 

(d x . £ } 2 

where t = 2 .26 fo r n ine degrees of freedom a t P = 0 . 0 5 ; d i s the d e s i g n a t e d 

a c c u r a c y of 20% of the mean. 

Hab i ta t Type " Mean (:5c) dry weight s 2 N 
of v e g e t a t i o n in grams 

B i r c h P ine 19.7 • 70 .0 23 

S c o t s P ine 18.1 28 .7 11 

L a r c h 2 1 . 8 6 0 . 6 16 

Fi r Spruce 31 .7 81 .9 10 

P l a n t a t i o n 26 .7 44.1 8 

R ides 15.2 52 .7 29 

Tota1 97 

' 'See Appendix 7 . 

T h i s i n d i c a t e d tha t 97 p l o t s would p rov ide an e s t i m a t e of the g r o s s o v e r a l l 

amount of v e g e t a t i o n a v a i l a b l e , a c c u r a t e to w i t h i n 20% of the mean. S i n c e 

the amount of v e g e t a t i o n used was to be e s t i m a t e d by comparing the weight 

of v e g e t a t i o n c l i p p e d from a 0 .25 m2 p lo t i n s i d e each e x c l o s u r e w i th tha t 

from the same s i z e of p l o t o u t s i d e , an o v e r a l l t o t a l of 194 p l o t s were 

requi r e d . 

The p r e l i m i n a r y data (see Appendix 7) when p l o t t e d as a f requency 

d i s t r i b u t i o n ( F i g . 11) form an approx imate ly normal d i s t r i b u t i o n on ly 

s l i g h t l y skewed to the r i g h t . Ian Evans ( p e r s . comm.) suggested that in 

v iew of t h i s f a c t , i t was p e r m i s s a b l e to t r e a t the wood as a homogeneous 

h a b i t a t . Thus a g r i d sampl ing d e s i g n ( F i g . 12) could be u s e d , except f o r 

the r i d e s , the d i s t r i b u t i o n of which d id not permit the use of such a 



F i g . 12. Gr id sampl ing d e s i g n used to sample p l a n t 
type a v a i l a b i l i t y in Westmoor P l a n t a t i o n . 
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d e s i g n . A 0 .85 cm. g r i d o v e r l a y on a 1 cm. = 100 m. s c a l e map proved the 
most s u i t a b l e . Sampling was t h e r e f o r e conducted a t 89 m. d i s t a n c e s a long 
an approx imate ly northwest s o u t h e a s t b e a r i n g which was determined u s i n g 
a compass. I n i t i a l l y , the s i d e s of each g r i d square were measured u s i n g 
a tape measure , but t h i s proved l a b o r i o u s so pac ing was s u b s t i t u t e d . Most 
of the p l o t s which were p o s i t i o n e d i n the r i d e s were l o c a t e d a t random 
u s i n g the watch method. 

A t o t a l o f 82 p l o t markers were loca ted dur ing the 1st and 2nd of 

June 197*K At each of t h e s e p o s i t i o n s , an e x c l o s u r e measur ing 1.5 m. x 

1.0 m. x 1.0 m. and c o n s t r u c t e d of 2 cm. mesh nylon n e t t i n g supported by 

f o u r 2 m. bamboo c a n e s , was e r e c t e d . Ne t t ing w i t h t h i s s i z e of mesh would 

be adequate to keep out r a b b i t s (Oryc to lagus c u n i c u l u s ) and a l l l a r g e 

h e r b i v o r e s . I t was assumed that any g r a z i n g by mammals s m a l l e r than r a b b i t s 

and by i n v e r t e b r a t e s , would be the same i n s i d e and o u t s i d e the e x c l o s u r e s 

and could be d i s c o u n t e d in c o m p a r i s o n s . 

Between the 1st and 8 th September, a l l v e g e t a t i o n w i t h i n a 0 . 2 5 m̂  p l o t 

i n s i d e and o u t s i d e each of 75 ou.t._o.f the_82 . e x c l o s u r e s was c l i p p e d . _T_he 

n e t t i n g came o f f the remaining seven e x c l o s u r e s , so a t o t a l of o n l y 150 

p l o t s was c l i pped. 

The p l a n t s compr is ing the c l i p p e d samples were i d e n t i f i e d to the genus 

o r s p e c i e s l e v e l , and then each was oven d r i e d a t 70°C f o r 48 hours to 

c o n s t a n t w e i g h t . T h i s temperature was s u f f i c i e n t to d r i v e o f f w a t e r , but 

not too hot to remove v o l a t i l e s u b s t a n c e s ( T e l f e r 1969) . 

k.2.5 O u t l i n e of S t a t i s t i c a l T e s t s Used 

In o r d e r to u s e anova to t e s t f o r s i g n i f i c a n t d i f f e r e n c e s in the 

percentage o c c u r r e n c e s of p l a n t groups in samples of rumen c o n t e n t s and 

f a e c e s , the percentages were t ransformed to a n g l e s by u s i n g the a r c s i n e 

t r a n s f o r m a t i o n . T h i s t r a n s f o r m a t i o n s t r e t c h e s out both t a i l s of a 

percentage d i s t r i b u t i o n , compresses the m i d d l e , and so makes the 

d i s t r i b u t i o n normal . A s i n g l e c l a s s i f i c a t i o n anova was used to a n a l y s e 
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the data f o r each season based on examinat ion of rumen c o n t e n t s , and a 
two way anova w i t h r e p l i c a t i o n was used to a n a l y s e the seasona l data from 
a n a l y s i s of f a e c e s . In t h i s l a t t e r a n a l y s i s , s i n c e t h e r e were t h r e e months 
per season and each month was c o n s i d e r e d as one r e p l i c a t i o n , t h e r e were 
t h e r e f o r e th ree r e p l i c a t e s per s e a s o n . P l a n t g r o u p s , seasons and y e a r s 
were c o n s i d e r e d as f i x e d e f f e c t s in the a n o v a s . The means of the p l a n t 
group data f o r rumen c o n t e n t s a n a l y s i s and f a e c a l a n a l y s i s were a n a l y s e d 
s e p a r a t e l y u s i n g the m u l t i p l e comparisons SNK t e s t to show between which 
means d i f f e r e n c e s were s i g n i f i c a n t . These SNK t e s t s were a l l c a r r i e d out a t 
P = 0 . 0 5 . 

4 . 3 R e s u l t s 

4 .3 .1 D i e t Determined from Rumen Contents A n a l y s i s 

A t o t a l of 3^ p l a n t s p e c i e s , e x c l u d i n g the fungi and g r a s s e s , were 

i d e n t i f i e d from the 83 rumens examined. These s p e c i e s inc luded n ine 

t r e e s , f i v e dwarf s h r u b s , 13 h e r b s , t h r e e f e r n s , t h r e e g r a s s l i k e p l a n t s and 

one moss. G r a s s e s cou ld not be i d e n t i f i e d to s p e c i e s l e v e l , because o n l y 

p i e c e s of l e a f and o r stem were p r e s e n t and never i n f l o r e s e n c e s . S i n c e 

more than one s p e c i e s of fungus o c c u r r e d in the f o r e s t , I have assumed tha t 

the same was t r u e of the rumen s a m p l e s . 

The f requency of o c c u r r e n c e of the p lan t s p e c i e s found in the s tudy 

a r e a a r e g iven i n Appendix 6 . The percentage f requency o f o c c u r r e n c e , 

percentage volume, importance index , a v a i l a b i l i t y f a c t o r and p r e f e r e n c e 

r a t i n g of s p e c i e s used by the deer a r e g iven f o r e a c h season in T a b l e s 20 

to 2k. In the t ex t the term t r a c e r e f e r s to s p e c i e s w i t h an o c c u r r e n c e v a l u e 

o f 1% or l e s s . 

•+.3.1.1 Food P r e f e r e n c e s in the Winter of 1973 

I t i s seen from T a b l e 20 that C a l l u n a was the most important and the most 

p r e f e r r e d food at t h i s t i m e , fo l lowed in o r d e r by g r a s s e s and g r a s s l i k e 

p l a n t s , Pi n u s , P i c e a and Vacc i ni urn. The remaining s p e c i e s were o n l y of minor 
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Tab le 2 0 . Occur rence and p r e f e r e n c e of food p l a n t s in the d i e t dur ing 
the w i n t e r of 1973 (n = 1 6 ) . 

Speci es % 
Frequency 

% 
Vo1ume 

1ndex o f a ' 
1mportance 

A v a i l a b i l i t y P r e f e r e n c e 
F a c t o r R a t i n g 

TREES 

P i c e a s i t c h e n s i s 56 .2 9.0 506 4 126 

P inus s y l v e s t r i s 81 .2 2 8 . 4 2306 4 576 

DWARF SHRUBS 

C a l l u n a v u l g a r i s 93.7 4 1 . 2 3860 4 965 

E r i c a t e t r a l i x 12.5 0 . 3 4 1 4 

Rubus s p . 6 .2 0 . 6 4 1 4 

Vacc in ium m y r t i l u s 4 3 . 7 3 .0 131 2 65 

U n i d e n t i f i e d browse 50 .0 2.1 105 - -

GRASSES AND . 
GRASSLIKE PLANTS * 68 .7 11 .4 783 4 196 

HERBS 

Galiurn s a x a t i l e 25 .0 1.5 37 4 9 

_ P y r o l a s p . 6 .2 1.6 _ _ 1 0 1 10 

Rumex s p . 12.5 0.1 1 1 1 

V e r o n i c a s c u t e l l a t a 6 .2 0 0 1 0 

MOSSES 

Sphaqnum s p . 6 .2 0 0 2 0 

FUNGI 6 .2 0 . 5 3 1 3 

" Importance e q u a l s % f requency x % volume. 

" G r a s s l i k e p l a n t s i n c l u d e Carex s p . , Er iophorum vagi natum, Juncus s p . 
and L u z u l a s p . Where g r a s s l i k e p l a n t s cou ld be i d e n t i f i e d to s p e c i e s 
l e v e l , they were exc luded from the grouping of g r a s s e s and g r a s s l i k e 
p l a n t s . 
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impor tance . 

i f . 3 . 1 . 2 Food P r e f e r e n c e s in the S p r i n g of 1973 and 197*+. 

Twelve s p e c i e s on ly were i d e n t i f i e d in the rumen samples from the 

s p r i n g of 1973. whereas 29 were i d e n t i f i e d in those of s p r i n g 1974 (Tab les 

21 and 22) . 

G r a s s e s and g r a s s l i k e p l a n t s as a group, was the most p r e f e r r e d i tem 

i n 1973. but ranked second to Chamaenerion in 1974. T h i s l a t t e r s p e c i e s 

d i d not o c c u r i n any of the 1973 samples . C a l l u n a and V a c c i n i u m , the second 

and t h i r d most p r e f e r r e d p l a n t s in 1973 r e s p e c t i v e l y , were the t h i r d and 

f o u r t h most p r e f e r r e d in 1974. In 1973. P inus s y l v e s t r i s had a h i g h e r 

p r e f e r e n c e r a t i n g than P ? c e a , whereas in 1974 the r e v e r s e was the c a s e . 

Ranunculus was the f i f t h most p r e f e r r e d p l a n t in 1974. The c o r r e s p o n d i n g 

p o s i t i o n in the p r e v i o u s y e a r was he ld by Endymion which was absent from 

the 1974 s a m p l e s . L u z u l a was the s i x t h most p r e f e r r e d s p e c i e s in both 

yea r s . 

4 . 3 . 1 . 3 Food P r e f e r e n c e s in the Autumn of 1973 

A g r e a t e r number of s p e c i e s was p r e s e n t in the autumn samples o f 1973 

than i n those of the w i n t e r and s p r i n g of tha t y e a r (Tab le 2 3 ) . Ca1luna 

was the most important and p r e f e r r e d food , f o l l o w e d , in o r d e r , by Rubus, 

f u n g i , P inus s y l v e s t r i s , g r a s s e s and g r a s s l i k e p l a n t s and V a c c i n i u m . The 

remaining s p e c i e s had p r e f e r e n c e r a t i n g s below 4 0 . 

4 . 3 . 1 . 4 Food P r e f e r e n c e s in the Summer of 1974 

Chamaenerion was the most p r e f e r r e d food fo l lowed in o r d e r by C a l l u n a , 

P i cea , P s e u d o s t u q a , g r a s s e s and g r a s s l i k e p l a n t s , fungi and Vacc i nium. 

The remaining s p e c i e s were minor c o n s t i t u e n t s of the d i e t . 

4 . 3 . 2 Seasona l O c c u r r e n c e of P l a n t Groups in Rumen Samples 

For the y e a r as a whole , the p l a n t group composi t ion of the d i e t was 

42.4% dwarf s h r u b s , 22.7% t r e e s , 17.3% g r a s s e s and g r a s s l i k e p l a n t s , 13.0% 
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Tab le 2 1 . O c c u r r e n c e and p r e f e r e n c e of food p l a n t s in the d i e t d u r i n g the 
s p r i n g of 1973 (n = 1 4 ) . 

Speci es % 
Frequency 

% 
Volume 

1ndex of 
Importance 

A v a i l a b i 1 i ty 
F a c t o r 

P r e f e r e n c e 
Rat i ng 

TREES 

P i c e a s i t c h e n s i s 14.3 6 .0 86 4 21 

P inus s y l v e s t r i s 2 1 . 4 10.8 231 4 58 

DWARF SHRUBS 

C a l l u n a v u l g a r i s 6 4 . 3 29 .7 1910 4 477 

Vacc in ium m y r t i l u s 57.0 12.5 712 2 356 

U n i d e n t i f i e d browse 2 1 . 4 0 . 5 11 - -

GRASSES AND 
GRASSLIKE PLANTS 9 2 . 8 2 7 . 8 2850 4 645 

L u z u l a s p . 14.3 3.1 44 _ 1 44 

HERBS 

Endymion n o n - s c r i p t u s 14.3 3 . 5 50 1 50 

P lantaqo s p . 7.1 2 . 3 16 2 8 

Ranunculus s p . 2 1 . 4 1.2 __26 _ 2. 13-

Rumex s p . 7.1 0.1 1 1 1 

U r t i c a d i o i c a 14.3 1.9 28 2 14 

FERNS 

P t e r i d i u m a q u i l i n i u m 14.3 0 .2 3 3 1 
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T a b l e 2 2 . O c c u r r e n c e and p r e f e r e n c e of food p l a n t s in the d i e t dur ing the 
s p r i n g of 1974 (n = 2 1 ) . 

% % Index of A v a i l a b i l i t y P r e f e r e n c e 
Frequency Volume Importance F a c t o r R a t i n g 

TREES 

B e t u l a s p . 14.3 0 .5 7 2 4 

1 l ex a q u i f o l i u m 4 . 8 0 0 1 0 

L a r i x dec idua 19.1 0 .5 9 2 5 

P i c e a s i t c h e n s i s 4 2 . 8 4 .9 210 4 52 

P inus c o n t o r t a 9 . 5 0 .1 1 1 1 

P inus s y l v e s t r i s 38.1 3 .5 133 4 33 

Pseudostuga m e n z i e s i i 4 . 8 1 .0 5 1 5 

Quereus s p . 4 . 8 0 .3 1 2 1 

DWARF SHRUBS 

C a l l u n a v u l g a r i s 7 1 . 4 21 .2 1514 4 378 

E r i c a t e t r a l i x 4 . 8 0 0 1 0 

Rubus s p . 14.3 0 .6 8 1 8 

U lex europaeus 4 . 8 0 0 1 0 

Vacc in ium m y r t i l u s 52 .4 11 .1 582 3 194 

U n i d e n t i f i e d browse 19.0 3 .0 57 - -

GRASSES AND 
GRASSLIKE PLANTS 100 21 .9 2190 4 547 

L u z u l a s p . 2 3 . 8 4 .5 107 2 53 

Eriophorum vaqinatum 9 . 5 0 .3 3 2 1 

Juncus s p . 4 . 8 0 0 4 0 

HERBS 

C r e p i s s p . 4 . 8 0 .5 2 2 1 

Chamaenerion 
angust i f o l i u m 4 7 . 6 11 .9 566 1 566 

Gal ium s a x a t i l e 19.0 0 .8 15 4 4 

Lotus s p . 19.0 1 .8 34 2 17 

Oxa1i s a c e t o s e l l a 14.3 0 .2 3 2 1 

P lantago s p . 19.0 2 .1 40 2 20 

Potent i1 l a e r e c t a 4 . 8 1 .4 7 2 3 

Ranunculus s p . 19.0 3 .8 72 1 72 

/ c o n t i nued 
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Tab le 22 c o n t ' d . 

Speci es °/o 
Frequency 

% 
Volume 

Index of 
Importance 

A v a i l a b i l i t y P r e f e r e n c e 
F a c t o r R a t i n g 

HERBS c o n t ' d . 

Rumex s p . 2 3 . 8 0 . 6 14 2 7 

U r t i c a d l o i c a 4 . 8 0 0 2 0 

Ve ron ica s c u t e l l a t a 4 . 8 0 0 2 0 

FERNS 

P t e r i d i u m a q u i l i n i u m 14.3 2 .3 33 4 8 

U n i d e n t i f i e d v a s c u l a r 
p l a n t s 14.3 0 .3 4 - -
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T a b l e 2 3 . O c c u r r e n c e and p r e f e r e n c e of food p l a n t s i n the d i e t dur ing 
the autumn of 1973 (n = 2 4 ) . 

Speci es % 
Frequency 

% 
Vo1ume 

1ndex of 
Importance 

A v a i l a b i l i t y P r e f e r e n c e 
F a c t o r R a t i n g 

TREES 

B e t u l a s p . 2 0 . 8 0 . 5 10 2 5 

Fagus s y l v a t i c a 16.7 0 .2 3 1 3 

P i c e a s i t c h e n s i s 4 1 . 6 1.4 58 4 14 

P inus s y l v e s t r i s 75 .0 7 .7 577 4 144 

Pseudostuqa m e n z i e s i i 4 . 2 0.1 0 1 0 

0_uercus s p . 12 .5 1.3 16 2 8 

U n i d e n t i f i e d l e a v e s 29 .2 9.3 271 - -

DWARF SHRUBS 

C a l l u n a v u l q a r i s 8 7 . 5 4 1 . 6 3640 4 910 

E r i c a t e t r a l i x 12.5 0 . 5 6 1 6 

Rubus s p . 4 5 . 8 14.0 641 1 641 

Vacc in ium m y r t i l u s 66 .7 3 .4 227 2 113 

U n i d e n t i f i e d browse 4 .2 0 .3 1 - -

GRASSES AND 
GRASSLIKE PLANTS 83 .3 6.1 508 4 127 

L u z u l a s p . 8 .3 3.1 26 1 26 

HERBS 

Galiurn s a x a t i l e 16.7 0 . 5 8 4 2 

Ranunculus s p . 4 . 2 0 0 2 0 

Rumex s p . 29 .2 0 . 5 15 1 15 

FERNS 

Blechnum s p i c a n t 25 .0 1.2 30 1 30 

D r y o p t e r i s s p . 3 7 . 5 1.8 67 2 33 

P t e r i d i u m a q u i l i n i u m 2 0 . 8 2 .6 54 3 18 

FUNGI 7 0 . 8 2 . 9 205 1 205 
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T a b l e 24. O c c u r r e n c e and p r e f e r e n c e of food p l a n t s in the d i e t d u r i n g the 
summer o f 1974 ( n = 8 ) . 

Speci es % 
Frequency 

% 
Volume 

Index of 
1 mportance 

A v a i l a b i l i t y P r e f e r e n c e 
F a c t o r Ra t ing 

TREES 

P i c e a s i t c h e n s i s 6 2 . 5 18.2 1137 4 284 

P inus s y l v e s t r i s 12.2 0 .2 2 4 0 

Pseudostuqa m e n z i e s i i 25 .0 6.7 167 1 167 

DWARF SHRUBS 

C a l l u n a v u l g a r i s 50 .0 2 7 . 5 1375 4 344 

Vacc in ium m y r t i l u s 6 2 . 5 1.6 100 3 33 

U n i d e n t i f i e d browse 12.5 0 . 4 5 - -

GRASSES AND 
GRASSLIKE PLANTS 7 5 . 0 8.1 607 4 152 

L u z u l a s p . 12.5 0.1 1 2 0 

HERBS 

Chamaenerion 
anqus t i f o l i urn 50.0 23 .7 1185 1 1185 

"Galium s a x a t i l e 3 7 . 5 1.1 41 To 

Lotus s p . 12.5 0.1 1 2 0 

Oxa1i s a c e t o s e l l a 12.5 2 .0 25 2 12 

Potent i1 l a e r e c t a 12.5 0 .2 2 2 1 

Ranunculus s p . 25 .0 0 .2 5 1 5 

Rumex s p . 12.5 0 . 9 11 2 5 

T r i f o l i u m s p . 12.5 0.7 9 2 4 

FERNS 

D r y o p t e r i s s p . 12.5 0.1 1 2 0 

FUNGI 25 .0 3 .5 87 1 87 

U n i d e n t i f i e d v a s c u l a r 
p l a n t s 25 .0 4 . 2 105 - -
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F i g . 13. O c c u r r e n c e of p l an t groups in rumen c o n t e n t s 
i n d i f f e r e n t s e a s o n s . 

D = Dwarf Shrubs 

T = T r e e s 

G = G r a s s e s and G r a s s l i k e P l a n t s 

H = Herbs 

0 = Other P l a n t Groups (Mosses, F e r n s , Fung i ) 
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Tab le 2 5 . S i n g l e c l a s s i f i c a t i o n anova of d i f f e r e n t p l a n t groups o c c u r r i n g 
i n the rumen samples w i t h i n s e a s o n s . 

Source of V a r i a t i o n Winter 1973 

d . f . S . S . M.S. F S . . 
Among p l a n t groups 4 22554.39 5638.59 39.07 * 
W i th in p lan t groups 75 10822.74 144.30 
T o t a l 79 

Spr ing 1973 

d . f . S . S . M.S. F S . . 
Among p l a n t groups 4 17230.15 4307.53 12.37 * 
W i t h i n p l a n t groups 65 22625.61 384 .08 
T o t a l 69 

Autumn 1973 

d . f . S . S . M.S. 
F s . , 

Among p l an t groups 4 36532.44 9133.11 6 0 . 8 1 1 • 
W i t h i n p l a n t groups 115 17270.33 150.17 
T o t a l 119 

S p r i n g 1974 

d . f . S . S . M.S. F s . . 
Among p l a n t groups -4 - -11447 :64- 2861.91 -10 .98" 
W i t h i n p l an t groups 100 26056.46 260 .56 
T o t a l 104 

Summer 1974 

d . f . S . S . M.S. F S . 
Among p l a n t groups 4 3589.75 897 .43 2 . 1 3 n * S * 
W i th in p l a n t groups 35 14711.68 420 .33 
T o t a l 39 

' S i g n i f i c a n t a t P = 0.01 

n - S , n o t s i g n i f i c a n t at P = 0 .05 
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T a b l e 26 . M u l t i p l e comparisons of mean o c c u r r e n c e s o f p l a n t groups in 
rumen samples w i t h i n s e a s o n s . 

Winter 1973 

Other 
P l a n t s Herbs G r a s s e s and 

G r a s s l i ke p l a n t s T r e e s Dwa r f 
Shrubs 

Rank: 
Mean: 

1 
1.38 

2 
5 .26 

3 
14.51 

4 
37 .53 

5 
42 .56 

S p r i n g 1973 

Other 
P l a n t s Herbs T r e e s G r a s s e s and 

G r a s s l i ke P l a n t s 
Dwarf 
Shrubs 

Rank: 
Mean: 

1 
0 . 9 9 

2 
9 .45 

3 
17.78 

4 
31 .96 

5 
38.41 

Autumn 1973 

Herbs Other 
P l a n t s 

G r a s s e s and 
G r a s s l i ke P l a n t s T r e e s Dwarf 

Shrubs 

Rank; 
Mean: 

1 
3 .98 

2 
14.40 

3 
14.47 

4 
23 .82 

5 
52 .56 

S p r i n g 1974 
_ Other 

P l a n t s T r e e s Herbs G r a s s e s - a n d 
G r a s s 1i ke P l a n t s 

Dwa r f 
Shrubs 

Rank: 
Mean; 

1 
2 . 9 5 

2 
17.51 

3 
24 .76 

4 
29 .17 

5 
32 .26 

D i f f e r e n c e s not s i g n i f i c a n t a t P = 0 .05 a r e u n d e r l i n e d 
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herbs and 3.9% o t h e r p l a n t groups ( c o n s i s t i n g of f u n g i , mosses and f e r n s ) . 
None o f the o t h e r p l a n t groups was important i n d i v i d u a l l y o v e r the y e a r a s 
a who le . I have assumed that u n i d e n t i f i a b l e browse was d e r i v e d e q u a l l y 
from t r e e s and s h r u b s . The r e l a t i v e p r o p o r t i o n s of each of t h e s e p l a n t 
groups i n the s e a s o n a l d i e t a r e i l l u s t r a t e d in F i g . 13. 

The o c c u r r e n c e of browse d e c r e a s e d in s p r i n g and summer r e l a t i v e to 

w i n t e r , w h i l e tha t of h e r b s , g r a s s e s and g r a s s l i k e p l a n t s i n c r e a s e d . T h i s 

change was r e v e r s e d in the autumn. The o t h e r p l a n t groups were more 

h e a v i l y used in summer and auturrnthan a t any o ther t i m e . A n a l y s i s o f t h e s e 

data u s i n g a s i n g l e c l a s s i f i c a t i o n anova i n d i c a t e d t h a t the o c c u r r e n c e s o f 

p l a n t groups i n the d i e t d i f f e r e d s i g n i f i c a n t l y (P < 0 . 0 1 ) w i t h i n a l l 

seasons except summer (Table 2 5 ) . 

For those seasons w i t h i n which the mean o c c u r r e n c e s of p l a n t groups 

were s i g n i f i c a n t l y d i f f e r e n t from each o t h e r , the SNK t e s t was used to 

t e s t between which i n d i v i d u a l groups d i f f e r e n c e s were s i g n i f i c a n t (Tab le 

2 6 ) . I t i s seen tha t in w i n t e r the p r o p o r t i o n of dwarf shrubs was not 

s i g n i f i c a n t l y d i f f e r e n t (P > 0 . 0 5 ) from tha t o f t r e e browse, but both of 

t h e s e p l a n t groups had s i g n i f i c a n t l y h i g h e r o c c u r r e n c e s than the remaining 

g roups . In s p r i n g 1973. the o c c u r r e n c e of dwarf shrubs d i d not d i f f e r 

s i g n i f i c a n t l y from tha t of g r a s s e s and g r a s s l i k e p l a n t s , but both of t h e s e 

p l a n t groups had s i g n i f i c a n t l y h igher (P < 0 . 0 5 ) p r o p o r t i o n s than a l l o f 

the remaining groups . In s p r i n g 1974, the volume o f dwarf shrubs was 

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

g roups . In the autumn, dwarf shrubs and t r e e browse were s i g n i f i c a n t l y 

d i f f e r e n t (P < 0 . 0 5 ) from each o t h e r and from a l l of the remaining g roups . 

A s i n g l e c l a s s i f i c a t i o n anova was a l s o used to t e s t f o r s i g n i f i c a n t 

d i f f e r e n c e s i n the o c c u r r e n c e of i n d i v i d u a l p l a n t groups in the d i e t among 

seasons (Tab le 2 7 ) . I t was found tha t the o c c u r r e n c e of i n d i v i d u a l p l a n t 

groups was s i g n i f i c a n t l y (P < 0 . 0 1 ) i n f l u e n c e d by s e a s o n . 

The SNK t e s t was then used to f i n d out between which reasons means 
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T a b l e 2 7 . S i n g l e c l a s s i f i c a t i o n anova of i n d i v i d u a l p lan t groups o c c u r r i n g 
i n rumen samples among s e a s o n s . 

Source o f V a r i a t i o n Dwarf Shrubs 

d . f . S . S . M.S. F ' S 
4 : 6 8 ' • Among Seasons 

Wi th i n Seasons 
T o t a l 

4 
78 
82 

6519.02 
27140.51 

1629.75 
347 .95 

T rees 

F ' S 
4 : 6 8 ' • 

d . f . S . S . M.S. F S 
• 1 

3 . 6 2 1 * Among Seasons 
Wi th in Seasons 
T o t a l 

4 
78 
82 

4425.005 
23835.439 

G r a s s e s and 

1106.251 
305.582 

G r a s s l i k e P l a n t s 

F S 
• 1 

3 . 6 2 1 * 

d . f . S . S . M.S. 

6 . 3 3 1 ' Among Seasons 
Wi th in Seasons 
T o t a l 

4 
78 
82 

5219.86 
16070.31 

1304.96 
206.02 

Herbs 

6 . 3 3 1 ' 

d . f . S . S . M.S. F S 
• 1 

- 8 r91 • 
Among Seasons 
Wi th in Seasons 
T o t a l 

4 
78 
82 

9015.87 — 
19734.28 

" 2253.96 
253.00 

F S 
• 1 

- 8 r91 • 

Other P l a n t s 

d . f . S . S . M.S. 

8 .79 ' Among Seasons 
W i t h i n Seasons 
T o t a l 

it 
78 
82 

2581.49 
5355.87 

645.37 
7 3 . 3 6 

8 .79 ' 

' S i g n i f i c a n t P = 0.01 
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T a b l e 2 8 . M u l t i p l e comparisons of mean o c c u r r e n c e s of i n d i v i d u a l p l an t 
groups in rumen samples among s e a s o n s . 

Dwarf Shrubs 

Summer Spr i ng Spr i ng Wi n t e r Autumn 
1974 1974 1973 1973 1973 

Rank: 1 2 3 4 5 
Mean; 26 .93 32 .26 38.41 4 2 . 5 6 52 .56 

T r e e s 

Spr i ng Spr i ng Summer Autumn Wi n t e r 
1974 1973 1974 1973 1973 

Rank: 1 2 3 4 5 
Mean: 17.51 17.78 20 .69 23.82 37 .53 

G r a s s e s and G r a s s l i k e P l a n t s 

Summer Autumn Wi n t e r Spr i ng Spr i ng 
1974 1973 1973 1974 1973 

Rank: 1 2 3 4 5 
Mean: 12.59 14.47 14.51 29.17 31 .96 

Herbs 
- • 

Autumn Wi n t e r Spr i ng Spr i ng Summer 
1973 1973 1973 1974 1974 

Rank; 1 2 3 4 5 
Mean ; 3 .98 5 .26 9 .45 24 .76 32 .46 

Other P l a n t s 

Spr i ng Wi n t e r Spr i ng Summer Autumn 
1973 1973 1974 1974 1974 

Rank: 1 2 3 4 5 
Mean; 0 . 9 9 1.38 2 . 9 5 5.71 14.40 

D i f f e r e n c e s not s i g n i f i c a n t a t P = 0 .05 a r e u n d e r l i n e d 



87 

were s i g n i f i c a n t l y d i f f e r e n t (see T a b l e 2 8 ) . The p r o p o r t i o n s of dwarf 
shrubs were s i g n i f i c a n t l y d i f f e r e n t (P < 0 . 0 5 ) o n l y between the autumn o f 
1973 and the s p r i n g and summer of 1974. D i f f e r e n c e s in the volumes of t r e e 
browse among s e a s o n s were most ly not s i g n i f i c a n t (P > 0 . 0 5 ) . The o c c u r r e n c e s 
o f g r a s s e s and g r a s s l i k e p l a n t s d id not d i f f e r s i g n i f i c a n t l y between each 
s p r i n g , but the volumes f o r both s p r i n g s were s i g n i f i c a n t l y h igher than in 
the remaining s e a s o n s . The p r o p o r t i o n s of herbs in s p r i n g and summer 1974 
were not s i g n i f i c a n t l y d i f f e r e n t from each o t h e r , but they d id d i f f e r 
s i g n i f i c a n t l y (P < 0 . 0 5 ) from o c c u r r e n c e s a t a l l o t h e r t i m e s . The o c c u r r e n c e 
in the autumn d i e t o f the o t h e r p l a n t group was s i g n i f i c a n t l y h igher (P < 
0 . 0 5 ) than the v a l u e in each o t h e r s e a s o n . 

4 . 3 . 3 D ie t of Deer Determined from A n a l y s i s of Faeces 

A t o t a l o f 43 and 45 p l a n t s p e c i e s was i d e n t i f i e d from f a e c e s in 1973 

and 1974 r e s p e c t i v e l y (see T a b l e s 29 and 3 0 ) . In 1973, t h e s e c o n s i s t e d of 

seven t r e e s , t h r e e dwarf s h r u b s , 12 h e r b s , 13 g r a s s e s and g r a s s l i k e p l a n t s , 

s i x mosses and t h r e e f e r n s . One a d d i t i o n a l t r e e and one herb were i d e n t i f i e d 

i n 1974. The percentage o c c u r r e n c e s of p l a n t s p e c i e s in the f a e c e s f o r 

each month of 1973 and 1974 a r e shown in T a b l e s 29 and 3 0 , and the annual 

i n d i c e s of importance and p r e f e r e n c e f o r the same y e a r s , in T a b l e s 31 and 

3 2 . The f o l l o w i n g t e x t d e a l s f i r s t l y w i t h those s p e c i e s tha t have the 

h i g h e s t p r e f e r e n c e r a t i n g s . 

4 . 3 . 3 . 1 Monthly O c c u r r e n c e s of P l a n t S p e c i e s in the F a e c e s and Annual 
P lan t P r e f e r e n c e R a t i n g s 

The main c o n s t i t u e n t s i d e n t i f i e d in the f a e c e s were as f o l l o w s (Tab le 

2 9 ) : 

C a l l u n a vu1ga r i s was the most h e a v i l y used and most p r e f e r r e d food in 

both y e a r s . Use in each y e a r decreased from February u n t i l J u n e , then 

i n c r e a s e d to reach a peak fo r the year in October i n 1973 and September 

i n 1974, which was fo l lowed by a d e c r e a s e . 
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L u z u l a s p . was the most f r e q u e n t l y o c c u r r i n g g r a s s l i k e p l a n t in the 

f a e c e s and the second most p r e f e r r e d food in the d i e t in each y e a r . Use 

i n c r e a s e d from February to May, d e c r e a s e d from June u n t i l October and 

then aga in i n c r e a s e d through u n t i l the f o l l o w i n g s p r i n g . 

Blechnum s p i c a n t was the t h i r d most p r e f e r r e d s p e c i e s in the d i e t . 

Peak o c c u r r e n c e in 1973 was in September and in August i n 1974. 

Pi nus s y 1 v e s t r i s was the most h e a v i l y used t r e e browse and the f o u r t h 

and f i f t h most p r e f e r r e d s p e c i e s in the d i e t i n 1973 and 1974 r e s p e c t i v e l y . 

In each y e a r , use d e c r e a s e d from January to May, i n c r e a s e d s l i g h t l y in June 

and then cont inued to d e c r e a s e u n t i l November in 1973 and October i n 1974. 

Holcus s p . was the most h e a v i l y used g r a s s and immediately fo l lowed 

P inus s y l v e s t r i s in p r e f e r e n c e v a l u e in each y e a r . In 1973, o c c u r r e n c e in 

the f a e c e s was g r e a t e s t from March to May and in 1974 from A p r i l to J u n e . 

There was a second peak usage in October in 1974. 

P inus c o n t o r t a was the s i x t h and tenth most p r e f e r r e d s p e c i e s in the 

1973 and 197^ annual d i e t s r e s p e c t i v e l y . Even s o , i t s mean o c c u r r e n c e in 

the f a e c e s in 1973 was on ly j u s t above the t r a c e l e v e j a n d i n 1974 was below 

i t . 

D ryop te r i s s p . was the seventh and f o u r t h most p r e f e r r e d s p e c i e s in 

1973 and 1974 r e s p e c t i v e l y . The mean o c c u r r e n c e in the f a e c e s was s i m i l a r 

in each y e a r . Maximum o c c u r r e n c e was in September in 1973 and in August i n 

1974. 

Pi cea s i t c h e n s i s was the second most f r e q u e n t l y o c c u r r i n g t r e e browse 

in the f a e c e s , the eighth most p r e f e r r e d s p e c i e s in the d i e t in 1973 and 

the seven th i n 1974. In each y e a r , use d e c r e a s e d from February to May. 

In 1973, u s e i n c r e a s e d in June and s u b s e q u e n t l y d e c r e a s e d u n t i l Oc tober . 

In 1974, use i n c r e a s e d in June and a g a i n in J u l y be fore d e c r e a s i n g u n t i l 

O c t o b e r . 

Vacc in ium m y r t i l u s was the n i n t h and e i g h t h most p r e f e r r e d p l a n t in 

1973 and 1974 r e s p e c t i v e l y . O c c u r r e n c e in the f a e c e s in 1973 was g r e a t e s t 
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between May and September and in 1974 from A p r i l to August w i t h a second 
peak in November and December in the l a t t e r y e a r . 

E r i ca t e t r a l i x was the t e n t h most p r e f e r r e d s p e c i e s in 1973 and the 

t w e l f t h i n 1974. The mean o c c u r r e n c e i n 1973 j u s t exceeded the t r a c e 

l i m i t . In 1974 i t was below t h i s l e v e l . 

The monthly o c c u r r e n c e s of P i c e a a b ? e s in the f a e c e s was below the 

t r a c e l e v e l except in February 1973 and F e b r u a r y , March, May and June in 

1974. N e v e r t h e l e s s , t h i s s p e c i e s was the e l e v e n t h and n i n t h most p r e f e r r e d 

p la n t in the annual d i e t o f 1973 and 1974 r e s p e c t i v e l y . 

The remaining t r e e s , B e t u l a , Fagus and I l ex each had t r a c e v a l u e s in 

each month and annual p r e f e r e n c e r a t i n g s c o n s i d e r a b l y lower than those 

f o r P i c e a . 

The remaining g r a s s e s and g r a s s l i k e p l a n t s each had mean o c c u r r e n c e s 

in the f a e c e s a t or below the t r a c e l e v e l , except F e s t u c a , A g r o s t i s and 

Deschampsi a in each y e a r , and D a c t y l i s in 1974. The p ropor t ion of g r a s s e s 

and g r a s s l i k e p l a n t s i n f a e c e s was g e n e r a l l y g r e a t e s t between March and 

J u l y . . _ _ 

Pter id iurn was used in t r a c e amounts in each month of 1973 and in the 

f i r s t s i x months of 1974, but i t had a peak o c c u r r e n c e of 7.7% in August 

o f the l a t t e r y e a r . Al though i t had a h igher p r e f e r e n c e r a t i n g in 1974 

than in 1973. i t remained an u n p r e f e r r e d p l a n t . 

Herbs o c c u r r e d in the f a e c e s , main ly from Apri1 to O c t o b e r . Oxa1i s 

and Galiurn were the on ly herbaceous s p e c i e s to have mean v a l u e s above the 

t r a c e l e v e l in each y e a r . Annual p r e f e r e n c e r a t i n g s fo r herbs were 

g e n e r a l l y low. 

The mosses g e n e r a l l y had mean p r o p o r t i o n s below the t r a c e l e v e l in 

each y e a r . However, Mnium had a peak o c c u r r e n c e of 3% in May 1974. 

P r e f e r e n c e r a t i n g s were s i m i l a r to those f o r h e r b s . 
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T a b l e 2 9 . Monthly o c c u r r e n c e as a percentage of p l an t s p e c i e s in the 
f a e c e s dur ing 1973. 

P lan t S p e c i e s Jan Feb Mar Apr May June J u l y Aug Sept Oct Nov Dec 

TREES 
Fagus s y l v a t i c a 0 0 0 0 0 0 0 0 0 0 0 0 

1 l ex a q u i l o f i u m 0 0 0 0 0 0.1 0 0.1 0 .3 0 0 0 

L a r i x dec idua 0 0 0 0 0 0 .3 0 .3 0 . 4 0 .3 0 0 0 

P i c e a a b i e s 0 . 9 1.4 0.1 0 . 8 0 .8 0 . 5 0 .3 0 .6 0 . 5 0 .6 0 .7 0 . 9 

P i c e a s i t c h e n s i s 10.7 11.2 5 .9 7 .0 5 .4 7 . 5 2.1 0 .7 0 . 6 1 .3 1.4 1.9 

P i n u s c o n t o r t a 4 . 3 0 . 8 1.3 0 . 9 0 .3 0 . 5 0 0 . 4 0 . 8 0 .2 3 . 4 6 .0 

P inus s v l v e s t r i s 20 .0 16.7 5 .5 9.7 3 .3 5 .5 1.6 1.9 2.1 1.9 9 .4 15.7 

DWARF SHRUBS 

1.9 

C a l l u n a v u l q a r i s 4 2 . 5 52.2 51 .5 4 3 . 4 4 7 . 9 4 2 . 3 52 .9 5 7 . 5 58 .5 64.1 58 .7 4 7 . 3 

E r i c a t e t r a l i x 0 . 5 0 .6 0 . 9 1.1 1.1 0 . 9 0 . 6 0 .7 1.3 2.1 2 .2 1.1 

Vacc i ni um 
m v r t i l u s 1.4 1.4 1.7 1.8 4 . 3 5 .5 3 .9 3 .8 3 .6 1.6 0 .2 0 . 8 

GRASSES AND 
GRASSLIKE PLANTS 

A a r o s t i s S D . 0 .7 1.3 2 .7 2 .5 4 . 6 2 .2 2.1 2 .6 1.0 2 . 4 3 . 4 0 . 6 

Anthoxanthum 
odoratum 0 .3 0 . 4 0 .2 5.1 0 . 9 0 . 8 0 0 .3 0 . 4 0 0 0 

D a c t v l i s q lomera ta0 .5 0 . 5 0 .2 1.1 1.5 3 .0 1 .2 1.8 0 . 9 0 . 6 1.8 0 .7 

Deschampsia S D . 0 .6 1.1 2 .7 2 . 5 3.1 0 . 8 2 .2 0.1 0 . 6 1.5 1.6 0 .2 

F e s t u c a S D . 1.7 2 .5 4 . 6 3.2 3 .6 3 .3 3 .3 1.8 1.1 1.3 3 .3 0 . 9 

Holcus S D . 1.9 1.1 11.6 6 . 9 10.1 2 .3 1.6 1.8 1.9 9.0 4 . 3 3 .6 

Nardus s t r i c t a 0 .3 0 .2 0 . 3 0 . 5 0 . 5 0 .3 0.1 0.1 0.1 0 . 5 0 .2 0 .2 

Lol ium Derenne 0 0 0 0 0 0 0 0 0 . 2 0 0 . 4 0 

Poa s p . 0 . 4 0 .6 0 . 9 1.2 3 .5 1.1 1.5 0 . 5 0 .2 0 . 4 0 . 4 0 

Carex s p . 0 .7 0 . 6 0 . 6 1.5 0 . 5 0.1 0.1 0.1 0 0 . 4 0 .2 0 .2 

E rioDhorum 
vaqi natum 0 0 0 0 0 0 . 2 0 0.1 0.1 0 0 0 

Juncus s p . 1.1 0 . 8 0 .7 2 .7 1.3 0 . 2 0 . 4 1.0 0 . 4 0 . 5 0 . 5 0 .2 

L u z u l a S D . 2 . 9 2 .5 3 . 5 5.0 4 . 0 2 . 5 1.4 3.0 1.8 2.1 5 .3 6 .5 

HERBS 

Chamaenerion 
anqust i f o l i u m 0- ; 1 0 0 0 .2 0.1 0 1.4 0 0 0 0 0 

G a l i u m - s a x a t i l e 0 . 9 0.1 0 . 4 0 . 4 0 . 4 3 .2 1.6 1.7 2 . 8 0 .7 0 0 

(Lotus S D . 0 0 0 0 0 . 4 1.2 1.0 0 .3 0.1 0.1 0 0 

/ c o n t i n u e d 
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T a b l e 29 c o n t ' d . 

P l a n t S p e c i e s Jan Feb Mar Apr May June J u l y Aug Sept Oct Nov Dec 

P lan tago s p . 0 0 0 0 0 0 0.1 0 0 0 0 0 

Potent i1 la e r e c t a 0 0 0 0.1 0 .2 0 . 8 2 . 6 1.3 0 .3 0 0 0 

Oxa1i s a c e t o s e l l a 0 0 0 0 0.1 1.0 1.8 0 . 4 0 0 . 4 0.1 0 .2 

Ranunculus s p . 0 0 0 0 0 0 . 9 1.6 1.3 1.4 0 0 0 

Rumex s p . 0 . 5 0 . 4 0 .2 0.2 0 0 . 6 0 . 5 0 . 4 0.1 0.1 0 0 

S t e l l a r i a h o l o s t e a 0 0 0 0 0 0 . 5 0 0.1 0 0.1 0 0.1 

T r i fol iurn s p . 0 0 0 0 0 2 . 4 2 .2 1.6 1.1 0 0 0 

T u s s i l a a a f a r f a r a 0 0 0 0 0 0 . 4 2 . 4 0 . 8 0 .3 0.1 0 0 

FERNS 

2 . 4 

Blechnum s p i c a n t 2.1 0 .7 0 . 5 0 .2 0.1 2 . 9 2 . 4 4 . 0 6 .7 1.6 0 .2 4 . 9 

D r v o o t e r i s s p . 2 . 9 0 . 9 0 . 9 0 . 6 0 . 5 3.2 3.0 5.3 7 . 9 2 .3 0 .2 5 .9 

P t e r i d i u m 
a q u i 1 i nium 0.1 0 0 0 0 0 . 4 0 . 5 0 .7 0 .7 0.1 0 0 .2 

MOSSES 

D ic ran ium 
scooar ium 0 0 0 0 0 0 0 0 0 0 .2 0.1 0.1 

Hvlocomium 
sp lendens 0 . 4 0 . 5 0 . 4 0 . 4 0 .3 0 . 5 0 . 6 0 . 4 .0.3 0 . 4 0 . 4 0 . 8 

Mnium hornum 0 .5 . ° - 5 0 . 9 0 0 . 5 0 .3 ] • ! _ 0 . 4 . .0^5_ 0 .2 0.1 _0 

P l a q i o t h e c i u m 
undulatum 0 .3 0 .2 0 .2 0.1 0 .2 0 .3 0 . 9 0 . 4 0 .3 1.4. 0 . 4 0 .4 

P o l v t r i c h i u r n s p . 0 . 5 0 . 4 0 . 3 0 .3 0 0 .6 0 . 5 0 . 4 0.1 1.3 0 .2 0 .3 
Sohaqnum s p . 0 .2 0.1 0 0 .2 0.2 0.1 0 0.1 0 .3 0 .2 0 0 

T o t a l f ragments 2167 2125 2324 2437 1924 1260 1520 1345 1399 1504 1602 1841 
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T a b l e 30 . Monthly o c c u r r e n c e as a percentage of p l an t s p e c i e s in the f a e c e s 
dur ing 1974. 

P lan t S p e c i e s Jan Feb Mar Apr May June J u l y Aug Sept Oct Nov Dec 

TREES 

B e t u l a S D . 0 0 0 0 0 0 0 0 0 .3 0 0 0 

Faaus s y l v a t i c a 0 0.1 0 0 0 0 0 0 . 3 0 .2 0 0 . 6 0 .3 

1 l ex aqui f o l i um 0 0 0 0 0 0.1 0.1 0 0 0 0 0 

L a r i x dec idua 0 0 0 0 0 0.1 0 . 5 0.1 0 0 0 0 

P i c e a a b i e s 0 . 5 1.1 1.2 0 . 9 2 .7 3 . 4 0 . 5 0.1 0 0 .3 0 .6 0.1 

P i c e a s i t c h e n s i s 2 .3 9 . 5 4 . 3 4.1 1.7 5.2 7 .3 0 . 4 0 .3 2 . 9 3 .3 6 . 5 

P inus c o n t o r t a 5.2 1.0 2.1 0 0 . 3 0 . 8 0 0.1 0 0 . 5 0.2 0 . 9 

P inus s v l v e s t r i s 2 6 . 5 8 .3 12.0 4 . 2 0 . 8 3 .3 3 .3 0 . 4 0 8.1 3 .8 11.8 

DWARF SHRUBS 

8.3 3 .3 0 . 4 3 .8 11.8 

C a l l u n a v u l q a r i s 4 7 . 8 54.0 50.7 4 7 . 9 34 .6 33 .6 4 6 . 7 51 .6 6 8 . 9 67 .7 6 2 . 9 4 9 . 8 

E r i c a t e t r a l i x 0 . 9 0 . 4 0 . 5 0 3 .3 1.5 0 .7 0 0 . 5 0 .3 0.2 0 

Vacc i ni um 
m v r t i l u s 1.5 0.1 1.0 2 . 4 6 .5 6 . 4 2 . 5 5.1 1.2 1.0 2 . 5 4.1 

GRASSES AND 
GRASSLIKE PLANTS 

A q r o s t i s s p . 1.3 2 .2 2 .2 1.0 2 .3 1.1 1.1 1.7 3 .3 1.8 2 .2 0 .3 

Anthoxanthum 
odoratum 0 0 -o 0 .3 0T7 0.7" 0 .7 0 - o - "0 -o- 0 

D a c t v l i s q lomera ta0 .3 0.1 0 .2 0 .2 0 . 8 0 .7 0 . 5 0.1 0 .3 0 . 4 0 .6 0.1 

DeschamDsia S D . 0 . 4 2 . 6 0 . 9 1.0 5 .6 1.1 0 . 4 0 . 4 2 . 5 0 . 4 1.0 0 . 3 

F e s t u c a s p . 1.3 5 .4 3 .0 1.8 0 .7 5.7 3 .6 1.7 3.0 1.5 2 .2 0 .7 

Holcus s p . 2 .2 4 . 6 1.9 15.0 9 .6 5 .6 2 . 9 1.9 3 .6 0 . 8 2 . 6 4 . 4 

Nardus s t r i c t a 0.1 0 . 4 0.1 0 0 . 5 0 . 9 0 . 3 0 .2 0 . 5 0 0 .3 0.1 

Lol ium oerenne 0 0 0 0 0 0.1 0 0 0 0 0 0 

Poa s p . 0 . 3 0 . 9 0 0.1 0.1 0 . 9 0 . 3 0 0 .2 0 .3 0 .2 0 

Carex s p . 0 . 4 0.1 2 . 4 2 . 0 2 .0 0 .7 0.1 0.1 0 0.1 0 .3 0 .2 

Er ioDho rum 
vaqi natum 0 0 0 0 .2 0 .5 1.4 0.1 0.1 0 . 4 0 .3 0 .3 0 

Juncus S D . 0 . 6 0 . 4 2 .2 2 . 6 4.1 0 .7 0 .3 0 .2 0 0 .3 0 .3 0 .2 

L u z u l a s p . 5 .6 5.2 5 . 4 9 . 9 8.1 4 . 5 3 .4 1.6 1.1 3 .3 5 .5 2 . 6 

HERBS 

Chamaenerion 
anqust i f o l i um 0 0 0 0 0.1 0 . 4 3 .3 0 . 8 0 . 9 0 0 0 

Galium s a x a t i l e 0 0 0 . 4 0 .3 0 .7 2 .0 1.4 2.1 0 . 6 0 .8 0 .3 1.6 

Lotus s p . 0 0 0 0 0 . 4 1.6 0 .7 0 . 5 0 0 0 0.1 

/ c o n t i nued 
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T a b l e 30 c o n t ' d . 

P l a n t S p e c i e s Jan Feb Mar Apr May June J u l y Aug Sept Oct Nov Dec 

Oxa1 is a c e t o s e l l a 0 0 0 0 1.7 3 .8 2 .0 1.6 0 . 9 1.6 1.4 0 . 5 

P lan taao s p . 0 0 0 0 0 0 0 .3 0 0 0 0 0 

P o t e a t L L l a e r e c t a 0 0 0 0 0 .7 2 .0 0 .5 0 0 . 9 0 . 5 0 .3 0 

Ranunculus s p . 0 0 0 0 0.1 0 . 5 0 . 3 0 .2 0 .7 0 0.1 0 .2 

Rumex s p . 0 0 0.1 0 0 . 9 0 . 5 0 0.1 0 .3 0 . 4 0 . 4 0.1 

S t e l l a r i a h o l o s t e a 0 0 0 0 0 . 4 0 .3 0.1 0 0 0 0 0 

T r i f o l i u m s p . 0 0 0 .2 0 0 1.6 1.9 0 .7 0 .2 0.1 0 0 

T u s s i l a g a f a r f a r a 0 0 0 0 0 1.1 0 . 5 0 . 3 0 0 0 0 

U r t i c a d i o i c a 0 0 0 0 0 0.7 0.7 0.1 1.7 0 . 4 0 0 

FERNS 

Blechnum s p i c a n t 0 .2 1.1 3 . 4 0 .3 1.1 1.4 2 .7 5 . 4 0 . 9 0 . 8 0 . 9 2 . 9 

D r y o p t e r i s s p . 0.1 1 .2 2 .2 0 . 3 1.5 1.4 5 .6 11.8 2 . 6 1.8 2 .0 8 .3 

P ter id iug i 
a a u i 1 i nium 

0.1 0 0 . 4 0 0.1 0 . 4 1.9 7 .7 1.8 1.8 2 .0 3 .3 

MOSSES 

D icran ium 
scopar ium 

0.1 0.1 0.1 0.1 0 . 4 0 . 4 0 . 5 0 0 0 . 3 0.1 0 

Hylocomium 
— SD-lendens 0 . 5 0 . 3 1 .0 1.5 0 . 8 0.1 0.1 0 . 4 0 .2 0.1 0 .7 0.1 

Mnium hornum 0.1 0 0 1.5 3.1 1.6 0 . 4 0 . 4 0 . 3 0 0 0.1 

P l a q i o t h e c i u m 
undulatum 0.7 0.1 0 .7 1.0 1.5 0.1 0.7 0 . 4 0 . 5 0 .3 1.4 0 .3 

P o l y t r i c h i u m s p . 0 . 5 0 0 . 5 0 . 4 0 . 8 0 .3 0 0 .3 0 0 . 8 0 .2 0.1 

Sphagiium s p . 0.1 0 .3 0 . 5 0 .6 0 . 5 0.7 0 0.1 0 .2 0 0.1 0 

T o t a l f ragments 942 887 797 949 751 731 730 895 940 725 874 956 
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T a b l e 31 . Annual i n d i c e s f o r 1973 of importance and p r e f e r e n c e r a t i n g s o f 
p lan t s p e c i e s in the d i e t a c c o r d i n g to f a e c a l a n a l y s i s . 

% Mean Avai1 -
P l a n t S p e c i e s % Frequency of ' Monthly Importance a b i l i t y P r e f e r e n c e 

O c c u r r e n c e O c c u r r e n c e Index F a c t o r Ra t ing 

TREES 

Fagus s y l v a t i c a 25 0 0 1 0 

X I e x aqui f o l i u m 8 0 0 1 0 

L a r i x dec idua 50 0.1 5 2 2 

P i c e a a b i e s 100 0 .7 70 1 70 

P i c e a s i t c h e n s i s 100 5.3 530 4 132 

P inus c o n t o r t a 92 1.6 147 1 147 

P inus s y l v e s t r i s 100 7 . 8 780 4 195 

DWARF SHRUBS 

C a l l u n a v u l g a r i s 100 51 .6 5160 4 1290 

E r i c a t e t r a l i x 100 1.1 110 1 110 

Vacc in ium m y r t i l u s 100 2 . 5 250 2 125 

GRASSES AND 
GRASSLIKE PLANTS 

A q r o s t i s s p . 100 2 .2 220 4 55 

Anthoxanthum 
odorat-um 67 0 .7 3_ 16 

D a c t y l i s qlomerata 100 1.1 110 2 55 

Deschampsia s p . 100 1.4 140 3 b ' 47 

F e s t u c a s p . 100 2 .6 260 4 65 

Holcus s p . 100 4 . 7 470 3 157 

Nardus s t r i c t a 100 0 .3 30 1 30 

Lo l ium perenne 17 0 0 1 0 

Poa s p . 100 0 .9 90 3 30 

Carex s p . 92 0 . 4 37 

Eriophorum vaginatum 34 0 0 2 0 

Juncus s p . 100 0 . 8 80 4 20 

L u z u l a s p . 100 3 .3 330 1 330 

HERBS 

Chamaenerion 
anqust i f o l i u m 50 0.1 5 1 5 

Galiurn s a x a t i l e 100 1.0 100 4 25 

Lotus s p . 50 0 .2 10 2 5 

/ c o n t i nued 
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T a b l e 31 c o n t ' d . 

P l a n t S p e c i e s % Frequency of 
Occu r r e n c e 

% Mean 
Monthly 

O c c u r r e n c e 

Importance 
1 ndex 

A v a i 1 -
a b i 1 i ty 
F a c t o r 

P r e f e r e n c e 
R a t i n g 

P l a n t a a o s p . 17 0 0 2 0 

Potent i1 la e r e c t a 50 0 . 4 20 2 10 

O x a l i s a c e t o s e l l a 67 0 .3 20 2 10 

Ranunculus S D . 42 0 . 4 17 2 8 

Rumex s p . 75 0 .3 22 1 22 

S t e l l a r i a h o l o s t e a 42 0.1 4 1 4 

T r i f o l i u m S D . 34 0 .7 24 2 12 

T u s s i l a a a f a r f a r a 42 0 .3 13 1 13 

FERNS 

Blechnum s p i c a n t 100 2 .2 220 1 220 

D r v o D t e r i s s p . 100 2 . 8 220 2 140 

P t e r i d i u m 
a a u i 1 i n i u m 58 0 .2 280 3 4 

MOSSES 

D ic ran ium scooar ium 25 0 0 o c - 0 

Hvlocomium SDlendens 100 0 . 5 50 2 25 

"Mni umiiornurrr -83 0 . 4 - - - - — 3 3 "Mni umiiornurrr -83 0 . 4 - - - - — 3 3 2 16 
P l a q i o t h e c i u m 

undulatum 100 0 . 4 40 1 40 

P o l v t r i c h i u m S D . 100 0 . 4 40 2 20 

Sphaqnum S D . 75 0.1 7 2 3 

'Number of months i n which s p e c i e s o c c u r r e d , e x p r e s s e d as a percentage 

"Means fo r Deschampsia c a e s p i t o s a and D. f l e x u o s a toge ther 

'Not recorded dur ing v e g e t a t i o n s a m p l i n g . 
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T a b l e 3 2 . Annual i n d i c e s f o r 1974 of importance and p r e f e r e n c e r a t i n g s of 
p lan t s p e c i e s in the d i e t a c c o r d i n g to f a e c a l a n a l y s i s . 

n 1 . _ . A Frequence of P l a n t S p e c i e s _ ^ O c c u r r e n c e 

% Mean 
Monthly 

Occu r rence 

Importance 
1 ndex 

Avai1 -
a b i 1 i ty 
F a c t o r 

P r e f e r e n c e 
Rat i ng 

TREES 

B e t u l a s p . 8 0 0 2 0 

Fagus s y l v a t i c a 42 0.1 4 1 4 

1 l e x aqui fo l ium 17 0 0 1 0 

L a r i x dec idua 25 0 0 2 0 

P i c e a a b i e s 92 0 . 9 83 1 83 

P i c e a s i t c h e n s i s 100 4 .0 400 4 100 

P inus c o n t o r t a 75 0 . 9 67 1 67 

P inus s v l v e s t r i s 92 6 . 9 635 4 159 

DWARF SHRUBS 

C a l l u n a vu1qar i s 100 51 .4 5140 4 1285 

E r i c a t e t r a l i x 75 0 .7 52 1 52 

Vacc i n i urn mv rt i1u s 100 2 . 8 280 3 93 

GRASSES AND 
GRASSLIKE PLANTS 

A a r o s t i s s p . 100 1.7 170 4 42 

Anthoxanthum 
33 

-

6 odoratum 33 0 .2 6 3 2 

D a c t y l i s qlomerata 100 0 . 4 40 2 20 

Deschampsia s p . 100 1.4 140 3 b - 47 

F e s t u c a s p . 100 2 . 5 250 4 62 

Holcus s p . 100 4 . 6 460 4 115 

Nardus s t r i c t a 92 0 . 3 28 1 28 

Lo l ium perenne 8 0 0 1 0 

Poa s p . 75 0 . 3 22 3 7 

Carex s p . 92 0 .7 64 2 32 

Er ioohorum vaqinatum 67 0 .3 20 2 10 

Juncus s p . 92 1.0 92 4 23 

L u z u l a s p . 100 4 . 7 470 2 235 

HERBS 

Chamaenerion 42 n c 21 1 21 anqus t i fo l ium 42 21 1 21 

Galium s a x a t i l e 84 0 . 8 67 4 17 

/ c o n t i nued 
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Tab le 32 c o n t ' d . 

P l a n t S p e c i e s % o f 
Occur rence 

% Mean 
Monthly 

O c c u r r e n c e 

Importance 
F a c t o r 

Ava i 1 -
a b i 1 i ty 
F a c t o r 

P r e f e r e n c e 
Rat i ng 

Lotus s p . 33 0 .3 9 2 k 

Oxa1i s a c e t o s e l l a 67 1.2 7k 2 37 
P lan taqo s p . 8 0 0 2 0 

Potent i1 l a e r e c t a 50 0 .8 ko 2 20 

Ranunculus s p . 58 0 .2 12 1 12 

Rumex s p . 67 0 .2 13 2 6 

S t e l l a r i a h o l o s t e a 25 0.1 2 2 1 

T r i f o l i urn s p . 50 O.k 20 2 10 

T u s s i l a q a f a r f a r a 33 0 .2 7 1 7 
U r t i c a d i o i c a k2 0 . 3 13 3 it 

FERNS 

Blechnum s p i c a n t 100 1.8 180 1 180 

D r v o o t e r i s S D . 100 3.2 320 2 160 

P t e r i d i um 
a a u i 1 i n i u m 83 1.6 133 k 33 

MOSSES 

D ic ran ium scopar ium 75 0 .2 15 o c - 0 

Hvlocomium sDlendens 100 0 . 5 50 2 25 

Mnium hornum 67 0 .6 ko 2 20 

P l a q i o t h e c i u m 
undulatum 100 0 . 6 60 3 20 

P o l v t r i c h i u m S D . 75 0 .3 22 3 7 
Sphagnum s p . 75 0 .3 22 3 7 

C , A s Tab le 31 . 
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4 . 3 . 4 Seasona l V a r i a t i o n in the P l a n t Group Composit ion of Deer Faeces 

The s e a s o n a l mean percentage o c c u r r e n c e s of p lant groups in the f a e c e s 

a r e i l l u s t r a t e d in F i g . 14. These data were t e s t e d f o r d i f f e r e n c e s among 

s e a s o n a l means w i t h i n p l a n t groups u s i n g the SNK t e s t (Tab le 3 3 ) . 

The t rends i n the p r o p o r t i o n s of t r e e browse in the f a e c e s were the 

same in each y e a r . O c c u r r e n c e s d e c r e a s e d from w i n t e r to summer and then 

i n c r e a s e d through autumn to w i n t e r . Use in each year was s i g n i f i c a n t l y 

h igher (P < 0 . 0 5 ) in w i n t e r than i n summer. 

Use of dwarf shrubs d e c r e a s e d from w i n t e r to s p r i n g but i n c r e a s e d as 

summer p r o g r e s s e d . A s l i g h t d e c r e a s e o c c u r r e d from summer to autumn in 

1973. but the r e v e r s e happened in 1974. However, the d i f f e r e n c e s were not 

s i g n i f i c a n t (P > 0 . 0 5 ) both among seasons and between y e a r s . 

O c c u r r e n c e s of g r a s s e s and g r a s s l i k e p l a n t s peaked in s p r i n g i n each 

y e a r and d e c r e a s e d in summer. There was a f u r t h e r i n c r e a s e in use i n the 

autumn of 1973 but a s l i g h t d e c r e a s e in t h a t of 1974. The p ropor t ion in 

the s p r i n g of 1974 was s i g n i f i c a n t l y h i g h e r (P < 0 .05 ) than tha t in a l l 

o t h e r s e a s o n s , except s p r i n g 1973. 

Peak use of herbs was in the summer in each y e a r . O c c u r r e n c e s were 

not s i g n i f i c a n t l y (P > 0 . 0 5 ) d i f f e r e n t w i t h the e x c e p t i o n of use in the 

summer of 1973 and 1974, being each s i g n i f i c a n t l y g r e a t e r than t h a t in the 

wi n t e r o f 1974. 

Use of fe-rrns i n c r e a s e d i n each year from s p r i n g to summer and then 

d e c r e a s e d from summer to autumn. The d i f f e r e n c e between the two summers 

was not s i g n i f i c a n t , but use in each summer was s i g n i f i c a n t l y h igher 

(P < 0 . 0 5 ) than that in the o t h e r s e a s o n s . 

Mosses had the lowest l e v e l of o c c u r r e n c e in the f a e c e s . Use in 1973 

i n c r e a s e d from s p r i n g to summer, then d e c r e a s e d . In 1974, o c c u r r e n c e 

i n c r e a s e d from w i n t e r to s p r i n g w i t h u s e at t h i s t ime being s i g n i f i c a n t l y 

h i g h e r (P < 0 . 0 5 ) than tha t in a l l o t h e r s e a s o n s . 

The s e a s o n a l p lan t group data were i n i t i a l l y a n a l y s e d f o r each y e a r 
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F i g . 14. Changes i n f a e c a l composi t ion w i t h season 
d u r i n g 1973 and 1974 

W = W i n t e r , Sp = S p r i n g , S = Summer, 
A = Autumn 

Dwarf shrubs 
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Tab le 3*K Two way anova of p l a n t groups o c c u r r i n g in the f a e c e s of deer 
d u r i n g 1973. 

Source of V a r i a t i o n 

Seasons 3 16.76 5 .58 0 . 0 2 n , s ' 

P l a n t Groups 5 1359^.56 2718.91 1 1 8 . 5 0 1 ' 

Seasons x P l a n t Groups 15 13^5.^5 8 9 . 6 9 3 . 9 1 ' * 

( I n t e r a c t i o n ) 

E r r o r ^8 1101.3^ 22.9*f 

T o t a l 71 

1 " S i g n i f i c a n t at P = 0.01 

n " S , N o t s i g n i f i c a n t a t P = 0 .05 

Tab le 3 5 . Two way anova of p l a n t groups o c c u r r i n g in the f a e c e s of deer 
dur ing 197^. 

Source of V a r i a t i o n d . f . S . S . M.S. 

Seasons 3 21.*f6 7 .15 0 . 3 3 n * S ' 

P l a n t Groups 5 12692.59 2538.52 117 -21 1 " 

Seasons x P l a n t Groups 15 1853.52 123.57 5 . 7 1 ^ 

(I n t e r a c t i o n ) 

E r r o r kB 1039.10 21 .65 

T o t a l 71 

1 " S i g n i f i c a n t at P = 0.01 

n , S " N o t s i g n i f i c a n t a t P = 0 .05 
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s e p a r a t e l y u s i n g a two anova w i t h r e p l i c a t i o n a s shown in T a b l e s 3^ and 3 5 . 
These a n a l y s e s i n d i c a t e d tha t t h e r e were s i g n i f i c a n t (P < 0 . 0 1 ) d i f f e r e n c e s 
i n the p r o p o r t i o n s of p l a n t groups i n the f a e c e s , tha t the o c c u r r e n c e of 
a g iven p lan t group d id not d i f f e r s i g n i f i c a n t l y between s e a s o n s , a l though 
the i n t e r a c t i o n f a c t o r was s i g n i f i c a n t (P < 0 . 0 1 ) . 

The SNK t e s t was used to f i n d out between which p lan t groups 

d i f f e r e n c e s were s i g n i f i c a n t (Tab les 36 and 3 7 ) . The o r d e r of rank ing of 

the d i f f e r e n t p lan t groups was i d e n t i c a l i n both w i n t e r s . The rank ing 

o r d e r in the s p r i n g changed from that of the immediate ly p reced ing w i n t e r , 

i n both y e a r s . F u r t h e r m o r e , the o r d e r of the f i r s t t h r e e p l a n t groups was 

d i f f e r e n t i n the two s p r i n g s . The ranking o r d e r changed a g a i n i n the 

summer of both y e a r s . Except f o r the p o s i t i o n s o f f e r n s and g r a s s e s and 

g r a s s l i k e p l a n t s i n 1973 being r e v e r s e d i n 197^, the o r d e r of rank ing was 

the same i n both summers. A g a i n , in each autumn, the ranking order o f the 

p l a n t groups d i f f e r e d both from the p r e c e d i n g season and the o t h e r y e a r . 

Dwarf s h r u b s , a s in p r e v i o u s s e a s o n s , comprised a s i g n i f i c a n t l y (P < 0 . 0 5 ) 

h i g h e r p ropor t ion of the f a e c e s than d id o t h e r p l a n t groups; the o n l y 

e x c e p t i o n was in the s p r i n g of 1973 when the u s e of dwarf shrubs d id not 

d i f f e r from t h a t of g r a s s e s and g r a s s l i k e p l a n t s . 

F u r t h e r a n a l y s e s u s i n g a two-way anova w i t h r e p l i c a t i o n (Tab le 38) 

i n d i c a t e d tha t the p r o p o r t i o n of an i n d i v i d u a l p l a n t group i n a g iven 

season of 197^ d id not d i f f e r from i t s l e v e l of use in the same season of 

1973 but the p r o p o r t i o n d id d i f f e r s i g n i f i c a n t l y (P < 0 . 0 5 ) from the o c c u r r e n c e 

o f o t h e r p l a n t g roups . There was no e v i d e n c e of a p l a n t group, y e a r 

i n t e r a c t i o n e f f e c t . 

No SNK t e s t was c o n d u c t e d , a l though the o v e r a l l anova i n d i c a t e d 

s i g n i f i c a n t d i f f e r e n c e s i n the o c c u r r e n c e of i n d i v i d u a l p lan t groups 

because to have done so would have e n t a i l e d some r e p e t i t i o n s a n d , i n any 

c a s e , s i g n i f i c a n t d i f f e r e n c e s can be i n f e r r e d from the a n a l y s e s of T a b l e s 

3 3 , 36 and 37 . 
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T a b l e 36 . M u l t i p l e compar isons of. the mean o c c u r r e n c e o f p l a n t groups in f a e c e s 
w i t h i n seasons i n 1973. 

Wi n te r 

Herbs Mosses Ferns G r a s s e s and T r e e s Dwa r f 
G r a s s l i ke P l a n t s Shrubs 

Rank; 1 2 3 4 5 6 
Mean; 5.81 7 . 4 9 9 .12 23 .74 30 .36 45 .53 

Spr i ng 

Mosses Ferns Herbs T r e e s G r a s s e s and Dwarf 
G r a s s l i k e P l a n t s Shrubs 

Rank; 1 2 3 4 5 6 
Mean: 6.71 8 .14 10.72 22 .00 31 .46 4 4 . 6 8 

Summer 

Mosses T r e e s Herbs Ferns G r a s s e s and Dwarf 
G r a s s l i ke P l a n t s Shrubs 

Rank: 1 2 3 4 5 6 
Mean; 8 .25 12.01 17.87 18.55 2 0 . 1 9 51 .28 

Autumn 

- Herbs Mosses Ferns T r e e s G r a s s e s and Dwarf" ~" 
G r a s s l i k e P l a n t s Shrubs 

Rank: 1 2 3 4 5 6 
Mean; 3.90 8 .44 11.65 21.40 2 4 . 8 52 .48 

D i f f e r e n c e s which a r e not s i g n i f i c a n t a t P = 0 .05 a r e u n d e r l i n e d 
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T a b l e 3 7 . M u l t i p l e comparisons of the mean occu r r e n c e s of p l an t groups 
i n f a e c e s wi thi n seasons in 1974. 

of p l an t groups 

Wi n t e r 

Herbs Mosses Ferns G r a s s e s and T r e e s Dwarf 
G r a s s l i ke P l a n t s Shrubs 

Rank: 1 2 3 4 5 6 
Meani 1.64 7 . 8 4 8.92 24 .74 29 .63 46 .30 

Spr i ng 

Ferns Herbs Mosses T r e e s G r a s s e s and Dwa r f 
G r a s s l i k e P l a n t s Shrubs 

Rank; 1 2 3 4 5 6 
Mean' 7 .98 12.88 12.95 17.41 33 .82 42 .33 

Summe r 

Mosses T r e e s Herbs G r a s s e s and Ferns Dwarf 
G r a s s l i k e P l a n t s Shrubs 

Rank! 1 2 3 4 5 6 
Mean,1 7 .39 11.12 16.75 20 .29 20 .67 50.30 

Autumn 

Mosses -Herbs Ferns - G r a s s e s and Trees - - -Dwarf-
Grass 1 ike P l a n t s Shrubs 

Rank: 1 2 3 4 5 6 
Mean; 6.87 9.97 15.75 19.43 21 .07 52 .48 

D i f f e r e n c e s which a r e not s i g n i f i c a n t a t P = 0 .05 a r e u n d e r l i n e d 
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Tab le 3 8 . Two way anova of the o c c u r r e n c e of p l a n t groups in f a e c e s 
w i t h i n seasons between y e a r s . 

Source of V a r i a t i o n 

Years 

P l a n t Groups 

Years x P l a n t Groups 

(I n t e r a c t i o n ) 

E r r o r 

T o t a l 

Winter 1973, 1974 

d . f . S . S . 

1 2 . 2 2 . 

5 7963 .35 

5 27 .20 

24 

35 

463.71 

M.S. 

2 .2 

1592.67 

5 .44 

19.32 

S . 
0.11 

82 .43 

0 . 2 8 

n . s . 

1. 

n . s . 

Years 

P l a n t Groups 

Years x P l a n t Groups 

( I n t e r a c t i o n ) 

E r r o r 

T o t a l 

S p r i n g 1973, 1974 

d . f . S . S . 

1 3 .76 

5 6123.01 

5 109.95 

24 

35 

593.46 

M.S. 

3 .76 

1224.60 

2 1 . 9 9 

24 .72 

S . 
0 . 1 5 

45 .52 

0 . 8 9 

n . s , 

1. 

n . s , 

Years 

P l a n t Groups 

Years x P l a n t Groups 

(I n t e r a c t i o n ) 

E r r o r 

T o t a l 

-Summer -1973"," 1974 

d . f . S . S . 

1 0.81 

5 6982 .66 

5 12.80 

24 

35 

4 9 1 . 4 9 

M.S. 

0.81 

1396.53 

2 .56 

20 .47 

S . 
0 . 0 3 

6 8 . 1 9 

0 .12 

n . s . 

1. 

n . s , 

Y e a r s 

P l a n t Groups 

Years X P l a n t Groups 

( I n t e r a c t i o n ) 

E r r o r 

T o t a l 

Autumn 1973, 1974 

d . f . S . S . 

1 6 .07 

5 8140.16 

5 127.75 

24 

35 

584.76 

M.S. 

6.07 

1628.03 

25 .55 

24 .36 

r S . 
0 . 2 4 

66.81 

1.04' 

n . s . 

1 . 

n . s , 

1. S ign i f i c a n t a t P = 0.01 

n . s . Not s i g n i f i c a n t a t P = 0 .05 
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4 . 3 . 5 Winter D i e t o f Sheep Determined from A n a l y s i s of Faeces 

Sheep f a e c e s were a n a l y s e d f o r the f i r s t t h r e e months of 1974 o n l y . 

A t o t a l o f 33 p lan t s p e c i e s was i d e n t i f i e d in t h e s e f a e c e s , made up of 

seven t r e e s , t h r e e dwarf s h r u b s , t h r e e h e r b s , 12 g r a s s e s and g r a s s l i k e 

p l a n t s , two f e r n s and s i x m o s s e s . The percentage o c c u r r e n c e s of the p l a n t 

s p e c i e s in the f a e c e s a t t h i s t ime a r e g iven in T a b l e 39> and i n d i c e s of 

importance and p r e f e r e n c e r a t i n g s g iven in T a b l e 4 0 . 

The most p r e f e r r e d p l a n t was Luzu1 a . Ca11una , which was the most 

important and most h e a v i l y used s p e c i e s , was the second most p r e f e r r e d f o o d . 

Vacc in ium was the t h i r d and F e s t u c a the f o u r t h most p r e f e r r e d s p e c i e s , both 

w i t h mean o c c u r r e n c e s o n l y s l i g h t l y l e s s than tha t of L u z u l a , fo l lowed in 

sequence by Deschampsia , Hoicus , A g r o s t i s , Nardus , Pi nus s y l v e s t r i s and 

C a r e x . The remaining s p e c i e s of t r e e s , dwarf s h r u b s , g r a s s e s and g r a s s l i k e 

p l a n t s except J u n c u s , h e r b s , f e r n s and mosses o c c u r r e d i n t r a c e p r o p o r t i o n s 

o n l y . Of t h e s e remaining s p e c i e s , D r y o p t e r i s and Blechnum were the most 

p r e f e r r e d . 

The percentage o c c u r r e n c e s of the d i f f e r e n t p l a n t groups i n the f a e c e s 

a r e i l l u s t r a t e d in F i g . 15a. For compar ison , the p l a n t group composi t ion 

o f deer f a e c e s f o r the same per iod i s shown in F i g . 15b. S t a t i s t i c a l 

compar isons of the p l a n t group composi t ion of the f a e c e s of t h e s e s p e c i e s 

a r e g iven i n T a b l e s 42 and 4 3 . A SNK t e s t has been used here to d e t e c t 

between which p l a n t groups i n the sheep f a e c e s d i f f e r e n c e s a r e s i g n i f i c a n t 

( T a b l e 4 1 ) . 

G r a s s e s and g r a s s l i k e p l a n t s werethe most h e a v i l y used p l a n t group 

( F i g . 15a) w i th i t s p r o p o r t i o n of the f a e c e s being s i g n i f i c a n t l y h i g h e r 

(P < 0 . 0 5 ) than that of a l l o t h e r p l a n t g roups , except dwarf s h r u b s . T h i s 

l a t t e r group was the second most h e a v i l y u s e d . Use of the remaining p l a n t 

groups was low and t h e i r o c c u r r e n c e s were not s i g n i f i c a n t l y d i f f e r e n t 

(P > 0 . 0 5 ) from one a n o t h e r . 

The p l a n t group data f o r sheep and deer were compared in a two way 
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T a b l e 39 . Monthly o c c u r r e n c e of p l an t s p e c i e s e x p r e s s e d as percen tages 
i n the f a e c e s o f sheep d u r i n g the w i n t e r o f 1974. 

P l a n t S p e c i e s J a n . F e b . March 

TREES 

Faqus s y l v a t i c a 0 0 0.1 

1 l ex aqui f o l i urn 0.1 0 . 5 0 

L a r i x dec idua 0 0 0.1 

P i c e a a b i e s 0 0 0 .7 

P i c e a s i t c h e n s i s 0.1 0 1.6 

P inus c o n t o r t a 0 . 5 0 . 4 0 

P inus s y l v e s t r i s 3 . 5 2 . 6 5 .5 

DWARF SHRUBS 

Cal luna v u l g a r i s 17.6 3 8 . 9 17.6 

E r i c a t e t r a l i x 0.1 0 0 

Vacc in ium m y r t i l u s 26 .2 11.2 1.8 

GRASSES AND 
GRASSLIKE PLANTS 

A g r o s t i s s p . 3 . 9 3 .3 7 .7 

Anthoxanthum odoratum 0 0 0 .2 

D a c t y l i s g lomerata 0 . 5 0 . 8 0 . 6 

D e s c h a m p s i a - s p . - 4 - 7 6 . 7 - 8.1 -

F e s t u c a s p . 14.5 10.1 18.1 

Holcus s p . 6 .7 5.3 6 . 6 

Nardus s t r i c t a 1.2 0 . 9 0 . 8 

Poa s p . 0 .2 0 .2 0 .7 

Carex s p . 1.5 2 .8 0 . 3 

Er iophorum vaginatum 0 .2 0 0 

Juncus s p . 1.1 1.1 1.6 

L u z u l a s p . 16.2 12.9 17.6 

HERBS 

Galiurn s a x a t i l e 0 0 0 .2 

Ranunculus s p . 0 0 0.1 

T r i f o l i u m s p . 0 0 0 .2 

/ c o n t i nued 
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T a b l e 39 c o n t ' d . 

P l a n t S p e c i e s J a n . F e b . March 

FERNS 

Blechnum s o i c a n t 0.1 0 1.6 

D r y o p t e r i s s p . 0 .2 0 . 4 2 .0 

MOSSES 

Dicran ium scopar ium 0.1 0 .2 1.1 

Hylocomium sp lendens 0 0 . 5 0 . 9 

Mnium hoinnum 0 0 0 . 3 

P l a q i o t h e c i u m undulatum 0 .2 0 .3 2 .0 

P o l v t r i c h i u m s p . 0 0 . 5 1.0 

Sphagnum s p . 0 0.1 0 . 6 



no 

Tab le 4 0 . I n d i c e s of importance and p r e f e r e n c e r a t i n g s of p l a n t s p e c i e s in 
the 1974 w i n t e r d i e t o f sheep a c c o r d i n g to f a e c a l a n a l y s i s . 

0 1 ^ c . % Frequency of ' P l a n t S p e c i e s _ ^ ' r O c c u r r e n c e 

% Mean 
Monthly 

Occu r r e n c e 

Importance 
1 ndex 

A v a i 1 -
a b i 1 i ty 
F a c t o r 

P r e f e r e n c e 
Rat ing 

TREES 

Faaus s y l v a t i c a 33 0 0 1 0 

1 lex aqui f o l i u m 67 0 .2 13 1 13 

L a r i x dec idua 33 0 0 2 0 

P i c e a a b i e s 33 0 .2 7 1 7 

P i c e a s i t c h e n s i s 67 0 . 6 40 4 10 

P inus c o n t o r t a 67 0 . 3 20 1 20 

P inus s y l v e s t r i s 100 3 .8 380 4 95 

DWARF SHRUBS 

Cal luna v u l a a r i s 100 24 .7 2470 4 617 

E r i c a t e t r a l i x 33 0 0 1 0 

Vacc i nium m v r t i l u s 100 13.1 1310 3 436 

GRASSES AND 
GRASSLIKE PLANTS 

A a r o s t i s s p . 100 5.0 500 4 125 

Anthoxanthum 
- odoratum .33 0.1 3 3 1 

Dac ty l i s a lomerata 100 0 . 6 60 2 30 

Deschampsia s p . 100 6 . 5 650 3 b - 250 

F e s t u c a s p . 100 14.2 1420 4 355 

Holcus s p . 100 6 .2 620 4 155 

Nardus s t r i c t a 100 1.0 100 1 100 

Poa s p . 100 0 . 4 40 2 20 

Carex s p . 100 1.4 140 3 47 

Eriophorum vaainatum 33 0.1 3 2 1 

Juncus s p . 100 1.2 120 4 30 

L u z u l a s p . 100 15.6 1560 2 780 

HERBS 

Gal ium s a x a t i l e 33 0.1 3 4 1 

Ranunculus s p . 33 0 0 1 0 

T r i f o l i u m s p . 33 0.1 3 2 1 

/ c o n t i n u e d 
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T a b l e 40 c o n t ' d . 

„ , ^ P A Frequency of P l a n t S p e c i e s _ ^ 7 

O c c u r r e n c e 

% Mean 
Monthly 

Occu r r e n c e 

1mportance 
1 ndex 

A v a i 1 -
a b i 1 i t y 
F a c t o r 

P r e f e r e n c e 
Ra t i ng 

FERNS 

Blechnum s p i c a n t 67 0 . 6 40 1 40 
D r y o p t e r i s s p . 100 0.9 90 2 45 

MOSSES 

D ic ran ium scopar ium 100 0.4 40 o c - 0 

Hylocomium sp lendens 67 0 . 3 20 1 20 

Mnium hornum 33 0.1 3 2 1 

P l a q i o t h e c i u m 
undulatum 100 0 . 8 80 3 27 

P o l y t r i c h i u m s p . 67 0 .3 20 3 7 

Sphagnum s p . 67 0 .2 13 2 6 

a , b , C ' S e e T a b l e 3 1 . 
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F i g . 15. P l a n t group composi t ion of (a) sheep f a e c e s 
and (b; deer f a e c e s in the w i n t e r of 1974. 
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Tab le 4 1 . M u l t i p l e comparisons of the o c c u r r e n c e s of p l a n t groups i n the 
f a e c e s of sheep dur ing the w i n t e r of 1974. 

•J I u _ Dwarf G r a s s e s and Herbs Ferns Mosses T r e e s . _ , . . n , Shrubs G r a s s l i k e P l a n t s 

Rank: 1 2 3 4 5. 6 
Mean: 1.44 6 .03 8.92 13.01 37 .59 4 6 . 3 9 

D i f f e r e n c e s which a r e not s i g n i f i c a n t a t P = 0 .05 a r e u n d e r l i n e d . 

Tab le 4 2 . Two way anova of the o c c u r r e n c e of p l a n t groups in the f a e c e s 
of sheep and deer dur ing the w i n t e r o f 1974. 

Source o f V a r i a t i o n d . f . S . S . M.S. F S . 
0 . 3 6 n ' s ' 

7 2 J 5 1 * 

1 0 . 5 8 1 ' 

S p e c i e s (Sheep, Deer) 1 8 .05 8 .05 

F S . 
0 . 3 6 n ' s ' 

7 2 J 5 1 * 

1 0 . 5 8 1 ' 

._P.lant_ groups 5 8135.63 1627.12 

F S . 
0 . 3 6 n ' s ' 

7 2 J 5 1 * 

1 0 . 5 8 1 ' S p e c i e s x P l a n t groups 5 1237.53 247.50 

F S . 
0 . 3 6 n ' s ' 

7 2 J 5 1 * 

1 0 . 5 8 1 ' 

( I n t e r a c t i o n ) 

E r r o r 24 541.23 22 .55 

To ta l 35 

' S i g n i f i c a n t a t P = 0.01 

n , S , N o t s i g n i f i c a n t a t P = 0 .05 
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anova w i t h r e p l i c a t i o n (Tab le 4 2 ) . T h i s a n a l y s i s i n d i c a t e d that the p l a n t 
group composi t ion of sheep and deer f a e c e s d id not d i f f e r s i g n i f i c a n t l y , 
but tha t t h e r e were s i g n i f i c a n t d i f f e r e n c e s (P < 0 . 0 5 ) between the 
o c c u r r e n c e s of i n d i v i d u a l p l a n t groups in the f a e c e s of both s p e c i e s . 
There was a s i g n i f i c a n t (P < 0 . 0 5 ) e f f e c t on the p r o p o r t i o n s of p l a n t 
groups in the f a e c e s o f each s p e c i e s due to a s h e e p , deer p l a n t group 
i n t e r a c t i o n . 

The SNK t e s t was used to d e t e c t between which p l a n t groups means 

were s i g n i f i c a n t l y d i f f e r e n t (see T a b l e s 4 3 , F i g s 15 a , b. and T a b l e 4 1 ) . 

The o c c u r r e n c e of g r a s s e s and g r a s s l i k e p l a n t s was s i g n i f i c a n t l y 

(P < 0 . 0 5 ) h i g h e r in sheep f a e c e s than i n those o f deer and the p r o p o r t i o n 

o f dwarf shrubs in sheep f a e c e s was not s i g n i f i c a n t l y (P > 0 . 0 5 ) d i f f e r e n t 

from tha t in d e e r . The p r o p o r t i o n s of t h e s e two p l a n t groups d id not 

d i f f e r s i g n i f i c a n t l y i n sheep f a e c e s , but d id so in d e e r . The p r o p o r t i o n s 

o f f e r n s , mosses and herbs i n the f a e c e s of the two s p e c i e s d id not d i f f e r 

s i g n i f i c a n t l y , but t r e e browse had a s i g n i f i c a n t l y (P < 0 .05 ) h i g h e r 

o c c u r r e n c e j_n deer f a e c e s . .. . _ 

4 . 3 . 6 E s t i m a t i o n of P l a n t Abundance and Use i n Westmoor P l a n t a t i o n 

The dry we igh ts o f p l a n t s p e c i e s c l i p p e d from both i n s i d e and o u t s i d e 

the e x c l o s u r e s a r e g iven f o r each h a b i t a t in T a b l e 4 4 . There was l i t t l e 

d i f f e r e n c e in the t o t a l amount of v e g e t a t i o n c l i p p e d from i n s i d e and o u t s i d e 

the e x c l o s u r e s . The data in Tab le 44 suggest tha t a v a i l a b l e v e g e t a t i o n 

was most abundant in the p l a n t a t i o n h a b i t a t f o l l o w e d , in d e c r e a s i n g o r d e r 

of abundance, by the r i d e s , f i r s p r u c e , l a r c h , b i r c h p i n e and S c o t s p ine 

t y p e s . In the e x c l o s u r e s P t e r i d i u m was the s p e c i e s p r e s e n t in the g r e a t e s t 

amount, w i t h g r a s s e s and g r a s s l i k e p l a n t s a s a group, C a l l u n a and Deschampsia 

f l e x u o s a the next most abundant r e s p e c t i v e l y , whereas in the open p l o t s , 

g r a s s e s and g r a s s l i k e p l a n t s , C a l l u n a , Deschampsia f l e x u o s a and P t e r i d i u m 

were the most abundant r e s p e c t i v e l y . 

There was no obv ious s i g n of g r a z i n g by the deer in any of the open 
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T a b l e 4 4 . Amount of v e g e t a t i o n in g./rn^ c l i p p e d from e n c l o s e d p l o t s (E) 
and open p l o t s (0) in i n d i v i d u a l h a b i t a t s . 

P l a n t S p e c i e s Bi rch 
P ine 

S c o t s 
P i n e 

La rch 

H a b i t a t Types 

F i r P l a n t a t i o n 
Spruce 

R ides T o t a l 

P i n u s s y l v e s t r i E 0 0 . 3 0 0 2 . 6 0 2 . 9 P i n u s s y l v e s t r i ̂ 0 0 0 . 3 0 0 1.4 0 1.7 

Pi cea E 0 0 0 0 1.8 0 1.8 
s i t c h e n s i s 0 0 0 0 0 1.6 0 1.6 

P i cea , . a b i e s E 0 0 0 0 .2 0 0 0 .2 P i cea , . a b i e s 0 0 0 0 0 . 5 0 0 0 . 5 

L a r i x E 0 0 0 . 8 0 0 0 0 . 8 
deci dua 0 0 0 0 . 3 0 0 0 0 . 3 

Pseudostuga E 0 0 0 5 .9 0 0 5 . 9 
menz ies i i 0 0 0 0 5 .5 0 0 5 .5 

B e t u l a s p . E 0 0 0 .2 0 2 .2 0 2 . 4 B e t u l a s p . 
0 0 0 0 0 1.2 0 1.2 

C a l l u n a E 0 0 0 0 .7 2 . 6 10.0 13.3 
v u l g a r i s 0 0 0 0 1.8 4 . 0 12.0 17.8 

E r i ca E 0 0 0 0 0 . 8 0 0 . 8 
t e t ra 1 i x 0 0 0 0 0 0 0 0 

Vacc i nium E 0 0 .7 0 . 3 0 0 1.6 2 . 6 
m y r t i l u s 0 0.1 0 .3 0.1 0 0 0 . 5 1.0 

G r a s s e s and E 1.5 0 2.-7 3 .0 8 T 0 - 2 .0 —1-7 . 2 -
G r a s s l i ke 0 1.6 0 2 . 8 2 . 5 12.2 1.5 2 0 . 6 

P l a n t s 3 ' 
Deschampsia E 3.1 1.9 2 .0 0 . 9 2 . 4 1.6 11.9 

f l e x u o s a 0 4.1 2.1 1.9 1.8 2 . 8 2 .0 14.7 

Holcus s p . E 0 . 5 0 0. 0 0 0 0 . 5 Holcus s p . 0 0 . 4 0 0 0 0 0 0 . 4 

Ga 1 ium E 0 .2 0 0 0 0 0.1 0 . 3 
s a x a t i l e 0 0 0 0 0 0 0 0 

O x a l i s E 0 .2 0 0 0 0 0 0 .2 
a c e t o s e l l a 0 0 .2 0 0 0 0 0 0 .2 

P t e r i d i u m E 1.3 0 2.1 3 .9 5 .8 7.1 20 .2 
aqu i 1 i ni urn 0 0 . 4 0 4 . 0 1.1 4 . 6 3 . 9 14.0 

Sphaqnum s p . 
E 0 0 0 4 . 3 0 0 4 . 3 Sphaqnum s p . 0 0 0 0 3.0 0 0 3.0 

Other Mosses E 
0 

0 
0 

0 
0 

0 . 3 
0 .2 

1.1 
1.4 

0 
0 

0 
0 

1.4 
1.6 

T o t a l E 6 . 8 2 . 9 8 . 4 20 .0 26 .2 2 2 . 4 86 .7 T o t a l 
0 6 . 8 2 .7 9 .3 17.6 2 7 . 8 19 .9 84.1 

"Only those g r a s s e s and g r a s s l i k e p l a n t s which could not be i d e n t i f i e d 
to s p e c i e s a r e i n c l u d e d in t h i s group. 
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p l o t s . However, some young Pi nus s y l v e s t r i s and B e t u l a growing in the 

p l a n t a t i o n away from the open p l o t s t h e r e , had been h e a v i l y browsed. 

4 . 4 Di s c u s s i o n 

Changes in the composi t ion o f the rumen c o n t e n t s and f a e c e s w i th 

season r e f l e c t changes i n p l a n t a v a i l a b i l i t y and in p l a n t p r e f e r e n c e s of 

the d e e r . The heavy u s e of herbs in s p r i n g and summer and of g r a s s e s and 

g r a s s l i k e p l a n t s in s p r i n g could be accounted f o r by the improved n u t r i t i v e 

q u a l i t y of t h e s e foods a t t h e s e t i m e s , s i n c e young growing shoots a r e 

u s u a l l y more n u t r i t i o u s than mature ones ( D i e t z 1965 ) . S e l e c t i o n of the 

most n u t r i t i o u s food has been repor ted f o r deer by S w i f t (1948) and K l e i n 

( 1 9 7 0 ) , fo r sheep and c a t t l e by B e d e l l (1971) and T h e t f o r d , P i p i e r and 

Nelson (1971) and f o r Lagopus mutus ( I c e l a n d i c ptarmigan) by Gardarsson and 

Moss ( 1 9 7 0 ) . S e l e c t i o n however, i s not a lways r e l a t e d to n u t r i t i v e q u a l i t y , 

s i n c e p l a n t s not s e l e c t e d a r e o f t e n as n u t r i t i o u s a s those which a r e 

( L o n g h u r s t , Oh, Jones and Kepner 1968) . Sheep a r e known to s e l e c t food o f 

h i g h e r n u t r i t i v e v a l u e than c a t t l e ( B e d e l l 1971, Theford e £ aj_ 1971) . 

Heavy u s e of browse by roe deer has been repor ted p r e v i o u s l y by Juon 

( 1 9 6 3 ) , S i u d a . e_t aj_ (1969) and by Hosey ( 1 9 7 4 ) . A c c o r d i n g to Juon (1963) 

c o a r s e f i b r o u s m a t e r i a l , o r b a l l a s t , i s important to roe i n a l l s e a s o n s , and 

must be p resen t i f the movement of the food and r e g u l a t i o n of d i g e s t i o n in the 

i n t e s t i n e i s to be normal . T h i s m a t e r i a l i s ob ta ined most ly by browsing . On 

an annual average browse c o n s t i t u t e s 60% o r more of the weight of the 

m a t e r i a l i n g e s t e d . T h i s i n d i c a t e s that the s t r u c t u r a l and mechanica l 

p r o p e r t i e s of food can be a s important as n u t r i e n t content (Juon 1963) . 

C a l l u n a , the p r i n c i p a l food of the roe in Hamste r ley , i s h igh in f i b r e and 

low i n p r o t e i n (Moss and P a r k i n s o n 1972 ) . 

Very l i t t l e work has been done on the d i e t o f roe deer i n h a b i t i n g 

h a b i t a t s s i m i l a r to those in Hamster ley e l s e w h e r e in B r i t a i n . The w i n t e r 

d i e t o f roe l i v i n g in c o n i f e r f o r e s t s in western A r g y l l was determined from 

rumen c o n t e n t s a n a l y s i s by Hosey ( 1 9 7 4 ) . He found the main foods of the 
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deer in t h e s e f o r e s t s a s a whole to be C a l l u n a , P i c e a , g r a s s e s , Vacciniurn 
and C o r y l u s . The composi t ion o f the d i e t was thus s i m i l a r to that of the 
w i n t e r d i e t o f the Hamster ley d e e r , w i t h the f o l l o w i n g e x c e p t i o n s . F i r s t l y , 
C o r y l u s was never i d e n t i f i e d in rumen samples from Hamster ley d e e r , s i n c e 
C o r y l u s i s absent from or o c c u r s o n l y r a r e l y in the f o r e s t , and s e c o n d l y , 
Pi nus s y l v e s t r i s was a more p r e f e r r e d food a t Hamster ley than Pi c e a . T h i s 
s i m i l a r i t y of w i n t e r d i e t in the two a r e a s r e f l e c t s a s i m i l a r i t y of a v a i l a b l e 
v e g e t a t i o n a t Hamster ley and i n the western A r g y l l f o r e s t s . 

In Chedington Wood, Dorset where the v e g e t a t i o n d i f f e r s from t h a t a t 

Hamster ley , Hosey (1974) u s i n g f a e c a l a n a l y s i s found Rubus f r u c t i c o s u s to 

be the main w i n t e r food and to c o n s t i t u t e over 50% of the annual d i e t . 

C a l l u n a forms a s i m i l a r p ropor t ion of the annual d i e t o f the Hamster ley 

d e e r , a c c o r d i n g to f a e c a l a n a l y s i s . Robertson (1967) u s i n g the feed ing 

minutes method, repor ted t h a t roe in Caedmuir F o r e s t , Peeb les i n w i n t e r , 

fed most ly on g r a s s e s (of which Ho 1 cus l a n a t u s was the most important ) , 

C a 1 l u n a , L a r i x , Chamaenerion and Pi nus s p . r e s p e c t i v e l y . F a e c a l a n a l y s i s 

i n d i c a t e d Holcus to be the most p r e f e r r e d g r a s s in the annual d i e t o f the 

Hamster ley deer w i th peak u s e from March to May. In these months, the deer 

a t Caedmuir were u t i l i s i n g most ly young C a l l u n a shoots and Chamaenerion 

(Robertson 1967 ) , which were a l s o important foods of the Hamster ley deer in 

s p r i n g . 

Chamaenerion was h i g h l y p r e f e r r e d in summer by the d e e r , both a t 

Hamster ley and Caedmuir . In autumn a t Hamster ley however, t h e r e was a s h i f t 

towards browse and C a l l u n a in p a r t i c u l a r , whereas a t Caedmuir heavy use o f 

Chamaenerion cont inued and u s e of g r a s s e s , and h i p s of Rosa s p . became 

prominent (Robertson 1967) . Robertson a l s o repor ted tha t B e t u l a s p . was 

h e a v i l y u s e d . At H a m s t e r l e y , a l though b i r c h was an unimportant f o o d , i t was 

h e a v i l y browsed in some, but not a l l , p a r t s of the f o r e s t where i t o c c u r r e d . 

T h i s browsing cou ld have been p r e v e n t i n g r e g e n e r a t i o n l o c a l l y . T h i s 

o b s e r v a t i o n s u g g e s t s tha t l o c a l d i f f e r e n c e s in food p r e f e r e n c e s may e x i s t , 
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but a s the data have shown, t h e s e d i f f e r e n c e s a r e o f t e n i n s u f f i c i e n t to i n ­
f l u e n c e s i g n i f i c a n t l y the o v e r a l l composi t ion o f the d i e t . 

Rumen c o n t e n t s and f a e c a l a n a l y s i s both i n d i c a t e d tha t Cal luna was the 

most p r e f e r r e d shrub and p l a n t in the d i e t as a whole . The l a t t e r method 

suggested a c o n s i d e r a b l y h igher s e a s o n a l and annual i n t a k e o f Ca1luna than the 

former method. T h i s cou ld be a t t r i b u t e d to a h i g h e r degree of s e l e c t i o n o f 

t h i s food i n the study a r e a , where f a e c e s were c o l l e c t e d , than e l s e w h e r e i n 

the f o r e s t from where samples of rumen c o n t e n t s were most ly c o l l e c t e d ; o r to 

C a l l u n a being p r o p o r t i o n a t e l y more abundant w i t h i n the study a r e a than o v e r 

the f o r e s t as a who le , w i t h the r e s u l t tha t deer u s i n g the s tudy a r e a a t e 

more C a l l u n a t h e r e than e l s e w h e r e . A l t e r n a t i v e l y , C a l l u n a might be more 

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

i n d i c a t e a h i g h e r l e v e l of use of C a l l u n a than a c t u a l l y o c c u r r e d . In 

c o n t r a s t , rumen c o n t e n t s a n a l y s i s i n d i c a t e d the i n t a k e of P inus s y l v e s t r i s 

to be about t w i c e the l e v e l suggested by f a e c a l a n a l y s i s . The p o s s i b i l i t y 

o f t h i s be ing a r e f l e c t i o n o f t h i s s p e c i e s be ing much l e s s abundant in the 

s.tudy _a.rea . than in. t h e f o r e s t a s a who le , , i s supported. by_the_ i_mp_ressi_on 

t h a t i t in f a c t appears to be more abundant o u t s i d e of the s tudy a r e a . 

S i n c e rumen c o n t e n t s were most ly c o l l e c t e d o u t s i d e of the s tudy a r e a , more 

P inus s y l v e s t r i s might t h e r e f o r e o c c u r in the samples of rumen c o n t e n t s 

than in the f a e c e s . 

The d i f f e r e n c e s i n the v a l u e s g iven by t h e s e two methods f o r the 

o c c u r r e n c e s of the o t h e r browse s p e c i e s a r e l e s s marked, and i n many c a s e s , 

s l i g h t . Both methods i n d i c a t e d that mosses were l i t t l e u s e d , and l i k e w i s e 

f e r n s . However, i n comparison w i t h t h e i r a v a i l a b i l i t y , the annual p r e f e r e n c e s 

of Blechnum and Dryopter i s were h i g h . Only the l e a v e s of the l a t t e r s p e c i e s 

were p r e s e n t in the rumen c o n t e n t s and f a e c e s of roe from H a m s t e r l e y , whereas 

a t G l e n t r e s s F o r e s t , rhizomes of Dryopter i s s p . a r e a p p a r e n t l y the main w i n t e r 

food (A. Louden p e r s . comm.). Fungi which a r e a r e l a t i v e l y minor food of 

d e e r , a l though f r e q u e n t l y ea ten i n smal l q u a n t i t i e s (Siuda e_t aj_ 1969, Hosey 

1974) were i d e n t i f i e d o n l y in rumen c o n t e n t s . A d i s a d v a n t a g e of the a n a l y s i s 
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of rumen con ten ts i s tha t in c o n t r a s t to f a e c a l a n a l y s i s , g r a s s e s and 

g r a s s l i k e p l a n t s cou ld not be i d e n t i f i e d to s p e c i e s l e v e l . 

Rumen c o n t e n t s a n a l y s i s i n d i c a t e d Chamaenerion to o c c u r in g r e a t e r 

p r o p o r t i o n s in the s p r i n g and summer d i e t s than d id f a e c a l a n a l y s i s , 

whereas the p r o p o r t i o n of t h e s e d i e t s which each of the o t h e r herbs 

comprised was s i m i l a r a c c o r d i n g to both methods. I t i s u n l i k e l y that samples 

of rumen c o n t e n t s were ob ta ined from deer in a r e a s where Ctonaener ion was 

more abundant than in the s tudy a r e a s i n c e some of the samples o f rumen con^ 

t e n t s were c o l l e c t e d from d e e r shot in the s tudy a r e a in s p r i n g and summer. 

I t i s p o s s i b l e tha t Chamaenerion a lmost t o t a l l y d i s i n t e g r a t e s d u r i n g the 

d i g e s t i v e p r o c e s s r e s u l t i n g in i t s u n d e r - r e p r e s e n t a t i o n in the f a e c e s . T h i s 

v iew would imply tha t Chamaenerion i s more comple te ly d i g e s t e d than o t h e r 

herbs i n g e s t e d , where the o c c u r r e n c e s in rumen c o n t e n t s and in the f a e c e s 

were g e n e r a l l y s i m i l a r . 

P r e c i s e compar isons of the f i n d i n g s from examinat ion of rumen c o n t e n t s 

w i t h those from f a e c a l a n a l y s i s a r e , however, not s t r i c t l y l e g i t i m a t e 

because the samples of rumen con ten ts which were assumed to be^ r^pj^esej i tat iye 

o f the s e a s o n a l d i e t s , were taken on o n l y a few days in each of the months 

of a g iven s e a s o n . F a e c a l a n a l y s i s in c o n t r a s t , represented a more 

cont inuous moni tor ing of the monthly , s e a s o n a l and annual d i e t a n d , 

f u r t h e r m o r e , prov ided data which were r e p r e s e n t a t i v e of the study a r e a and 
l 

i t s immediate s u r r o u n d i n g s , whereas the rumen c o n t e n t s were obta ined from 

deer shot anywhere i n the f o r e s t . A f u r t h e r c o m p l i c a t i o n i s the f a c t tha t 

s i n c e rumen con ten ts a n a l y s i s i s a g ross a n a l y t i c a l t e c h n i q u e , based on 

l a r g e p lan t f ragments and f a e c a l a n a l y s i s i s a m i c r o s c o p i c one based on 

i d e n t i f i c a t i o n o f c o n s i d e r a b l y s m a l l e r f r a g m e n t s , the two methods may 

i n d i c a t e d i f f e r e n t v a l u e s f o r the p r o p o r t i o n s of i n d i v i d u a l p l a n t s in any 

g iven d i e t . I would suggest that in a f u t u r e e v a l u a t i o n of the two methods, 

comparisons be made of the r e s u l t s of the po in t frame method w i t h those from 

the m i c r o s c o p i c a n a l y s e s of rumen c o n t e n t s and f a e c e s of the same animal 
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(see Todd and Hansen 1973. Anthony and Smith 1974) . Of c o u r s e , any d i f f e r e n c e s 
i n the r e s u l t s ob ta ined from u s i n g t h e s e methods can be p a r t i a l l y e x p l a i n e d 
on the b a s i s of ' throughput t i m e ' , which i s the p e r i o d between i n g e s t i o n 
to the t ime of e l i m i n a t i o n of a p a r t i c u l a r food i t e m . For example , what a 
d e e r a t e a few hours p r i o r to c o l l e c t i o n as shown in a sample of rumen 
c o n t e n t s , may d i f f e r from what i t a t e 24 to 120 hours (throughput t ime) 
b e f o r e c o l l e c t i o n and shown in f a e c a l samples (Anthony and Smith 1974) . 
The c o m p l i c a t i o n of throughput t ime would be r e s o l v e d i f the a n i m a l s had 
been feed ing on a c o n s t a n t d i e t f o r 120 h o u r s . The above type of work 
cou ld p rov ide the b a s i s f o r c a l c u l a t i o n of a c o r r e c t i o n f a c t o r ( N e a l , 
P u l k i n e n and Owen 1973) f o r c e r t a i n p l a n t s p e c i e s , thus e n a b l i n g even 
g r e a t e r r e l i a n c e to be p l a c e d upon d i e t determined f o r w i l d an ima ls by 
f a e c a l a n a l y s i s . 

The l a r g e i n t a k e of g r a s s e s and g r a s s l i k e p l a n t s by sheep in w i n t e r 

was e x p e c t e d , s i n c e sheep a r e p r i m a r i l y g r a z e r s . But a l though used to a 

l e s s e r e x t e n t than by the d e e r , C a l l u n a was n e v e r t h e l e s s the most common 

s p e c i e s i n the sheep d i e t . Colquhoun (1971) noted tha t sheep occupy ing the 

same range a s Cervus e laphus in P e r t h s h i r e had s i m i l a r l y a h igher in take of 

g r a s s e s and g r a s s l i k e p l a n t s than the d e e r . McDougall (1972 , 1975) noted 

c o n s i d e r a b l e o v e r l a p in the d i e t o f sheep and goats (Capra hi reus ) in l a t e 

s p r i n g and e a r l y summer on K i e l d e r h e a d Moor. Ca1luna was the main food of 

both s p e c i e s t h e r e , a l though the sheep made g r e a t e r use o f F e s t u c a than the 

g o a t s . In u s i n g g r a s s e s , the sheep a r e s e l e c t i n g a food of h i g h e r q u a l i t y , 

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

than C a l l u n a (see Colquhoun 1971, M i l l e r 1971) . At Hamste r ley , Vacc i ni urn 

was more h e a v i l y used by the sheep than by the d e e r , a l though s t i l l to a 

l e s s e r ex ten t than C a l l u n a , and Vacc i nium was observed to be h e a v i l y browsed 

in a r e a s where sheep congrega ted . S i m i l a r work needs to be done over the 

y e a r a s a whole be fore the magnitude of p o s s i b l e c o m p e t i t i o n between roe 

d e e r and sheep f o r food p l a n t s in the f o r e s t can be de te rmined . 
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In the c l i p p i n g s t u d y , the f a c t tha t d i f f e r e n c e s between the t o t a l 
we ights of v e g e t a t i o n c l i p p e d from i n s i d e and o u t s i d e the e x c l o s u r e s was 
so smal l s u g g e s t s t h a t f e e d i n g p r e s s u r e in the wood was l i g h t . The p l a n t 
i n d i c a t e d to be the main food by t h i s techn ique i n summer was not the same 
a s that i n d i c a t e d by the a n a l y s i s of f a e c e s and rumen c o n t e n t s . The l a t t e r 
methods c o n s i d e r e d toge ther i n d i c a t e d C a l l u n a and Chamaenerion to be the 
p r i n c i p a 1 foods a t t h i s t ime . Ca1luna was q u i t e common in Westmoor but i t 
was a p p a r e n t l y not be ing u t i l i s e d , s i n c e more was c l i p p e d on the p l o t s 
o u t s i d e the e x c l o s u r e s than on those i n s i d e . Chamaenerion was not observed 
i n the wood a t any t i m e . Al though the c l i p p i n g suggested P t e r i d i u m to be 
the main summer f o o d , c a s u a l o b s e r v a t i o n i n Westmoor i n d i c a t e d i t was not 
be ing h e a v i l y u s e d . 

The F o r e s t r y Commiss ion 's e s t i m a t e of deer p o p u l a t i o n s i z e in Westmoor 

o f s i x deer was s i m i l a r to tha t of e i g h t deer by S . Z i lberman ( p e r s . comm.). 

I f such a smal l number of a n i m a l s were c o n s t a n t l y moving in to and out of 

the wood and u t i l i s i n g o t h e r f eed ing s i t e s a v a i l a b l e in the f o r e s t types 

a d j o i n i n g Westmoor, then feed ing p r e s s u r e in the wood might be expected 

to be l i g h t , in the growing s e a s o n . I f t h i s v iew i s t r u e , then i t was 

probable tha t the sampl ing i n t e n s i t y employed would have been i n s u f f i c i e n t 

to revea l which p l a n t s were most h e a v i l y u s e d . T h e r e f o r e , the s u g g e s t i o n 

from the c l i p p i n g s tudy o f Pter id iurn being the main food i s probably 

i n c o r r e c t . The v a r i a t i o n between we ights of i n d i v i d u a l s p e c i e s i n s i d e 

and o u t s i d e the e x c l o s u r e s probably r e s u l t from random v a r i a b i l i t y and in 

no way i n d i c a t e the d i e t o f the deer i n Westmoor P l a n t a t i o n . 

Because the d i f f e r e n c e i n the t o t a l we ights of v e g e t a t i o n between the 

e x c l o s e d and open p l o t s was so s m a l l , t h e s e two s e t s of data may be pooled 

to p rov ide a q u a n t i t a t i v e e s t i m a t e of the food a v a i l a b l e to the deer a t 

the end of the growing s e a s o n . S i m i l a r work by Bobek e_t aj_ (1972) in a 

dec iduous f o r e s t i n Poland i n d i c a t e d that the t o t a l d r i e d weight of 

a v a i l a b l e v e g e t a t i o n was much g r e a t e r in summer than in any o t h e r s e a s o n . 
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I f t h i s s i t u a t i o n a p p l i e s i n Westmoor a l s o , then the weight of the food 

a v a i l a b l e t h e r e to the deer i n autumn and w i n t e r w i l l be much l e s s than 

t h a t a v a i l a b l e a t the end of the summer. 

Fur thermore , s i n c e the o n l y f r e q u e n t l y o c c u r r i n g main food i n the 

wood i s Ca1luna and then o n l y in the r i d e s and p l a n t a t i o n h a b i t a t t y p e s , 

i t i s suggested tha t the wood as a whole d id not p rov ide an abundant 

supply of d e s i r a b l e food for the deer in summer. T h i s i s probably because 

most of Westmoor i s covered w i t h unthinned po le s tage c o n i f e r s . A l a c k of 

food means few d e e r , hence the smal l s i z e of the deer p o p u l a t i o n . I t 

t h e r e f o r e seems tha t when conduct ing t h i s type of work, i t i s bes t to 

choose an a r e a w i t h a p l e n t i f u l food supply and a f a i r l y l a r g e deer 

p o p u l a t i o n . 

4 . 5 Summary 

1. De termina t ion of d i e t was based on t h r e e methods; rumen c o n t e n t s 

and f a e c a l a n a l y s i s , and comparison of the d r i e d we ights of c l i p p e d 

v e g e t a t i o n from e x c l o s e d and open p l o t s . F a e c a l a n a l y s i s was a l s o used to 

determine the w i n t e r d i e t o f s t r a y s h e e p . " ~ 

2 . Samples of rumen c o n t e n t s were c o l l e c t e d from 83 deer shot throughout 

the f o r e s t from J a n u a r y 1973 through J u l y 1974. These samples were 

examined u s i n g the po in t frame method o f Chamrod and Box ( 1 9 6 4 ) . F a e c e s 

were c o l l e c t e d from the study a r e a dur ing each month of 1973 and 1974. 

The f a e c a l f ragments c o n s i s t i n g o f p l a n t e p i d e r m i s and c u t i c l e were examined 

m i c r o s c o p i c a l l y and i d e n t i f i e d to s p e c i e s by r e f e r e n c e to c o l l e c t i o n s of 

mounted p r e p a r a t i o n s and photomicrographs of the e p i d e r m i s e s of known p l a n t 

spec i e s . 

3 . Seasona l changes i n d i e t were s t r o n g l y i n f l u e n c e d by s e a s o n a l p l a n t 

a v a i l a b i l i t y and i t i s suggested that p l a n t q u a l i t y a l s o caused changes i n 

the d i e t . Rumen c o n t e n t s a n a l y s i s i n d i c a t e d a ) C a l l u n a to be the most 

p r e f e r r e d food i n the annual d i e t , b) dwarf shrubs to be the most important 
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p l a n t group and c ) g r a s s e s and g r a s s l i k e p l a n t s and Chamaenerion a n g u s t i f o l i u m 

to be important foods in s p r i n g and summer. F a e c a l a n a l y s i s i n d i c a t e d 

dwarf shrubs to be the most h e a v i l y used p l a n t group w i t h Ca1luna the most 

important s p e c i e s in each month, and gave h igher v a l u e s f o r the u s e of 

C a l l u n a than d id the former method. Both methods i n d i c a t e d s i m i l a r l e v e l s 

of u s e of the d i f f e r e n t herb s p e c i e s , but rumen c o n t e n t s a n a l y s i s i n d i c a t e d 

a much g r e a t e r use of Chamaenerion than d id f a e c a l a n a l y s i s . G r a s s e s p r e s e n t 

i n rumen c o n t e n t s cou ld not be i d e n t i f i e d to the genus o r s p e c i e s l e v e l , 

but the o p p o s i t e was t r u e f o r t h e i r p resence i n f a e c e s . 

k. I t i s suggested that f a e c a l a n a l y s i s i n d i c a t e d a h igher l e v e l of use 

o f Ca11una than d id rumen c o n t e n t s a n a l y s i s because a ) C a l l u n a was more 

a v a i l a b l e in the study a r e a from where f a e c e s were c o l l e c t e d , than i n the 

f o r e s t as a whole from where samples of rumen c o n t e n t s were ob ta ined o r b) 

Ca1luna mi ght be more r e s i s t a n t to d i g e s t i o n than o t h e r p l a n t s , thus c a u s i n g 

f a e c a l a n a l y s i s to i n d i c a t e a h igher l e v e l o f u s e . 

I t i s suggested t h a t rumen c o n t e n t s a n a l y s i s i n d i c a t e d a g r e a t e r use 

of Chamaenerion than d id f a e c a l a n a l y s i s because Chamaenerion i s a lmost 

comple te ly d i g e s t e d r e s u l t i n g in i t s u n d e r - r e p r e s e n t a t i o n i n the f a e c e s . 

5 . In the c l i p p i n g study P t e r i d i u m a q u i l i n i u m was the s p e c i e s w i t h the 

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

was shown to be not a main food by comparison w i t h rumen c o n t e n t s and 

f a e c a l a n a l y s i s d a t a . There was no ev idence of g r a z i n g in the open p l o t s , 

a l though Pi nus s y l v e s t r i s and B e t u l a growing in the p l a n t a t i o n away from 

the open p l o t s t h e r e , were h e a v i l y browsed. The i n a b i l i t y of the c l i p p i n g 

s tudy to show p r e f e r r e d s p e c i e s i s a t t r i b u t e d to too low a sampl ing i n t e n s i t y . 

The s i m i l a r i t y between the t o t a l we ights of v e g e t a t i o n c l i p p e d from i n s i d e 

and o u t s i d e the e x c l o s u r e s i s probably due to random v a r i a b i l i t y . However, 
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the data ob ta ined do prov ide an i n d i c a t i o n of the q u a n t i t y of food a v a i l a b l e 

to the deer in summer. 

6 . Ca1luna was the most h e a v i l y used food by the s h e e p , a l though L u z u l a s p . 

had the h i g h e s t p r e f e r e n c e r a t i n g . G r a s s e s and g r a s s l i k e p l a n t s werethe 

main p l a n t group i n the sheep d i e t fo l lowed by dwarf s h r u b s . I t i s 

suggested that more work needs to be done over the y e a r as a whole , be fore 

the degree of d i e t a r y o v e r l a p between the sheep and deer can be unders tood . 
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5 . DETERMINATION OF AGE 

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

Many d i f f e r e n t methods a r e used to determine the age of mammals, but 

not a l l o f t h e s e a r e a p p l i c a b l e to i n d i v i d u a l s p e c i e s (Morr is 1972) . 

Methods which can be a p p l i e d to roe deer a r e c o n s i d e r e d h e r e . These 

i n c l u d e tooth e r u p t i o n and wear , counts of annual l a y e r s in d e n t a l cementum, 

d r y weight o f the eye l e n s and body w e i g h t . 

The sequence of tooth e r u p t i o n i s a r e l i a b l e i n d i c a t o r of age up to 

the t ime when a deer a c q u i r e s the f u l l s e t o f permanent t e e t h . The degree 

o f wear of the permanent mandibular t e e t h has been reported to v a r y markedly 

between i n d i v i d u a l s occupy ing the same and d i f f e r e n t h a b i t a t s (Q,uimby and 

Gabb 1957. R o b i n e t t e , J o n e s , Rogers and G a s h w i l e r 1957 , Sergeant and P i m l o t t 

1959 and G i l b e r t and S t o l t 1970) . However, the method i s used to e s t i m a t e 

the age of roe deer in Denmark (Anderson 1953, K l e i n and S t randgaard 1972) 

and i n Sweden (Borg 1970) . R i e c k (1970) t e s t e d the wear techn ique a s 

used i n Germany on 250 known age roe deer j aws and found t h a t i t a c c u r a t e l y 

e s t i m a t e d the age o f 80% of the sample . S z a b i k (1973) f o u n d ' t h e "method 

a s used in Poland to be much l e s s r e l i a b l e . 

C r i t e r i a r e l a t i n g age to the observed degree o f molar e r u p t i o n and 

w e a r , on the l i n e s of those d e s c r i b e d f o r 0 . v i r g i n i a n u s by Sever inghaus 

(19^9) and Ryel , Fay and Van E t t e n (1961)» and f o r 0 . hemionus by R o b i n e t t e 

et_ aj_ (1957 ) i have not been e s t a b l i s h e d f o r roe deer in B r i t a i n . N e v e r t h e l e s s 

the age of roe deer i s o f t e n e s t i m a t e d by the wear method in B r i t a i n a l s o . 

P r i o r (1968) even s t a t e d i t to be the most r e l i a b l e t e c h n i q u e . 

Age has been determined from the annual p a t t e r n in d e p o s i t i o n of 

d e n t i n e (see Morr is 1972) , but i t i s more u s u a l l y determined from t h a t i n 

cementum, which a c c o r d i n g to K l e v e z a l and K l e i n e n b e r g (1966) i s the most 

a c c u r a t e and n e a r l y u n i v e r s a l method of age d e t e r m i n a t i o n in mammals. The 

annual l a y e r i n the cementum of tooth s e c t i o n s viewed under r e f l e c t e d l i g h t 
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c o n s i s t s of two bands: a broad band of opaque cement composed of c o l l a g e n 

w i t h a l a r g e number of cementocytes and u s u a l l y c a l c i f i e d , and a narrow 

band o f t r a n s p a r e n t cement composed of c o l l a g e n w i t h a smal l number o f 

cementocytes and s t r o n g l y c a l c i f i e d ( K l e v e z a l and K l e i n e n b e r g 1966 ) . 

A c c e s s o r y l a y e r s s i m i l a r to the narrow t r a n s l u c e n t bands a r e known to o c c u r 

i n some i n d i v i d u a l s , as rut l i n e s i n males (Low and Cowan 1963, M i t c h e l l 

1967) o r r e l a t e d to l a c t a t i o n in females (A i tken 1975) o r a s s p l i t l a y e r s 

which o c c u r in both s e x e s , but a r e u n r e l a t e d to d i e t a r y o r hormonal changes 

d u r i n g breed ing (Lockard 1972 ) . 

Many workers who have used counts of cementum l a y e r s f o r de te rmin ing 

age in ruminants have found i t r e l i a b l e , f o r example Sergeant and P i m l o t t 

( 1 9 5 9 ) , McEwan (1963) , Low and Cowan ( 1 9 6 3 ) , Novakowski ( 1 9 6 5 ) , Ransom 

( 1 9 6 6 ) , G i l b e r t ( 1 9 6 6 ) , M i t c h e l l ( 1 9 6 7 ) , Riemers and Nordby ( 1 9 6 8 ) , 

McCutcheon ( 1 9 6 9 ) , K n e i s s ( 1 9 6 9 ) , Hemming ( 1 9 6 9 ) , E r i c k s o n and S e l i g e r ( 1 9 6 9 ) , 

Wolfe ( 1 9 6 9 ) , Lockard ( 1 9 7 2 ) , Brokx ( 1 9 7 2 ) , Spinage ( 1 9 7 2 ) , Thomas and Bandy 

(1973) and M i l l e r ( 1 9 7 4 ) . A few, such a s Lowe (1967) and C o n n a l l y , 

Dudz insk i and Longhurst (1969a) have repor ted the method to be u n r e l i a b l e , 

o r i n need of f u r t h e r e v a l u a t i o n , such a s Douglas ( 1 9 7 0 ) . In the c a s e of 

roe d e e r , P r i o r (1968) repor ted that the method was u n s a t i s f a c t o r y , 

presumably f o r a sampsle examined from Cranborne C h a s e . However, White 

(1974) u s i n g m a t e r i a l from Northumberland and A i t k e n (1975) u s i n g 

m a t e r i a l from N o r f o l k , both reported the method to be an a c c u r a t e means o f 

de te rmin ing age of roe d e e r . 

The v a l u e o f we ights o f d r i e d eye l e n s e s as an i n d i c a t o r o f age in 

mammals was f i r s t demonstrated by Lord (1959) f o r S y l v i l a g u s f l o r i d a n u s . 

The work has s i n c e been a p p l i e d to o t h e r mammals by Kolenosky and M i l l e r 

( 1 9 6 2 ) , Longhurst ( 1 9 6 4 ) , Novakowski ( 1 9 6 5 ) , F r i e n d ( 1 9 6 7 ) , Conna 11 y e t aj_ 

( 1 9 6 9 a . b . ) , F i s h e r and P e r r y ( 1 9 7 0 ) , Anderson and Jensen (1972) and Brokx 

(1972) w i t h v a r y i n g degrees of s u c c e s s . Conna 1 ly e_t a ^ (1969a . ) s t a t e d t h a t 

the method was o n l y u s e f u l i f p r e c i s e ages of deer were requ i red up to 12 
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months of a g e . Novakowski (1965) and E r i c k s o n , A n d e r s o n , Medin and Bowden 
(1969) found the method was of no use fo r de te rmin ing age o f i n d i v i d u a l s 

over two y e a r s in Bi son bi son and in 0 . hemionus, because of o v e r l a p in the 
weight f requency d i s t r i b u t i o n of s u c c e s s i v e year c l a s s e s . The method has 
not been e v a l u a t e d f o r roe d e e r , a l though P r i o r (1968) d id mention that i t 
was being i n v e s t i g a t e d . 

Body weights have been t e s t e d as a means of de te rmin ing a g e , in b i s o n 

by Novakowski (1965)» i n f a l l o w deer by C h a p l i n and White (1969) and in 

roe deer by A i t k e n ( 1 9 7 5 ) , a s weight i s an e a s i l y o b t a i n a b l e measure of 

growth which might p rov ide an index to a g e . A l l o f t h e s e a u t h o r s repor ted 

the method to be u n r e l i a b l e . However, i n the A f r i c a n e lephant (Loxodonta 

a f r i c a n a ) , where i t i s not p r a c t i c a b l e to weigh the whole a n i m a l , Laws , 

P a r k e r and A r c h e r (1967) found t h a t the weight o f the hind l e g , which was 

d i r e c t l y p r o p o r t i o n a l to t o t a l body weight could be used to e s t i m a t e age 

r e l i a b l y . 

The aims of the work repor ted here were to i n v e s t i g a t e the r e l i a b i l i t y 

of u s i n g the above methods to determine the age of roe d e e r . 

5.2 M a t e r i a l and Methods 

The f o l l o w i n g methods commonly employed to determine the age of l a r g e 

mammals were used: Degree o f molar e r u p t i o n and wear . Number of l a y e r s i n 

d e n t a l cementum of M̂  and 1^. D r i e d we ights o f eye l e n s e s . Body w e i g h t s . 

The lower jaws of 101 roe deer were c o l l e c t e d from c u l l i n g o p e r a t i o n s 

c a r r i e d out by the F o r e s t r y Commission i n Hamster l ey F o r e s t between November 

1972 and J u l y 1974. Lower jaws were a l s o c o l l e c t e d from t h r e e deer found 

dead in t h i s f o r e s t dur ing the same p e r i o d , and from a doe shot by the 

F o r e s t r y Commission a t S l a l e y F o r e s t , Northumberland in December 1973. The 

l a t t e r deer had been e a r tagged five y e a r s e a r l i e r and a t the t ime of 

marking, i t s age was e s t i m a t e d atthree and a h a l f y e a r s u s i n g the tooth wear 

method (G. White p e r s . comm.). The h a b i t a t s in S l a l e y F o r e s t a r e v e r y 

s i m i l a r to those in H a m s t e r l e y . In a d d i t i o n , e i g h t lower l e f t jaws were 
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ob ta ined from deer shot between June 1970 and November 1972 in p r i v a t e l y 
owned lowland a g r i c u l t u r a l woodland a r e a s . Four of t h e s e l a t t e r jaws came 
from near N e t h e r w i t t o n , Northumberland and the remaining f o u r from C r o x d a l e 
near Durham C i t y . The jaws of a known age two y e a r o l d buck were ob ta ined 
from Hamster ley in June 1975. Eye l e n s e s were o b t a i n e d from 56 deer between 
November 1972 and J u l y I97*f i n Hamster ley F o r e s t . Body we ights were o b t a i n e d 
f o r 50 deer dur ing the same per iod and from the same a r e a . 

5 .2 .1 Degree of Molar E r u p t i o n and Wear 

A c c o r d i n g to P r i o r ( 1 9 6 8 ) , a roe deer has a l l i t s permanent t e e t h by 

the age of e i g h t to 12 months. In v iew of the s p e c i f i c age by which young 

roe a t Hamster ley have a c q u i r e d t h e i r permanent t e e t h being unknown, i t was 

f e l t reasonab le to assume t h a t t h e s e young deer would have a complete 

permanent d e n t i t i o n a t the age of 12 months. Because the b i r t h pe r iod a t 

Hamster ley extends from mid May to mid June w i t h o n l y o c c a s i o n a l b i r t h s i n 

J u l y , the mean date of p a r t u r i t i o n was taken to be June 1st and so a l l roe 

a t Hamster ley were expected to have t h e i r permanent t e e t h by the 1st o f 

June in the y e a r f o l l o w i n g t h e i r b i r t h . 

P r i o r (1968) a l s o mentioned that few deer s u r v i v e d beyond seven to 

e i g h t y e a r s , but tha t o c c a s i o n a l l y one s u r v i y e d ten to 12 y e a r s . By t h i s 

a g e , the cheek t e e t h were worn almost to gum l e v e l . In a d d i t i o n , the 

consensus of o p i n i o n of F o r e s t r y Commission Rangers in the Hamster ley a r e a , 

was that o l d deer were a lmost ten y e a r s of a g e . T h e r e f o r e , i t was assumed 

a s a working h y p o t h e s i s t h a t the maximum age of a roe deer was ten y e a r s 

and that by t h i s a g e , the molar t e e t h and i n p a r t i c u l a r the f i r s t m o l a r , 

were worn to a lmost gum l e v e l . 

The open season f o r bucks was from 1st of May to 30th of August . Most 

bucks were k i l l e d in May but in 197^> some were a l s o shot in June and J u l y . 

S i n c e the 1st June was the mean b i r t h d a t e , a buck cou ld o n l y be a whole 

number of y e a r s o l d a t the t ime i t was s h o t . 
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The open season f o r does was from 1st November to 28th F e b r u a r y . Most 
females were k i l l e d in November, but in 1973 some were shot in January and 
February and in 197*1 in December. With 1st June be ing the mean b i r t h d a t e , 
a doe when shot would be a whole number of y e a r s o l d p l u s between f i v e to 
n ine months. The age of each doe was t h e r e f o r e assumed to be a whole 
number of y e a r s p l u s s i x months. 

As soon as a deer was s h o t , i t s age was e s t i m a t e d to be that which bes t 

s u i t e d the observed degree of molar e r u p t i o n and wear , w i t h i n the range 

from v i r t u a l l y no wear on the permanent t e e t h a t 12 months to a lmost complete 

wear of the molars a t ten y e a r s , and on the assumpt ion that the r a t e of wear 

was more o r l e s s un i form d u r i n g the i n t e r v e n i n g p e r i o d . Age e s t i m a t i o n 

employing t h e s e same c r i t e r i a was a g a i n c a r r i e d out in the l a b o r a t o r y , 

s h o r t l y a f t e r the jaws were brought in from the f o r e s t , but wi thout r e f e r e n c e 

to the ages a s s i g n e d t h e r e . As a second and p r e c i s e measure of w e a r , the 

he ight above the gum l i n e of each of the two buccal cusps o f each of the 

two lower f i r s t molars from each of 10*f specimens was measured to the 

n e a r e s t 0 . 5 mm. u s i n g a micrometer (from Sever inghaus 19^9 ) . Al though 

m a t e r i a l from 106 specimens was a v a i l a b l e , the remains of two of the deer 

found dead lacked the r i g h t lower M^. S i n c e the lower was r e q u i r e d from 

both jaws of each spec imen , t h e s e two specimens were exc luded from the d a t a . 

The tooth wear method was not used on the m a t e r i a l from Netherwi t ton and 

C r o x d a l e , a s the samples from t h e s e p l a c e s were too smal l f o r compar isons 

of molar wear to be made w i t h the sample from Hamster ley . 

5 . 2 . 2 Number of L a y e r s in Cementum of and 1 ^ . 

These procedures were employed a f t e r age e s t i m a t i o n based on molar 

wear and e r u p t i o n had been comple ted . They invo lved examinat ion of g r o s s 

s e c t i o n s of the cementum of Mj and \^ and t h i n s e c t i o n s a l s o o f the l a t t e r . 

D e t a i l s a r e as f o l l o w s : 

The lower l e f t jaw of each of the lfl4 deer was p l a c e d in a v i c e and 
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sawn v e r t i c a l l y in h a l f u s i n g a hacksaw, through the p lane of s e c t i o n 
shown in White (197*0, a r>d the cut cont inued through the jaw bone. The 
s e c t i o n e d molar tooth was removed from the bone w i th p l i e r s . The cut 
s u r f a c e of each h a l f was p o l i s h e d on ground g l a s s u s i n g aluminium o x i d e a s a 
p a s t e and the s t r u c t u r e of the cementum examined u s i n g r e f l e c t e d l i g h t under 
a X30 b i n o c u l a r m i c r o s c o p e . The procedure of p o l i s h i n g and examining was 
repeated u n t i l maximum c l a r i t y of cemental s t r u c t u r e was o b t a i n e d . C l a r i t y 
was f u r t h e r i n t e n s i f i e d by u s i n g a mi ld e t c h i n g s o l u t i o n of f.ormic a c i d 
i n a l c o h o l . A s i m i l a r t echn ique was used on the l j o f 45 j a w s , but w i t h a 
t r a n s v e r s e p lane of s e c t i o n employed. I t proved d i f f i c u l t to count the 
l a y e r s in the cementum of t h i s tooth because of the smal l s i z e o f the 
s e c t i o n s . Because of t h i s , p o l i s h i n g of the s e c t i o n s was i r r e g u l a r which 
caused the cementum to wear away r a p i d l y . 

H i s t o l o g i c a l examinat ion of the cementum of 1 ^ was conducted u s i n g the 

f o l l o w i n g m o d i f i c a t i o n of the method of Jensen and N i e l s e n ( 1 9 6 8 ) . The 

t ee th were d e c a l c i f i e d in 5% n i t r i c a c i d f o r 48 hours and washed in running 

water f o r 2k hours to remove a l l t r a c e s of a c i d . S e c t i o n s a t 20 microns 

were cu t u s i n g a c r y o s t a t . I t proved p o s s i b l e to p l a c e seven s e c t i o n s on 

one s l i d e and to cut 14 s e c t i o n s from each t o o t h . S e c t i o n s were a f f i x e d 

to the s l i d e s u s i n g albumen g l y c e r o l . They were s t a i n e d in E r h l i c h ' s 

haematoxyl in f o r ten minutes and then washed in d i s t i l l e d water to remove 

e x c e s s s t a i n , fo l lowed by immersion in a l k a l i n e a l c o h o l , 70% a l c o h o l and 

two changes o f 90% a l c o h o l of f i v e minutes e a c h . The s e c t i o n s were then 

c o u n t e r s t a i ned i n ep'sin f o r f i v e s e c o n d s , dehydrated in two changes of 

a b s o l u t e a l c o h o l f o r f i v e minutes and c l e a r e d i n x y l e n e f o r ten minutes 

before being mounted i n D . P . X . mounting medium. 

5 . 2 . 3 Dr ied Weights o f Eye Lenses 

Lenses were removed from the eyes of deer a s soon as p o s s i b l e a f t e r 

the deer were shot and a lways w i t h i n 12 hours of d e a t h . The l e n s e s were 

s t o r e d in 5% formaldehyde s o l u t i o n f o r p e r i o d s of up to t h r e e months and 
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then d r i e d i n an oven a t 80°C to constant w e i g h t . 

5 . 2 . 4 Body Weights 

The g r a l l o c h e d body weight was measured to the n e a r e s t 0 .2 k g . u s i n g 

a t o r s i o n b a l a n c e . G r a l l o c h e d weight r e f e r s to c a r c a s s weight minus the 

oesophagus , t r a c h e a , t h o r a c i c and abdominal v i s c e r a . 

5 .3 R e s u l t s 

5 .3 .1 Age from the Degree of Molar E r u p t i o n and Wear 

The denta l formula o f each of the jaws of the n ine doe k i d s shot 

between November and January was prrij , pn^, pm^, . The jaws of each 

o f the 2k bucks one y e a r o l d , s t i l l r e t a i n e d the deciduous premolars w h i l e 

hav ing the t h i r d molar i n c o m p l e t e l y e r u p t e d . Each of the s i x 18 month o l d 

does had the f u l l d e n t i t i o n . A y e a r l i n g buck which d i e d a t the end of 

A u g u s t , had the complete permanent dent ion except f o r PM^ and the p o s t e r i o r 

cusp of being s t i l l i n c o m p l e t e l y e r u p t e d . 

The mean he ight o f the bucca l cusp o f the f i r s t molars decreased 

s t e a d M y wi th age as i n d i c a t e d , by counts of cementum l a y e r s _(F_i g . .1.6.). __. 

I f a c c u r a c y of the age i n d i c a t e d by cementum l a y e r counts can be assumed, 

t h e s e data i n d i c a t e f i r s t l y a uni form mean r a t e of d e c r e a s e w i th a g e , and 

s e c o n d l y , c o n s i d e r a b l e o v e r l a p between y e a r c l a s s e s i n mean bucca l cusp 

h e i g h t . There i s no e v i d e n c e of d i f f e r e n c e s in the r a t e of wear of 

between the s e x e s . 

5 . 3 . 2 L a y e r s in the Cementum of of Deer from Hamster ley F o r e s t 

The s t r u c t u r e o f the cementum u s u a l l y c o n s i s t e d of l a y e r s of broad 

wh i te cementum, a l t e r n a t i n g w i t h narrower dark l a y e r s , r e p r e s e n t i n g summer 

and w i n t e r growth r e s p e c t i v e l y . S i n c e a wh i te l a y e r and a dark l a y e r 

t o g e t h e r c o n s t i t u t e one year (White 197*0 > a count of the number of dark 

l a y e r s prov ided the age of the deer (see P l a t e s 8 and 9 ) . 

In each of the molars examined from n ine doe k i d s shot between November 

and J a n u a r y , the cementum c o n s i s t e d s o l e l y of a broad whi te band. In the 





F i g . 16. Mean he ight of the bucca l cusps o f the lower 
r e l a t e d to age from counts of l a y e r s i n 

cementum. The data a r e based on the jaws 
c o l l e c t e d from Hamster ley and S l a l e y , 
except f o r a 12 month o ld and a 2k month 
o l d deer from the former a r e a . The l i n e 
i s drawn between the mean v a l u e s of the 
d i f f e r e n t age c l a s s e s . 
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P l a t e 8 . S e c t i o n of Mj showing l a y e r s in the cementum of a 
s i x y e a r o l d roe buck (x 3 0 ) . A i s the d e n t i n e -
cementum i n t e r f a c e . 

P l a t e 9 . S e c t i o n of M. showing l a y e r s in the cementum 
of a n i n e and a h a l f y e a r o l d roe deer (x 100) 
(A i s a s P l a t e 8 ) . 
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cementum of the molar of each of 17 out of 2k one y e a r o l d b u c k s , a dark 
l a y e r l a y between two whi te l a y e r s , whereas the M̂  cementum of each of the 
o t h e r seven bucks c o n s i s t e d s o l e l y of a broad wh i te band. The sequence o f 
l a y e r s i n the cementum of a l l s i x of the 18 month o ld d o e s , c o n s i s t e d 
of a dark l a y e r s e p a r a t e d by an i n n e r and an o u t e r wh i te l a y e r . In 12 
two; year o l d b u c k s , i n c l u d i n g the known age Hamster ley d e e r , a l t e r n a t i n g 
w h i t e and dark l a y e r s were p resen t in the molar cementum, whereas in tha t of 
each of t h r e e o t h e r two y e a r o l d b u c k s , the ages of which were determined 
from counts of l a y e r s in the cementum of h i s t o l o g i c a l s e c t i o n s of Î  , the 
cementum c o n s i s t e d s o l e l y of a broad wh i te l a y e r . The above in fo rmat ion 
i n d i c a t e s t h a t the dark l a y e r o r l a y e r s a r e not c l e a r l y v i s i b l e in the 
den ta l cementum of some young roe d e e r . 

A l t e r n a t i n g w h i t e and dark l a y e r s were p r e s e n t i n the cementum o f M̂  

examined from the remaining 52 deer of two and a h a l f y e a r s of age and o v e r , 

i n c l u d i n g the spec imen. f rom S l a l e y F o r e s t . The outermost z o n e . o f cementum 

in t h e s e remaining specimens c o n s i s t e d of a wh i te l a y e r , and the sample 

was compr ised_of_2k bucks shot o r found dead between May and J u l y and 28 

does shot between November and F e b r u a r y . A dark l a y e r , c o r r e s p o n d i n g to 

growth d u r i n g the w i n t e r i n which the does were s h o t , was not seen in the 

cementum of M̂  of any of the above f e m a l e s . 

The age of the marked buck from Hamster ley a s determined from counts 

of cementum l a y e r s in M^, agreed w i t h the known age of two y e a r s . Counts 

of the l a y e r s in the cementum of M̂  of the marked S l a l e y doe i n d i c a t e d i t 

to be n ine y e a r s o l d . S i n c e i t was shot in Decemeber, i t would have been 

9 . 5 y e a r s of a g e . T h i s age i s one year o l d e r than t h a t expected (see 

S e c t i o n 5 . 2 ) . 

5 . 3 . 3 L a y e r s i n the Cementum of of Deer from Croxda le and Netherwi t ton 

A l l specimens over one y e a r of age had a l t e r n a t i n g wh i te and dark 

l a y e r s p r e s e n t i n the M̂  cementum. On the assumpt ion of a mean b i r t h date 

of 1st J u n e , t h e s e deer i n c l u d e d a one y e a r o l d buck, a two year o l d buck, 
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a two and a h a l f y e a r o l d doe , a four y e a r o l d buck and two f i v e y e a r o l d 

b u c k s . The cementum of a s i x month o l d k id doe and a n ine month o l d 

buck k id c o n s i s t e d s o l e l y of a broad wh i te l a y e r . 

S.3A L a y e r s in the Cementum of I ^ of Deer from Hamster ley F o r e s t 

A l t e r n a t i n g w h i t e and dark l a y e r s were p r e s e n t i n the cementum o f 

g ross s e c t i o n s of I j . However, i t proved ex t remely d i f f i c u l t to count 

the number of t h e s e l a y e r s a c c u r a t e l y and so the techn ique was abandoned. 

The cementum of the s t a i n e d s e c t i o n s of 1 ^ c o n s i s t e d o f broad p ink 

l a y e r s and s l i g h t l y narrower and sometimes wavy b lue l a y e r s , c o r r e s p o n d i n g 

to summer and w i n t e r growth r e s p e c t i v e l y (see P l a t e s 10 and 1 1 ) . 

The age as determined u s i n g t h i s method, agreed w i t h those determined 

from the c o r r e s p o n d i n g M. in a l l but f i v e out of 60 d e e r , where compar isons 

were p o s s i b l e . As judged by the ages determined from 1 ^ , t h e s e f i v e deer 

c o n s i s t e d of two 12 month o l d b u c k s , and t h r e e 2k month o l d b u c k s . No 

dark w i n t e r l a y e r o r l a y e r s o c c u r r e d in the cementum of the c o r r e s p o n d i n g 

M_j of t h e s e f i v e a n i m a l s . The age d i s t r i b u t i o n of the sample h i s t o l o g i c a l l y 

examined was as f o l l o w s : 

Age C l a s s in Years 

0 . 5 

Number o f Jaws 

2 
9 
6 
9 
5 
k 
3 
7 
k 
2 
5 
2 

1.5 
2 
2 . 5 
3 
3 . 5 
k 
k.5 
5 
5 .5 
6 
9 
9 .5 

A s l i g h t i n d i c a t i o n of the format ion of a dark l a y e r in the form of 

a thini b lue l i n e , was found a t p a r t s o f the o u t e r edge of the cementum 

of I . , in t h r e e does shot in J a n u a r y , a k i d and two a d u l t deer in t h e i r 
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P l a t e 10. H i s t o l o g i c a l s e c t i o n of 1̂  showing l a y e r s 
i n the cementum of a four year o l d buck 
(x 100 ) . (A i s a s P l a t e 8 ) . 

P l a t e 11. H i s t o l o g i c a l s e c t i o n of 1̂  showing l a y e r s 
in the cementum of a s i x year o l d buck 
(x 100 ) . (A i s a s P l a t e 8) 
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second and s i x t h y e a r r e s p e c t i v e l y , and in t h r e e does in t h e i r second y e a r , 
shot in F e b r u a r y . T h i s i n d i c a t i o n of w i n t e r l a y e r format ion was absent i n 
the cementum o f I j of two o t h e r does each in t h e i r s i x t h y e a r , shot in 
F e b r u a r y . 

5 . 3 . 5 L a y e r s in the Cementum of Î  o f Deer from C r o x d a l e and Netherwi t ton 

The f i r s t i n c i s o r was a v a i l a b l e f o r o n l y one spec imen, shot a t 

C r o x d a l e . T h i s was a f i v e y e a r o l d buck. The number o f l a y e r s in the 

cementum of 1 ^ agreed w i t h the number in the cementum of M^. 

5 . 3 . 6 Comparison of Age as Determined from Counts of Cementum L a y e r s and 
Molar Wear. 

The age a s s i g n e d to each jaw in the l a b o r a t o r y on the b a s i s of e r u p t i o n 

and w e a r , in a l l c a s e s was i d e n t i c a l w i t h t h a t a s s i g n e d i n the f o r e s t . 

D i r e c t comparisons of t h e s e e s t i m a t e s and those determined from counts of 

cementum l a y e r s were t h e r e f o r e p o s s i b l e . 

As the age of deer up to 15 months can be a c c u r a t e l y determined from 

molar e r u p t i o n , age comparisons u s i n g the above methods a r e o n l y g iven f o r 

deer 18 months of age and o v e r . As seen from T a b l e k5> molar wear a l o n e 

a c c u r a t e l y e s t i m a t e d the age of about h a l f o f the t o t a l sample o f 7 1 . 

Over and u n d e r e s t i m a t e s of age by a y e a r were a lmost equal a t about one 

f i f t h of the t o t a l e a c h . The ages of about one t w e l f t h of the sample were 

o v e r e s t i m a t e d by two y e a r s . 

5 . 3 . 7 Age from Weights of Eye Lenses 

A s c a t t e r o f mean eye l e n s we igh ts w i th age i s shown i n F i g . 17. 

T h i s i n d i c a t e s a rap id i n c r e a s e i n l e n s weight up to one y e a r of a g e , 

fo l lowed by a more gradual i n c r e a s e to about f i v e y e a r s . There i s e x t e n s i v e 

o v e r l a p between y e a r c l a s s e s of one y e a r of age and o v e r . 

5 . 3 . 8 Age from Body Weights 

A s c a t t e r o f the g r a l l o c h e d body weight w i t h age i s shown i n F i g . 18. 

T h i s i n d i c a t e s an i n c r e a s e in body weight up to 18 mo-nths of a g e , but 



1*40 

- C 
U U u 

— re re •£ u 4> 
3 5 

, 
o +-> i 

o 
• 4) O 

!_ CD +J 
re re >• 
S> E .£> i_ 
3 4) O re ~o 4) 
!_ +J 4 - 4) >» 
re 4) 

Ul 13 l_ •— 
Q 3 4) cn + E re +-» re •—i re U) 
E E 
O 4 - — ui 
i_ o +J u 

4 - </> re l - 4) 4) 
X J 4) > 4) X ) £ 
4-> E 4) CM 
m 3 - C 
E z 3 + 

UT» CM CM — o o o — CM m 

cr\ CM •— — O O O J " •— O •— O vO 

— — o o o O vO 

re C 
c o 

. c . 
+-> X ) 

•— in 41 
3 3 Ul i_ 

re re re Ul •—i -Q 4) 
i_ 3 
4) 4 - Ul 

o Ul i_ 
re re re i_ 

0) o •Q 
E x> 

E 4) 
3 

c Z re 

— CM VO CM — CM O — O -3" 

c E 
4 - C O 3 

+-> 
X J "~ ~o C 
4) ui 4) 4) 
C 3 ui E •— re re 4) Ul 
E • - 1 - Q (J l_ 
i_ 4) 
4) 4— Ul 4 - >» 
4-> O Ul o re 4) re X J u -— 

CD O er
 

1/1 -O 
4) E 4) E 
cn 3 cn 3 
re z re C 

V O r > * t 0 O 0 0 v O 0 O L r \ C M V O CM CM CM — 

._ re 1_ Ul 
re E i-
a O Q) 
E u >» 
O 4 - (0 
o 

Ul 
ui S 

• re 3 
m •— 4-1 
J - u c 

4) 
4) 4) E 

cn 4) 
-O < o 

re 
LT\ LA U"\ LT\ LTV m i A 4 - > 

• • • • • • • Q 
— CM c M m f o j - j - L r v L n v o o o o o c r » c r > | — 

• X J 
•M re 
U 4) 
4) T J 
I_ 
>- X I 
o c 
O 3 

O 
4) 4 -

Ul 
o re 
+•> 3 
ui x: 
«- o 
4) . -
>».c 
re 3 

i_ 
E 0) 
3 4) 
+J X I c 
U X J 

o 
4— re 
O 4) 

> . 
ui 
4-1 g 
c 3 
3 4 J 
O o re 
cn in 
c a) 
! " § 
3 — 
Ul CJ 
ui X 

< LU 
re 



141 



F i g . 17. Eye l e n s weights r e l a t e d to age from counts 
o f cementum l a y e r s . 
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F i g . 18. G r a l l o c h e d body weight in r e l a t i o n to 
age from cementum l a y e r s . 
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none s u b s e q u e n t l y . There i s c o n s i d e r a b l e o v e r l a p in weight between a l l age 
c l a s s e s . 

5 . 4 Di s c u s s i o n 

I t i s seen that in roe deer from Hamster l e y , l i k e those from T h e t f o r d 

Chase (A i tken 1975 ) , a s i n g l e broad wh i te and narrow dark l a y e r a r e formed 

a n n u a l l y i n the denta l cementum. In deer from both a r e a s , the w h i t e l a y e r 

i s formed between A p r i l and December. A i t k e n (1975) repor ted tha t the dark 

l a y e r was beginning to form in December and i t was p r e s e n t in most deer 

shot in J a n u a r y . In roe from Hamster ley however, the dark l a y e r i s 

a p p a r e n t l y formed between January and A p r i l . Lockard (1972) found s i m i l a r l y 

t h a t in 0 . v? rgi n ianus the dark l a y e r was l a i d down d u r i n g the t e n t h and 

e l e v e n t h months of the d e e r ' s annual c y c l e . 

The apparent absence o f a dark l a y e r in the cementum of Mj of some 

of the one and two y e a r o l d deer in f a c t r e s u l t s from the dark l a y e r s 

formed in the f i r s t two w i n t e r s being d i f f i c u l t to s e e , w h i l e the animal 

i s young, when the g r o s s s e c t i o n i n g technique i s used : the a b s e n c e of 

l a y e r i n g i s thus more apparent than r e a l . T h i s v iew i s supported by the 

f a c t t h a t : 1. When the s t a i n e d s e c t i o n s o f the c o r r e s p o n d i n g l j o f some 

o f t h e s e specimens were examined, a dark l a y e r was , o r dark l a y e r s were 

p r e s e n t and 2 . In the t e e t h of o l d e r s p e c i m e n s , the c l a r i t y of the f i r s t 

one o r two dark l a y e r s was e q u i v a l e n t to tha t o f those l a i d down in the 

y e a r s immediate ly p reced ing d e a t h , which suggests t h a t the f i r s t dark 

l a y e r s became more d i s t i n c t w i t h i n c r e a s i n g age of the d e e r . Lockard 

(1972) found in 0 . vi r g i n i a n u s that l a y e r i n g was more d i s t i n c t i n s t a i n e d 

s e c t i o n s than i n g ross s e c t i o n s o f t e e t h . These r e s u l t s suggest t h a t f o r 

young a n i m a l s , the h i s t o l o g i c a l t echn ique would probably be the more r e l i a b l e 

method. The wavy l a y e r i n g in some of the s e c t i o n s of 1̂  may have been 

caused by the s e c t i o n i n g procedure and d r y i n g of the s e c t i o n s , s i n c e 

l a y e r i n g was more r e g u l a r in the g r o s s s e c t i o n s of M, . Brokx (1972) who 
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a l s o used the h i s t o l o g i c a l t e c h n i q u e , repor ted the o c c u r r e n c e of c o n s t r i c t e d 

i r r e g u l a r l a y e r i n g and of double l a y e r s merging in to a s i n g l e o n e , i n 

cementum of 0 . v . gymnoti s . N e i t h e r the l a c t a t i o n zones observed i n the 

cementum of does from T h e t f o r d Chase (A i tken 1975) nor the rut l i n e s in 

tha t o f bucks from Poland ( S z a b i k 1973) and T h e t f o r d Chase (A i tken 1975) 

were found i n the denta l cementum of e i t h e r sex a t Hamste r ley . 

A i t k e n (1975) e x p r e s s e d c o n f i d e n c e i n the a c c u r a c y of the cementum 

l a y e r techn ique on the b a s i s of a c c u r a c y in the c a s e of known age specimens 

and of l a y e r i n g in the cementum being d i s t i n c t in a l l the specimens from 

T h e t f o r d C h a s e . White (197*0 a l s o c o n s i d e r e d the denta l cementum method 

to be r e l i a b l e s i n c e d i s t i n c t w h i t e and dark l a y e r s were p r e s e n t in the 

d e n t a l cementum of a sample of roe deer t e e t h which came from d i f f e r e n t p a r t s 

of B r i t a i n and Europe . F u r t h e r m o r e , the method has prov ided the c o r r e c t ages 

o f known age specimens of 0 . hem?onus (Low and Cowan 1963 > Thomas and Bandy 

1970) from North A m e r i c a , and o f Cervus e laphus ( M i t c h e l l 1967) from mainland 

S c o t l a n d . In the c a s e of the l a t t e r s p e c i e s , however, Lowe (1967) found an 

i n c o n s i s t e n t p a t t e r n of l a y e r i n g in the cementum o f specimens from the I s l e 

o f Rhum, and he s t a t e d t h a t the techn ique was u n s a t i s f a c t o r y f o r de te rmin ing 

the age of red deer from t h i s a r e a . At Hamste r ley , the f i n d i n g t h a t the 

cementum l a y e r method c o r r e c t l y i n d i c a t e d the age of the known age spec imen, 

a s be ing two y e a r s , s u p p o r t s t h e v i e w t h a t age c a n be d e t e r m i n e d i n 

roe d e e r from t h i s a r e a from cementum l a y e r s . T h e a g e o f t h e S l a l e y 

deer was determined to be n ine and a h a l f y e a r s , compared w i t h the expected 

age of e i g h t and a h a l f y e a r s . The most l i k e l y e x p l a n a t i o n o f t h i s 

d i s c r e p a n c y i s that G. White underes t imated the age of the S l a l e y d e e r by 

one y e a r a t the t ime i t was marked, u s i n g the tooth wear method. Because 

o f the c l a r i t y of the l a y e r i n g in the m a t e r i a l from Netherwi t ton and 

C r o x d a l e , the method i s l i k e w i s e c o n s i d e r e d a c c u r a t e f o r age d e t e r m i n a t i o n 

o f the deer from t h e s e l o c a l i t i e s . 

Most workers suggest t h a t the o c c u r r e n c e of l a y e r s i n the cementum 
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r e f l e c t s d i f f e r e n c e s in s e a s o n a l food q u a l i t y (Low and Cowan 1963, White 
197^. A i t k e n 1975) . I t i s suggested t h e r e f o r e that a t H a m s t e r l e y , marked 
d i f f e r e n c e s e x i s t between summer and w i n t e r in the q u a l i t y of a v a i l a b l e 
f o o d . K l e v e z a l and K l e i n e n b e r g (1967) suggested that changes in cementum 
d e p o s i t i o n a r e due to s e a s o n a l changes in the i n t e n s i t y o f f e e d i n g which 
a f f e c t s the growth ra te of the t i s s u e s in cementum, d e n t i n e and bone. 
However, K l e v e z a l and Mina (1973) c la imed that in those mammals which do 
not h i b e r n a t e , the annual l a y e r s in t e e t h and bones which r e f l e c t s e a s o n a l 
growth a r e most ly determined g e n e t i c a l l y . These l a t t e r a u t h o r s a t t r i b u t e d 
the v a r i a b i l i t y in the p a t t e r n of annual l a y e r s in p o p u l a t i o n s of the same 
s p e c i e s from d i f f e r e n t geograph ica l a r e a s to the e f f e c t s of s e a s o n a l l y 
changing c l i m a t e a c t i n g a s a ' s t a b i l i s i n g s e l e c t i o n p r e s s u r e 1 . The 
meaning of t h i s l a t t e r term in K l e v e z a l and Mina (1973) i s u n c l e a r . 

At the o u t s e t o f the p r e s e n t s t u d y , i t was assumed tha t the young roe 

deer had a c q u i r e d i t s permanent t e e t h by the time i t was one y e a r of a g e . 

T h i s assumpt ion was l a t e r proved i n c o r r e c t . On the e v i d e n c e c o l l e c t e d , i t 

i s conc luded that the young roe a t Hamster ley i s about 15 months o l d be fore 

i t has a l l i t s permanent t e e t h . T h i s f i n d i n g t h e r e f o r e d i f f e r s from the 

r e p o r t s of P r i o r (1968) and White (197*0 , whose view was the same a s t h a t 

o f P r i o r and l i k e w i s e o f A i t k e n ( 1 9 7 5 ) , who repor ted tha t k i d s in t h e i r f i r s t 

w i n t e r , presumably a n i m a l s seven to e i g h t months of a g e , have comple te ly 

e r u p t e d , and by one y e a r have t h e i r f u l l permanent d e n t i t i o n . T h i s 

i n d i c a t e s tha t the k i d s in T h e t f o r d Chase have a c q u i r e d , four to s i x 

months, and P^ , and P^ up to t h r e e months e a r l i e r than the deer in 

H a m s t e r l e y . Such a l a c k of u n i f o r m i t y in the p a t t e r n of t e e t h replacement 

has a l s o been reported to o c c u r in the genus Odoco i leus (Sever inghaus 19^9) . 

The age e s t i m a t i o n of specimens a c c o r d i n g to the observed degree of 

molar wear , as used in t h i s s tudy and tha t of White ( 1 9 7 * 0 , was a s u b j e c t i v e 

t e c h n i q u e , s i n c e the method was not based on e x a c t c r i t e r i a e s t a b l i s h e d 

from known age a n i m a l s . A i t k e n (1975) compared the degree of tooth wear 
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o f a sample of jaws w i t h tha t o f o t h e r jaws which were a r ranged on a board , 

i n o r d e r of a g e , and which had been determined u s i n g the denta l cementum 

method. The p r e p a r a t i o n of a jaw board in the p r e s e n t study would probably 

have i n c r e a s e d the a c c u r a c y of the wear method, g iven t h a t by u s i n g the 

jaw board , A i t k e n (1975) c o r r e c t l y determined the age o f two t h i r d s of 

h i s sample , whereas the method as a p p l i e d in the p r e s e n t s tudy was a c c u r a t e 

f o r about h a l f o f the sample . A jaw board was not used i n the p r e s e n t s tudy 

because the purpose of u s i n g the wear method employed was to a s s e s s the 

a c c u r a c y w i t h which i t would e s t i m a t e the age o f deer in the f i e l d a t the 

t ime they were shot and a l s o because the method has the speed and s i m p l i c i t y 

r e q u i r e d i n a tool o f management. The l e v e l of a c c u r a c y a t t a i n e d u s i n g the 

wear method i n the p r e s e n t s tudy and tha t of White (1974) i s s u b s t a n t i a l l y 

g r e a t e r than tha t quoted in S z a b i k (1973) f o r e s t i m a t i o n of the ages of 

roe in P o l a n d , both by the P o l i s h Hunting A s s o c i a t i o n and by a s p e c i a l i s t . 

In deer from T h e t f o r d C h a s e , the r a t e of molar wear was not a s grea t 

a s tha t in deer from Hamster ley . A i t k e n (1975) found in deer a t T h e t f o r d , 

tha t the he ight of the molar cusps was g r e a t e s t in 12 month o l d d e e r , 

whereas a t Hamster ley t h e r e was no d i f f e r e n c e in he ight of t h e s e cusps 

between s i x month o l d does and 12 month o l d b u c k s . T h i s s u g g e s t s t h a t in 

Hamster ley deer^ between s i x and 12 months of a g e , the r a t e o f growth of the 

t e e t h e q u a l s the r a t e of w e a r , whereas in The t fo rd d e e r , growth o f the 

t e e t h exceeds the r a t e of w e a r . In roe from H a m s t e r l e y , the degree of 

molar wear i s more o r l e s s un i form; d e c r e a s i n g from a mean bucca l cusp 

he ight of 6 .7 mm. a t 12 months, to 2 . 5 mm. a t s i x y e a r s of a g e , whereas i n 

specimens from T h e t f o r d , the he ight of the same cusp o v e r the e q u i v a l e n t 

age span d e c r e a s e s from a mean o f 7 .0 mm. to a mean o f 5.0 mm. The r a t e 

o f wear of the t e e t h of T h e t f o r d deer s lows up i n middle a g e . At s i x 

y e a r s of age the re i s perhaps a s l i g h t reduc t ion in the r a t e of wear of the 

t e e t h of Hamster ley d e e r . How d e f i n i t e t h i s r e d u c t i o n i s , cannot be 

a s c e r t a i n e d because sample s i z e s a r e too smal l f o r the o l d e r age c l a s s e s . 



147 

T h i s more rap id wear o f the t ee th of the Hamster ley deer makes e s t i m a t i o n 
of age from h e i g h t s o f bucca l cusps more r e l i a b l e : For example , a t T h e t f o r d 
the method a t tempts to s e p a r a t e s i x age c l a s s e s o v e r a range o f bucca l 
cusp he ight of 2 .0 mm., whereas a t Hamster ley the same number o f age c l a s s e s 
a r e spread o v e r a range of k.O mm. T h i s i n d i c a t e s a g r e a t e r degree of 
o v e r l a p in molar cusp h e i g h t , between the d i f f e r e n t age c l a s s e s , o f the 
T h e t f o r d deer and t h e r e f o r e sugges ts a g r e a t e r chance of a s s i g n i n g an 
i n c o r r e c t a g e . 

White (197*0 i n h i s e s t i m a t e s of the h e i g h t s o f the bucca l cusps of 

measured from the jaw bone to the bucca l cusp and not from the gum l i n e , 

a s was done f o r the Hamster ley spec imens . T h i s d i f f e r e n c e in measurement 

c r i t e r i o n probably e x p l a i n s why the data g iven in White (197*0 a r e d i s s i m i l a 

to those of the p r e s e n t s tudy i n buccal cusp he ight a t a g iven a g e . W h i t e ' s 

data i n d i c a t e the d i f f e r e n c e between the mean he igh t of the bucca l cusp o f 

o f 12 month o l d specimens and that o f s i x y e a r o l d specimens to be k.O mm 

a v a l u e e q u i v a l e n t to the d e c l i n e between the mean cusp h e i g h t s o f the 

Hamster ley deer over the same age range . T h i s may r e f l e c t the f a c t tha t 

a lmost a l l of W h i t e ' s specimens were o b t a i n e d from h a b i t a t s s i m i l a r to those 

found a t Hamste r ley . 

The d i f f e r e n c e i n the r a t e of molar wear o f the Hamster ley and T h e t f o r d 

Chase deer i s p o s s i b l y not caused by d i f f e r e n c e i n d i e t . T h i s i s because 

the d i e t o f the Hamster ley deer i s p r i n c i p a l l y browse and browse i s 

presumably the main d i e t a r y c o n s t i t u e n t of the The t fo rd Chase deer a l s o , 

and both a r e a s a r e F o r e s t r y Commission f o r e s t s . ^ " I t i s p o s s i b l e that the 

T h e t f o r d deer ea t l e s s than the Hamster ley deer * s i n c e the former l i v e i n a 

1 ' T h e d i e t o f the T h e t f o r d Chase deer i s not d e s c r i b e d in A i t k e n ( 1 9 7 5 ) . 
However, T h e t f o r d Chase i s a c o n i f e r f o r e s t and browse may t h e r e f o r e be 
assumed to be the main f o o d . 
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warmer a r e a . I f the Hamster ley deer ea t more food in o r d e r to ma in ta in 

body tempera ture , one would expect t h e i r r a t e o f tooth wear to be g r e a t e r . 

G e n e t i c f a c t o r s may a l s o be i n v o l v e d ; A i t k e n (1975) mentioned tha t the 

T h e t f o r d Chase deer were o f German o r i g i n . The o r i g i n o f the Hamster ley 

d e e r i s unknown, but i t i s u n l i k e l y they a r e the descendants of imported 

s t o c k , and a c c o r d i n g to u n p u b l i s h e d work by G. Whi te , i t i s probable tha t 

the deer a t Hamster ley o r i g i n a t e d from s u r v i v o r s of the ind igenous s t o c k 

l i v i n g in Northumberland. 

The dry weight of the eye l e n s a s a method to determine age w i t h 

a c c u r a c y , i s a p p l i c a b l e to deer of under one y e a r o n l y , s i n c e i t s e p a r a t e s 

o n l y t h e s e an ima ls from a l l o t h e r s . The method i s u n r e l i a b l e f o r i n d i v i d u a l s 

one y e a r o l d and over because of i t s i n a b i l i t y to d i f f e r e n t i a t e between age 

c l a s s e s . The p resen t study s u f f e r s to some ex ten t however, from a l a c k o f 

da ta in the age c l a s s e s of t h r e e y e a r s and o v e r . The method has no 

advantages over e i t h e r the denta l cementum or tooth wear t e c h n i q u e s . The 

age d e t e r m i n a t i o n of k i d s from the degree of molar e r u p t i o n i s more p r a c t i c a l 

than u s i n g l e n s we ights and j u s t a s a c c u r a t e . Laws (1967) used l e n s dry 

we igh ts a s an i n d i c a t i o n o f the p r e c i s i o n of de te rmin ing the age of the 

. A f r i c a n e lephant from the replacement and wear of the mandibular d e n t i t i o n . 

A s i m i l a r u s e of eye l e n s e s in roe deer i s u n n e c e s s a r y because of the 

a c c u r a c y o f age d e t e r m i n a t i o n based on cementum l a y e r i n g . 

Body weight a s a c r i t e r i o n f o r de te rmin ing the age of roe deer i s 

t o t a l l y u s e l e s s over 12 months of a g e , as the r e s u l t s i n d i c a t e no r e l a t i o n ­

s h i p between body weight and age of deer over one y e a r o f a g e . The same 

c o n c l u s i o n was reached by A i t k e n (1975 ) . 

Both the tooth wear and the tooth measurement method prov ided r e s u l t s 

u s e f u l f o r management. There i s l i t t l e d i f f e r e n c e in the a c c u r a c y o f t h e s e 

two methods, s i n c e both lead to s i m i l a r l e v e l s of over and u n d e r e s t i m a t i o n 

o f a g e . The wear method a s used in the f i e l d , w i l l a c c u r a t e l y e s t i m a t e the 

age of deer up to 15 months and a c c u r a t e l y e s t i m a t e a l s o the age o f about 
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h a l f the deer i n the o l d e r age c l a s s e s . Over o r u n d e r e s t i m a t i o n of age by 
one y e a r when spread over a l a r g e sample i s u n l i k e l y to have much e f f e c t on 
e s t i m a t i n g the age s t r u c t u r e of the sample . Whenever l a y e r i n g i s absent i n 
the denta l cementum of roe (see P r i o r 1 9 6 8 ) , the wear method i s the o n l y 
t e c h n i q u e to u s e , but i t s u s e r e q u i r e s knowledge of the age span of the 
deer i n the l o c a l i t y concerned i f i t i s to prov ide more than an index of 
a g e . However, i f l a y e r i n g does o c c u r in the cementum, then the denta l 
cementum techn ique can be used to g i v e a p r e c i s e d e t e r m i n a t i o n o f a g e , 
i f r e q u i r e d . Because the d i f f e r e n c e s i n the a c c u r a c y between the g ross 
s e c t i o n i n g and h i s t o l o g i c a l t e c h n i q u e s i s so s m a l l , the s e c t i o n i n g of Mj i s 
p r e f e r r e d because of i t s g r e a t e r s i m p l i c i t y and r a p i d i t y . 

5 .5 Summary 

1. Age d e t e r m i n a t i o n o f roe deer was based on the degree of molar e r u p t i o n 

and w e a r , l a y e r s in the cementum of and 1^, d r i e d we ights of eye l e n s e s 

and body wei g h t s . 

2 . A t o t a l o f 105 jaws were examined from Hamster ley F o r e s t , one of which 

was of known a g e , and one jaw the age of which was known to be a t l e a s t fi-ve 

y e a r s and probably 8 . 5 y e a r s was o b t a i n e d from S l a l e y F o r e s t . Four jaws 

were o b t a i n e d from Croxda le and f o u r from N e t h e r w i t t o n . 

3 . The age a t which the Hamster ley deer had a c q u i r e d a l l t h e i r permanent 

t e e t h was e s t i m a t e d to be 15 months. Age e s t i m a t i o n i n the f i e l d based on 

a s u b j e c t i v e assessment of molar e r u p t i o n and wear proved a c c u r a t e f o r 

about h a l f of a l l deer, the ages of which were e s t i m a t e d by t h i s method. 

There was no e v i d e n c e o f d i f f e r e n c e s i n the r a t e of wear of Mj between the 

s e x e s . Methods of age e s t i m a t i o n based on e r u p t i o n and wear a r e p r a c t i c a l , 

but not h i g h l y r e l i a b l e . 

k. A l t e r n a t i n g wh i te and dark l a y e r s were p resen t i n the cementum of 

n e a r l y a l l of the f i r s t molars examined. E x c e p t i o n s to t h i s were some one 

y e a r and two year o l d b u c k s . The cementum o f Hj of t h e s e deer c o n s i s t e d of 

a s i n g l e wh i te band. L a y e r i n g was c l e a r l y v i s i b l e in the h i s t o l o g i c a l 
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s e c t i o n s o f 1̂  o f a l l specimens examined, i n c l u d i n g the above e x c e p t i o n s . 
L a y e r s were a l s o p r e s e n t in the cementum of of most of the specimens 
examined from C r o x d a l e and N e t h e r w i t t o n , e x c e p t i o n s being a s i x month o l d 
doe and a n ine month o l d buck. The cementum of of t h e s e deer c o n s i s t e d 
of a broad w h i t e band. The l j of t h e s e two specimens was u n a v a i l a b l e f o r 
h i s t o l o g i c a l e x a m i n a t i o n . The denta l cementum method i s c o n s i d e r e d the 
most a c c u r a t e f o r de termin ing the age of d e e r . 

5 . Weights of eye l e n s e s showed a rap id i n c r e a s e up to one y e a r of age 

fo l lowed by a more gradual i n c r e a s e to about f i v e y e a r s . Use of t h i s method 

f o r d e t e r m i n a t i o n of age i s not recommended. 

6 . Body weight i n c r e a s e d up to 18 months of age but not s u b s e q u e n t l y . 

T h i s method i s t h e r e f o r e a l s o u n s u i t a b l e i n genera l f o r the d e t e r m i n a t i o n 

of a g e . 
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6 . GENERAL DISCUSSION 

The roe i s p r i n c i p a l l y a f o r e s t d w e l l e r in B r i t a i n , a l though i t does 

i n h a b i t farmland and open upland a r e a s . The p r e s e n t study has i n d i c a t e d 

tha t the d i s t r i b u t i o n of roe deer in a l a r g e a r e a of f o r e s t i s not much 

i n f l u e n c e d by the d i s t r i b u t i o n of canopy c o v e r , a l though t h i s cover t ype , 

may determine h a b i t a t use l o c a l l y . Ground c o v e r , i n c o n t r a s t , i s important 

i n i n f l u e n c i n g deer d i s t r i b u t i o n . 

I t i s a x i o m a t i c tha t food i s o f a b s o l u t e impor tance . The p resen t study 

has shown tha t roe d i s t r i b u t i o n i s s i g n i f i c a n t l y c o r r e l a t e d w i th the 

d e n s i t y of Ca1luna , Pi cea and of g r a s s e s and g r a s s l i k e p l a n t s . These 

c o r r e l a t i o n s should not be taken as s u g g e s t i n g that deer d i s t r i b u t i o n 

i s a s s o c i a t e d w i t h t h e s e p l a n t types because they a r e used a s f o o d s . In 

f a c t , g r a s s e s and g r a s s l i k e p l a n t s a r e o n l y a minor food: i t i s probable 

tha t they prov ide bedding s i t e s which cou ld perhaps be the r e a l c a u s e of 

t h e i r c o r r e l a t i o n w i t h the i n d i c e s of deer d i s t r i b u t i o n . Pi cea i s a l s o 

unimportant a s a f o o d , but i t does prov ide a f r a y i n g s tock f o r the roe 

buck , p a r t i c u l a r l y the v e r y young t r e e s , a l though the branches of p l a n t a t i o n 

and po le s tage t r e e s a r e a l s o f r a y e d . ' " Al though browsing d id o c c u r on 

c u l t i v a t e d t r e e s i n the f o r e s t , i t was not a s e r i o u s problem. T h i s i s 

perhaps because t h e r e a r e adequate s u p p l i e s of Ca1luna which i s the main 

a l t e r n a t i v e browse and the most p r e f e r r e d f o o d , and because popu la t ion 

d e n s i t y i s ma in ta ined a t a low l e v e l by the F o r e s t r y Commission c u l l i n g 

programme. Juon (1963) reported that in p a r t s o f E u r o p e , browsing damage 

to s i l v i c u l t u r a l a r e a s was reduced by the p r e s e n c e of non-commercial t r e e 

and shrub s p e c i e s a s a l t e r n a t i v e food s o u r c e s . 

At Hamster ley , s i t e s w i t h C a l l u n a and o t h e r dwarf shrubs should be 

mainta ined f o r d e e r . In a d d i t i o n , herbs and g r a s s e s and g r a s s l i k e p l a n t s 

Methods l e a d i n g to p o s s i b l e r e d u c t i o n s in f r a y i n g damage a r e d i s c u s s e d i n 
Bramley (1972) and Cumming ( 1 9 7 4 ) . 
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growing a long the edge of the f o r e s t r o a d s , should not be mowed dur ing the 
l a t e s p r i n g and summer, which i s the c u r r e n t p r a c t i c e , s i n c e the p l a n t s in 
t h e s e a r e a s of edge p rov ide food which i s u t i l i s e d by the deer a t t h e s e 
t i m e s . However, mowing of t h e s e a r e a s in September or l a t e r would probably 
enhance the growth of t h i s edge v e g e t a t i o n in the f o l l o w i n g s p r i n g . 

The u t i l i s a t i o n by d e e r of the ground f l o r a of a f o r e s t leads to the 

c o n v e r s i o n of s o l a r energy in to a product of economic impor tance . I f the 

deer a r e most ly u t i l i s i n g dwarf browse, then the gramineous p ropor t ion of 

the v e g e t a t i o n cou ld be u t i l i s e d by sheep . I t would be best i f p o s s i b l e , 

to r e s t r i c t the sheep to p l a n t a t i o n s and a r e a s o f edge where g r a s s e s and 

g r a s s l i k e p l a n t s a r e most abundant and where p o s s i b l e browsing damage to 

newly p lan ted c o n i f e r s would be t o t a l l y i n s i g n i f i c a n t . Al though the data 

p resen ted i n t h i s study suggested a degree of d i e t a r y o v e r l a p in w i n t e r , 

between the deer and s h e e p , I doubt i f t h i s o v e r l a p i s l i k e l y to be of much 

p r a c t i c a l s i g n i f i c a n c e on an annual b a s i s . A g r a z i n g regime based on both 

sheep and deer would probab ly lead to a g r e a t e r f i n a n c i a l r e t u r n f o r the 

f o r e s t economy and i s a s u b j e c t worthy of f u r t h e r i n v e s t i g a t i o n (see 

Adams 1975) . 

In the p r e s e n t s t u d y , I have not i n v e s t i g a t e d food q u a l i t y , a s u b j e c t 

comple te ly neg lec ted in r e s e a r c h on roe deer in B r i t a i n . Al though deer can 

s y n t h e s i s e some of t h e i r requi rements From b a s i c i tems through the m i c r o ­

organisms in the d i g e s t i v e t r a c t ( L o c k i e 1967 ) . many e s s e n t i a l chemica l 

c o n s t i t u e n t s a r e s t i l l absent and can o n l y be ob ta ined from a n u t r i t i o u s 

d i e t . Such a d i e t i s e s s e n t i a l i f a popu la t ion i s to be p r o d u c t i v e and 

h e a l t h y ( K l e i n 1970) . Such s t u d i e s could be d e v i s e d to answer the f o l l o w i n g 

q u e s t i o n s (from D i e t z 1965 ) . 

1. Which a r e a s a r e of h igh n u t r i t i v e q u a l i t y and which a r e not? 

2 . What improvements a r e requ i red to enhance n u t r i t i o n a l needs on d i f f e r e n t 

a r e a s ? 

3 . Which p l a n t s a r e most n u t r i t i o u s in each a r e a ? 
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The p o s s i b l e i n f l u e n c e s of food q u a l i t y a s w e l l as food abundance, 
c o v e r , popu la t ion d e n s i t y and s o c i a l f a c t o r s on t e r r i t o r y and home range 
s i z e have been d i s c u s s e d i n S e c t i o n 3.k. Cowan (197*0 > when he d i s c u s s e d 
the management i m p l i c a t i o n s o f the behaviour o f A f r i c a n b o v i d s , mentioned 
t h a t the male t e r r i t o r i e s ' b e c a u s e t h e i r s p e c i a l requi rements a r e l i k e l y 
to be more p r e c i s e than those of the herd range , a r e l i k e l y to be l i m i t i n g 
i n the management s e n s e 1 . In the c a s e of t e r r i t o r i a l roe b u c k s , t h e s e 
s p e c i a l requirements may p o s s i b l y be a supply of adequate f r a y i n g s t o c k s 
f o r mock f i g h t i n g , and f o r a n o i n t i n g w i t h g l a n d u l a r s e c r e t i o n s , and a r e a s 
of good v i s i b i l i t y from where i n t r u d i n g bucks can be o b s e r v e d . In a g iven 
a r e a , i f the s p e c i a l requirements can be determined and made o p t i m a l , then 
t h e o r e t i c a l l y t e r r i t o r y s i z e might be reduced and p o p u l a t i o n d e n s i t y 
i n c r e a s e d . 

Study i s a l s o r e q u i r e d on a method o r methods to e s t i m a t e popu la t ion 

s i z e . I t i s i m p o s s i b l e to c e n s u s a popu la t ion r e l i a b l y i n a g iven f o r e s t 

when the method used i s o b s e r v a t i o n o f the number o f t e r r i t o r i a l b u c k s , 

does and n o n - t e r r i t o r i a l males in a l l o r par t of t h a t f o r e s t . T h i s i s 

because o b s e r v a t i o n i s too r e s t r i c t e d by cover and many deer a r e never 

o b s e r v e d . As the p resen t s tudy has shown, even d e t e r m i n a t i o n of h a b i t a t 

p r e f e r e n c e s based on o b s e r v a t i o n a l o n e i s not comple te ly r e l i a b l e . I t 

would t h e r e f o r e be wor thwhi le to i n v e s t i g a t e the r e l i a b i l i t y of the p e l l e t 

group method (see Neff 1968) a s a c e n s u s t e c h n i q u e . F i r s t l y however, a 

d a i l y d e f e c a t i o n ra te would have to be e s t i m a t e d u s i n g c a p t i v e a n i m a l s fed 

on f o r e s t f o r a g e , and kept in an e n c l o s u r e . S e c o n d l y , a t e s t o f the method 

should be conducted on a popu la t ion of known s i z e . I t would be n e c e s s a r y 

a l s o to e v a l u a t e the techn ique w i t h regards to sampl ing i n t e n s i t y , manpower 

and t ime r e q u i r e d to c a r r y out a p e l l e t group c o u n t , be fore employing the 

method in a f o r e s t w i t h an a r e a o f s e v e r a l thousand h e c t a r e s . 

The a p p l i c a b i l i t y of the denta l cementum techn ique f o r de te rmin ing 

the age o f roe deer should be f u r t h e r i n v e s t i g a t e d by - a s s e s s i n g i t s 
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r e l i a b i l i t y f o r de termin ing the age of deer from o t h e r a r e a s . E s t i m a t i o n 
of age in the f i e l d , based on molar e r u p t i o n and w e a r , has been shown to 
be f a i r l y r e l i a b l e . The degree of r e l i a b i l i t y cou ld be i n c r e a s e d by 
de te rmin ing the ages of specimens from cementum l a y e r s and then p r e p a r i n g 
a jaw board . These boards cou ld be prepared f o r o r by the forest owners 
and kept by them a t each of t h e i r f o r e s t s . When a deer i s shot from a g iven 
a r e a , the age of the deer cou ld be r a p i d l y and r e l i a b l y e s t i m a t e d by 
r e f e r e n c e to the jaw board . 

R e l i a b i l i t y in de te rmin ing age i s n e c e s s a r y f i r s t l y , i f comparison o f 

the growth r a t e s of deer from d i f f e r e n t a r e a s i s to be c a r r i e d out and 

s e c o n d l y , i f i t i s o f i n t e r e s t to i n v e s t i g a t e changes i n the age s t r u c t u r e 

o v e r a per iod of y e a r s , of a popu la t ion in a g iven a r e a . One problem w i t h 

t h i s l a t t e r type of work i s that i t cannot be assumed a u t o m a t i c a l l y tha t 

d e e r shot dur ing c u l l i n g o p e r a t i o n s r e p r e s e n t a random sample , because 

management p o l i c y may be d i r e c t e d towards reducing f r a y i n g damage by shoot ing 

y e a r l i n g b u c k s , and to reduce p o p u l a t i o n s i z e by shoot ing a d u l t and 

y e a r l i n g does (Bramley 1972) . However, i t i s o f t e n a t ime consuming p r o c e s s 

w a i t i n g f o r an animal of the requ i red age c l a s s to appear before shoot ing 

i t . Hence, in those f o r e s t s where l a r g e numbers of deer a r e s h o t , i t i s 

probable that many a r e shot a s a f i r s t come b a s i s ; t h i s being the c a s e , 

t h e s e a n i m a l s could be c o n s i d e r e d a s being k i l l e d a t random, g iven equal 

a c t i v i t y of bucks and does and of the d i f f e r e n t age c l a s s e s . 
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Appendix F i g . 1. Approximate locations © of 
pe l le t group plots giving Transect 
Number and Plot Number. See 
Appendix 1.for locations of plots by 
habitat type. 
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Appendi x 1. 

Number of faecal pe l le t groups and cover readings for each plot during each 
season. 
P = Number of pe l le t groups; DB = Density board ground cover reading; 
C = Canopy cover score; G = Ground cover score . 

Mature Spruce Habitat Type 

Transect No^ / 

Plot No. P 

Wi nter 

DB C G p 

Spri ng 

DB C G p 

Summe r 

DB C G p 

Autumn 

DB C G 

3/1 1 21,3 3 0 1 21 ,3 3 0 0 21 , 3 3 0 0 21,3 3 0 
3/2 0 18,18 3 0 0 18,18 3 0 0 18,18 3 0 1 18,18 3 0 

3 / 3 1 20,20 3 0 1 20,20 3 0 1 20,20 3 0 0 20,20 3 0 
3 /4 0 15,0 3 0 0 15,0 3 0 0 15,0 3 0 0 15,0 3 0 

3 /5 0 14,0 3 0 0 14,0 3 0 0 14,0 3 0 0 14,0 3 0 
3/6 2 4,6 3 . 0 2 4,6 3 0 0 4,6 3 0 0 4,6 3 0 
4/1 1 11 ,0 3 0 0 11 ,0 3 0 0 11 ,0 3 0 0 11,0 3 0 

4 / 3 2 0,0 2 0 0 0 ,0 2 0 1 0,0 2 0 1 0,0 2 0 
4/4 0 21 ,21 3 0 0 21 ,21 3 0 1 21 ,21 3 0 0 21 ,21 3 0 
4/5 1 0,0 3 0 1 0,0 3 0 0 0 ,0 3 0 2 0,0 3 0 
4/6 1 16,15 3 0 2 16,15 3 0 1 16,15 3 0 0 16,15 3 0 
5/1 0 0,11 3 0 1 0,11 3 0 0 0,11 3 0 0 0,11 3 0 
5/2 0 20,20 2 0 0 20,20 2 0 0 20,20 2 0 0 20,20 2 0 
5/4 0 21 ,6 3 0 0 21 ,6 3 0 0 21 ,6 3 0 1 21,6 3 0 
5/5 2 7 , 9 3 0 2 7 , 9 3 0 0 7 , 9 3 0 3 7 , 9 3 0 
5/6 0 9,0 3 0 1 9,0 3 0 1 9,0 3 0 0 9,0 3 0 
5/8 0 21 ,21 3 0 1 21 ,21 3 0 0 21 ,21 3 0 3 21,21 3 0 
6/1 1 0,0 3 0 1 0,0 3 0 1 0,0 3 0 0 0,0 3 0 
6/2 2 0,21 3 0 0 0,21 3 0 2 0,21 3 0 1 0,21 3 0 

6/3 0 20,0 3 0 0 20 ,0 3 0 0 20,0 3 0 0 20,0 3 0 
12/1 0 21 ,21 3 0 0 21 ,21 3 0 0 21 ,21 3 0 0 21,21 3 0 
12/2 0 21 ,21 3 0 0 21 ,21 3 0 s 

0 21 ,21 3 0 0 21,21 3 0 
12/3 0 20,21 3 0 0 20,21 3 0 0 20,21 3 0 0 20,21 3 0 
12/4 0 4 , 9 3 0 0 4 , 9 3 0 2 4 , 9 3 0 0 4 , 9 3 0 
12/5 1 10,10 1 0 1 10,10 1 0 1 10,10 1 0 2 10,10 1 0 
12/6 1 18,0 3 0 0 18,0 3 0 0 18,0 3 0 3 18,0 3 0 
12/7 1 21 ,0 3 0 2 21 ,0 3 0 1 21 ,0 3 0 0 21 ,0 3 0 
12/8 0 21 ,20 3 0 1 21 ,20 3 0 0 21 ,20 3 0 0 21 ,20 3 0 
14/1 1 0,0 3 0 1 0,0 3 0 0 0,0 3 0 0 0,0 3 0 

/cont i nued 
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Appendix 1 cont 'd . 

Mature Spruce Habitat Type 

Transect No. Wi nter Spri ng Summer Autumn 

Plot No. P DB C G p DB C G P 0B C G P DB C G 

14/6 0 20,17 3 0 i 20,17 3 0 0 20,17 3 0 0 20,17 3 0 

15/1 0 20,8 3 0 0 20,18 3 0 1 20,18 3 0 0 20,18 3 0 

15/2 1 7,0 3 0 0 7,0 3 0 0 7,0 3 0 0 7,0 3 0 

15/3 0 21 ,21 3 0 0 21 ,21 3 0 0 21 ,21 3 0 0 21 ,21 3 0 

15/4 0 18,18 2 0 0 18,18 2 0 0 18,18 2 0 1 18,18 2 0 

Mature Pine Habitat Type 

4/2 3 9,8 2 , 0 9,8 2 1 1 9,8 2 1 0 9,8 2 1 

5/7 1 20,0 2 1 1 20,0 3 1 1 20,0 3 1 1 20,0 2 1 

15/5 0 21 ,0 1 1 0 21 ,0 2 1 0 21 ,0 2 1 1 21,1 1 1 

15/6 1 20,20 1 1 1 14,16 2 2 1 14,16 2 2 2 19,18 1 1 

15/7 0 15,0 1 1 0 15,0 2 1 0 15,0 2 2 0 15,0 1 1 
15/8 1 20,20 1 1 1 18,18 2 2 0 18,18 2 2 1 18,18 1 1 

Deciduous - Habitat Type 

12/9 0 9,9 1 , 0 17,7 3 3 1 18,18 3 2 0 18,18 1 2 
12/10 0 3,0 1 1 0 0,0 3 3 0 0,0 3 2 1 9,9 1 2 
14/2 1 21,15 1 1 0 21,15 2 1 0 21,15 2 1 1 21,18 1 1 

1V3 0 21 ,10 1 r 0 7,7 2 3 0 12,7 2 2 0 21,10 1 1 
14/4 0 21 ,0 1 i 0 6,0 2 3 0 6,0 2 3 0 9,0 1 1 

14/5 0 11,11 1 i 1 4,7 3 3 1 9,12 3 3 0 9,9 1 1 

14/7 0 10,9 1 i 0 7,7 3 1 2 6,9 3 1 0 10,6 1 1 
8/12 1 20,20 1 i 0 18,15 3 2 0 20,18 3 1 0 20,18 1 1 

11/8 0 14,4 1 i 1 0,0 2 , 2 0 0,0 2 2 0 14,4 1 1 

13/1 0 21,21 1 i 0 18,18 2 1 1 18,18 2 1 0 21,21 1 1 

13/2 0 20,18 1 i 0 18,20 2 1 0 20,18 2 1 0 20,18 1 1 
14/8 0 10,15 1 i 0 0,0 1 3 0 0,0 1 3 1 18,18 1 1 
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Appendix 1 cont 'd . 

Plantat ion Habitat Type 

Transect No. Wi nter Spri ng Summer Autumn 

Plot No. P DB C G P DB C G P DB C G P DB C G 

6 / 9 0 1 5 , 0 2 0 11 , 6 0 3 1 11 , 6 0 3 2 6 , 6 0 2 

6/10 0 10,10 0 2 2 11 , 6 0 3 1 6 , 6 0 3 0 6 , 6 0 2 

6 / 1 1 1 15,5 0 2 1 11 , 6 0 3 2 1 1 , 6 0 3 0 6 , 6 0 2 

7/1 0 15,15 0 2 1 11,15 0 3 2 11,15 0 3 2 11,15 0 2 

7 /2 1 18,11 0 2 3 6 , 0 0 3 3 6,0 0 3 3 6,0 0 3 

7 /3 1 6 , 0 0 2 0 6 , 0 0 3 2 6,0 0 3 2 0,0 0 2 

8/8 0 6,15 0 2 0 0 , 1 1 0 3 1 0,15 0 3 0 6 ,11 0 2 

8 / 9 0 6 , 0 0 2 1 6 , 0 0 3 0 0,0 0 3 - - -
8/10 1 1 1 , 1 1 0 1 0 11,15 0 2 2 18,20 0 2 3 18,18 0 1 

8/11 1 21,21 0 1 0 20,20 0 1 0 20,20 0 1 0 20 ,20 0 1 

9/1 0 10,18 0 2 1 6 ,11 0 3 2 0,15 0 3 1 0,15 0 2 

9 / 2 k 10,15 0 2 1 11 ,11 0 3 1 0,0 0 3 1 0,0 0 2 

9 / 3 5 20,11 0 2 2 15,6 0 3 1 6 , 6 0 3 2 0 , 6 0 2 

10/7 0 18,11 0 2 0 1 1 , 0 0 3 1 11,0 0 3 3 11 ,0 0 2 

10/8 k 9 , 6 0 2 1 0 , 6 0 3 3 6,0 0 3 - - -
10/9 2 15,11 0 2 2 15,11 0 3 2 15,6 0 3 3 1 1 , 6 0 2 

10/10 1 18,18 0 2 1 18,18 0 3 1 18,20 0 3 1 20,20 0 2 

10/11 0 10,5 0 2 0 0 , 6 0 3 1 11,0 0 3 2 0 , 6 0 2 

Clearings Habitat Type 

1/1 3 20,20 0 1 0 20,20 0 1 3 20,21 0 1 3 20,21 0 , 
1 /2 k 21 ,21 0 1 0 20 ,19 0 1 2 18,18 0 1 3 21 ,21 0 1 

1 /3 1 21 ,21 0 1 1 21 ,21 0 1 0 21 ,21 0 1 0 21 ,21 0 1 

1 A 0 20,20 0 1 1 20,20 p 1 1 18,20 0 1 1 18,20 0 1 

1/5 3 18,18 0 1 3 18,18 0 1 1 18,18 0 1 0 20,18 0 1 

1 / 6 2 21 ,21 0 1 0 20,21 0 1 2 19,20 0 1 1 21 ,21 0 1 

1/7 3 20,21 0 1 0 20,21 0 1 1 20,20 0 1 2 20,21 0 1 

1/8 0 20,20 0 1 0 11 ,11 0 0 18,18 0 1 1 18,20 0 1 

2 /1 2 20,20 0 1 1 20,20 0 1 2 21 ,21 0 1 2 21 ,20 0 1 

2 / 2 2 20,18 0 1 1 20,18 0 1 2 20,20 0 1 k 20,18 0 1 

2 / 3 0 20,20 0 1 0 20 ,19 0 1 0 18,18 0 1 1 18,15 0 1 

2 A 0 18,15 0 1 0 15,15 0 1 0 15,15 0 1 0 18,15 0 1 

2 / 5 3 20,20 0 1 k 18,18 0 1 3 18,18 0 1 4 18,18 0 1 

/continued 
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Appendix 1 cont 'd . 

Clearings Habitat Type 

Transect No. Wi nter Spri ng Summer Autumn 

Plot No. P DB C G P DB C G P DB C G P DB C G 

2 / 6 2 20,20 0 1 0 18,20 0 1 0 20,20 0 1 2 20,20 0 1 

2/7 1 6,15 0 3 3 6,15 0 3 k 6,15 0 3 1 6,15 0 3 

2/8 1 18,20 0 1 1 18,18 0 1 k 18,18 0 1 0 18,20 0 1 

3/7 0 20,18 0 1 0 15,20 0 1 1 15,20 0 1 0 20,19 0 1 

3 /8 k 20,20 0 1 3 19,20 0 1 1 20,18 0 1 2 20,21 0 1 

3 / 9 0 21 ,21 0 1 2 20,21 0 1 1 21 ,21 0 1 3 21 ,21 0 1 

kn k 21 ,21 0 1 1 21 ,20 0 1 1 21,20 0 1 1 21,21 0 1 

V 8 0 18,18 0 1 2 18,20 0 1 2 18,20 0 1 2 18,15 0 1 

k/9 1 20,20 0 1 2 20,20 0 1 ' 3 20,21 0 1 0 20,21 0 1 

5 / 3 k 20,18 0 2 18,18 0 1 20,18 0 2 20,18 0 

11/1 2 18,20 0 1 1 15,18 0 1 1 15,18 0 1 3 18,18 0 1 

11/2 2 20,20 0 1 2 20,20 0 1 3 20,18 0 1 0 20,20 0 1 

11/3 2 20,20 0 1 3 20,20 0 1 2 20,20 0 1 1 20,20 0 1 

1 1 A 2 21 ,21 0 1 1 20,21 0 1 h 20,20 0 1 1 20,20 0 1 

11/5 1 18,21 0 1 1 18,20 0 1 1 18,20 0 1 2 20,20 0 1 

11/6 0 15,18 0 1 1 18,18 0 1 1 15,18 0 2 0 15,15 0 2 

11/7 1 18,18 0 1 0 15,15 0 2 0 20,18 0 2 2 20,18 0 2 

Rides Habitat Type 

R/l 2 21,21 0 1 5 15,15 0 3 k 18,18 0 1 3 20,20 0 1 
R/2 1 21 ,21 0 1 1 20,20 0 1 3 20,20 0 1 2 21 ,20 0 1 

R/3 5 20,20 0 1 5 20,20 0 1 2 20,20 0 1 if 20,20 0 1 

R A 2 20,20 0 1 1 15,19 0 1 2 20,20 0 1 2 21 ,21 0 1 

R/5 3 20,20 0 1 1 1 9 , 1 9 0 1 3 20,18 0 1 2 20,20 0 1 

F ie lds Habitat Type 

No data are ava i lab le for th is hab i ta t . See Section 3 . 3 . 1 . 
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Appendix 1 cont 'd . 

Deer faecal pe l le t group counts; Area sampled per habitat type. 

Habitat A rea i n Sampled Sampled Area as 
Type Hectares A rea i n % of Habitat area 

Mature Spruce 6 6 . 1 1700 0 . 3 

Mature Pine 5 6 . 5 1500 0 . 3 

Dec!duous 2 8 . 4 9 0 0 1 * 0 . 3 

Plantat ion 1 6 . 0 600 OA 

Clear i ngs k.7 300 0 . 6 

Rides 1.7 250 1 . 5 

F i e l d s 2 , 
3 9 . 7 950 0 . 2 

' 8 0 0 nf; in the autumn 

'Abandoned 

Season Total Area Sampled 

Winter 6 2 0 0 

Spring 5250 

Summer 5250* 

Autumn 5150 
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Appendix 2 . 

Comparison of observed pe l le t group frequencies with the Poisson d is t r ibu t ion 
using the Coef f ic ient of Dispersion and employing the following equation 
from Southwood ( 1 9 6 8 ) . ^ 2 s 2 ( n _ 

at n - 1 degrees of freedom. 

Analys is of pe l le t group frequencies for the en t i re study a rea . Sample s i z e 
= 105 for winter , spring and summer but 103 in autumn. 

Observed frequencies 

No. pe l le t groups/ Winter Spring Summer Autumn 
plot 

0 47 47 42 46 

1 29 36 34 22 

2 15 12 17 20 

3 6 7 8 12 

4 6 1 4 3 
5 2 2 0 0 

Variance 
s 2 

Mean 
X. 

Coef f ic ient of 
Di spersion 

Calculated Si gni f i cance 
Level 

Wi nter 1 . 6 5 1 . 0 6 1 . 5 6 162.44 P < 0 . 0 5 

Spri ng 1 .22 0 . 9 0 1 . 3 5 140.42 P < 0 . 0 5 

Summer 1 . 2 2 1 . 0 3 1 . 1 9 1 2 3 . 5 0 P > 0 . 0 5 

Autumn 1 . 3 8 1 . 0 7 1 . 2 9 131 .61 P < 0 . 0 5 

For the ent i re study a r e a , the c h a r a c t e r i s t i c s of a Poisson d is t r ibu t ion 
e x i s t only during the summer. There i s evidence of clumping in a l l other 
seasons. 
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Mature Spruce Habitat Type. n = 3 ^ 

Observed frequencies 

' 'plot* ^ r O U | 5 S ^ Winter Spring Summer Autumn 

0 19 19 23 2k 

1 11 11 9 5 
2 k k 2 2 

3 0 0 0 3 

Variance Mean Coef f ic ient of Calculated Si gni f icancc 
( s 2 ) (x) Di spersion X 2 level 

Wi nter 0. i f9 0 . 5 9 0 . 8 8 2 9 . 3 3 P > 0.05 
Spri ng 0 . 4 9 0 . 5 9 0 . 8 8 2 9 . 3 3 1 1 

Summer 0 . 3 6 0 . 3 8 0 . 9 5 31 M ii 

Autumn 0 . 3 8 0 . 5 3 0.71 2 3 . 5 1 1 1 

For the mature spruce habi tat type, the c h a r a c t e r i s t i c s of a Poi sson 

d is t r ibu t ion e x i s t during each season. 

Mature Pine Habitat Type n = 6 

Observed Frequencies 

No. peHet groups/ Winter Spring Summer Autumn 

0 2 3 3 2 

1 3 3 3 3 

2 0 0 0 1 

3 1 0 0 0 

Variance Mean Coef f ic ient of Calculated Si gni f i cance 
( s 2 ) fc) Di spersion X 2 Level 

Wi nter 1 . 2 0 1 . 0 0 1 .2 6 . 0 0 P > 0 . 0 5 

Spri ng 0 . 3 0 0.50 0 . 6 0 3 . 0 0 1 1 

Summer 0 . 3 0 0 . 5 0 0 . 6 0 3 . 0 0 I I 

Autumn 0 . 5 7 0 . 8 3 0 . 6 8 3 AO 1 1 

For the mature pine habitat type, the c h a r a c t e r i s t i c s of a Poisson 
d is t r ibu t ion e x i s t during each s e s s i o n . 
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Deciduous Habitat Type n = 12 

No. pel let groups/ 
plot 

0 

1 

2 

Wi nter 

10 

2 

0 

Observed Frequencies 

Spring Summer 

10 

2 

0 

8 

3 

1 

Autumn 

9 

3 

0 

Variance 
( s 2 ) 

Mean 
(£) 

Coef f ic ient of 
Di spersion 

Calculated Si gni f i cance 
Level 

Wi nter 0.15 0.16 0.91 10.01 P > 0.05 
Spri ng 0.15 0.16 0.91 10.01 ii 

Summer 0.45 0.42 1.07 11.79 n 

Autumn 0.20 0.25 0.82 9.02 I I 

For the deciduous habitat type, the c h a r a c t e r i s t i c s of a Poisson d i s t r i b u ­

t ion e x i s t during each season. 

Plantation Habitat Type n = 18; 16 in autumn 

Observed Frequencies 

pel le t groups/ Winter Spring Summer Autumn 

0 8 7 2 3 

1 6 7 8 3 

2 1 3 6 6 

3 0 1 2 4 

4 2 0 0 0 

5 1 0 0 0 

Variance Mean Coef f ic ient of Calculated Si gni f icance 
( S 2 ) ( 3 D i spersion ye Level 

Wi nter 2 . 5 1 . 1 6 2 . 1 5 3 6 . 6 3 P < 0 . 0 5 

Spri ng 0 . 8 1 0 . 8 8 0 . 9 1 1 5 . 6 0 P > 0 . 0 5 

Summer 0 . 7 3 1.44 0 . 5 1 8.64 1 1 

Autumn 1 . 1 6 1 . 6 8 0 . 6 8 1 0 . 3 3 1 1 

For the plantat ion habitat type, the c h a r a c t e r i s t i c s of a Poisson d i s t r i b u ­

t ion ex is t during each season except winter , when clumping was evident . 
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Clear inqs Habitat Type n = 30. 

No. pel let groups/ 
plot Winter 

Observed 

Spri ng 

Frequenci es 

Summer Au tumn 

0 

1 

2 

3 

4 

8 

6 

8 

4 

4 

10 

10 

5 

4 

1 

6 

11 

6 

4 

3 

OO 
00 

00 
J" 

CM 

Variance 
( s 2 ) 

Mean Coef f ic ient of 
(oo) Dispersion 

Calculated 
X 2 

Si gni f i cance 
Level 

Winter 1.88 1.66 1.13 32 .84 P > 0.05 

Spring 1.34 1.20 1.11 32.31 1 1 

Summer 1.56 1.56 0.99 2 8 . 9 4 1 1 

Autumn 1.49 1.46 1 .02 29.75 1 1 

For the c lear ings labi tat type, the c h a r a c t e r i s t i c s of a Poisson d i s t r i b u -

tion e x i s t during each season. 

Rides Habitat Type n = 5 

Observed Frequencies 

No. pe l le t groups/ 
plot Wi nter Spri ng Summe r Autumn 

0 0 0 0 0 

1 1 3 0 0 

2 2 0 2 3 

3 1 0 2 1 

4 0 0 1 1 

5 1 2 0 0 

Va riance Mean Coef f ic ient of Calculated S ign i f icance 
( s 2 ) Di spersion X 2 Level 

Wi nter 2.30 2 .60 0.88 3.53 P > 0.05 

Spri ng 4.80 2 .60 1.85 7.38 ii 

Summer 0.70 2 . 8 0 0.25 1.00 1 1 

Autumn 0 .80 2.50 0.31 1.23 1 1 

For the rides habi ta t , the c h a r a c t e r i s t i c s of a Poisson d is t r ibu t ion ex is t 

during each season. 
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Appendix 3. 

Percentage density of plant types on faecal pe l le t group plots and presence or 
absence of herbs and mosses. 

G = Grasses and g r a s s l i k e p lants; C = Calluna vu1qa r i s ; P = Pi cea si tchensi s ; 

h = herbs; m = mosses; J denotes presence of herbs or mosses. 

Mature Spruce Habitat Type 

Transect No. Wi nter Spri ng Summer Autumn 

Plot No. G C p h m G c p h m G c p h m G c p h m 

3/1 0 > 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3/2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3/3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3/4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3/5 0 0 0 0 0 0 0 0 y 0 0 0 0 y 0 0 0 0 y 

3/6 0 0 0 0 y 0 0 0 0 y 0 0 0 0 y 0 0 0 0 y 

V I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4/3 0 0 0 y ./ 0 0 0 y y 0 0 0 y / 0 0 0 y y 

4/4 0 0 0 0 / 0 0 0 0 y 0 0 0 0 y 0 0 0 0 y 

4/5 0 0 0 y J 0 0 0 y y 0 0 0 y y 0 0 0 y y 

4/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5/1 0 0 0 0 0 0 0 0 / 0 0 0 0 0 0 0 0 y 

5/2 0 0 0 0 0 0 0 0 / 0 0 0 0 y 0 0 0 0 / 
5/4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5/5 0 0 0 0 y 0 0 0 0 y 0 0 0 0 y 0 0 0 0 y 
5/6 0 0 0 0 0 0 0 0 y 0 0 0 0 y 0 0 0 0 y 
5/8 5 5 0 0 / 15 5 0 0 y 15 5 0 0 y 5 5 0 0 / 
6/1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6/2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6/3 0 0 0 0 / 0 0 0 0 / 0 0 0 0 y 0 0 0 0 s/ 
12/1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12/2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

12/3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

12/4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

12/5 5 0 0 0 y 15 0 0 0 / 15 0 0 0 y 5 0 0 0 / 
12/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

12/7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12/8 0 0 0 0 0 0 0 0 J 0 0 0 0 / 0 0 0 0 J 0 
14/1 0 0 0 0 / 0 0 0 0 0 0 0 0 / 0 0 0 0 y 

14/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

/cont i nued 
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Appendix 3 cont 'd . 

Mature Spruce Habitat Type 

Transect No. Wi nter Spri ng Summer Autumn 

Plot No. G C P h m G C P h m G C P h m G C P h m 

15/1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

15/2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

15/3 0 0 0 / 
V 

0 0 0 0 / 0 0 0 0 / 0 0 0 0 y 0 

15/4 5 0 0 0 / 15 0 0 0 y 15 0 0 0 y 5 0 0 0 y 

Mature Pine Habitat Type 

4 / 2 15 0 0 0 ./ 2 5 0 0 0 y 2 5 0 0 0 y 15 0 0 0 y 

5/7 75 0 0 / 0 85 0 0 / 
V 0 85 0 0 y 0 85 0 0 / 0 

15 /5 85 0 0 0 0 95 0 0 0 0 75 0 0 0 0 85 0 0 0 0 

15 /6 75 0 0 y 0 85 0 0 / 0 85 0 0 y 0 75 0 0 / 0 

15/7 2 5 0 0 0 0 35 0 0 0 0 35 0 0 0 0 2 5 0 0 0 0 

15 /8 85 0 0 / 0 95 0 0 / 0 95 0 0 / 0 85 0 0 y 0 

Deciduous Habitat Type 

12 /9 65 0 0 y 0 75 0 0 0 75 0 0 y 0 65 0 0 y 0 

1 2 / 1 0 65 0 0 / 0 75 0 0 y 0 75 0 0 y 0 65 0 0 y 0 

14/2 85 0 0 0 0 95 0 0 0 0 95 0 0 0 0 85 0 0 0 0 

14/3 2 5 0 0 y 0 35 0 0 / 0 35 0 0 / 0 2 5 0 0 y 0 

14/4 85 0 0 0 0 95 0 0 0 0 95 0 0 0 0 85 0 0 0 0 

1V5 95 5 0 y 0 95 5 0 y 0 95 5 0 y 0 95 5 0 y 0 

14/7 85 0 0 0 0 95 0 0 0 0 95 0 0 0 0 95 0 0 0 0 

8/32 45 0 0 y 0 65 0 0 y 0 75 0 0 0 55 0 0 y 0 

11 /8 85 0 0 y 0 95 0 0 / 0 95 0 0 y 0 95 0 0 0 

13/1 75 0 0 y / 95 0 0 / >/ 95 0 0 y / 85 0 0 y y 

1 3 / 2 2 5 0 0 y 0 35 0 0 y / 35 0 0 y / 25 0 0 y 

14/8 95 0 0 y 0 95 0 0 0 95 0 0 y 0 95 0 b y 0 

Plantation Habitat Type 

6/9 75 0 6 5 y 0 85 0 75 / 
V 0 85 0 75 y 0 75 0 75 y 0 

6/10 5 85 35 0 y 15 85 45 0 y 15 85 45 0 y 5 85 45 0 / 
6/11 15 55 45 / / 

SJ 2 5 65 55 y y 2 5 65 55 / sf 15 65 55 »/ / 
7/1 35 5 75 / 0 45 15 85 j 0 45 5 85 y 0 35 5 85 J 0 

7/2 55 2 5 55 y 0 65 2 5 65 y 0 65 2 5 65 y 0 55 2 5 65 y 0 

7/3 75 5 35 0 0 85 5 45 0 0 85 5 45 0 0 75 5 45 0 0 

8/1 85 0 2 5 y / 95 0 35 / J 95 0 35 y / 85 0 35 / / 
8/2 85 0 55 y y 95 0 65 S 95 0 65 y 

/cont i nued 
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Appendix 3 cont 'd . 

Plantat ion Habitat Type 

Transect No. Wi nter Spri ng Summer Autumn 

Plot No. G C P h m G C P h m G C P h m G C P h m 

8/3 85 0 25 y 0 95 0 35 y 0 95 0 35 y 0 85 0 35 y 0 

8/4 95 0 0 0 95 0 0 y 0 95 0 0 y 0 85 0 0 y 0 

9/1 75 15 35 \ / 0 85 15 45 y 0 85 15 45 y 0 75 15 45 y 0 

9/2 65 15 45 s/ 0 75 15 55 y 0 75 15 55 \ y 0 65 15 55 y 0 

9/3 75 0 55 y 0 85 0 65 y 0 85 0 65 y 0 75 0 65 0 

10/7 55 5 35 y 0 65 5 45 y 0 65 5 45 \ / 0 55 5 45 y 0 

10/8 65 45 45 y 75 45 55 y y 75 45 55 y y 

10/9 85 5 45 y 0 95 5 55 y 0 95 5 55 y 0 85 5 55 y 0 

10/10 15 95 5 0 y 25 95 15 y 0 25 95 15 0 15 95 15 0 y 

10/11 65 15 35 y 0 75 15 45 y 0 75 15 45 y 0 65 15 45 y 0 

Clearinqs Habitat Type 

1/1 65 2 5 0 0 0 85 25 0 0 0 95 25 0 0 0 85 25 0 0 0 

1/2 75 5 0 0 \/ 85 5 0 0 y 85 5 0 0 V 75 5 0 0 y 

1/3 10 0 5 0 0 30 0 5 0 0 30 0 5 0 0 20 0 5 0 0 

1/4 0 0 35 0 0 0 0 45 0 0 0 0 45 0 0 0 0 45 0 0 

1/5 60 2 5 15 0 y 80 35 25 0 y 80 35 25 0 v / 70 35 25 0 V 

1/6 30 2 5 35 0 0 50 25 45 0 0 50 25 45 0 0 50 25 45 0 0 

1/7 50 2 5 45 0 0 70 25 55 0 0 70 25 55 0 0 70 25 55 0 0 

1/8 15 0 45 0 0 35 0 55 0 0 35 0 55 0 0 25 0 55 0 0 

2/1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2/2 0 5 5 0 0 0 5 5 0 0 0 5 5 0 0 0 5 5 0 0 

2/3 20 5 '5 0 v/ 30 15 5 0 y 30 15 5 0 y 30 15 5 0 y 

2/4 35 15 35 0 y 45 15 35 0 y 45 15 35 0 y 35 15 35 0 V 

2/5 50 15 25 0 y 70 25 35 0 y 70 25 35 0 y 50 25 35 0 y 

2/6 30 15 5 0 0 50 25 5 0 0 50 25 5 0 0 40 25 5 0 0 

2/7 35 5 45 i/' y 65 15 55 y 65 15 55 v / y -45 15 55 y y 

2/8 45 5 25 y y 55 15 35 i / y 55 15 35 y vy 45 15 35 y y 

3/7 15 5 5 y y 25 15 5 y y 25 15 5 y y 2 5 15 5 y y 
3/8 10 5 15 / y 20 5 15 y y 20 5 15 y y 10 5 15 y \ / 

3/9 15 15 0 0 y 25 25 0 0 y 25 25 0 0 y 15 25 0 0 y 

4/7 15 15 5 0 25 25 5 0 y 25 25 5 0 \y 25 25 5 0 y 
if/8 5 5 5 0 y 15 5 5 0 y 15 5 5 0 y 5 5 5 0 y 

4/9 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 y 

/cont i nued 
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Appendix 3 cont 'd . 

Clearings Habitat Type 

Transect No. Wi nter Spri ng Summer Autumn 

Plot No. G C P h m G C P h m G C P h m G C P h m 

5/3 45 35 0 0 / 55 45 0 0 / 55 45 0 0 / 45 45 0 0 / 
11/1 75 5 35 0 0 85 15 45 0 0 85 15 45 0 0 75 15 45 0 0 

11/2 55 5 5 / 0 65 15 15 / 0 65 15 15 / 0 55 15 15 y 0 

11/3 55 45 15 / 0 75 55 25 y 0 75 55 25 / 0 65 55 25 y 0 

11A 65 45 5 / 0 85 55 15 / 0 85 55 15 J 0 75 55 15 y 0 

11/5 55 0 5 / 0 65 0 15 / 0 65 0 15 y 0 55 0 15 y 0 

11/6 55 0 15 y / 75 0 25 / / 75 0 25 s/ y 65 0 25 / 
11/7 45 0 5 / 0 55 0 15 / 

V 0 55 0 15 v/ 0 45 0 15 y 0 

Rides Habitat Type 

R/l 55 35 0 / d 65 35 0 y 0 65 35 0 J 0 55 35 0 y 0 

R/2 85 5 0 / 0 95 5 0 V 0 95 5 0 / 0 85 5 0 y 0 

R/3 65 85 0 0 0 75 85 0 0 75 85 0 0 65 85 0 0 0 

R A 65 75 0 / 0 75 75 0 y 0 75 75 0 y 0 65 75 0 y 0 

R/5 85 5 0 0 / 95 5 0 0 / 95 5 0 0 / 85 5 0 0 / 



179 

Appendix 4. 

Kruskal -Wal1is s ingle c l a s s i f i c a t i o n anova to test for s ign i f i can t 

d i f ferences in the number of pe l le t groups per plot within the plantation 

habitat among seasons; and among a l l habitats in winter . Since th is i s a 

non-parametric anova which uses ranks, the null hypotheses are as fo l lows, 

(see Sokal and Rohlf 1 9 6 9 ) : 

1. That there was no di f ference in the location of the ranked data 

within the plantat ion habitat type among seasons. 

(No. of seasons = 4 .'. d . f . = 4-1) 

ca lculated H = 7 . 3 6 which i s l ess than X 2 = 7.81 
. 0 5 ( 3 ) 

Therefore the null hypothesis i s accepted and the conclusion is that 

there was no d i f ference in the number of pe l l e t groups per plot within the 

plantation habitat type among seasons. 

2 . That there was no di f ference in the location of the ranked data among 

habitat types during the winter. 

(No. of habitat types = 6 . ' . d . f . = 6 - 1 ) 

Calculated H = 2 5 . 2 8 which is greater than X 2

Q ^ ^ j = 11.07 

Therefore the null hypothesis i s rejected and the conclusion i s that there 

were s i g n i f i c a n t d i f ferences in the number of pe l le t groups per plot between 

habitat types during the winter . 

Both of these conclusions agree with those derived using the parametric 

s ingle c l a s s i f i c a t i o n anova using transformed data in Section 3 . 3 . 1 . . 
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Appendix 5. 

Results of using the se l f -a t tach ing c o l l a r technique and ear tagging 
of k ids . 

From March 15 to December 15 1973. and from Apri l 1 to May 15 1974, about 

50 c o l l a r s were constantly maintained in posit ions in selected deer paths, 

Number of c o l l a r s taken in 1973 = 22 

Number of " " " " observed on deer in 1973 = 7 

ii ii ii ii it ii ii n n ii 1974 = 3 

11 n n 11 11 1974 ' = 3 

I I I I I I I I I I I I I I I I I I I I I I _ Q 

Number of kids tagged in 1973 = 5 (2 does, 3 bucks) 

" " ' 1974 = 3 (1 doe, 2 bucks) 
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Appendix 7. Westmoor Plantat ion Prel iminary Clipping Data, 
March 1974. Ten 0.25 m. 2 p lo ts /hab i ta t . 

Habitat Type. 

Bi rch Pine 

Scots Pine 

Larch 

Fi r Spruce 

Plantat ion 

Rides 

Total a i r dried weight of annual plant production in g . /p lo t . 

11.5, 4 . 5 , 9 .5 , 18.5, 17.0, 28 .5 , 9 .0 , 13.0, 24 .0 , 16.5 

12.0, 22 .5 , 19.0, 14.0, 19.0, 17.0, 28 .5 , 21 .0 , 10.0, 18.5 

25 .0 , 8 .0 , 34 .0 , 22 .0 , 29 .5 , 20 .0 , 16.0, 22 .0 , 28 .0 , 14.0 

26 .5 , 34.0 , 30.0 , 23 .0 , 44 .0 , 20 .0 , 40 .0 , 41 .0 , 20 .0 , 38.5 

25 .0 , 23 .5 , 26 .0 , 28 .5 , 38 .5 , 25 .5 , 22 .0 , 20 .0 , 20 .0 , 38.0 

11.5, 4 . 5 , 9 .5 , 18.5, 17.0, 28 .5 , 9 .0 , 13.0, 24 .0 , 16.5 

September Chipping 

Bi rch Pine 

n = 34 

Scots Pine 
n = 24 

La rch 

n = 32 

Fi r Spruce 
n = 14 

Plantat ion 
n * 16 

Rides 

n = 30 

Total oven dried weight in g. /enclosed and g./open plot 
for a l l plant species in each habitat type. 

Enclosed Open 
0 .31 , 0.51; 0 .43 , 0 .43; 0 .24, 0.49; 0 .43 , 0.42; 
0 .40, 0.66; 0 .26, 0.48; 1.26,0.14; 0.76, 0.92; 
0.34, 0.40; 0 .27, 0.31; 0.34, 0.53; 0 .41, 0.37; 
0 .41, 0.31; 0 .35 , 0.43; 0.26, 0.13; 
0 .45, 0.55; 0 .26, 0.34: 

0.10 
0.17 
0.40 

0.19 
2.06 
0.14 
0.05 

0.43 
1.25 

2.50 
1.86 

1.48 
2.00 
1.96 
0.13 

0.08; 0 .32 , 0.28; 0.06, 0.05; 0.06, 0.11 
0.08; 0 .09, 0.09; 0 .16, 0.08; 0 .21, 0.16 
0.23; 0 .17, 0.35; 0 .22, 0.21; 0 .12 , 0.11 

0.11; 0 .96, 0.57; 0 .41 , 1.15; 1.00, 0.63 
3.57; 3 .70, 3 . H ; 1.21, 0.59; 1.05, 0.44 
0.67; 0 .18 , 0.22; 0 .32, 0.17; 0 .16 , 0.20 
0.05; 0 .07, 0.13; 0.24, 0.24; 0 .40, 0.11 

0.61; 0 .50 , 0.84; 1.80, 0.88; 0 .83 , 0.87; 
1.10; 2 .93 , 2.56; 1.17, 1.06; 

2.30; 1.50, 1.06; 2.30, 0.98; 2 .50, 2.50; 
1.55; 0 .69 , 1.26; 2 .00, 2.30; 1.65, 0.50; 

2.58; 1.50, 0.78; 2 .83 , 2.51; 2 .35 , 1.92 
1.50; 0 .99 , 1.09; 0 .88, 0.51; 0.66, 0.73 
2.07; 2 .12 , 0.82; 2 .07, 1.87; 0 .67, 0.74 
0.36; 0 .86 , 0.58; 1.25, 1.04; 

Note: The weights of the a i r dried vegetation which was clipped in March 

were much greater than those for the September study. I t i s suspected 

that t h i s i s because a sp i ra l spring balance used to weigh the a i r 

dried vegetat ion, cl ipped in March, was inaccurate . 
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Appendix 7 cont 'd . 

Total oven dried weight in grams of plant species clipped on a l l enclosed 
plots (E) and open plots (0) in each habitat type. 

Speci es Habi tat Type 

Bi rch 
(E) 

Pine 
(0) 

Deschampsia flexuosa 2.3 4.4 

Galium s a x a t i l e 0.2 0 

Grasses and g r a s s l i k e plants 1.6 1.7 
Holcus S D . 0.5 0.4 

Oxal is ace tose l la 0.2 0.2 

Pteridium aquil inium 1.4 0.4 

Vaccinium mvrt i lus 0 0.1 

Scots Pine 

Deschampsia flexuosa 1.4 1.6 

Pinus s v l v e s t r i s 0.2 0.2 

Vaccinium mvrt i lus 0.5 0.2 

Larch 

Betula sp . 0.2 0 

DeschaniDsia flexuosa 1.9 1.8 

Grasses and g rass l i ke plants 2.5 2.6 

Lar ix decidua 0.8 0.3 
Mosses 0.3 0.2 

Pteridium aaui l inium 2.0 3.8 

Vaccinium myrt i lus 0.3 0.1 

Fi r Spruce 

Calluna vulqari s 0.3 0.8 

Deschamosia flexuosa 0.4 0.8 

Grasses and g rass l i ke plants 1.3 1.1 
Mosses 0.5 0.6 

Picea abies 0.1 0.2 

Pseudostuqa menziesii 2.6 2.4 

Pteridium aaui l inium 1.7 0.5 
Sphagnum so . 1.9 1.3 

/cont i nued 
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Speci es 

Betula sp. 

Calluna vulgar!s 

Deschampsia flexuosa 

Eri ca tetra 1 ix 

Grasses and g r a s s l i k e plants 

Pi cea si tchensi s 

Pinus s y l v e s t r i s 

Pteridium aqui1inium 

Ca1luna vu1qaris 

Deschampsia flexuosa 

Galium s a x a t i l e 

Grasses and g rass l i ke plants 

Pteridium aqui1inium 

Vaccin?urn myrti lus 

Habi tat Type 

Plantat ion 
(E) (0) 
1.1 0.6 

1.3 2.0 

1.2 1 .4 

0.4 0 

4.0 6.1 

0.9 0.8 

1.3 0.7 

2.9 2.3 

Rides 

9.8 11.3 

1.5 1.9 
0.1 0 

1.9 1.4 

6.7 3.7 

1.5 0.5 
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Appendix 8. Age Determination Data 

Wear and Layering in the teeth . 

A l l material i s from Hamsterley, except Nos. 34 to 40 and No. 
which came from Croxdale and Netherwitton, and No. 70 from S l a l e y . 

Jaw 
Number 

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Month of 
Death 

Nov. 

June 

Feb. 

May 

Feb. 
i i 

Nov. 

Dec. 

May 

May 

Estimated Age 
from Eruption 

ancj^Wear 

l i 

5* 

1* 

6 i 
5* 

6* 
7 months 

7 months 

8* 

4 * 

G* 

1* 
1 

2 i 

2 * 

9 

6 months 

4 

2 

1 

2 

1 

4 

5 

1 

2 

9 

5 

6 

3 

3 

7 

No. Layers 
in I ^ 

1 

5 

5 

5 

0 

2 

9 

No. Layers 
in M, 1 

2 

3 
1 

5 

5 

5 

0 

0 

9 

3 

4 

1 

1 

1 

1 

8 

0 

4 

3 
1 

2 

1 

3 

3 

1 

0 

9 

3 

4 

3 

2 

5 

75 

Presumed 
Actual 

Age 

2 * 

3 i 

l i 

5 i 

5 i 

5 i 

7 months 

7 months 

9* 

3 i 
4 * 

1* 
1 

1* 

l i 

8* 

6 months 

4 

3 

1 

2 

1 

3 

3 

1 

2 

9 

3 

4 

3 

2 

5 

/cont i nued 
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Jaw 
Jtnber 

Month of 
Death 

Estimated Age 
from Eruption 

and/Wear 

No. Layers 
in 1 ^ 

No. layers 
in M] 

Presumed 
Actual 
Age 

33 May 1 1 1 1 

34 " - - 4 4 

35 June - - 2 2 

36 Aug. - - 5 5 

37 Sept. - - 1 1 

38 Oct. - - 2 2 

39 Nov. - - 0 6 months 

40 Ma rch - - 0 9 months 

41 May 8 - 8 8 

42 June 4 4 4 4 

43 May 1 - 1 1 

44 July 1 1 1 . 1 

45 Aug. 3 - 2 2 

46 Nov. . Ik 2 2 2k 
47 " 5 months - 0 5 months 

48 " 3k 4 4 4 i 

49 5 months 0 0 5 months 

50 4 4 4 i 

51 " 2 2 2 * 

52 \k 2 2 2 i 

53 " 3k 3 3 3k 
54 4 4 kk 
55 5k 5 5 5k 
56 " 3k 4 4 hk 

57 2k 3 3 3k 
58 " ^k 2 2 2k 

59 5 months - 0 5 months 

60 " 3k - 2 2k 
61 5 months - 0 5 months 

62 2k - 2 2k 
63 M 6k - 5 5k 
64 " ek 5 5 5k 
65 2k 3 3 3k 
66 2k - 2 2k 
67 2k 1 1 Ik 
68 1± 1 1 

/cont i nued 
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Jaw 
Number 

Month of 
Death 

Estimated Age 
from Eruption 

ancj£Wea r 
No. Layers 

in 1 ^ 
No. 

i n 
Layers 

M l 

Presumed 
Actual 

Age 

69 May 1 - 1 1 
70 Dec. 8* 9 9 9k 
71 May 2 - 2 2 
72 Dec. 3* - 3 
73 Dec. 6 months - 0 6 months 
7k Dec. 6 months - 0 6 months 
75 Apri 1 - 5 5 5 
76 May 1 -- 0 1 
77 ii 1 - 1 1 
78 ii 2 2 2 2 
79 " 1 - 1 1 
80 I I 2 3 3 3 
81 I I 5 5 5 5 
82 I I 2 2 2 2 
83 I I 1 - 0 1 
8k n 1 1 0 1 
85 11 1 1 0 1 
86 I I 7 6 6 6 
87 it k 3 3 3 
88 ii 1 - 0 1 
89 11 1 - 0 1 
90 I I 1 - 1 • 1 
91 11 1 - 1 1 
92 I I 1 - 1 1 
93 I I 2 2 2 2 
Sk I I 1 - 1 1 
95 n 1 1 1 1 
96 I I 3 k k h 
97 11 2 - 2 2 
98 11 k k k 
99 n 1 1 0 1 

100 n 1 1 1 1 
101 11 2 2 2 2 
102 11 1 1 1 1 
103 11 k k 4 k 

/cont i nujjd 
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Jaw 
Number 

104 

105 

112 

113 
114 

115 
116 

117 
118 

119 
125 

Month of 
Death 

May 

June 

July 
11 

June 

Estimated Age 
from Eruption 

and^V/ear 

2 

2 

6 

2 

4 

2 

4 

8 

8 

4 

2 

No. Layers 
i n 1 

2 

2 

6 

2 

4 

2 

4 

9 

No. Layers 
in M] 

2 

2 

6 

0 

4 

0 

4 

9 
8 

3 
2 

Presumed 
Actual 

Age 

2 

2 

6 

2 

4 

2 

4 

9 

8 

3 

2 
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Appendix 8 cont 'd . 

Heights of Cusps of M 

Age 

5 to 7 
months 

1 year 

Jaw 
No. 

Height of M̂  Buccal 
cusps in mms 

17 7 . 0 , 6 . 5 , 5 .5 , 6.5 6.4 

47 6 .5 , 7 . 5 , 6 . 0 , 7.0 6.7 

49 6 . 5 , 5 .5 , 5 .0 , 6.5 5.8 

59 7 .0 , 5 .0 , 7 .0 , 5.0 6.0 

61 7 . 5 , 7 . 5 , 7 . 5 , 7.5 7.5 

73 7 .0 , 7 . 0 , 7 . 5 , 7.0 7.1 

74 7 . 0 , 5 .5 , 7 .0 , 7.0 6.6 

7 7 .0 , 7 . 5 , 7 .0 , 7.0 7.1 

8 7 .0 , 7 . 0 , 7 .0 , 6.5 6.9 

13 7 . 5 , 7 . 5 , 7 .0 , 7.0 7.2 

20 6 .0 , 6 .0 , 6 .0 , 6.0 6.0 

22 6 .0 , 6 . 0 , 6 .0 , 6.0 6.0 

25 7 .0 , 7 .0 , 7 .0 , 7.0 7.0 

33 6 . 5 , 7 . 0 , 7 . 0 , 7.0 6.9 

43 8 .0 , 6 . 5 , 7 .0 , 7.0 7.1 
44 7 .0 , 7 .0 , 7 . 0 , 7.0 7.0 

76 7 .0 , 6 .0 , 6 . 5 , 7.0 6.6 

77 7 .0 , 7 .0 , 7 .0 , 7.0 7.0 

79 7 .0 , 7 . 5 , 7 . 5 , 7.0 7.2 

83 7 .0 , 7 .0 , 7 . 5 , 6.5 7.0 

84 8 .0 , 7 . 5 , 7 .0 , 8.0 7.6 

85 6 .5 , 6 . 5 , 6 . 5 , 6.0 6.4 

88 8 .0 , 7 .0 , 6 .5 , 7.0 7.1 

89 5 .0 , 5 .5 , 6 .0 , 7.0 5.9 

90 6 .0 , 6 .0 , 6 .0 , 6.0 6.9 

91 7 . 5 , 7 .0 , 7 . 0 , 8.0 7.4 

92 7 .0 , 6.5 , 7 . 0 , 7.0 6.9 

94 6 .5 , 6 .0 , 6 .5 , 7.0 6.5 

95 7 . 5 , 7 . 0 , 7 . 0 , 6.5 7.0 

99 4 . 5 , 6 .0 , 5 .5 , 5.5 6.0 

100 6 . 0 , 6 .0 , 5 .5 , 5.5 5.7 
102 7 .0 , 7 .0 , 7 .0 , 7.5 7.1 

Mean 
(i n mms.) Sex 

Fema1e 

Male 
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Appendix 8 cont 'd . 

Jaw Height of M, Buccal Mean _ Age M _ 3 . 1 / . \ Sex 3 No. Cusps in mms. ( in mms.; 
12 6 . 5 , 6 . 5 , 7 . 0 , 7 . 0 6 . 7 

1 4 6 . 0 , 6 . 5 , 6 . 0 , 6 . 0 6 . 1 

i J . u » r « 1 5 6 . 5 , 6 . 5 , 7 . 0 , 7 . 0 6 . 7 - . 

1 jf years Female 
6 7 5 . 5 , 5 . 0 , 5 . 5 , 5 . 5 5 . 4 

6 8 7 . 5 , 7 . 5 , 7 . 5 , 7 . 5 7 . 5 

3 6 . 0 , 7 . 0 , 6 . 0 , 6 . 5 6 . 4 

2 1 6 . 5 , 6 . 0 , 5 . 0 , 5 . 0 5 . 6 

2 6 5 . 0 , 6 . 0 , 6 . 0 , 6 . 0 5 . 7 

31 6 . 0 , 6 . 0 , 6 . 0 , 6 . 0 6 . 0 

4 5 5 . 0 , 5 . 5 , 5 . 0 , 5 . 5 5 . 2 

7 8 7 . 0 , 7 . 0 , 8 . 0 , 8 . 0 7 . 5 

8 2 5 . 5 , 6 . 0 , 5 . 5 , 5 . 5 5 . 6 

9 3 6 . 5 , 6 . 0 , 6 . 0 , 7 . 0 6 . 4 

2 years 9 7 7 . 5 , 7 . 0 , 7 . 0 , 7 . 5 7 . 2 Male 

1 0 1 6 . 5 , 6 . 5 , 7 . 0 , 7 . 0 6 . 7 

1 0 4 6 . 0 , 6 . 0 , 7 . 0 , 7 . 0 6 . 5 

1 0 5 5 . 5 , 5 . 5 , 5 . 5 , 5 . 0 5 . 4 

1 1 3 6 . 5 , 6 . 5 , 6 . 0 , 6 . 5 6 . 4 

1 1 5 5 . 5 , 6 . 5 , 6 . 0 , 6 . 0 5 . 7 

1 2 5 6 . 5 , 7 . 5 , 6 . 5 , 6 . 0 6 . 6 

1 6 . 0 , 6 . 0 , 6 . 0 , 6 . 0 6 . 0 

4 6 6 . 0 , 5 . 5 , 5 . 0 , 6 . 0 5 . 6 

5 1 6 . 5 , 6 . 5 , 6 . 0 , 6 . 0 6 . 2 

, i „ M r c 5 2 6 . 0 , 6 . 0 , 6 . 0 , 6 . 0 6 . 0 i r Q m a i 0 2-r years Female 
5 8 5 . 5 , 5 . 5 , 6 . 5 , 5 . 5 5 . 7 

60 5 . 5 , 5 . 0 , 5 . 0 , 5 . 5 5 . 2 

6 2 5 . 5 , 5 . 5 , 5 . 0 , 5 . 5 5 . 4 

6 6 6 . 5 , 6 . 5 , 6 . 5 , 6 . 0 6 . 4 

1 9 5 . 5 , 5 . 0 , 5 . 0 , 5 . 0 5 . 0 

23 5 . 0 , 5 . 0 , 4 . 0 , 4 . 0 4 . 5 

2 4 4 . 5 , 4 . 5 , 5 . 0 , 4 . 5 4 . 6 

3 years 2 8
 ^ . 5 , 4 . 0 , 3 . 0 , 3 . 5 3 . 7 M g l e 

3 0 5 . 5 , 5 . 5 , 5 . 0 , 5 . 5 5 . 4 

8 0 5 . 5 , 6 . 0 , 6 . 5 , 6 . 0 6 . 0 

1 1 9 5 . 0 , 5 . 5 , 5 . 5 , 5 . 0 5 . 2 

8 7 5 . 0 , 5 . 0 , 5 . 0 , 5 . 0 5 . 0 
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Jaw 
A 9 e No. 

3 2 years 

4 years 

4 j years 

5 years 

52 years 

6 years 

Height of M̂  Buccal 
Cusps in mms. 

Mean 
(i n mms.) 

2 2 . 5 , 3 . 0 , 3 . 0 , 3 . 0 2 . 9 

1 0 5 . 0 , 4 . 5 , 5 . 0 , 5 . 0 4 . 9 

5 3 5 . 0 , 5 . 0 , 5 . 0 , 4 . 5 4 . 9 

5 7 5 . 5 , 5 . 0 , 6 . 0 , 6 . 5 5 . 7 

6 5 4 . 5 , 4 . 5 , 4 . 5 , 4 . 5 4 . 5 

7 2 5 . 0 , 5 . 5 , 4 . 5 , 5 . 5 5 . 1 

1 8 4 . 0 , 3 . 5 , 4 . 0 , 3 . 5 3 . 7 

2 9 3 . 5 , 3 . 5 , 4 . 0 , 3 . 5 3 . 6 

4 2 3 . 5 , 3 . 0 , 4 . 0 , 4 . 0 3 . 6 

9 6 5 . 0 , 5 . 0 , 5 . 0 , 5 . 0 5 . 0 

9 8 5 . 0 , 4 . 0 , 4 . 0 , 5 . 0 4 . 5 

1 0 3 5 . 0 , 5 . 0 , 4 . 5 , 5 . 0 4 . 9 

1 1 4 4 . 0 , 5 . 0 , 4 . 5 , 5 . 0 4 . 6 

1 1 6 4 . 5 , 4 . 5 , 4 . 5 , 5 . 0 4 . 6 

1 1 2 . 5 , 3 . 5 , 3 . 0 , 3 . 0 3 . 0 

4 8 4 . 5 , 4 . 5 , 4 . 0 , 4 . 5 4 . 4 

5 0 3 . 5 , 3 . 5 , 4 . 0 , 4 . 0 3 . 7 

5 4 4 . 0 , 4 . 0 , 4 . 0 , 4 . 0 4 . 0 

5 6 4 . 0 , 4 . 0 , 4 . 5 , 4 . 5 4 . 2 

3 2 1 . 5 , 2 . 5 , 3 . 0 , 3 . 0 2 . 5 

8 1 3 . 5 , 4 . 0 , 4 . 0 , 4 . 0 3 . 9 

4 1 . 5 , 1 . 5 , 1 . 5 , 1 . 5 1 . 5 

6 3 . 5 , 3 . 5 , 4 . 0 , 4 . 5 3 . 9 

6 3 4 . 0 , 3 . 0 , 3 . 5 , 3 . 5 3 . 5 

6 4 3 . 0 , 2 . 5 , 3 . 0 , 2 - 5 2 . 7 

5 5 3 . 0 , 2 . 5 , 3 . 5 , 3 . 5 3 . 1 

5 5 . 0 , 4 . 0 , 4 . 0 , 4 . 0 4 . 2 

1 1 2 3 . 0 , 3 . 5 , 3 . 5 , 3 . 5 3 . 4 

8 6 3 . 0 , 2 . 0 , 1 . 5 , 2 . 0 

Sex 

Fema1e 

Male 

Fema1e 

Male 

Fema1e 

Male 
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Age 

8 y e a r s 

Jaw 
No. 

118 

Height of M̂  Bucca l 
Cusps in mms. 

0 , 2 . 5 , 2 . 0 , 2 .0 

2 . 5 , 1 . 5 , 2 . 5 , 2 .0 

Mean 
( i n mms.) 

1.6 

2.1 

Sex 

Male 

8? y e a r s 16 1 .0 , 2 . 5 , 2 . 5 , 2 .0 2 .0 Fema1e 

9 y e a r s 27 

117 

1 .0 , 1 . 0 , 2 . 0 , 1.5 

2 . 5 , 2 . 5 , 2 . 0 , 2 . 5 

1.4 

2 . 4 
Male 

9s y e a r s 
70 

9 

1 .0 , 2 . 5 , 2 . 5 , 1.5 

2 . 0 , 1 . 5 , 1 .0 , 1.0 

1.9 

1.4 
Female 
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Appendix 8 c o n t ' d . 

Weight of Eye lens and of Body 

Age 

6 months 

] year 

1^ y e a r s 

2 y e a r s 

2 j y e a r s 

3 y e a r s 

0 IT N o 
Lens Weight in mg. Body Weight in Kg . 

C 1 W(J a Right L e f t Whole Gra1 loched 

49 130.7 1 2 9 . 9 1 3 . 4 9 . 1 
59 1 4 1 . 8 141.1 1 3 . 6 8 . 8 
61 1 6 7 . 5 1 6 6 . 7 16 .0 1 1 . 2 

47 1 2 4 . 0 123.0 14 .2 1 0 . 2 

76 2 3 3 . 5 2 3 8 . 2 1 9 . 0 1 4 . 0 
7 7 2 1 2 . 0 2 1 3 . 4 1 8 . 0 1 3 . 5 

79 2 2 5 . 8 2 2 5 . 5 2 2 . 0 15 .0 
83 2 1 1 . 4 2 1 4 . 4 2 0 . 0 1 3 . 8 

84 - - 1 8 . 0 1 3 . 0 

85 2 1 4 . 0 2 1 4 . 6 2 1 . 0 1 3 . 8 

8 8 2 0 4 . 0 2 0 3 . 7 14 .0 9 . 5 

89 2 0 5 . 9 2 0 2 . 4 1 6 . 5 1 1 . 5 
9 0 2 0 5 . 0 189 .5 1 5 . 0 1 0 . 5 

91 2 0 8 . 7 2 0 9 . 4 1 9 . 5 1 3 . 5 
9 2 2 2 8 . 7 2 3 4 . 6 1 6 . 0 1 0 . 5 

9 4 - - 1 6 . 5 1 1 . 0 

9 5 2 1 5 . 8 2 0 6 . 3 1 5 . 0 1 0 . 0 

9 9 2 4 7 . 2 2 5 3 . 4 - -
1 0 7 2 0 5 . 0 2 0 4 . 4 - -
1 0 8 2 1 3 . 4 2 0 8 . 4 - -
109 201 . 5 2 0 5 . 6 - -
1 1 0 2 2 7 . 5 2 2 1 . 6 - -
111 2 2 4 . 6 2 2 5 . 0 - -
67 3 1 6 . 3 316.1 2 4 . 6 1 8 . 2 

68 2 4 8 . 0 2 4 7 . 9 2 4 . 4 1 6 . 2 

78 _ _ 2 2 . 0 1 6 . 0 
82 2 6 1 . 0 2 5 9 . 6 2 2 . 5 1 5 . 5 

9 3 - - 1 9 . 5 1 3 . 0 

97 2 5 5 . 0 2 5 1 . 4 1 9 . 0 1 3 . 5 
101 3 1 3 . 0 3 1 8 . 6 2 5 . 5 1 8 . 5 
104 - - 2 2 . 5 1 6 . 5 
1 0 5 - - 2 8 . 0 2 1 . 0 

1 1 3 2 7 0 . 7 2 7 0 . 8 - -
1 1 5 2 6 9 . 3 2 7 1 . 2 - -
1 2 5 2 6 0 . 8 2 5 9 . 8 - -

6 6 3 0 9 . 3 3 1 0 . 3 2 5 . 5 1 6 . 3 
5 8 2 9 8 . 9 2 9 7 . 3 2 7 . 4 18 .0 
6 2 3 2 0 . 0 3 2 0 . 5 2 5 . 0 1 7 . 4 

6 0 3 0 1 . 6 3 0 5 . 7 2 3 . 6 1 6 . 0 

5 2 2 2 8 . 4 2 2 7 . 9 - -
46 2 6 1 . 0 2 6 0 . 8 2 7 . 2 1 9 . 2 

8 0 2 8 3 . 3 2 7 8 . 3 2 4 . 0 1 6 . 5 
8 7 2 7 3 . 3 2 7 8 . 6 1 8 . 5 1 3 . 5 

1 1 9 3 1 1 . 1 3 1 0 . 1 2 4 . 0 1 6 . 0 

/ c o n t i nued 
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Appendix 8 c o n t ' d . 

l ^ a a r M/-v Lens Wei ght i n mg. Body Wei ght i n Kg. 
rtge u c c r INU » Right L e f t Whole Gra1 loched 

3 ? y e a r s 5 0 3 5 0 . 5 3 5 1 . 0 2 6 . 0 1 7 . 7 3 ? y e a r s 
6 5 2 8 0 . 5 2 8 1 . 4 2 0 . 6 1 5 . 4 ' 

5 3 2kk.7 2 4 4 . 0 - -
7 2 3 1 1 . 8 3 1 3 . 4 2 3 . 7 1 3 . 8 

5 7 2 8 0 . 0 2 8 7 . 0 2 3 . 0 1 5 . 4 

4 y e a r s 9 6 3 5 5 . 8 3 4 7 . 7 2 0 . 0 1 4 . 0 

9 8 2 7 5 . 7 2 6 9 . 1 1 3 . 5 9 . 5 

1 0 3 - - 1 4 . 0 9 . 5 
1 1 6 2 8 9 . 0 2 8 3 . 5 - -

4 j y e a r s 4 8 3 0 1 . 0 3 0 0 . 7 2 6 . 4 1 7 . 1 
5 4 3 3 6 . 9 3 3 7 . 8 2 4 . 4 1 7 . 6 

5 6 2 9 4 . 6 2 8 7 . 0 2 4 . 6 1 6 . 0 

5 0 - - 2 6 . 0 1 7 . 7 

5 y e a r s 81 3 3 8 . 1 3 4 2 . 1 2 0 . 0 1 5 . 0 

5z y e a r s 6 3 3 4 3 . 4 3 4 7 . 5 2 2 . 2 1 3 . 6 

5 5 3 4 0 . 7 3 4 2 . 1 - -
6 4 - - 2 5 . 0 1 6 . 0 

6 y e a r s 1 1 2 3 7 4 . 2 3 7 6 . 4 _ _ 

8 6 3 6 6 . 6 3 6 3 . 1 2 8 . 0 2 1 . 0 

8 y e a r s 1 1 8 3 4 0 . 6 3 6 0 . 5 2 4 . 5 1 7 . 0 

9 i y e a r s 2 0 3 4 5 . 9 3 5 0 . 7 - -

Gra1 loched Weight = Whole body weight minus the oesophagus , w i n d p i p e , 
t h o r a c i c and abdominal v i s c e r a . 



in 
OJ „ 

-a 
v ^ j O A C T s ^ t r ^ ^ O ' — v o o o o i— •— r— • • • • > • • • • • • • • • 

i^vD-d""— o - J N <*\<n M O O m J - N m CM 

4-J 

ro 

in 
c 

(0 
<0 

v O f f l O O m c M U M / M A O v O O ^ ' - m m — CO 

m c M m N O v o r ^ o o - d - o o m v o v o -3- — m c» 

0) a 

c 
o 

c 
ro 

oo J - i s j c - \ o m - d - m m — — r ^ o 

J 3 

J ! 

C 
o 
E 
ro 
in 
c 
o 

ro 
> 
u 
0) 
m 

X l 
o 

C 
O 

3 X) 
U 
•P 
I/) 

"D 
>-

x : 
J-J 
c 

ro 
4-> 

c 

u 
1_ 
<D 

XI 
C 
<u 

a 

in 
3 
O 

• a &e 

o 

i_ 
3 
4-> 

ro 

u 
1_ 
Q-

C/J • 
CM „ 

ro > 
a> 
i/i 

X I 
o 

in 
i_ 
3 
O 

zsz 

J - N t s O O O M O O v O o J - o>oo r** crv •— 1^ 

• — r » ~ i s » . r > . t r \ o > \ ' — c M c s i c N j v o r o •— crt vo \ o 

• o . . 
CM m — CM CM CM m CM m m 

cr> CM — N J - - c T > j - o < r » c r » 

- N C M N N N N ' - i -

i n i n u\ 

LTVVO oo <r»oo cn m m 

a) 
E 

• 
J - e aj 

• — cr\ — m ro a . 
LA • • « • >-1— — o m • — +J 

ro +J 
in ro TJ +J • _ 
a) 

ro "4- x : 
a) i_ 

a> 
+J a . 
c TJ • a> 

> un m m XI 
j - . . • a> a> 

• m m cn > in 
CM r>~ — — XI 

a> O 
in XI u 
o <0 

(0 
T 3 

> <4-
o 

c 
a> 

<u a> 
j _ ro a) 

c 
i n OJ 

J - — o • !_ u 
O m m m o a) J _ 
i n V . "v. -v. m (U 

m — oo \ a Qu 
CM r>» — cr» i n 
m • — • • 

« — CM 

- C X — 
4- i m • • o • — OJ • 4-J • • • 
C P - ^ C X ) > - 1 - > S C P - 0 1 Q . 4 - > > 0 
O < T \ ( D < U f D D . r D 3 3 3 ( U O O a J 

S — - S U - S < 2 : - S - J < v > O Z Q 

J - — 0) 
»- > . c 

OA a 10 3 — < s - J 


