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INTRODUCTION 

F o l l o w i n g t h e c l a s s i c a l s t u d i e s o f L i n d e m a n n , E.P. and 
H.T. Odum, and o t h e r s , on e n e r g y f l o w i n n a t u r a l o r s e m i - n a t u r a l 
e c o s y s t e m s , s e v e r a l p a p e r s have been p u b l i s h e s on e s t i m a t e s o f 
p r i m a r y p r o d u c t i v i t y i n ' o l d - f i e l d ' s y s t e u s . These s y s t e m s , 
where a f i e l d has b e e n t a k e n o u t o f a g r i c u l t u r a l use and l e f t 
u n d i s t u r b e d , o f f e r a p o s s i b i l i t y o f s t u d y i n g t h e changes i n 
p r o d u c t i v i t y a n i e n e r g y r e l a t i o n s h i p s as a s e c o n d a r y s u c c e s s i o n 
t a k e s p l a c e . 

I t was fe l f " . t h a t i t w o u l d be o f i n t e r e s t t o t r y and 
e s t i m a t e t h e p r o d u c t i v i t y i n a f i e l d owned by t h e b i o l o g i c a l 
d e p a r t m e n t s a t Durham U n i v e r s i t y . T h i s f i e l d had been i n u s e as 
a p a s t u r e u n t i l a b o u t k y e a r s ago, s i n c e when i t has been l e f t 
t o d e v e l o p w i t h minimum i n t e r f e r e n c e . 

The f i e l d Ls a b o u t h a l f a m i l e s o u t h o f t h e Durham U n i v e r s i t y 
S c i e n c e L a b o r a t o r i e s , and e x t e n d s f r o m K o l l i n g s i d e Lane down a 
w e s t - f a c i n g s l o p e t o a v e r y s m a l l s t r e a m i n a d i t c h a t t h e b o t t o m . 
(See s k e t c h map i n A p p e n d i x . ) 

The s o i l s a r o u n d Durham a r e m o s t l y o f g l a c i a l and f l u v i o -
g l a c i a l o r i g i n . W i l l i m o t t and S h i r l a w ( 1 9 6 0 ) , e x a m i n i n g s o i l s 
a t t h e S c i e n c e Labs. s i t e , f our.d t h e y were m o s t l y sandy l o a m s 
o f f a i r n u t r i e n t s t a t u s ; t h e d o m i n a n t c l a y m i n e r a l was i l l i t e . 

P a r t o f t h e f i e l d i s wooded, t h e t r e e s b e i n g m o s t l y oak 
( Q u e r c u s r o b u r ) and b e e c h ( F a g u s s y l v a t i c a ) . O n l y a t t h e base 
o f one b e e c h t r e e i s t h e r e no g r o u n d f l o r a a t a l l ; i n some o t h e r 
shaded p a r t s , Deschamr>sia f l e x u o s a i s this d o m i n a n t s p e c i e s o f 
t h e g r o u n d f l o r a . 

I t was d e c i d e d t o t r y and examine t h e p r i m a r y p r o d u c t i v i t y -
i . e . p r o d u c t i o n by a u t o t r o p h i c p l a n t s - i n d i f f e r e n t n a r t s o f 
t h e f i e l d , i n r e l a t i o n t o d i f f e r e n t a n o u n t s o f ' s h a d i n g and 
d i f f e r e n t i n t e n s i t i e s o f g r a z i n g b y f i e l d v o l e s and o t h e r s m a l l 
mammals. The s e l e c t i o n o f e x p e r i m e n t a l a r e a s f o r t h i s nurioose 



was r e s t r i c t e d b y t h e d i t f i c u l t y o f f i n d i n g a r e a s o f 
s u i t a b l e si?,e i * h i c h a p p e a r e d t o be r e a s o n a b l y homogeneous. 

AIMS OF THE PHCJECT 

1 . To c o l l e c t d a t a on p r o d u c t 1 v i t y i n an o l d f i e l d s y s t e m 
n e a r Durham. 

2 . To t r y t o o b s e r v e t h e e f f e c t s on p r o d u c t i v i t y o f 
e x c l u d i n g s w e l l g r a z i n g mamnals ('n.ainly f i e l d - v o l e s ) 
f r o m s e l e c t e d a r e a s i n t h e f i e l d . 

3- To compare p r o d u c t i v i t y i n p a r t s o f t h e f i e ! i d shaded t o 
d i f f e r e n t e x t e n t s by t r e e s . 



METHODS 

1 . S e l e c t i o n o f a r e a s f o r s t u d y . 
W i t h i n t h e Z o o l o g y D e p t . f i e l d , k a r e a s were c h o s e n , as 
f o l l o w s : -

a. A r e a s A and D, n e a r t h e t o p o f t h e f i e l d . ( L o c a t i o n s 
s h o v n on s k e t c h map i n a p p e n d i x . ) A had a s l o p e o f 
a b o u t 5 ° i t o WSW, D was v i r t u a l l y f l a t . The most 
p r o m i n e n t p l a n t s w e r e D a c t y l i s g l o m e r a t a and 
A l o p e c u r u s p r a t e n s i s . 

b . A r e a B, f u r t h e r down t h e s l o p e , had an a n g l e o f s l o p e 
o f a b o u t 2 0 ° , a l s o t o WSW, and was c l o s e r t o some 
b e e c h t r e e s a b o u t 5 0 ' h i g h w h i c h were r o o t e d f u r t h e r 
down t h e s l o p e . 

c. A r e a C was a b o u t 1 0 y a r d s down t h e s l o p e f r o m 3 , 

and had an a n g l e o f s l o p e o f a b o u t 3 0 ° . The s o u t h e r n 
end o f t h e a r e a was u n d e r t h e canopy o f a b e e c h t r e e . 

2 . Measurement o f p r o d u c t i v i t y . 

a. C o l l e c t i o n o f t r e e l i t t e r . B e t w e en 2 9 t h . O c t o b e r 1 9 6 5 

and i + t h . November 1 9 6 5 a l l t h e t r e e l e a f l i t t e r was 
removed f r o m 1 s q u a r e m e t r e i n e a c h o f t h e a r e a s A, 
B and C, c o l l e c t e d i n p o l y t h e n e bags and a i r - d r i e d 
i n t h e l a b . . I t was t h e n scorted i n t o s p e c i e s , and 
w e i g h e d i n t h e a i r - d r y s t a t e . 2 s m a l l s u b - s a m p l e s o f 
beech, l i t t e r ( b y f a r t h e most a b u n d a n t t y p e ) were 
o v e n - d r i e d a t 1 0 5 ° C , and a c o n v e r s i o n f a c t o r o b t a i n e d 
t o e s t i m a t e t h e o v e n - d r y w e i g h t o f t h e w h o l e . 

b. Two methods were used t o t r y and e s t i m a t e t h e 
prod-'jctri v i t y o f t h e g r o u n d v e g e t a t i o n : -

( i ) S t a n d i n g c r o p - c u t and w e i g h how much p l a n t 
m a t e r i a l i s p r e s e n t a t a p a r t i c u l a r t i m e . 



( i i ) P a i r e d p l o t s - measure t h e r a t e o f d i s a p p e a r a n c e 
o f dead m a t e r i a l . 

STANDING CROP MEASUREMENTS. 
i . S e l e c t i o n o f l o c a t i o n s t o c u t . 

a. Siz<?• S t a r t i n g t h e p r o j e c t i n t h e l a t e a u t u m n , t h e 
m a t e r i a l was m o s t l y t o o dead t o make e s t i m a t i o n s o f 
m i n i m a l a r e a s e a s y . 2 5 cm. .x 2 5 cm. was c h o s e n as t h e 
si z < ; f o r each c l i p - p l o t , b e i n g g e n e r a l l y f a i r l y 
s u i t a b l e f o r g r a s s l a n d s i n B r i t a i n . 

b. Shape. S q u a r e c l i p - p l o t s w e r e u s e d , t o t r y and k e e p 
t h e edge e f f e c t r e a s o n a b l y s m a l l w h i l e h a v i n g a shape 
w h i c h f i t t e d e a s i l y i n t o p l o t s . T h i s l a t t e r p o i n t 
was i m p o r t a n t b e c a u s e t h e c o s t o f f e n c i n g had t o be 
t a k e n i n t o a c c o u n t . R e a l l y l o n g q u a d r a t s , w h i c h m i g h t 
be e x p e c t e d t o g i v e b e t t e r r e p r e s e n t a t i o n o f d i f f e r e n t 
p a r t s o f any p a t t e r n p r e s e n t , w o u l d have l e d t o a 
s e r i o u s edge e f f e c t i n c r o p p i n g , u n l e s s t h e y were 
v e r y b i g . 

c. S p a c i n g . A l l t h e a r e a s were g r i d d e d , and s a m p l e s 
s e l e c t e d f o r c u t t i n g b y c o o r d i n a t e s t a k e n f r o m a t a b l e 
o f random numbers. No s p a c e was l e f t b e t w e e n a d j a c e n t 
g r i d u n i t s , a g a i n o w i n g t o t h e c o s t o f f e n c i n g . 
A 2 5 CT,. - w i d e s t r i p a d j a c e n t t o t h e f e n c i n g r o u n d 
t h e p l o t , was l e f t u n u s e d , t o t r y and a v o i d edge 
e f f e c t s f r o m t h e f e n c i n g . 

i i . P a r t s o f p l a n t s c r o p p e d . I t w o u l d o b v i o u s l y have been 
d e s i r a b l e t o e s t i m a t e r o o t as w e l l as s h o o t p r o d u c t i o n . 
T r i a l s p r o d u c e d a. w a t e r - c u r r e n t d e v i c e ( s e e a p p e n d i x ) 
w h i c h was m o d e r a t e l y e f f e c t i v e a t s e p a r a t i n g r o o t s f r o m 
s o i l p a r t i c l e s b u t f a i l e d t o s e p a r a t e l i v e and dead b i t s 
o f r o o t . E v e n t u a l l y , i t was d e c i d e d t o c r o p e v e r y t h i n g 
above s c i l l e v e l . 



i i i . C r o p p i n g m e t h o d s . 
The f i r s t p r o b l e m w h i c h a r o s e was t h a t t h e p l a n t s 

were n o t a l l v e r t i c a l , b u t l e a n i n g o v e r i n one d i r e c t i o n 
o r a n o t h e r . The c r i t e r i o n f o r d e c i d i n g w h a t l a y i n s i d e 
a p a r t i c u l a r q u a d r a t had t o be r e p e a t a b l e . 2 o b v i o u s 
a l t e r n a t i v e p r o c e d u r e s w e r e : -

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

The f i r s t a l t e r n a t i v e was r u l e d o u t , b e c a u s e t h e 
c o n s e q u e n t c u t t i n g o f l i v e ste'ns and b l a d e s i n t h e i r 
c e n t r a l p o r t i o n s w o u l d have c r e a t e d t o o much dead 
m a t e r i a l i n a d j a c e n t q u a d r a t s . The s e c o n d p r o c e d u r e 
was t h e r e f o r e f o l l o w e d . I n t h e c r o p s t a k e n i n March and 
May, b o t h l i v e and dead s t e m s and l e a v e s w e r e p u l l e d 
t h r o u g h and c u t a c c o r d i n g t o where t h e y were r o o t e d ; 
l a t e r on, t h e dead m a t e r i a l had l a r g e l y s u n k i n t o a mat 
. j u s t above t h e g r o u n d , and was c u t where i t l a y . 

Two o b v i o u s d i s a d v a n t a g e s o f t h i s method were t h a t : -
a. A l o t o f t h e p l a n t m a t e r i a l o v e r l y i n g l e e w a r d 

q u a d r a t s was removed, e x p o s i n g s o i l and t h e b a s e s 
o f p l a n t s t e m s . 

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

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

I n t h e c a s e o f H e r a c l e u m 5ph0nd.yli.um, t h e 
v e r y l a r g e l e a v e s o f w h i c h made n o n s e n s e o f 'fthe 
n o r m a l p r o c e d u r e , t h e p a r t s o f t h e p l a n t s w h i c h 
were c o v e r i n g any p a r t o f a s a m p l e q u a d r a t were c u t 
o f f and i n c l u d e d i n t h e s a m p l e . As t h e l e a v e s had 
n o t g rown t o an a p p r e c i a b l e s i z e u n t i l t h e t i m e o f 
t h e J u l y and A u g u s t s a m p l e s , t h e f a s t t h a t t h i s 
p r o c e d u r e i n c r e a s e d d ead w e i g h t s e l s e w h e r e was n o t 

http://5ph0nd.yli.um


s o i m p o r t a n t : as i t happened, i n no case 

was a s u b s e q u e n t q u a d r a t a f f e c t e d . 

E ach month e x c e p t A u g u s t , 1 0 c l i p - p l o t s w e r e c u t i n 
e a c h o f t h e f o l l o w i n g a r e a s : -
A, i n s i d e t h e f e n c e ( d e s i g n a t e d A i ) 
A, o u t s i d e t h e f e n c e ( d e s i g n a t e d Ao) 
B 
n 

D, o u t s i d e t h e f e n c e ( D o ) 
D, i n s i d e t h e f e n c e (Di.) 

I r i A u g u s t , 1 0 p l o t s w e r e c u t i n A i and Ao, b u t 
o n l y 5 i n each o f t h e o t h e r a r e a s l i s t e d a b o v e . 

'The s a m p l i n g p e r i o d s were 2 3 - 2 6 M a r c h , i f - 1 0 May, 
2 - 9 i. vune, 1 9 - 2 2 J u l y and 1 9 - 2 ' + A u g u s t . E x a c t d a t e s a r e 
g i v e n i n t h e a p p e n d i x . 

S t o r a g e . A f t e r c o l l e c t i o n , t h e c r o p s were k e p t i n 
p a p e r bags i n a d e e p - f r e e z e . Most m a t e r i a l seemed t o 
be u n c h a n g e d i n a p p e a r a n c e b y t h i s t r e a t m e n t , t h o u g h 
b u t t e r c u p l e a v e s t e n d e d t o b l a c k e n . By c o n t r a s t , d r i e d -
o u t m a t e r i a l was v e r y d i f f i c u l t t o s o r t i n t o l i v e and 
dead m a t e r i a l , d i f f e r e n t s p e c i e s l o s i n g t h e i r ' l i v e ' 
a p p e a r a n c e a t d i f f e r e n t r a t e s . 

S o r t i n g . I t was d e c i d e d t o s o r t t h e w h o l e o f t h e c o n t e n t s 
o f each b a g ( i . e . t h e w h o l e c r o p f r o m each c l i p - p l o t ) , 
r a t h e r t h a n t a k e an a l i q u o t . The m a i n r e a s o n f o r t h i s 
d e c i s i o n was t h a t t h e m a t e r i a l c o n s i s t e d , i n t h e m a i n , o f 
l o n g g r a s s l e a v e s ( w i t h o t h e r m a t e r i a l m i x e d i n w i t h t hem) 
w h i c h had been p u t i n i n h a n d f u l s , as i t had been c u t . 
The c o n t e n t s o f e a c h bag were t h u s s t r u c t u r e d i n s u c h a 
way as t o p r o m o t e b i a s i n any a t t e m p t e d s u b - s a m p l i n g , as 
h a n d f u l s d r a w n o u t w o u l d be v e r y l i k e l y t o c o i n c i d e w i t h 
h a n d f u l s w h i c h had b e e n p u t i n . 



The c a t e g o r i e s i n t o w h i c h m a t e r i a l was s o r t e d were as 
f ollows'.:'-

L i v e vs.. dead . An a t t e m p t xvas made t o s e p a r a t e dead 
materia.', f r o m l i v e - The b a s i c c r i t e r i o n f o r d e c i d i n g 
w h e t h e r m a t e r i a l was l i v e o r noit was g r e e n c o l o u r . 
M a t e r i a l , w h i c h was g o i n g y e l l o w n a t u r a l l y p r e s e n t e d some 
d i f f i c u l t y , and i t was a t t e m p t e d t o a l l o c a t e h a l f of t h i s 
' d o u b t f u l ' m a t e r i a l t o t h e l i v e c a t e g o r y , and h a l f t o t h e 
dead. " f an a p p r e c i a b l e p o r t i o n o f a. l e a f was dead, b u t 
t h e b a s a l p a r t was l i v e ( a common o c c u r r e n c e i n g r a s s e s ) , 
t h e 2 p=..rts were s e p a r a t e d . 

I t i s p o s s i b l e t h a t , o f t h e May c o l l e c t i o n f r o m a r e a B. 
a g r e a t e . T p r o p o r t i o n o f t h e ' d o u b t f u l ' m a t e r i a l was 
a l l o c a t e d t o t h e l i v e c a t e g o r y t h a n i n l a t e r c o l l e c t i o n s , 
b e c a u s e t h e r e was l e s s g r e e n m a t e r i a l t o compare i t w i t h . 

G r a s s v s . n o n - g r a s s . T h i s was q u i t e s t r a i g h t f o r w a r d , 
t h o u g h i t i s p o s s i b l e t h a t a s m a l l q u a r t ' t i t y o f L u z u l a s p p . 
may have- been p u t i n t o t h e " g r a s s " c a t e g o r y . 

S o r t i n g t h e l i v e m a t e r i a l i n t o s p e c i e s ? T h i s was f i r s t 
a t t e m p t e d w i t h t h e May c o l l e c t i o n , where i t p r o v e d v e r y 
d i f f i c u l t , as many o f t h e p l a n t s had n o t g r o w n t o an 
e a s i l y r e c o g n i z a b l e s t a g e - v e r y s m a l l b l a d e s o f g r a s s 
t e n d e d t o l o o k v e r y mucin a l i k e - and w i t h t h e J u l y 
c o l l e c t i o n , w h e r e i t p r o v e d more p r a c t i c a b l e . O n l y some 
o f t h e V.ay m a t e r i a l was s o r t e d - 9 p l o t s f r o m a r e a B -
and s u b s e q u e n t e x p e r i e n c e c a s t d o u b t on some o f t h e 
i d e n t i f i c a t i o n s , p a r t i c u l a r l y " C y n o s u r u s c r i s t a t u s " , w h i c h 
was p r o b a b l y A g r o s t i s s t o l o n i f e r a . . S u b s e q u e n t comments 
a p p l y t c t h e J u l y m a t e r i a l o n l y . 

S o r t i n g n o n - g r a s s s p e c i e s was n o t t o o d i f f i c u l t , t h o u g h 
some o f t h e b u t t e r c u p l e a v e s ( R a n u n c u l u s b u l b o s u s and R. a e r i e 
seemed a l m o s t t o g r a d e i n t o one a n o t h e r . I d e n t i f i c a t i o n o f 
some l e a v e s w i t h o u t f l o w e r s was not c o m p l e t e l y c e r t a i n , 
b u t i n g e n e r a l p r o b a b l y r e a s o n a b l y a c c u r a t e . 



S o r t i n g t h e g r a s s i n t o s p e c i e s p r o d u c e d s e v e r a l s e r i o u s 
p r o b l e m s , a g g r a v a t e d by t h e f a c t t h a t t h e s p e c i m e n s were o f t e n 
i n c o m p l e t e , p a r t s h a v i n g been s e p a r a t e d d u r i n g t h e c u t t i n g . 
(To have c u t e a c h p l a n t s e p a r a t e l y w o u l d have g r e a t l y 
i n c r e a s e d , t h e l e n g t h o f t i m e n e c e s s a r y t o n u t t h e s a m p l e s -
p r o b a b l y t c a b o u t a f o r t n i g h t . ) 

The m a i n c o n f u s i o n s a r o s e when a t t e m p t i n g t o s e p a r a t e 
v e g e t a t i v e p a r t s o f t h e f o l l o w i n g s p e c i e s , u s i n g t h e k e y t o 
t h e v e g e t a t i v e p a r t s , and d e s c r i p t i o n s , g i v e n b y H u b b a r d ( ) : 

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

•• The g r a s s e s i d e n t i f i e d w i t h t h e k e y as A l o p e c u r u s m y o s u r o i d e s 
o r A g r o s t i s g i g a n t e a a r e p r o b a b l y A l o p e c u r u s p r a t e n s i s , as 
one p l a n t was f o u n d w i t h v e g e t a t i v e p a r t s w h i c h w o u l d 
c e r t a i n l y have been i d e n t i f i e d as A l o p e c u r u s m y o s u r o i d e s o r 
A g r o s t i s g i g a n t e a , b u t b e a r i n g t h e f l o w e f i n g head o f 
A l o p e c u r u s p r a t e n s i s . They have b e e n t r e a t e d as A. p r a t e n s i s 
i n t h e c o n s t r u c t i o n o f t h e a s s o c i a t i o n t a b l e s . 

T h e r e seemed t o be no c l e a r d i v i s i o n b e t w e e n t h e m a t e r i a l 
c a t e g o r i s e d i n t o t h e s p p . A. p r a t e n s i s , A g r o s t i s s t o l o n i f e r a 
and A g r o s t i s t e n u i s . As no f l o w e r i n g heads o f A g r o s t i s t e n m i s 
were f o u n d i n any o f t h e c o l l e c t i o n s , i t i s p o s s i b l e t h a t 
t h i s s p e c i e s was n o t p r e s e n t a t a l l , and t h e m a t e r i a l i d e n t i f i e d 
as A. t e n u i s was r e a l l y A. s t o l o n i f e r a , f l o w e r i n g heads o f 
w h i c h were w i d e s p r e a d i n s l l t h e a r e a s s t u d i e d . 

Some F e s t u c a v i v i p a r a VIF.S f o u n d i n Ac? i n A u g u s t ; t h i s 
s p e c i e s ( o r any o t h e r f o r m o f F. o v i n a ) had n o t beetn 
p r e v i o u s l y i d e n t i f i e d "roir c o l l e c t i o n s f r o m any o f t h e p l o t s . 

The m a t e r i a l d e s i g n a t e d as HQICUE l a n a t u s c o n t a i n s some 
H. m o l l i s i n a few c l o t s , p r o b a b l y m o s t l y i n a r e a C. 



v i . Weighing-. The s o r t e d m a t e r i a l was p u t i n t o p a p e r b a g s 
and d r i = d a t 10f5°C. t o c o n s t a n t w e i g h t . The bags w i t h 
c o n t e n t s were t h e n w e i g h e d on a t o r s i o n b a l a n c e a c c u r a t e 
t o 0.1 gra., and t h e w e i g h t o f a s i m i l a r l y d r i e d empty 
p a p e r bag s u b t r a c t e d . I t w o u l d have been more a c c u r a t e 
t o w e i g h e a c h empty p a p e r b a g a f t e r w a r d s , b u t t h i s w o u l d 
have g r e a t l y i n c r e a s e d t h e t i m e t a k e n and i n v i e w o f t h e 
s m a l l s i z e o f t h e d i s c r e p a n c i e s m e n t i o n e d b e l o w was n o t 
t h o u g h t w o r t h w h i l e . 

Some o f t h e s o r t e d m a t e r i a l f r o m t h e May and June 
c o l l e c t i o n s was k e p t f o r a w h i l e b e f o r e d r y i n g , and some 
o f t h e bags so k e p t w s r e a t t a c k e d by w h i t e f u n g a l hyphae. 
As l i t t l e e x t e r n a l d i s i n t e g r a t i o n o f t h e p l a n t m a t e r i a l 
seemed to have o c c u r r e d , and no s u i t a b l e c o r r e c t i o n f o r 
t h i s rainhap c o u l d be d e v i s e d , no c o r r e c t i o n was made f o r 
any m a t e r i a l so r e s p i r e d away. 

The c h o i c e o f t h e p a r t i c u l a r t o r s i o n b a l a n c e was 
d i c t a t e d b y c o n v e n i e n c e . A more a c c u r a t e m a c h i n e w o u l d 
have b e e n u s e f u l f o r w e i g h i n g some o f t h e s m a l l e r q u a n t i t i e s 
o f m a t e r i a l . I n a few ca s e s t h e w e i g h t o f t h e b a g + g r a s s 
was i n d i c a t e d as b e i n g e q u a l t o o r even ( r a r e l y ) 0 . 1 gm. 
l e s s t h a n t h e w e i g h t o f t h e s t a n d a r d d r i e d p a p e r b a g . 

I n s t a n c e s where l e s s t h a n 0 . 1 gm. w e i g h t were o b t a i n e d 
have beon i n d i c a t e d i n t h e r e s u l t s b y t h e l e t t e r ' t * . 

PAIRED PLOTS 
F o l l o w i n g W i e g e r t and Evans ( 1 9 6 * 0 , t h i s t e c h n i q u e was 

used t o t r y and o b t a i n a n e s t i m a t e o f t h e r a t e o f d i s a p p e a r a n c e 
o f dead mater:..al. 

The b a s i c p r o c e d u r e i s : -
i . S e l e c t a number o f p a i r s o f a d j a c e n t p l o t s , e a c h member o f 

a p a i r b e i n g , as f a r as p o s s i b l e , e x a c t l y s i m i l a r t o t h e 
o t h e r p l o t o f t h e p a i r . 



i i . At t h e b e g i n n i n g o f t h e month o r o t h e r t i m e i n t e r v a l , 
t r e a t e a c h p a i r o f p l o t s ( a and b ) as f o l l o w s : -
( 1 ) Remove a l l l i v e p l a n t m a t e r i a l f r o m ( a ) . D r y , w e i g h . 
( 2 ) Remove a l l dead p l a n t m a t e r i a l f r o m ( a ) . D r y , w e i g h . 
( 3 ) Remove a l l l i v e m a t e r i a l f r o m ( b ) . D r y , w e i g h . 

i i i . A t t h e end o f t h e t i m e i n t e r v a l , 
(*f) Remove f r o m ( b ) a l l t h e r e m a i n i n g dead m a t e r i a l . 

D r y , w e i g h . 
i v . Then, a s s u m i n g t h a t o r i g i n a l l y t h e 2 p l o t s o f t h e p a i r 

b o t h c o n t a i n e d t h e same w e i g h t o f dead p l a n t m a t e r i a l , 
we c a n c a l c u l a t e t h e amount w h i c h d i s a p p e a r e d d u r i n g t h e 
t i m e i n t e r v a l w h i c h elapsed., 

C o m p a r i s o n o f t h e w e i g h t s o f l i v i n g m a t e r i a l on e a c h 
p l o t g i v e s some i d e a o f how s i m i l a r t h e p l o t s i n each p a i r 
a r e . "f t h e r e l a t i o n s h i p b e t w e e n t h e w e i g h t s o f l i v e and 
dead ^ a t e r i - l i s known ( e . g . i f one i s p r o p o r t i o n a l t o 
t h e o t h e r ) , a l l o w a n c e can be made f o r any s t a r t i n g 
d i f f er«:n ce. 

v. A t t h e ^nd o f t h e g r o w i n g s e a s o n , p r o d u c t i v i t y o v e r t h e 
s e a s o n can t h e n be e s t i m a t e d f r o m f i g u c e s o b t a i n e d a t ( e . g . ) 
m o n t h l y i n t e r v a l s , as f o l l o w s : 

P r o d u c t i v i t y ( o r , more s t r i c t l y , n e t p r i m a r y 
p r o d u c t i v i t y ) , i s e q u a l t o 

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

plus? t h e amount o f l i v e + dead m a t e r i a l l e f t a t t h e fend 
o f t h e s e a s o n , 

m i n u s t h e amount o f dead. + l i v e m a t e r i a l p r e s e n t a t t h e 
b e g i n n i n g o f t h e s e a s o n . 

v i . T h i s m e t h o d i s d e s i g n e d t o t a k e i n t o a c c o u n t t h e amount 
o f p l a n t m a t e r i a l , w h i c h grows and d i e s d u r i n g t h e g r o w i n g 
s e a s o n w i t h o u t f e a t u r i n g i n t h e maximum s t a n d i n g c r o p . 
7 / i e g e r t and Evans f o u n d t h a t , i n an o l d f i e l d i n M i c h i g a n , 
n e t p r i m a r y p r o d u c t i o n e s t i m a t e d i n t h i s way was more t h a n 
t w i c e as much as t h e sum o f t h e peak s t a n d i n g c r o p s o f t h e 
c o n s t i t u e n t s p e c i e s . 



The p r o c e d u r e f o l l o w e d i n t h i s i n v e s t i g a t i o n was:-
1 . 2 p a i r s o f p l o t s , 2 5 cm. s q u a r e , w h i c h were t h o u g h t t o be 

more o r L e s s r e p r e s e n t a t i v e o f t h e t y p e o f v e g e t a t i o n on 
t h e e x p e r i m e n t a l a r e a s , were s e l e c t e d n e a r e a c h o f t h e a r e a s 
A, B and C. I n t h e 2 p a i r s n e a r A, t h e d o m i n a n t p l a n t s 

( i n terms; o f b o t h b u l k and c o v e r ) were D a c t y l i s g l o m e r a t a 
and A l o p e c u r u s p r a t e n s i s . I n t h o s e n e a r B, F e s t u c a r u b r a , 
A g r o s t i s s t o l o n i f e r a and H o l c u s l a n a t u s w e r e commonest. 
I n t h o s e n e a r C, A. s t o l o n i f e r a , A n t h o x a n t h u m o d o r a t u m 
and ( i n t h e p a i r away f r o m t h e t r e e ) F. r u b r a seemed t o be 
d o m i n a n t . One o f t h e p a i r s n e a r C was a t t h e end o f C 
n e a r e s t t h e o v e r h a n g i n g "beech t r e e , t h e o t h e r a t t h e 
o p p o s i t e end-

2 . I n one p l o t o f e a c h p a i r ( d e n o t e d a ) , t h e l i v e v e g e t a t i o n 
was removed and p u t i n t o pa,per b a g s . Then t h e dead m a t e r i a l 
was s i m i l a r l y removed and b a g g e d . Where g r a s s l e a v e s were 
dead e x c e p t f o r t h e b a s a l p a r t and t h e s h e a t h , t h e y were c u t 
a t t h e bcise o f t h e dead p a r t , and dead p i e c e s p u t w i t h t h e 
o t h e r dead m a t e r i a l . 

3 . I n t h e o t h e r p l o t o f e a c h p a i r ( d e n o t e d b ) , t h e l i v e 
v e g e t a t i o n o n l y was removed, and t h e dead l e f t b e h i n d . 
P a r t i a l l y dead l e a v e s were c u t as i n t h e ( a ) p l o t s . 

>+• A month l a t e r , a l l t h e m a t e r i a l r e m a i n i n g on t h e s e c o n d p l o t 
was h a r v e s t e d . The l i v e n l a n t s , i n c l u d i n g any dead p a r t s 
on them, were d i s c a r d e d . 

A l l t h e m a t e r i a l c o l l e c t e d was d r i e d and w e i g h e d i n t h e u s u a l 
way ( 1 0 5 ° C , c o n s t a n t w e i g h t ) . 

O n l y one s e t o f p a i r e d p l o t s was s e t up, s t a r t i n g i n J u l y and 
e n d i n g i n A u g u s t . ( E x a c t d a t e s i n a p p e n d i a ) • I t had b e e n 
i n t e n d e d t o s e t up a l a r g e r number, b u t t h e s e l e c t i v e c u t t i n g 
n e c e s s a r y i n e a c h p l o t p r o v e d v e r y t i m e - c o n s u m i n g , p a r t i c u l a r l y 
where t h e r e were t u s s o c k s o f p l a n t s w i t h many t h i n s t e m s , l i k e 
F e s t u c a r u b r a . 



3. E s t i m a t i o n o f amounts o f l i g h t f a l l i n g ; or. t h e a r e a s . 

B r o a d l y s p e a k i n g , methods o f e s t i m a t i o n o f t h e amounts 
o f i n c i d e n t l i g h t can be c l a s s i f i e d i n t o 2 g r o u p s : -

i . M e a s u r i n g t h e amount o f l i g h t f a l l i n g o n t o t h e p l o t , u s i n g 
some s o r t o f m e t e r . 

i i . E s t i m a t i n g t h e amount o f o b s t r u c t i o n o f l i g h t , compared 
w i t h t h e s i t u a t i o n a t a h y p o t h e t i c a l p o i n t s i t u a t e d i n 
a l a r g e p l a n e w i t h no o b s t r u c t i o n s above t h e h o r i z o n . 

I n v i e w o f t h e s h o r t a g e o f t i m e and money, i t was d e c i d e d 
n o t t o a t t e m p t t h e c o n s t r u c t i o n o f any s o l e r i m e t e r s , b u t t o 
measure t h e o b s t r u c t i o n o f l i g h t by p h o t o g r a p h s o f t h e s u r r o u n d i n g s 
One o f t h e s p e c i a l cameras a t C a m b r i d g e U n i v e r s i t y B o t a n y S c h o o l 
was b o r r o w e d f o r t h e p u r p o s e , b y k i n d p e r m i s s i o n o f D r s . G.C. 
Evans and M. A n d e r s o n . 

T h i : s c a n e r a i s f i t t e d w i t h a H i l l l e n s , g i v i n g a f i e l d o f 
v i e w o f 1 8 0 ° and an e q u i a n g u l a r p r o j e c t i o n o n t o t h e n e g a t i v e 
( i . e . t h e s k y i n c l u d e d i n 5 ° of' v i e w i n any p a r t o f t h e s k y i s 
r e p r e s e n t e d by an e q u a l d i s t a n c e on t h e n e g a t i v e - see d i a g . ) . 

I n l a t e A p r i l , j u s t b e f o r e t h e t r e e c a n o p i e s opened, 4 
p h o t o g r a p h s were t a k e n w i t h t h i s camera a t a r e a s B and C, one 
h a l f w a y a l o n g t h e s i d e o f each p l o t . Tn a d d i t i o n , 2 were t a k e n 
a t A and 2 a t D - i n each c a s e , one i n t h e m i d d l e o f t h e f e n c e d 
a r e a , one i n t h e m i d d l e o f t h e u n f e n c e d a r e a . The camera was 
s u p p o r t e d on a p l a n e t a b l e , as c l o s e t o t h e g r o u n d as p o s s i b l e 
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( a b o u t 1 5 cms. above s o i l l e v e l ) , m a k i n g t h e l e n s a b o u t 2 5 cms. 
above s o i l l e v e l . The camera w a s ! ' l e v e l l e d and a l i g n e d due 
N o r t h - S o u t h f o r each p h o t o g r a p h . 

Onto t h e p h o t o g r a p h s so o b t a i n e d were drawn i n , by eye, 
t h e a p p r o x i m a t e o u t l i n e s o f t h e t r e e c a n o p i e s . ( I t was n o t 
p o s s i b l e t o b o r r o w t h e camera l a t e r i n t h e y e a r , when t h e c a n o p i e s 
had opened, and as t h e i m p o r t a n t t r e e s on t h e p h o t o g r a p h s were 
beech t r e e s w h i c h u s u a l l y have p r a c t i c a l l y no gaps i n t h e c a n opy 
[ t h e s e p a r t i c u l a r ones t u r n e d o u t t o be no e x c e p t i o n ] , i t was 
f e l t t h a t t h e e r r o r a r i s i n g f r o m t h i s c o u r s e o f a c t i o n w o u ld 
n o t be e x c e s s i v e . ) 

A s p e c i a l g r i d , f r o m A n d e r s o n ( 1 9 6 4 ) was t h e n s u p e r i m p o s e d 
on each p h o t o g r a p h i n t u r n . T h i s g r i d i s d i v i d e d , i n t o s e g m e n t s , 
each o f w h i c h r e p r e s e n t s 0 . 1 % o f t h e t o t a l r a d i a n t i l l u m i n a n c e 
f r o m a s t a n d a r d o v e r c a s t s k y . The number of g r i d s egments 
w h i c h were more t h a n h ^ l f o b s c u r e d by t r e e canopy o r s l o p i n g 
g r o u n d o r o t h e r o b s t r u c t i o n s were c o u n t e d f o r each p h o t o g r a p h 
i n t u r n , and s. p e r c e n t a g e o b s t r u c t i o n c a l c u l a t e d f o r each 
p h o t o g r a p h . F o r a r e a s B and C, a mean v a l u e was c a l c u l a t e d 
( f r o m o n l y 3 p h o t o g r a p h s f o r 3 : one o f t h e p l a t e s was s e v e r e l y 
f o g g e d ) ; A i , Ao,'Di and Bo had j u s t one p h o t o g r a p h , and hence 
one v a l u e , e a c h . I n t h e r e s u l t s a r e g i v e n t h e p e r c e n t a g e s o f 
t o t a l i l l u m i n e . n e e w h i c h w e r e n o t o b s c u r e d , t o a c t as a g u i d e t o 
t h e r e l a t i v e amounts o f l i g h t w h i c h t h e d i f f e r e n t a r e a s m i g h t 
be e x p e c t e d t c r e c e i v e w h i l e t h e t r e e s w ere i n l e a f - . The t r e e 
l e a v e s opened d u r i n g t h e f i r s t week i n May, t h e c a n o p i e s b e i n g 
e f f e c t i v e l y c o m p l e t e w i t h i n 1 0 d a y s . 

k . V o l e - p r o o f i n g . 

I n each o f a r e a s A and D, a p l o t J>m. x 4 m . was f e n c e d 
r o u n d w i t h O.S'5" Weldmesh w i r e n e t t i n g s u p p o r t e d on a wooden 
f r a m e . The n e t t i n g was dug i n t o t h e g r o u n d t o a d e p t h o f 1 ' 

b e l o w t h e s o i l " s u r f a c e , and e x t e n d e d t o a h e i g h t o f 2 " above 



t h e s o i l . T h i s was c o n s i d e r e d s u f f i c i e n t t o p r e v e n t any o f t h e 
s p e c i e s o f f i < : l d v o l e s i n t h e a r e a (Apodemus s y l v a t i c u s , 
M i c r o t u s a g r e s t i s and. C I e t h r i o n . o m y s g l a r e o l u s ) f r o m t u n n e l l i n g 
u n d e r o r j u m p i n g o v e r . 

B e f o r e t h e f e n c i n g r o u n d e a c h p l o t was c o m p l e t e , p r e - b a i t e d 
' L o n g w o r t h ' t r a p s ( b a i t e d b o x - l i k e t r a p s , w i t h t h e i r d o o r s f i x e d 
i n t h e open p o s i t i o n so t h a t v o l e s c o u l d p a s s f r e e l y i n and o u t ) 
were l e f t i n t h e a r e a s f o r 2 o r 3 d a y s , t o e n a b l e t h e a n i m a l s 
t o become a c c u s t o m e d t o them. A f t e r t h e f e n c i n g was c l o s e d , t h e 
t r a p s w ere r e - s e t t o c a t c h any v o l e s e n t e r i n g t h em, so t h a t any 
v o l e s l e f t i n t h e e n c l o s u r e s c o u l d be c a u g h t and r e m o v e d . T r a p s 
were l e f t i n t h r o u g h o u t t h e summer t o t r y arid c k e c k w h e t h e r any 
v o l e s had e n t e r e d t h e f e n c e d a r e a s ; none was c a u g h t a t any t i m e . 

When the; n e t t i n g had been c o m p l e t e d , t h e t o p o f t h e f e n c e 
was c o a t e d w i t h " S t i c k t i t e " - a n o n - s e t t i n g , 'gooey' s u b s t a n c e -
t o d i s c o u r a g e v o l e s f r o m c l i m b i n g o v e r . 

I n l a t e J u n e , t h e g r a s s a r o u n d t h e f e n c e d p l o t s , p a r t i c u l a r l y 
i n a r e a A, had grown so t a l l t h a t i n many p l a c e s i t l o o k e d as 
t h o u g h i t m i g h t be p o s s i b l e f o r a v o l e t o c l i m b up some g r a s s 
stems t o u c h i n g t h e f e n c i n g and g e t i n t o t h e e n c l o s u r e s i n t h i s 
way. The g r a s s s u r r o u n d i n g t h e f e n c i n g on t h e o u t s i d e was 
t h e r e f o r e c u t w i t h s h e a r s ; t h a t i n s i d e was l e f t u n t o u c h e d . 

5. S o i l a n a l y s i s . 

B etween 2 7 and 3 " A u g u s t , 1 0 s o i l s a m p l e s were t a k e n f r o m 
each a r e a ( A i , Ao, B, C, D i and D o ) . Each sample c o n s i s t e d o f 
a c o r e 5 cm. i n d i a m e t e r and ' 1 0 - 1 2 cm. deep, and was o b t a i n e d 
w i t h a s o i l c o r e r pushed i n t o t h e s o i l a f t e r t h e l o o s e dead p l a n t 
m a t e r i a l had been c l e a r e d away f r o m t h e s u r f a c e . The u p p e r zone 
t h a t was s a m p l e d i n t h i s manner c o n t a i n e d most o f t h e n o n - t r e e 
r o o t m a t e r i a l ( a s f o u n d i n p r e l i m i n a r y s a m p l e s t a k e n t h e p r e v i o u s 
a u t u m n ) . 

The 1 0 s a m p l e s i n each a r e a were t a k e n f r o m a random s e l e c t i o n 
o f s i t e s w h i c h had noit b e e n used f o r o t h e r s a m p l e s . 



I n g e n e r a l , t h e s o i l f r o m A i and Ao l o o k e d b l a c k e r and. 
was more c r u m b l y t h a n t h e s o i l f r o m t h e o t h e r a r e a s . A b o u t 10 
cms. down i n A i and Ao was a g r a v e l l y d e p o s i t o f a d a r k g r e y 
s u b s t a n c e r e s e m b l i n g c o k e , m i x e d w i t h p i e c e s o f c o a l o f a 
s i m i l a r s i z e . 

The " s o i l , i n C tended, t o c o n t a i n more dead o r g a n i c m a t e r i a l 
on and m i x e d i n w i t h i t s s u r f a c e . The m a t e r i a l seemed t o be 
m o s t l y dead b e e c h l e a v e s . 

The s o i l , i n D i and Do seemed t o be d e e p e r and more s i l t y 
t h a n t h e s o i l f r o m t h e o t h e r a r e a s . 

I n t h e :.ab., t h e s a m p l e s were p a s s e d t h r o u g h a. 2 mm. s i e v e , 
and t h e s a m p l e s f r o m e a c h a r e a t h e n p o o l e d t o g i v e one amalgamated 
s a m p l e e a c h f o r A i , Ao, B, C, D i and Do. Su b - s a m p l e s o f each 
were d r i e d a t 1 0 5 ° C . t o d e t e r m i n e m o i s t u r e c o n t e n t . 

E s t i m a t i o n o f c a t i o n s . A b o u t 8 0 gms. f r e s h w e i g h t o f 
t h e 2 mm. f r a c t i o n o f each amalgamated sa mp le was s h a k e n w i t h 
1N Ammonium A c e t a t e s o l u t i o n and l e f t t o s t a n d o v e r n i g h t . 2 
b l a n k s were r u n on t h e same v o l u m e o f r e a g e n t . The f o l l o w i n g 
day, t h e s o i l s a m p l e s were l e a c h e d i n a B u c h n e r f u n n e l w i t h 
more 1N Ammonium A c e t a t e s o l u t i o n u n t i l e a c h s a m p l e had been 
e x t r a c t e d w i t h 5 0 0 c c s . o f s o l u t i o n a l t o g e t h e r . ( T h e l e a c h i n g 
i n t h e B u c h n e r f i a n n e l t o o k a b o u t 2 h o u r s f o r each s a m p l e . ) 

The r e s u l t i n g e x t r a c t s were a n a l y s e d on an EEL f l a m e 
p h o t o m e t e r f o r p o t a s s i u m , and on an EEL a t o m i c a b s o r p t i o n 
s p e c t r o p h o t o m e t e r f o r magnesium a n d c a l c i u m . The d e t e r m i n a t i o n s 
o f c a l c i u m w e r e made f i r s t w i t h o u t and t h e n w i t h t h e a d d i t i o n 
o f l a n t h a n u m c h l o r i d e s o l u t i o n a t a c o n c e n t r a t e on o f ppm-
t o s u p p r e s s i n t e r f e r e n c e f r o m o t h e r i o n s , p a r t i c u l a r l y p h o s p h a t e . 
As, e x c e p t f o r t h e e x t r a c t f r o m a r e a C ; t h e p r e s e n c e o f l a n t h a n u m 
c h l o r i d e made a c o n s i d e r a b l e d i f f e r e n c e t o t h e r e s u l t ( r o u g h l y 
d o u b l i n g i t ) , t h e f i g u r e s g i v e n i n t h e r e s u l t s a r e t h o s e o b t a i n e d 
w i t h l a n t h a n u n c h l o r i d e p r e s e n t . 



C a l i b r a t i o n c u r v e s w s r s u s e d f o r a l l 3 i o n s ; t h e 

s t a n d a r d s o l u t i o n u s e d f o r p o t a s s i u m was 1000 p p m . , t h o s e f o r 

and Ca e a c h '100 p p m . . 

6 . C l e a r e d s q u a r e s . 

One s q u a r e m e t r e i n e a c h o f A , 3 , C and D was c l e a r e d o f 

a l l p l a n t m a t e r i a l i n N o v e m b e r . I n t h e s p r i n g , on a r e a B g r o w t h 

seemed t o be r r o r e l u s h on t h e s q u a r e and on a s m a l l a r e a t o t h e 

l e e w a r d o f i t t h a n i n t h e r e s t o f t h e a r e a . On a r e a C, no s u c h 

o b v i o u s d i f f e r e n c e was d i s c e r n i b l e . On a r e a s A and C, t h e 

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

s q u a r e s , p r e v e n t i n g f u r t h e r o b s e r v a t i o n s . 

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

g r o w t h m i g h t be s u g g e s t e d . F o r e x a m p l e : 

1 . The r e m o v a l o f dead m a t e r i a l a l l o w e d more l i g h t t o r e a c h 

t h e y o u n g s h o o t s i n t h e s p r i n g , so i n c r e a s i n g t h e amoun t 

o f g r o w t h p o s s i b l e . 

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

3- The s q u a r e i n E h a p p e n e d t o h a v e b e e n l o c a t e d a t a p l a c e 

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

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

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

g r o w t h i n B i s n o t p u r e l y f o r t u i t o u s , i t i s p o s s i b l e t h a t no 

e f f e c t s w e r e n o t i c e a b l e i n a r e a C b e c a u s e ( a ) t h e r e w e r e f e w e r 

s h o o t s p e r sq* m. t o show a r e s p o n s e , a n d ( b ) t h e r e was more 

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



RESULTS 

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

t a b l e s and as g r a p h s o r h i s t o g r a m s , t o make t h e m e a s i e r t o 

f o l l o w : 

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

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

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

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

A m o u n t s o f K + , M g + + a n d C a T + i n s o i l s . 

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

i s g i v e n f o r eeich p l o t . Above t h e c o l u m n f o r each p l o t a r e 

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

T h e s e c o o r d i n a t e s a r e d e r i v e d as f o l l o w s : 

1. A l o n g t h e edges o f e a c h a r e a , d i s t a n c e s o f 25 cms. w e r e 

m a r k e d o u t . 

2 . I n t h e u n f e n c e d a r e a s , t h e f i r s t 25 cm. was g i v e n t h e 

number 1 , t h e n e x t 2 , and s o o n , a l o n g e a c h e d g e . The 

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

I n s i d e t h e f e n c e d areas- , a 25 c m . - w i d e s t r i p j u s t i n s i d e 

t h e f e n c i n g was l e f t u n u s e d and u n - n u m b e r e d . 

3- Of t h e p a i r o f n u m b e r s ( e . g . 8 , 7 ) m a k i n g up t h b c o o r d i n a t e s 

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

t h e l o n g e r s i d e o f t h e p l o t , t h e s e c o n d t o t h e s h o r t e r ! . 

S o , i n a r e a s B a n d C, t h e c l i p - p l o t a t t h e e x t r e m e 

s o u t h - w e s t c o r n e r has t h e c o o r d i n a t e s 2k,1b ( a s t h e a r e a s 

a r e 6m. b y i f tn . ) . 

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

b u t , s i n c e t h e amount was n e v e r more thaa i a f e w m i l l i g r a m s d r y 

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

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

" E x c u r s i o n F l o r a o f t h e B r i t i s h I s l e s " b y C l a p h a m , T u t i n and 

W a r b u r g ( 1 9 5 9 ) -
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S o i l a n a l y s i s r e s u l t s . 

A i Ao B C * D i Do 
p H 5.7.5 5 . 8 5 . 2 i f . 5 6 . 0 6 . 2 

100 gm. 
d r y w t . ) 

M g + + 150 160 65 38 66 123 
( same u n i t s ) 

C a + + 280 308 157 38** 298 205 
(same u n i t s ) 

* O n l y 3 s a m p l e s i n s t e a d o f 10 w e r e u s e d t o maVe t h e 

' a m a l g a m a t e d s a m p l e ' . 

** T h e r e was no d i f f e r e n c e b e t w e e n t h e r e a d i n g s o b t a i n e d 

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

s a m p l e s , th<; p r e s e n c e o f l a n t h a n u m c h l o r i d e made a 

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

i n i n t e r f e r e n c e w i t h C a + + i n t h e e s t i m a t i o n i s 

p h o s p h a t e . F rom t h i s , i t seems l i k e l y t h a t t h e r e i s 

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

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

W e i g h t s o f . t r e e l i t t e r f r o m 1 s q u a r e m e t r e 

F r e s h w e i g h t s D r y w e i g h t s e s t i m a t e d 
( t o n e a r e s t g m . ) 

A . B e e c h kk.9 gm. 
Oak. 2 . 5 " 40 gm. 
O t h e r 0 . 1 5 gm. 
( m a i n l y b i r c h ) 

B . B e e c h 8 8 . 3 gm. 
Oak 3 - 3 gm. 78 gm. 
O t h e r 0 . 7 5 gm. 

C. Beech. 5 0 0 . 9 gm. 
Oak 2 3 . 3 gm. kh2 gm. 
O t h e r 2 . 0 erm. 



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

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

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

u n o b s t r u c t e d . 

A i 8 7 . 3 

Ao 3 9 . 3 

••-.7 • k 
8 2 . 2 mean 

8 5 . 3 

1 1 . 8 

3 0 . 3 

3 9 . 9 

3 2 . 8 

mean 33*6 

D i 

Do 

9 0 . 1 

9 0 . b 
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Mean w e i g h t s and s t a n d a r d , e r r o r s 

M a r c h May J u n e J u l y A u g u s t 

A i . L i v e 
Dead 
T o t a l • 3 7 . 0 6 2 . 5 1 

1 7 . 7 8 
23 .24 
4 1 . 0 2 

2 . 2 8 
1.83 

3 4 . 7 6 
1 2 . 9 9 
4 7 . 7 5 

3 . 8 7 
1 .73 

6 6 . 2 1 0 . 7 

A o . L i v e 
Dead 
T o t a l if 1.8 2 . 3 2 4 3 . 5 6 3 . 9 2 

2 2 . 7 5 
2 2 . 4 5 
4 5 . 2 0 

1 .69 
2 . 0 7 

3 5 . 2 7 
1 5 . 0 4 
5 0 . 3 1 

4 .61 
1 .43 

3 4 . 6 3 . 6 

B . L i v e 
Dead 
T o t a l 

5 . 9 2 
3 6 . 9 6 
4 2 . 8 8 

1 . 0 4 
2 . 6 5 

5 . 5 9 
3 4 . 2 
3 9 . 7 9 

1 .46 
4 . 4 3 

1 4 . 5 7 
2 6 . 8 2 
4 1 . 3 9 

1 . 8 4 
2 . 2 5 

2 5 . 3 5 
2 3 . 4 7 
4 8 . 8 2 

3 . 0 5 
1 .64 

2 8 . 8 
2 3 . 2 
5 2 . 0 

1 .97 
1 .95 

C. L i v e 
Dead 
T o t a l 5 2 . 4 6 . 6 0 5 4 . 2 3 . 8 9 

6 . 3 4 
4 9 . 0 7 
5 5 . 4 1 

0 . 9 3 
4 . 0 5 

12 .55 
74 .06 
4 6 . 6 1 

1.51 
1-35 

4 1 . 7 2 . 8 

D i . L i v e 
Dead 
T o t a l 5' i .6 3 . 9 9 4 5 . 5 1 2 . 9 0 

• <J . \-i -r 
2 7 . 0 2 
4 3 - 3 6 

4 . 0 8 
2 . 4 4 

O), o f i 

1 2 . 5 
3 7 . 4 8 

. •-• -f 
1.82 

4 7 . 6 1 7 . 6 

D o . L i v e 
Dead 
T o t a l 4 5 . 3 7 6 . 6 9 4 5 . 2 8 3 . 0 0 

2 1 . 9 
* 3 3 . 9 5 
• 5 5 . 8 5 

4 . 2 5 
4 . 0 8 

2 6 . 6 6 
2 5 - 5 3 
5 2 . 1 9 

3 . 0 7 
4 . 1 4 

3 2 . 5 1 .7 

* T h e s e f i g u r e s w e r e o b t a i n e d f r o m a l l 10 s a m p l e s . 3 o f t h e ' l i v e ' b a g s w e r e m i s l a i d . 
The mean dead w e i g h t c a l c u l a t e d f r o m t h e 7 s a m p l e s f o r w h i c h l i v e m a t e r i a l was a v a i l a b l e 
i s 3 9 - 5 ( S . E . 4 . 3 9 ) i and t h e t o t a l w e i g h t becomes 6 1 . 4 . 



( D i f f e r e n c e s b e t w e e n t h e means o f c o n s e c u t i v e s a m p l e s ) d i v i d e d b y t h e number o f d a y s 

A i 

Ao , 

B . 

C. 

D i . 

L i v e 
Dead 
T o t a l 

L i v e 
Dead 
T o t a l 

L i v e 
Dead 
T o t a l 

L i v e 
Dead 

. L i v e 
Dead 
T o t a l 

e l a p s i n g b e t w e e n t h e s a m p l i n g i n t e r v a l s , 

M a r . - M a y M a y - J u n e J u n e - J u l y 

+ 0 . 0 4 2 

- 0 . 0 0 7 5 
- 0 . 0 6 2 7 
- 0 . 0 7 0 

. 0 4 ' 

- 0 . 1 J 2 

+ 0 . 1 2 0 

+ 0 . 0 5 0 

+ 0 . 3 4 5 
- 0 . 2 8 4 
+ QO615 

+ UiUH-UU 

- 0 . 0 7 1 7 

+ 0 . 3 9 5 
- O . 2 3 8 
+ 0 . 1 5 7 

+ 0 . 2 9 8 
- 0 . 1 7 6 
+ 0 . 1 2 2 

+ 0 . 2 2 0 
- 0 . 0 6 8 * 
+ 0 . 1 5 2 

+ 0 . 1 2 4 
- 0 . 3 0 0 

f~\ in/* 
- U , I t U 

+ 0 . 1 9 9 
- 0 . 3 4 6 
- 0 . 1 4 7 

J u l y - A u g u s t 

+ 0 . 5 9 6 

- 0 . 4 6 2 

+ 0 . 1 0 5 
- 0 . 0 0 8 2 
+ O .OQ64 

r\ s\ r - - » 

0 .28Q 

D o . L i v e 
Dead 
T o t a l - 0 . 0 0 1 9 + 0 . 3 5 2 

+ 0 . 1 1 3 
* - 0 . 2 0 0 
» - 0 . 0 8 7 1 - 0 . ^ 7 9 

* T h e s e f i g u r e s w e r e o b t a i n e d f r o m a l l 10 s a m p l e s . 3 o f t h e ' l i v e 1 b a g s w e r e m i s l a i d 
The f i g u r e s c a l c u l a t e d u s i n g o n l y t h e 7 s a m p l e s f o r w h i c h l i v e m a t e r i a l was 
a v a i l a b l e a r e - 0 . 3 3 3 f o r t h e dead m a t e r i a l , and - 0 . 2 1 9 f o r t h e t o t a l . 



R e s u l t s f r o m p a i r e d p l o t s . 

P l o t W t . o f 
dead 
m a t l . 

W t . o f 
l i v e 
m a t l . 

R a t i o o f 
d e a d / l i v e 
i n 1 s t . 
p l o t o f 
p a i r 

I n i t i a l 
dead w t . 

• A ' 

I n i t i a l 
dead w t . 

• B ' 

U n c o r r e c t e d 
l o s s 

C o r r ' d 
l o s s 
• A ' 

C o r r 
l O S i 

' B 

A c 2 1 . 6 4 5 - 2 O .V78 

A d 1 3 . 8 6*f . 0 3 0 . 6 1 8 . 5 n 0 ( >r> 1 6 . 8 W 

B a 2 5 . 2 2 /4 .3 1 .037 

B b 1 5 . 1 2 1 . 8 2 2 . 6 1 8 . 5 10 .1 7.5 3 . 4 

B c 2 2 . 5 3 3 . 0 0 . 6 8 2 

B d 1 5 . 6 2 9 . 6 2 0 . 2 2 5 . 1 6 . 9 i f . 6 Q . 5 

C a 1 1 . 9 3 . 8 6 

C b 3 8 . 9 7 . 1 27.4 1 8 . 9 7 . 0 - 1 1 . 5 - 2 0 . ' 

C c 2 1 . 5 1 3 . 9 1 . 5 5 

C d 1 9 . 8 5-7 8 . 8 1 5 . 2 1.7 - 1 1 . 0 - i f . 

" I n i t i a l d e a d w e i g h t ' A ' " i s an e s t i m a t e o f t h e i n i t i a l w t . o f dead, m a t e r i a l on t h e s e c o n d p l o t 
o f e a c h p a i r ! k n o w i n g t h e l i v e w e i g h t a t t h e s t a r t and a s s u m i n g t h e r a t i o o f l i v e : d e a d 
m a t e r i a l t o be t h e same on b o t h p l o t s i n each p a i r . 

" I n i t i a l d e a d w e i g h t B " i s an e s t i m a t e o f t h e i n i t i a l w t . o f dead m a t e r i a l on t h e s e c o n d p l o t 
o f e ach p a i r , a s s u m i n g t h e l i v e : d e a d r a t i o t o b e e q u a l t o t h e mean v a l u e o f t h i s r a t i o 

f o r t h e a r e a ( A , B o r C ) . X K X H x w k i s i K . 
The c o r r e c t e d l o s s e s A a n d B a r e c a l c u l a t e d u s i n g t h e v a l u e s f o r t h e i n i t i a l dead w t . e s t i m a t e d 

b y t h e 2 m e t h o d s . The u n c o r r e c t e d l o s s i s o b t a i n e d s i m p l y by s u b t r a c t i n g t h e w t . o f d e a d 
m a t e r i a l on t h e s e c o n d p l o t a t t h e end o f t h e p e r i o d f r o m t h e dead w t . on t h e f i r s t p l o t 
a t t h e s t a r t o f t h e p e r i o d . 



A i - A s s o c i a t i o n 

P o s i t i o n on g r i d : - 4 , 3 5 , 2 7 , 2 

D a c t y l i s g l o m e r a t a 3 1 . 0 1 4 . 8 

A l o p e c u r u s p r a t e n s i s 4 . 7 o -7 
t • ? 5 . 4 

A g r o s t i s s t o l o n i f e r a 4 . 2 6 . 8 0 . 4 
A g r o s t i s t e n u i s 0 . 4 3 - ' I 0 . 3 

H o l c u s l a n a t u s -1.2 
Poa p r a t e n s i s 1.0 0 . 1 
P l a n t a g o l a n c e o l a t a 7 . 1 t 2 . 8 
F e s t u c a r u b r a 2 . 0 8 . 3 1.1 
Rumex a c e t o s a 2 . 8 2 . 3 0 . 3 
V e r o n i c a c h a m a e d r y s 0 . 1 1 .6 
G e r a n i u m p r a t e n s e 1 .4 
R a n u n c u l u s a c r i s 0 . 5 
R a n u n c u l u s b u l b o s u s 
L u z u l a c a m p e s t r i s 0 . 2 
A r r h e n a t h e r u m e l a t i u s 0 . 3 
T a r a x a c u m o f f i c i n a l e 

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

8 , 6 8 , 7 9 , 6 1 2 , 3 1 2 , 8 1 4 , 7 

2 . 0 1 1 . 6 1 9 . 9 2 5 . 6 2 6 . 1 1 8 . 2 4 5 . 6 

2 5 . 1 1 1 . 7 1 .6 0 . 7 1 .4 
0 . 7 t 0 . 3 3 . 4 0 . 3 
-1.4 1 .8 0 . 2 0 . 4 t 0 . 1 t 

1.6 t 0 . 2 1 .2 9 . 4 6 . 2 3 . 0 
0 .1 0 . 4 0 . 6 0 . 7 0 .1 0 . 1 

2 . 4 0 . 2 0 . 1 0 . 5 0 . 2 
t 0 . 1 3 . 6 0 . 4 

0 . 2 0 . 4 0 . 8 
2 . 1 0 . 4 1 .7 2 - 3 

0 . 3 0 . 2 
0 . 2 0 . 2 

0 . 2 0 . 3 



Ao - A s s o c i a t i o n Tabl 
P o s i t i o n i n g r i d : - 3 , 5 3,b 4 , 3 

D a c t y l i s glome r a t a 4 . 9 1 1 . 4 4 3 . 0 

Alopecurus p r a t e n s i s 9 . 7 9 . 9 0 . 2 
A g r o s t i s s t o l o n i f e r a 0 . 2 O.S i ; 2 
A g r o s t i s t e n u i s 0 . 1 0 . 1 t 
Holcus l a n a t u s 2 . 8 2 . 0 1 7 . 7 
Rumex acetosa 0 . 4 2 . 9 
Poa p r a t e n s i s t 
P l a ntago l a n c e o l a t a 0 . 3 0 . 3 0 . 9 
V e r o n i c a chamaedrys 4 . 7 1 .4 
Festuca r u b r a 0 . 4 
Ra.nunculus a c r i s 0 . 1 
Ranunculus bulbosus 0 . 4 0 . 3 
Geranium p r a t e n s e t 
Taraxacum o f f i c i n a l e 
Chrysanthemum leucanthemum 
Cerastium vulgaturn 

compiled from J u l y samples 
6 , 4 7 , 1 8 , 6 9 , 2 1 2 , 4 1 4 , 7 1 5 , 7 

6 1 . 3 2 9 . 0 3 - 1 5 . 8 6 . 0 3 4 . 2 1 1 . 6 

5 - 1 
1 .0 
0 . 6 

7 . 4 
C 3 
1 .2 

1 0 . 4 
5 . 0 
0 . 3 

1 2 . 7 
1 .1 
0 . 2 

1 6 . 2 
0 . 3 
0 . 3 

6 . 0 
0 . 8 
0 . 1 

2 1 . 9 
0 . 2 
0 . 2 

2 . 7 
0 . 7 

5 . 3 

t 

1 3 . 7 
1.2 
0 . 8 

4 . 9 
1 .0 
0 . 4 

t 

1.6 
1 .4 

1 .3 
0 . 6 

t 

1.7 
0 . 2 
0 . 3 
0 . 2 

0 . 5 

0 . 4 
1.4 

0 . 5 

0 . 3 
0 . 2 

0 . 8 
t t 

0 . 1 



P o s i t i o n on g r i d : -
D a c t y l i s g l omerata 
Poa p r a t e n s i s 
Holcus l a n a t u s 
Festuca r u b r a 
A lopecurus p r a t e n s i s 
A g r o s t i s s t o l o n i f e r a 
A g r o s t i s t e n u i s 

Rumex acetosa 
P o t e n t i l l a s t e r i l i s 
Ranunculus a c r i s 
Ranunculus bulbosus 
Ranunculus repens 
V e r o n i c a charnaedrys 
V i o l a r i v i n i a n a / o d o r a t a 
Geranium p r a t e use 
V i c i a c r a c c a 
Cerastium vulgatum 
Medicago l u p u l i n a 
Heracleum sphondylium 
Conopodium gi'ajus 

B - Assoc.iati.on Table compiled 
I t lO 3 , 6 1 1 , 5 1 2 , 1 2 1 4 , 6 

3 . 3 1 2 . 1 1 6 . 3 3 2 . 4 
5 . 7 2 . 6 3 . 9 1 .3 3 . 0 
1 .8 8 . 0 14.4 t 5 . 0 
1 .2 2 . 9 0 . 9 

2 . 6 3 . 6 
3 . 4 0 . 7 3 . 0 

0 . 4 1 .6 0 . 2 0 . 2 0 . 9 

t t t 1 . 3 
0 . 4 0 . 4 

0 . 8 1.4 

0 . 2 

from t h e J u l y samples 
1 6 , 4 1 6 , 1 0 1 7 , 1 4 2 1 , 7 2 1 , 1 

1 .2 1 .3 0 . 6 
2 . 8 4 . 2 0 . 8 5 . 2 0 . 4 
8 . 0 2 0 . 6 0 . 3 0 . 2 
3 . 6 1 .2 1 7 . 0 8 . 0 

3 . 4 
4 . 8 3 . 1 i . i 1.1 2 . 7 

1.7 0 . 6 1.2 t 0 . 1 
0 . 5 t 

0 . 3 i . i 1 .8 
0 . 5 1.8 1 .0 
0 . 3 0 . 3 

0 . 5 

0 . 4 
t 

0 . 9 8 . 8 
0 . 2 

http://Assoc.iati.on


c 

"PoVil-icrw. ers. o^-ii:— 

Anthoxanthum odoratum 
A g r o s t i s t e n u i s 
A g r o s t i s s t o l o n i f e r a 
Festuca r u b r a 
Rumex acetosa 
D a c t y l i s g l o m e r a t a 
P o t e n t i l l a e r e c t a 
Holcus l a n a t u s 
Conopodium ma j u s 
Cerastiurn vulgatum 
Galium s a x a t i l e 
Hot cms m o 

A s s o c i a t i o n 

, 2 i 1 2 - l.ifc 

6 . 7 4 . 1 

0 . 8 0 . 2 
0 . 8 

t 
0 . 3 
3 . 4 
0 . 1 

t 

Table compiled 

3,4> 11,5" 

3 - 9 3-1+ 

.5.6 5 . 0 

-T.0 117 
2. - I t 

1 4 . 3 
0.5 'l e Q 
3 . 6 

i] .0 

from t h e Ju 

0 . 3 1 .4 

3 . "i ^ . 6 

2 . 2 O . i 
"1.8 

0 . 8 

samples. 

9 . 2 5 . 3 

4 . 9 7 . 5 

t 0 . 4 
0 . 3 t 

2-1,7 24,10 

4 . 6 3 - 4 

5 . 4 4 . 9 

t 2 . 0 
t 

•1.9 

0 ^ ^ 



Di 

P o s i t i o n on g r i d : - k,3 

Alopecurus p r a t e n s i s 9 - 0 
A g r o s t i s t e n u i s : " 0 . ' ! 
A g r o s t i s s t o l o n i f e r a 
Festuca r u b r a 0 . 2 
Poa p r a t e n s i s '1 .8 
Rumex acetosa 1 . 5 
D a c t y l i s glomerate. 
Holcus l a n a t u s t 
V e r o n i c a chamaedrys 3 . 0 
A c h i l l e a m i l l e f o l i u m 1 .1 
Ranunculus a c r i s 
Ranunculus bulbosus 
Geranium p r a t e n s e 
Ranunculus repens 
Cerastium vulgatum 
P o t e n t i l l a e r e c t a 

A s s o c i a t i o n Table 

5 , 2 7 , 2 8 , 6 

0 . 7 O.k 1 9 . 6 
0 . 1 1.Q 
0 . 3 

t 9.k 0. if 
0 . 9 0 . 3 2 . 0 

t 3 . 0 0 . 7 
1 0 . 0 5 . 0 

0 . 2 1 .1 
2 . 1 9 . 7 

0 . 3 

t 

O.k 

compiled from J u l y samples. 

8 , 7 8 , 3 9 , 6 1 2 , 3 1 2 , 8 l J t , 7 

3 . 0 1 3 . 2 k. 1 1 1 . 2 1 3 . 6 7 . 9 
1 .9 3 . u 0 . 3 0 . 3 1 .0 1.7 

0 . 1 1 .0 O.k 

t 0 . 1 t 2 . 6 0 . 2 1.9 
t 0 . 8 0 . 3 3 . 0 1 .4 

0 . 8 0. .1 O.k 1 .0 2 . 2 0 . 2 
2 ^ . 5 0 . 5 2 . i f 

0 . 3 1 2 . 0 1 .1 1 3 . 4 ' 0 . 2 1 9 . 4 

1.5 
0 . 9 o.k t 3 - 8 
0 . 5 ' i . 3 

2 . 5 
O.k 

0 . 3 



Do -
P o s i t i o n on g r i d : - 3 , 5 

Alopecurus p r a t e n s i s 
A g r o s t i s t e n u i s t 
A g r o s t i s s t o l o n i f e r a 1 . 2 

Pumex acetosa t 
Holcus l a n a t u s 1 ,6 
Festuca r u b r a 
D a c t y l i s g l omerata 3»8 
Poa p r a t e n s i s 2 . 6 
Veronica chamaedrys 1 .9 
Ranunculus a c r i s 1 .2 
Ranunculus bulbosus 0 . 3 
Anthoxanthum odoratum 
Cerastium vulgaturn t 
Conopodiura majus 
H e l i c t o t r i c h o n pubescens 
Plantago l a n c e o l a t a 
Medicago l u p u l i n a 
Arrhenatherum e l a t i u s 

A s s o c i a t i o n Table compiled f r o n J u l y samples. 
3 , 6 4 , 3 6 , 4 7 , 1 0 / ; 

•J , I J 9 , 2 1 2 , 4 1 4 , 7 1 5 , ' 

2 . 9 6 . 4 1 . 4 1 1 . 1 7 . 0 1 5 . 7 8 . 3 
t 0 . 2 1 .0 0 . 7 0 . 2 1 .0 0 . ? 0 . 3 

8 . 3 

0 . 1 2 . 6 1.9 1 .0 0 . 3 1 .0 t 0 . 8 

t t t 0 . 2 t t t t 0 . 4 
1.8 t 3 . 0 2 . 0 6 . 8 2 . 5 0 . 2 0 . 2 
0 . 3 0 . 7 0 . 9 r\ 1 

• t 1 .0 2 . 3 ^ c 
w . ( J 2 . 6 1 9 . 7 

3 7 - 3 1 7 . 6 7 . 5 0 . 5 3 6 . 1 5 . 1 
1 .3 5 . 8 t 0 . 9 
3 . 3 0 . 1 3 - 2 1.9 0 . 8 
0 . 4 0 . 9 

0 . 1 
0 . 5 

0 . 2 
2 . 0 
1 6 . Q 
t 



DISCUSSION 

C r i t i c i s m s o f reethods 
The f o l l o w i n g c r i t i c i s m s o f t h e methods employed became 

apparent during- the course of t h e work, and s h o u l d be borne 
i n mind, p a r t i c u l a r l y i f t h e data are t o be compared w i t h data 
from o t h e r sources. 

a. C o l l e c t i o n o f l e a f l i t t e r - I t would have been more d e s i r a b l e 
to c o l l e c t t h i s i n l i t t e r b a s k e t s as i t f e l l ; t h i s would have been 
e a s i e r as w e l l as g i v i n g a b e t t e r i d e a o f t h e amount o f l i t t e r 
f a l l i n g t h r o u g h t h e a i r . U n f o r t u n a t e l y , work on t h e p r o j e c t 
d i d not. s t a r t u n t i l n e a r l y a l l t h e t r e e l e a v e s had f a l l e n , so t h i s 
course o f a c t i o n was-no l o n g e r onen. 

To what e x t e n t l i t t e r basfeets p l a c e d on or near the ground 
g i v e r e s u l t s r e s e m b l i n g the w e i g h t s o f l i t t e r which accumulate 
i n and on the ground v e g e t a t i o n i s d i f f i c u l t t o say. The 
aerodynamics of l i t t e r b askets and n a t u r a l v e g e t a t i o n are u n l i k e l y 
to be i d e n t i c a l , and, s i n c e dead t r e e l e a v e s c o n t i n u e t o be 
blown around the ground f o r a t l e a s t s e v e r a l weeks a f t e r l e a f • 
f a l l i s complete, t h e r e i s a p o s s i b i l i t y t h a t l i t t e r may 
accumulate i n pockets i n t h e v e g e t a t i o n , and be more unevenly 
d i s t r i b u t e d than l i t t e r basket r e s u l t s might suggest. T h i s 
problem was not i n v e s t i g a t e d i n t h e course o f t h i s p r o j e c t . 
L i t t e r was c o l l e c t e d from one souare metre o n l y i n A. B and C 
so as t o a v o i d i n t e r f e r i n g w i t h the h a b i t a t more t h a n could be 
h e l p e d . 

b. S e l e c t i o n o f e x p e r i m e n t a l areas. From the r e s u l t s o f t h e 
p a r t i a l s o i l a n a l y s i s , and t h e w e i g h t s o f l i t t e r c o l l e c t e d per 
square metre, i t i s obvious t h a t the d i f f e r e n c e i n s h a d i n g i s 
f a r from b e i n g the o n l y a p p r e c i a b l e d i f f e r e n c e between areas B 
and C. Had the' s o i l a n a l y s i s been c a r r i e d out a t t h e s t a r t o f 
the p r o j e c t , ir.stead o f near the end, t h i s would have been more 
obvi o u s , and d i f f e r e n t areas might have been chosen f o r comparison. 
As i t i s , i . t i s ; i m p o s s i b l e , from t h e d a t a gathered i n t h i s s t u d y , 



t o say which f a c t o r s are l i k e l y t o be most i m p o r t a n t i n 
l i m i t i n g p r o d u c t i o n i n area C as compared w i t h area B. 

I n general., s e l e c t i o n o f e x p e r i m e n t a l areas might have 
been e a s i e r i f they had been examined e a r l i e r i n t h e year, b e f o r e 
• nost o f t h e grass was dead. 

c. Spacing o f c l i p - p l o t s . The l a c k o f any space between 
a d j a c e n t c l i p - : p l o t s may have l e d to u n w i t t i n g encroachment on 
some o f t h e p l o t s scheduled f o r c r o p p i n g l a t e r i n the season. 
As new growth occurred on p l o t s which had been c u t , i t was 
d i f f i c u l t t o t«ll whether such, encroachment had happened. 

Perhaps a more i m p o r t a n t d i s a d v a n t a g e o f the c o n t i g u o u s 
s p a c i n g was th?.it t r a m p l i n g on e x p e r i m e n t a l p l o t s was i n e v i t a b l e , 
p a r t i c u l a r l y i r . s i d e the fenced p l o t s . ( I t was because of t h i s 
t h a t the p l o t s i n the unfenced s e c t i o n s o f areas A and D were 
a l s o c o n t i g u o u s l y spaced.) However, s i n c e i t was bo t h p o s s i b l e 
and more con v e n i e n t t o crop p l o t s near t h e edges o f Ao and Do 
w h i l e s t a n d i n g o u t s i d e the e x p e r i m e n t a l area, i t i s p r o b a b l e t h a t 
t h e p3?ots i n ho and Do were l e s s trampled t h a n those i n s i d e t h e 
f e n c i n g . No measurements were made o f t h e amount o f t r a m p l i n g 
which o c c u r r e d , nor any a t t e m p t made t o measure i t s e f f e c t s . 

Another obvious consequence o f con t i g u o u s c l i p - p l o t s p a c i n g 
was t h a t c u t t i r . g one p l o t would tend t o i n c r e a s e the exposure 
o f s i d e s o f a d j a c e n t p l o t s . T h i s was perhaps most i m p o r t a n t 
i n removing dead m a t e r i a l o v e r l y i n g leeward p l o t s i n the s p r i n g . 
I t had been i n t e n d e d t o compare t h e r e s u l t s from p l o t s which had 
been exposed i r t h i s way w i t h t h e r e s u l t s from p l o t s which had 
no t , b u t the v s r i a t i o n between c l i p - p l o t s was so g r e a t t h a t 
t h i s procedure d i d not seem wo r t h w h i l e -

Whether the e x t r a exposure o f a d j a c e n t p l o t s would be 
a p p r e c i a b l e i n t h e case o f p l o t s c ut l a t e r i n t^e growing season 
i s more d o u b t f u l , as the dimensions o f the cld-n-vilot were not 
l a r g e compared w i t h the h e i g h t n f s u r r o u n d i n g v e g e t a t i o n . 



3. Edge e f f e c t s o f f e n c i n g . 2 main groups o f edp-e e f f e c t s 
are l i k e l y t o have been p r e s e r t : -

i . Reduction o f l i g h t i n t e n s i t y and wind speed. Grass was 
prev e n t e d from p i l i n g up around the o u t s i d e , b ut grass 
i n s i d e tended, m o s t l y a l o n g the leeward edges, t o adhere 
t o t h e " S t i c k t i t e " when i t ( t h e g r a s s ) had grown t o 
about -+5-50 cms. h i g h , and t h i s p r o b a b l y a ccentuated t h e 
r e d u c t i o n i n l i g h t t r a n s m i s s i o n i n t h e fence r e g i o n . 
No e s t i m a t e was made o f the e x t e n t o f any such r e d u c t i o n . 
(The d e f i n i t i o n o f o b j e c t s a t t h e edge o f the f i e l d o f 
the H i l l l e n s used i n l i g h t e s t i m a t i o n s was v e r y poor. 
Nc a':tempt was made t o compare wind speeds i n s i d e and 

o u t s i d e the fenced p o r t i o n s , nmr were any dummy fences 
erected, elsewhere t o see what d i f f e r e n c e s i n v e g e t a t i o n 
were n o t i c e a b l e ( i f a n y ) , 

i i . Modif :Lcation o f d r a i n a g e , and o t h e r s o i l changes. 
I n s t a l l i n g the f e n c i n g i n v o l v e d d i g g i n g a groove i n the 

s o i l about 30 c"ns. deep, i n s e r t i n g the w i r e n e t t i n g , and 
then r e p l a c i n g the s o i l . Attempts t o r e p l a c e the t u r f 
on t o p were n o t r e a l l y s u c c e s s f u l . There i s thus a. 
p o s s i b i l i t y t h a t s o i l c o n d i t i o n s near the fence were 
changed s u f f i c i e n t l y t o a f f e c t the v e g e t a t i o n nearby. 
No a t t o m p t was wade t o measure such changes. The 
e x p e r i m e n t a l areas Ao and. were 1m. away from t h e fe n c e , 
t o a v o i d t h e d i s t u r b e d zone. A l l t r a m p l i n g and o t h e r 
d i s t u r b a n c e d u r i n g fence i n s t a l l a t i o n was r e s t r i c t e d to 
the fground o u t s i d e the fence, the area i n s i d e b e i n g l e f t 
u n t ouched-

e. Lack o f _ c o n t r o l s _ : i . n _ s o r t i n g . The w r i t e r d i d a i l t h e s o r t i n g 
o f p l a n t .-viater.i a l s i n t h e p r o j e c t , t a k i n g some specimens t o t h e 
Botany "Dept. f c r i d e n t i f i c a t i o n . There was thus no e x t e r n a l check 
on the accuracy o f t h e s o r t i n g , and so comparisons o f the wei g h t s 
o f i n d i v i d u a l s pecies w i t h any o b t a i n e d by o t h e r workers must be 
more t e n t a t i v e than would h«ve been t h e case i f t h e r e had been 
some check. 



The main reasons f o r the l ^ c k o f any check were:-
a. I t was o n l y r e a l l y f e a s i b l e to s o r t m a t e r i a l which was i n 

a f r e s h c o n d i t i o n , or had been preserved i n such a s t a t e 
i n a deep-freeze. d u r i n g s o r t i n g on the bench i n t h e l a b . , 
t h e m a t e r i a l i n e v i t a b l y s t a r t e d to dgy up. No method was 
de v i s e d o f e n s u r i n g t h a t the m a t e r i a l c o u l d be br o u g h t t o 
a s t a n d a r d , repeat-able f r e s h w e i g h t , analogous t o the dry 
w e i g h t . Consecutive s o r t i n g s c o u l d t h e r e f o r e n o t be 
compared, and the m a t e r i a l v a r i e d so much from one c l i p - - c l o t 
t o another t h a t comparison o f t h e r e s u l t s o f s o r t i n g 
d i f f e r e n t p l o t s would have been u s e l e s s as a check on s o r t i n g 
accuracy. 

b. S o r t i n g i n t o s p e c i e s was r a t h e r time-consuming - each bag 
from a 2r-> cm. x 215 cm. d i n - p l o t t o o k s e v e r a l hours - and 
some h e s i t a t i o n was f e l t i n a s k i n g people t o g i v e up an 
a p p r e c i a b l e l e n g t h o f t i m e t o t h i s r a t h e r t e d i o u s p u r s u i t . 

I t might have been p o s s i b l e t o make a check i n t h e f o l l o w i n g 
manner:-

i . S o r t e r A s o r t s t h e m a t e r i a l i n t o s p e c i e s and weighs them 
i n t h e i r c o n d i t i o n et t h ? t i m e . He then mixes them up a g a i n . 
R e - s t r u c t u r i n g of the bag c o n t e n t s i n e v i t a b l y would occur, 
p a r t i c u l a r l y i n t h e c u t t i n g of l e a v e s i n t o l i v e and dead 
p o r t i o n s , b ut t h i s seems u n a v o i d a b l e . 

i i . S o r t e r B takes the m i x t u r e and s o r t s i t , d r i e s and weighs 
the s p e c i e s . 

i j i . Each s o r t e r t h e n expresses the w e i g h t s o f s p e c i e s as 
percentages o f t h e t o t a l w e i g h t he got a t the end of h i s 
s o r t i n g . 

i v . Fresh samples o f the d i f f e r e n t s p e c i e s are l a i d out t o d r y 
i n the I s b . and weighed a t i n t e r v a l s , t o check t h a t 
d i f f e r e n t s pecies d r y a t the same r a t e . I f they don't, 
c o r r e c t i c n s would have t o be a p p l i e d to the percentages 
c a l c u l a t e d by the f i r s t s o r t e r , knowing the t o t a l l e n g t h 
o f t i m e elapsed from t a k i n g the samples out o f the bag to 
t h e w e i g h i n g o f s p e c i e s by s o r t e r A. 



v. R e c i p r o c a l s o r t i n g s would have t o be done (A s o r t s bag 1, 
B s o r t s bag 2, b o t h weigh, then exchange remixed bags and 
s o r t a g a i n ) , i n - case c o n s i s t e n t e r r o r s o f i d e n t i f i c a t i o n 
a r i s e as the m a t e r i a l d r i e s . 

f . S o i l a n a l y s e s . 
Many i m p o r t a n t p r o p e r t i e s were not examined a t a l l - e.g. 

the p r o p o r t i o n o f d i f f e r e n t s i x e s o f s o i l p a r t i c l e s , t o t a l c a t i o n 
exchange c a p a c i t y , c o n c e n t r a t i o n s o f phosphate and n i t r a t e and 
o t h e r i m p o r t a n t n u t r i e n t s . No s o i l p i t s were dug i n the f i e l d 
t o make d e t a i l e d e x a m i n a t i o n s of t h e s o i l i n s i t u . Tn consequence, 
the p i c t u r e we have o f t h e s o i l s i s e x c e e d i n g l y s k e t c h y , and 
i n d i c a t e s l i t t l e more t h a n t h a t t h e r e i s a p p r e c i a b l e v a r i a t i o n 
between the d i f f e r e n t areas. 

I n the i n t e r e s t s o f speed, t h e 2 - n n i . f r a c t i o n s from a l l 
s n i l samples w i t h i n each area were combined, so t h a t we have o n l y 
one v a l u e f o r each p r o p e r t y measured, f o r each a r e a . The r e s u l t s 
t h e r e f o r e g i v e no i n d i c a t i o n o f t h e v a r i a b i l i t y o f s o i l c o n d i t i o n s 
w i t h i n each area. A l t h o u g h sone p o o l i n g o f s o i . l samples i s a 
f a i r l y common procedure to minimize measurement o f v e r y l o c a l 
v a r i a t i o n s which are n o t i m p o r t a n t f o r p l a n t s whose r o o t systems 
cover a wider area, the w r i t e r does not t h i n k t h a t p o o l i n g o f 
samples t o t h e e x t e n t done i n t h i s case i s r e a l l y d e s i r a b l e . 
A l t h o u g h no r o o t systems o f p l a n t s i n t h e f i e l d were t r a c e d o u t , 
i t seems u n l i k e l y t h a t the r o o t system o f any i n d i v i d u a l p l a n t 
would, cover an area a n y t h i n g l i k e as b i g as J>m. x 4-m. . 

The r e s t r i c t i o n o f sampling to t h e s u r f a c e l a y e r s can a l s o 
be c r i t i c i s e d ; a t l e a s t s o m e o f t h e r o o t s extended much f u r t h e r 
down th a n t h e samples, ^nd i t i s p o s s i b l e t h a t they mia;ht be 
p a r t i c u l a r l y i m p o r t a n t i n s u p p l y i n g c a t i o n s ( e . g . ) t o the p l a n t s . 
A n a l y s i s o f s u c c e s s i v e l y deeper samples from the same s i t e s would 
have g i v e n a much more complete p i c t u r e . I n p a r t i c u l a r , we mipht 
have l e a r n t whether the marked d i f f e r e n c e s shown i n the f i g u r e s 
f o r area C are merely s u r f a c e phenomena, or occur deeper down i n 
the s o i l as w e l l . 



g. L i g h t i n t e n s i t y e s t i m a t i o n s 

When the sun i s s h i n i n g , t h e c o n t r i b u t i o n o f d i r e c t 
s u n l i g h t t o the t o t a l amount o f l i g h t energy f a l l i n g on the p l a n t 
i s u s u a l l y much more i m p o r t a n t than the c o n t r i b u t i o n o f d i f f u s e 
l i g h t . The r a p i d e s t i m a t i o n done i n t h i s p r o j e c t does not t a k e 
t h i s i n t o account; t i m e was not a v a i l a b l e t o c a l c u l a t e t h e s o l a r 
t r a c k s and wort: t h r o u g h the m e t e o r o l o g i c a l r e c o r d s . I f i t had 
been d e s i r e d t o e s t i m a t e , i n a b s o l u t e terms, the amounts o f l i g h t 
f a l l i n g cn the areas, i t would a l s o have been necessary t o have, 
d u r i n g the season, a c o n t i n u o u s l y r e c o r d i n g p y r h e l i o m e t e r or 
b i m e t a l l i c actinogra-oh or o t h e r s i m i l a r i n s t r u m e n t , t o i n d i c a t e 
j u s t how much energy was coming from a c l o u d y sky on a p a r t i c u l a r 
day, and so on. 

No e s t i m a t i o n s have been made a t t h e moment o f the r e l a t i v e 
amounts o f l i g h t r e a c h i n g t h e areas when the t r e e s are not i n 
l e a f , though from the photographs taken such e s t i m a t e s c o u l d 
e a s i l y be made, f o r a s t a n d a r d o v e r c a s t sky. I n consequence, 
the e s t i m a t e s g i v e n do not apply t o the March-May i n t e r v a l 
between samples (as t h e canopy opened i n the f i r s t week i n May). 

There i s c o n s i d e r a b l e v a r i a t i o n i n the amount of s h a d i n g 
between the 2 ends o f area C (one end r e c e i v e s o n l y 1 1 . 8& o f the 
i r r a d i a n c e frorc, a s t a n d a r d o v e r c a s t sky., the o t h e r end 5 2 . 8 % , 

i f t r a n s m i s s i o n o f u s e f u l l i g h t ("or p h o t o s y n t h e s i s ) t h r o u g h the 
t r e e canopies i s assumed t o be n e g l i g i b l e ) . So, a l t h o u g h the l e a s t 
shaded p a r t of C i s much more shaded than the most shaded p a r t 
o f B (which g e t s 8 2 . 2 / i o f t o t a l p o s s i b l e l i g h t ) , comparison o f 
mean v a l u e s fori C w i t h o t h e r v a l u e s , w i t h a view to l o o k i n g f o r 
d i f f e r e n c e s a t t r i b u t a b l e t o reduced l i g h t i n t e n s i t y , should be 
u ndertaken w i t h g r e a t c a u t i o n . 



Comments on the.- r e s u l t s . 

No a t t e m p t i s made here t o summarise the whole o f the r e s u l t s ; 
i n s t e a d , a few comments a r e o f f e r e d on p a r t i c u l a r f e a t u r e s . 

Comparing' the w e i g h t s o f l i v e p l a n t m a t e r i a l on t h e 
d i f f e r e n t areas:, the most s t r i k i n g f e a t u r e i s the marked 
l a c k o f growth recorded f o r C, compared w i t h the f i g u r e s f o r 
B. The data we have here a r e , o f course, q u i t e i n s u f f i c i e n t t o 
enable us t o a t t e m p t any e v a l u a t i o n o f the r e l a t i v e importance o f 
the f a c t o r s i n v o l v e d , p a r t i c u l a r . l v as v a r i a t i o n s between c l i n - o l o t s 
are so g r e a t t h a t s i g n i f i c a n t d i f f e r e n c e s between p l o t s i n d i f f e r e n t 
p a r t s o f the ssme area a r e d i f f i c u l t t o e s t a b l i s h . I n any case, 
we do not have s e p a r a t e f i g u r e s f o r s o i l p r o p e r t i e s i n d i f f e r e n t 
p a r t s w i t h i n an area. 

Another v e r y i n t e r e s t i n g f e a t u r e i s the c o n t r a s t between the 
drop i n t h e w e i g h t s of t o t a l m a t e r i a l i n the August samnles f o r 
4o and Do, and the r i s e i n A i , Li. and B. A and D are both near 
the hedge by H c l l i n g s i d e Lane, on the o t h e r s i d e o f which i s a 
mixed: wood; Zoology Honours s t u d e n t s doing t r a p p i n g experiments 
i n June i n the f i e l d had found a p p r e c i a b l e numbers o f v o l e s o n l y 
near the hedge. 

I t see'-ns p o s s i b l e t h a t we ar<= r e s e r v i n g a g r a z i n g e f f e c t , i n 
which f i e l d v o l e s a r e e a t i n g a g r e a t e r p r o p o r t i o n o f the growth i n 
Ao and .Do than i n B (where the t o t a l weight r i s e s ) . I t i s not 
i m m e d i a t e l y o b v i o u s , f r o " t h e data we have, what o t h e r f a c t o r s 
c o u l d cause t h i s r a t h e r s t r i k i n g d i f f e r e n c e between the fenced and 
nnfenced p a r t s o f A and D, which f o r A i and. Ao a t l e a s t approaches 
s t a t i s t i c a l s i g n i f i c a n c e . The f a c t t h a i ; t h e r e were o n l y S p l o t s each 
cropped i n Di and Do i n Augus'-. compared w i t h '10 i n A i and Ao, may 
p a r t l y e x p l a i n the s u b s t a n t i a l l y l a r g e r s t a n d a r d e r r o r f o r D i , 
c ompa r ed w i t h \±. 
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E a r l y i n "he s p r i n g , s e v e r a l holes eaten i n grass 
t u s s o c k s , a p p a r e n t l y by v o l e s , had been seen i n t h e area o f 
Do. 

I t seems u n l i k e l y t h a t a d i f f e r e n c e as l a r g e as t h a t between 
Ai and Ao, and. Di and. Do- c o u l d have been caused s i m p l y by 
the removal o f dead m a t e r i a l from o u t s i d e , b u t not from i n s i d e , 
the fenced areas. 

No e v a l u a t i o n o f i n s e c t p o p u l a t i o n s was made, so we cannot 
say whether or not t h e r e might have been d i f f e r e n t i a l g r a z i n g 
o u t s i d e and i n s i d e the fenced areas by h e r b i v o r o u s i n s e c t s . 

The v e r y nuch l a r g e r s t andard e r r o r s f o r A i and D i than 
f o r Ao and Do l e a d one t o wonder whether t u s s o c k s and h o l l o w s 
are becoming more pronounced i n s i d e t h e fenced p a r t s t h a n o u t s i d e , 
or whether i n sonie o t h e r way a p a t t e r n whose s c a l e i s s i m i l a r 
i n s i z e t o the 25 x 25 cm. q u a d r a t s used has become more 
pronounced i n s i d e the e n c l o s u r e s t h a n o u t s i d e , towards the end 
of t h e summer. By mid September, when t h i s s t a t i s t i c a l f e a t u r e 
was d i s c o v e r e d , t h e r e were no v e r y obvious d i f f e r e n c e s between 
the appearances; o f t h e v e g e t a t i o n i n s i d e and o u t s i d e t h e 
e n c l o s u r e s . Nor do t h e r e seem t o be any s t r i k i n g d i f f e r e n c e s 
shown i n the a.£;sociation t a b l e s g i v e n . 

As f a r as we can see from t h e d a t a g i v e n , t h e r e i s a 
d e c l i n e i n t h e amount o f dead m a t e r i a l d u r i n g the summer. 
Wiegert and Evans ( 1 9 6 4 ) , w o r k i n g i n an o l d f i e l d i n M i c h i g a n , 
found the weight o f dead m a t e r i a l t o be a p p r o x i m a t e l y c o n s t a n t 
t h r o u g h o u t the season. P a r t o f bhe e x p l a n a t i o n o f the d i f f e r e n c e 
p r o b a b l y l i e s i n the f a c t t h a t t h e r e i s an a p p r e c i a b l e i n p u t o f 
t r e e l i t t e r i n t h i s f i e l d , whereas t h e r e were no t r e e s neat 
Wiegert and Evans's p l o t s . 

S t a r t i n g from the w e i g h t s of t r e e l i t t e r c o l l e c t e d i n t h e 
p r e v i o u s autumn, we can say t h a t , i f t h e r e i s t o be no a c c u m u l a t i o n 
o f t h i s m a t e r i s . l over t h e y e a r s , t h e n , between one autumn and t h e 
n e x t , a t l e a s t 4-0 gm. of t r e e m a t e r i a l per square metre must be 
decomposed i n A, about SO gm/rrT i n B and about 520 gm/m2 i n C. 



I n Durham t h e r e i s no p e r i o d o f c o n t i n u a l f r o s t , so i t 
should be p o s s i b l e f o r d e c o m p o s i t i o n t o occur most o f t h e t i m e , 
even i f v e r y s l o w l y . 

I n the s o r t i n g o f m a t e r i a l c o l l e c t e d i n May fro:ti area B, 
t r e e l i t t e r was d i s t i n g u i s h e d as a s e p a r a t e c a t e g o r y ; the mean 
weight per c l i p - p l o t was 5.2 gm. d r y wt. ( s t a n d a r d e r r o r 0.53 gm. 
The e s t i m a t e from t h e p r e v i o u s autumn o f 78 gm/rn2 i s e q u i v a l e n t 
t o j u s t under 5 . 0 g m / c l i p - p l o t ; so t h i s o r i g i n a l e s t i m a t e seems 
t o have been a s l i g h t u n d e r - e s t i m a t e . I f i t i s not a f a i r l y 
s u b s t a n t i a l u n d e r - e s t i m a t e , l i t t l e d e c o m p o s i t i o n can have 
occurred, b e f o r e May. 

Most o f the t r e e l i t t e r seemed t o have decomposed, by t h e 
time o f t h e J u l y sampling p e r i o d ; a p p r e c i a b l e q u a n t i t i e s were 
o n l y t o be found i n t h e samples from area C. I t was because o f 
the g e n e r a l l a c k o f t r e e l i t t e r t h a t such l i t t e r was not g i v e n 
a separate c a t e g o r y i n the d e t a i l e d s o r t i n g o f t h e J u l y samples. 

I f n e a r l y a l l the t r e e l i t t e r was decomposed between the 
May and J u l y s a m p l i n g p e r i o d s , we would expect the f o l l o w i n g 
approximate lossses i n weight o f dead, m a t e r i a l per c l i p - p l o t , 
on these grounds:-

40 
("io or about 2.5 gms.. •16 

~l6 
or about 5«0 gms.. 

C 440 , , -
—^g- or about 2/.;> gras. . 

The observed I r s s e s i n weight o f dead m a t e r i a l d u r i n g t h e 
same p e r i o d (May-July s a m p l i n g s ) were:-

Ac 10.25 g;ns. + an unknown amount between May and June 
samplings. 

B 7.L gms. 
C 1 5 . 0 1 g r f i S. + an unknown amount, a t l e a s t 5 . 1 gms. , 

between May and June sanroli nivs. 
Of course, t h i s y e a r ' s ( l t : > 6 6 ) growth ground v e g e t a t i o n 

i s p r o d u c i n g dead p l a n t m a t e r i a l , as hatsal l e a v e s and sheaths o f 
grasses d i e . 



I f we assume t h a t , d u r i n g the p e r i o d between the Hay and J u l y 
samplings, decompose t i o n o f dead ground v e g e t a t i o n kept pace 
w i t h t h e p r o d u c t i o n o f dead m a t e r i a ] , t h e n t h e r e would be no 
net a d d i t i o n t :> the t o t a l amount o f dead m a t e r i a l . T h i s 
assumption seeins f a i r l y r e a s o n a b l e ; i f i t were not t r u e , t hen 
e i t h e r the amount o f dead m a t e r i a l per u n i t area would i n c r e a s e 
over the y e a r s , or t h e r a t e of d e c o m p o s i t i o n a f t e r mid J u l y would 
need t o be s u b s t a n t i a l l y g"ea.ter than t h a t between May and mid 
J u l y . U n f o r t u n a t e l y , i n the t i n e a v a i l a b l e i t was not p o s s i b l e 
to a nalyse m e t e o r o l o g i c a l r e c o r d s t o see i f the^e was any change 
weather c o n d i t i o n s which might be l i k e l y t o cause such a 
d i f f e r e n c e . No p r o d u c t i v i t y data were c o l l e c t e d from t h e areas 
d u r i n g ^965? and so the p o s s i b i l i t y of an i n c r e a s e i n the t o t a l 
amount o f dead m a t e r i a l cannot be r u l e d o u t . Some i n c r e a s e i n t h e 
4 years s i n c e "he f i e l d was l a s t used as a p a s t u r e c o u l d 
r e a s o n a b l y be expected, though i t i s u n c e r t a i n whether such an 
i n c r e a s e would s t i l l be c o n t i n u i n g a t the t i m e o f t h i s p r o j e c t . 

On areas j,o and B i t would, o b v i o u s l y , from t h e f i g u r e s 
gi ven above, b<: p o s s i b l e f o r a l l the t r e e l i t t e r t o have been 
decomposed d u r i n g the p e r i o d between the May and June sampling 
i n t e r v a l s . I n f a c t , a t l e a s t 7 . 7 5 gns. o f o t h e r dead m a t e r i a l 
on Ao (per c l i ^ - p l o t ) . and 2 . 4 g-ns. on B, must have decomposed 
i n the same i.nt erva 1 . 

On area C t h e r e was s t i l l a. l i t t l e t r e e l i t t e r l e f t i n 
J u l y , b u t i t l o o k s as though i t would be e a s i l y p o s s i b l e f o r t h e 
remainder, and o t h e r dead m a t e r i a l produced by the 1966 ground 
v e g e t a t i o n , t o have decomposed i n August. 

A l l these comments have had t o be based on autumn l i t t e r 
f i g u r e s about whose v a r i a b i l i t y , and hence r e l i a b i l i t y , we have 
no i n f o r m a t i o n . I f l a r g e r areas had been chosen and a d e t a i l e d 
p l a n o f c o l l e c t i o n s and c r o p ^ i n g s worked out b e f o r e t h e autumn, 
i t might have t e e n p o s s i b l e t o be more p r e c i s e about the dynamics 
of t h e system. 



I n any subsequent work, on ecosystems where t r e e l i t t e r 
forms a s u b s t a n t i a l p a r t o f the t o t a l p l a n t m a t e r i a l a t some t i m e 
d u r i n g t h e year, t r e e l i t t e r s h o u l d o b v i o u s l y be separated from 
o t h e r p l a n t m a t e r i a l d u r i n g s o r t i n g . 

P a i r e d p l o t s r e s u l t s 

The r e s u l t s from the p a i r e d p l o t s re-emphasize the v a r i a b i l i t y 
o f the communities under study, from one p o i n t t o a n o t h e r . (A 
q u i c k e x a m i nation o f t h e a s s o c i a t i o n t a b l e s shows the grea t 
v a r i a t i o n s between p l o t s i n t h e same areas.) D e s p i t e the f a c t 
that, care was taken i n s e l e c t i n g p l o t s which were as s i m i l a r as 
p o s s i b l e f o r p a i r i n g , the p l o t s f o r area C aonear t o have been 
d i s t i n c t l y d -i ss i m i l a.r, and some of t h e r e s u l t s o b t a i n e d q u i t e 
u n r e a l i s t i c . The r a t i o o f l i v e : d e a d m a t e r i a l , as w e l l as t h e a c t u a l 
w e i g h t s o f m a t e r i a l on d i f f e r e n t p l o t s , v a r i e s w i d e l y . I t i s 
obvious t h a t i n any f u t u r e work much l a r g e r numbers o f p a i r e d 
p l o t s w i l l be r e q u i r e d , and a rrean v alue used f o r c a l c u l a t i o n s . 
I n view o f t h e u n s a t i s f a c t o r y n a t u r e o f the d a t a assembled here, 
o n l y a few g e n e r a l comments can reasonably be made. 

Des-iiite t h e o e c u l i a r r e s u l t s from the C p l o t s which suggest 
a g a i n i n t h e wsig h t o f dead m a t e r i a l ( o b v i o u s l y anomalous i n 
view o f the s u b s t a n t i a l decreases i n dead weight recorded from t h e 
o r d i n a r y c l i p - p l o t s ) , the g e n e r a l o i c t u r e i s one of an a p p r e c i a b l e 
l o s s o-f dead mat<?ri =>!. I t i s -ca r t i c u l a r l y i n t e r e s t i n g t o compare 
the l o s s o f very r o u g h l y 6 pra s per p l o t given by the ? p a i r s 
o f p l o t s near area S w i t h the d e c l i n e i n weight o f dead m a t e r i a l 
o f o n l y 0 . 2 7 Km 3 . shown i n t h e f i g u r e s f o r the o r d i n a r v c l i " o - p l o t s . 
I f the f i g u r e o f 6 g " S . i s about r i g h t , i t would i m p l y t h a t the 
t o t a l net p r i m a r y p r o d u c t i o n per p l o t i n B d u r i n g t h e Ju l y - A u g u s t 
i n t e r v a l i s about 9 gms. ( 6 gins. shown by the p a i r e d n l o t s , minus 
0 . 2 7 gm. found ' '.iv comparing the f i g u r e s f o r w e i g h t s o f dead m a t e r i a l 
from the J u l y a i d August c l i p - p l o t s , n l u s 3 - 4 5 gm s. i n c r e a s e i n 
the weight, o f l i v e m a t e r i a l shown from the c l i p - p l o t s ) . 



The same c a l c u l a t i o n may perhaps be-; c l e a r e r i f we l a y i t 
out as f o l l o w s : -

Let 
wt. o f m a t e r i a l dean a t s t a r t 

n f i n t e r v a l = x gms. 
V/t. o f m a t e r i a l which d i e s 

d u r i n g i n t e r v a l = y gins. 
i v t . o f m a t e r i a l which 

decomposes d u r i n g i n t e r v a l - z gins.. 
Then Wt. o f dead m a t e r i a l a t end 

o f i n t e r v a l = x + y - z . 
I n s e r t i n g t h e f i g u r e s r o r B i n the July-August i n t e r v a l , we have 

2?.2 = 2 3 .if? + y - 6 .00 

.-. y = 23.2 - 23-47 + 6.00 
= 5.7 3 

Wow, t o t a l net p r o d u c t i o n ( i . e . the excess o f p h o t o s y n t h e s i s 
over r e s p i r a t i o n ) d u r i n g the i n t e r v a l w i l l be equal t o : 
[ d i f f e r e n c e between w e i g h t s o f l i v e m a t e r i a l a t s t a r t and f i n i s h ] 
+ [amount o f m a t e r i a l which d i e s d u r i n g t h e i n t e r v a l b u t i s 

r e p l a c e d by new l i v e m a t e r i a l ] . 
In t h i s case, t o t a l net p r o d u c t i o n w i l l be equal t o 

3.^5 + 5.73 ;r''s., i . e . 9-18 gms.. 
(The r e t e n t i o n o f 2 decimal niaces i n the c a l c u l a t i o n s shown above 
i s n ot i n t e n d e d t o i m p l y a c o r r e s p o n d i n g decree o f accuracy, but 
s i m p l y t o make the c a l c u l a t i o n s e a s i e r t o f o l l o w . The same 
cofinent a p p l i e s t o subsequent c a l c u l a t i o n s u s i n g t h i s e s t i m a t e o f 
6 gms. from t h e n a i r e d p l o t s . ) 

I f , f o r area B, we assume t h a t d e c o m p o s i t i o n d u r i n g t h e 
i n t e r v a l b e t w e e i t h e June a , -d J u l y samplings was a l s o 6 gi-s., we 
could t h e n e s t i n a t e the t o t a l net p r o d u c t i o n i n the same way, as 
f o i l o w s : -

Dead m a t e r i a l a t end o f month - x + y - z. 
I n s e r t i n g the f i g u r e s : 23.47 =26.82 * y - 6 .00 

/. y = 23-47 - 26 . ^ 2 + 6 .00 

= 2.6.5. 

Whence t o t a l net p r o d u c t i o n would be 10.78 + 2.65, i . e . lT.i+3 gms.. 



We sh o u l d note here t h a t t h i s method o f c a l c u l a t i o n does 
not t a k e i n t o account t r ^ e l i t t e r , coming from o u t s i d e t h e ground 
v e g e t a t i o n system we have been c o n s i d e r i n g i n t h i s model, and i s 
t h e r e f o r e n o t s s t r r i c t l y a p p l i c a b l e i n t h i s p a r t i c u l a r case. I f 
we a t t e m p t the sase c a l c u l a t i o n f o r the May-June i n t e r v a l , a g a i n 
f o r area B, and a g a i n assuming z t o be 6 gns., we get a n e g a t i v e 
v a l u e f o r y, asi the decrease i n the w e i g h t of dead m a t e r i a l per 
p l o t (7.38 gW'.' was more than 6 gru. d u r i n g t h i s i n t e r v a l . Of course 
we might then argue t h a t a t l e s s t ( 7 0 8 - 6.0) gm. o f t r e e l i t t e r 
per p l o t must have decomposed i n t h e i n t e r v a l ; but t o argue i n 
t h i s way i s o f l i t t l e v s l u " arH c e r t a i n l y going f a r f u r t h e r than 
our p r e s e n t i midequa.te d a t a c o u l d j u s t i f y . The r e a l need i s f o r 
separate data on the amounts o f t r e e l i t t e r t h r o u g h o u t t h e year. 

E s t i m a t i o n o f p r o d u c t i v i t y . 

Vtfe can o b t a i n a minimum e s t i m a t e of" p r o d u c t i v i t y on t h e areas 
by s u b t r a c t i n g the t o t a l w eight o f p l a n t m a t e r i a l a t the March 
sampling from t h e h i g h e s t t o t a l weight r e c o r d e d , and then 
adding t o the e s t i m a t e so o b t a i n e d the weight o f l i t t e r e s t i m a t e d 
to have f a l l e n onto the area i n t h e autumn from trees-. I n d o i n g 
t h i s , we have assumed t h a t a l l the t r e e l i t t e r has decomposed by 
the date t h e h i g h e s t weight i s r e c o r d e d , and we are n e g l e c t i n g 
a l t o g e t h e r the de c o m p o s i t i o n o f n o n - t r e e dead p l a n t m a t e r i a l , and 
the p r o d u c t i o n o f m a t e r i a l which has grown and die d b e f o r e the 
time we recorded the h i g h e s t t o t a l w e i g h t . 

Doing t h i s , we get t h e f o l l o w i n g e s t i m a t e s o f p r o d u c t i v i t y 
per n l o t over t h e season:-

Ai : 66.2 - 37.06 + 2.5 = 27.64 grn. 
Ao: 50.3-1 - 4'i.8 + 2.,5 = 10.81 gm. 
B: 52 . 0 - 42 .88 + 5-0 = 14.12 gn. 

C: 41.7 - 5?-.4 + 27 -5 = 16.8 gin. 
D i : 47.6 - 51.6 + ? = -4 .0 + ? gm. 
Do: 55.85 - 45-37 + ? + 10.48 + ? grn. 

Di and Do would p r o b a b l y r e c e i v e about the sa^ae amount o f 
l i t t e r as \. i . e . about 2.5 ;T" • • 

For area C, the assumption t h a t a l l t h e t r e e l i t t e r has 



decomposed by August i s wrong. When the f r e s h l i t t e r wa.s b e i n g 
c o l l e c t e d the p r e v i o u s autumn, a l a y e r o f o b v i o u s l y much o l d e r 
t r e e l i t t e r l y i n g on top o f the s o i l was seen, i m p l y i n g t h a t the 
complete decomposition o f a year's t r e e l i t t e r t a kes l o n g e r than 
a year to accomoli s b. 

For comparison w i t h the l a s t t a b l e o f f i g u r e s , the known 
increase;.- i n the amounts o f l i v e m a t e r i a l p r e s e n t are as f o l l o w s : 

A i '16.98 ( J u n e - J u l y i n t e r v a l o n l y ) 
ko 12.52 ( " " " " ) 
3 22.88 (March-August) 
C 6.21 (Junes-July i n t e r v a l o n l y ) 
Di 8.34 ( " " " " ) 
Do 4.76 ( " " " " ) 

T h i s e x e r c i s e e f f e c t i v e l y d e n o n s t r a t e s the f u t i l i t y of t r y i n g 
t o e s t i m a t e pre d u c t i vJ t y , i n a system l i k e t h i s where dead m a t e r i a l 
l i e s over t h e w i n t e r , from the t o t a l weight o f p l a n t m a t e r i a l . only'. 
I t can be seen t h a t i t i s e s s e n t i a l a t l e a s t t o se p a r a t e l i v e 
m a t e r i a l from dead, and weigh : t s e p a r a t e l y . 

We .just dc not have enough d a t a from t h e p a i r e d p l o t s t o 
wake f u r t h e r c a l c u l a t i o n s u s i n g them w o r t h - w h i l e . 



Comparisons w i t h o t h e r work. 

The known p r o d u c t i v i t y o f area B was 22.38 g r a . / c l i p - p l o t . 
T h i s i s e q u i v a l e n t t o 366 gm./ra2. 

'We can compare t h i s e s t i m a t e w i t h so;?ie o t h e r f i g u r e s 
e s t i m a t e d by comparable nethods. Welch and Rawes (1964), 

r e p o r t i n g on the e f f e c t o f e x c l u d i n g sheep from Pennine3 g r a z i n g s , 
quote s t a n d i n g c r o p s , i n p l o t s from which sheep had been 
excluded f o r 7 y e a r s , o f l 6 0 , 21.3 and 265 gm./m' ( d r y w t . ) . 
These w e i p h t s exclude the bottom 4-7 ens. o f the a e r i a l p a r t s 
o f the p l a n t s . 

Wiegert and Evans (1964)1 w o r k i n g i n an o l d f i e l d i n 
Mich i g a n , d i v i d e d the f i e l d i n t o 'upland' and 'swale' areas. 
The s o i l o f the upland p a r t s o f the f i e l d i s s t a t e d t o be a 
prey-brown p o d z o l i c sandy loam: " t h i s s o i l i s porous and, i n a 
w e l l - d r s i n e d area such as the Old F i e l d , d r i e s out q u i c k l y , 
e s p e c i a l l y w i t h t h e low p r e c i p i t a t i o n i n t h e l a t t e r p a r t o f the 
growing season. I n the swales [ s h a l l o w , p o o r l y d r a i n e d d e p r e s s i o n s ] 
the o r i g i n a l s o i l p r o f i l e has been covered, by as much as 1 m o f 
a l l u v i a l s i l t . These s u r f a c e d e p o s i t s i n the swales r e t a i n 
c o n s i d e r a b l y more m o i s t u r e and have a h i g h e r o r g a n i c c o n t e n t 
than t h e sandy . s o i l s o f the up l a n d s . " 

Wiegert an i Evans quote peak standing; crops o f about 
130 gmAi* ( d r y wt. ) f o r t h e upland p a r t s , and about 225 gm/m* 
f o r the swale. I t -is i n t e r e s t i n g t h a t i n t h i s f i e l d , p r e v i o u s l y 
f a r m l a n d , t h e y are g e t t i n g peak s t a n d i n g crops no h i g h e r than 
welch and Rawes r e c o r d f o r plo!;s more than 2200 1 above sea' l e v e l 
i n the n o r t h e r n Pennjn.es. Wiegert and Evans a l s o e s t i m a t e , from 
=1 s e r i e s o f p a i r e d p l o t experiments t h r o u g h o u t the growing season, 
t h a t , on the up".arid, the r a t i o s o f annual growth t o peak, s t a n d i n g 
crop o f pvreen m a t e r i a ] , are about. 2.S : 1 , and on the swale about 
4 . 7 : 1 . 

Westlake (1963) quotes an approximate o r g a n i c p r o d u c t i v i t y 
f o r temperate t e r r e s t r i a l herbs of 2 k.g/"i 2/yr., w i t h a range o f 
about 25% e^ch way. L o l i u m spp., i n a good s i t e i n New Zealand, 

http://Pennjn.es


Droduced a. seasonal maximum biomass ( d r y wt.) o f 2.2 kg/m 2 . 
Kence t h e p r o d u c t i v i t y i n t h i s p a r t o f t h e o l d f i e l d a t Durham 
i s f a r below a g r i c u l t u r a l crop y i e l d s - as indeed i s obvious 
on the 'nost cui'sory i n s p e c t i o n o f t h e s i t e . 

G o l l e y and Gentry (1966)1 w o r k i n g on a 12-year abandoned 
f i e l d near the Savannah' R i v e r P l a n t i n the U.S.A., found a 
net h a r v e s t p r o d u c t i o n o f 4-85 ,rm/ra s/yr.. T h i s f i g u r e was 
ob t a i n e d by summing the peek s t a n d i n g crops f o r each sp e c i e s 
t h r o u g h o u t the year ( d i f f e r e n t s pecies r e a c h i n g t h e i r maximum 
p r o d u c t i v i t i e s a t d i f f e r e n t t i m e s ) , and was about a t h i r d g r e a t e r 
than the ceak s t a n d i n g crop f o r the community as a whole a t 
any one t i m e . 

Compared w i t h the w e a l t h o f i n f o r m a t i o n a v a i l a b l e f o r 
a g r i c u l t u r a l c r o p s , t h e r e are very few e s t i m a t i o n s o f t h e 
p r o d u c t i v i t y o f s e m i - n a t u r a l o:r natural! g r a s s l a n d ecosyste i s . 
From what i s a v a i l a b l e , i t i s obvious t h a t a good d e a l more work 
i s needed b e f o r e the o u t l i n e s o f any broad, p i c t u r e o f p r o d u c t i v i t y 
i n t h i s s o r t o f ecosystem can be drawn. 
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'.vater-current d e v i c e f o r s e p a r a t i n g r o o t s from s o i l 

• i Water i n from t a n 
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'1 and 2 are 1 - l i t r e b eakers: 3 i s a 500 cc. beaker. 
k i s net made o f nvl o n mesh w i t h f.k meshes t o t h e i n c h . 
A f i n f j r net '200 meshes/inch) may be t i l a c s r ] underneath 
the c o a r s e r , i f d e s i r e d . 
The s o i l + roofce sample, a f t e r i n i t i a l b r e a k i n g up o f 
the crumbs under water, i s nut i n beaker 1, and the t a p 
t u r n e r on. The water f l o w must be s u f f i c i e n t to keep 
the m i x t u r e i n beakers 'I and 2 f a i r l y w e l l s t i r r e d . 
Large r o o t s c o l l e c t i n the f i r s t beak-r, b e i n g unable t o 
get. over the l i r . o f the beaker; the s m a l l e s t r o o t s c o l l e c t 
i n t h e n e t . 
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Dates o f c o l l e c t i o n o f samples. 

Date o f no. o f days t i m e 
c o l l e c t i o n s i n c e 24 March s i n c e 

A i May- 4 41 41 
Ao May 5 42 42 
B May 7 44 44 
C May 7 44 44 

Di May 9 46 46 
Do May 10 47 h$ 

A i June 6 74 33 
Ao June- 7 75 33 
3 June 2 70 26 
C June 2 70 26 
Di June 8 76 30 
Do June a 77 30 

A i J u l y 19 117 43 
Ao J u l y 19 117 42 
B J u l y 21 119 49 
C J u l y 22 120 50 

Di J u i y 20 118 42 
Do J u l y 21 119 42 

A i August 19 148 31 
Ao August 22 151 34 
B August 2j; 152 33 
C August 2jj •152 32 
D i August 24 'i55 35 
Do August 2'.- 153 34 

P a i r e d p l o t s : -
F i r s t crop o f 
dead m a t e r i a l 

A c/d 9 J u l y 
B a/b 1 1.July 
B c/d 14 J u l y 
C a/b 18 J u l y 
C- c/d 18 J u l y 

Second cro p 
o f dead m a t e r i a l 

13 August 
13 August 
1'? August 
19 August 
19 August 

No. o f days 
elapsed. 

35 

33 
36 
32 
32 



Weights o f p l a n t m a t e r i a l c o l l e c t e d on c l i p - p l o t s 

March. 

P l o t T o t a l 

Ao 2 , 4 4 5 . 6 

6,1 4 3 - 7 
6,6 26.9 
7 , 4 5 7 . 4 
8,3 4 1 . 4 
10,4 4 7 . 0 

1 0 , 5 4 0 . 8 
3 7 . 6 

15,2 56.9 
15,4 4 0 . 7 

L i v e 
grass 

L i v e 
herbs 

Di 2,6 6 4 . 5 
2,4 56.8 
3,4 64.5 
4,1 3 2 . 7 
5 ,9 71.1 
6 , 3 3 4 . 2 
6 ,10 37.6 
10,3 48.6 
12,1 41.5 

May 
Ai 37S 45-4 

4,2 45.0 
2,5 21.2 
6 , 2 2.8.9 
4,10 45-3 
7,1 37.5 
1 'i ,6 45.4 
13,5 29-9 
13,9 43-4 
8,5 3^-3 

B 5,8 5 2 . 5 3.6 1.2 
6 ,14 45.4 16.4 0.2 
7,2 42.5 5-6 0.6 
13,5 47.1 5.6 1 . 3 
13,15 35-5 2.8 0. 1 
a 3,16 48.4 2 . Q 1.6 
15,1 4 2 . 5 2.5 3-4 
21,5 44.1 2.5 0.0 

P l o t T o t a l L i v e L i v e 
wt. grass herbs 

B 7,9 34.5 2.9 0.7 
14,1 39.8 3-5 0 .1 
10,4 5 2 . 2 9.9 t 
15,15 36.6 2.5 3-5 
19,1 5 2 . 3 6.4 0 .1 

C 7 , 9 33.0 
10, 14 40.0 
12,3 64.7 
14,7 66.0 
14,9 59-2 
15,15 76.7 
23,15 27.2 

Do ^ • < ^ - ^ a ? a ^ > 

2,9 54 .7 
/• „ 0 , 1 2 7 . 9 
6,6 82.2 
t) , u 2 9 . 8 
13,3 33.4 
15,2 4Q. 9 
15,4 39 .7 

!AC 
5,1 
6,2 
6,5 
7,2 
3,5 
10,8 
15,8 

16, 3 
16,6 

5,3 
6,14 
7,2 
P o 
9,1 
13,5 
13,15 
i " 2 . 1-
15,1 
2 5 , 5 

32 .0 
55 • 0 
45.9 
41.5 
31.0 
33.O 
41.6 
29 . 3 
66.4 
59.9 

52.2 
bo. o 
36.2 
56.9 
61.2 
59.8 
35 • 0 
7 2 . 6 
6 o . 7 
4 0 . 6 



Weights o f p l a n t m a t e r i a l c o n t i n u e d - sheet 2 

Di 

May 
P l o t 

2 , 5 
3,6 
4,2 
6,2 
7,1 
S c "•J , J> 
4,10 
11,6 
13,5 
13,9 

June 
i , o 
3,2 
5,5 
3,3 
3,9 
9,2 
9,3 
9,7 
10 ,4 
11,2 
1,8 
2,1 
7,3 
9,9 
9,13 
12,14 
14 ,15 
16,7 
23,4 
24,11 

Di 1,6 
J , '•• 
5,5 
<">, JJ 
S,9 
9,2 
9,3 
9,7 
10, ^ 
1.1,2 

T o t a l 
wt. 
42 . 5 
42.0 
51.3 
37.6 
35.7 
67.2 
39.9 
44.7 
3'^. 5 
54.7 

54.6 
44.1 
21.2 
4 p..5 
44.4 
47-3 
28.2 
50.7 
26.2 
43-0 

37.0 
28.5 
53. 
44. 
42. 

.4 
,5 
•3 

56.2 
35.0 
40.6 
46. if 
30.0 

47-0 
40. 6 
36.0 
47,3 
34.8 
39.7 
24 - 2 
90.2 
3b. 1 
40:7 

L i v e 
grass 

L i v e " 
herbs 

25.9 
19.9 
4 .2 

14 , 7 
12.1 
15.3 

6.0 
2o . u 

I P . ? 
7.2 
.5.7 

16.1 
10.4 
23 . 8 

9.6 
2.0 

10.7 
16. if 

1.4 

1.2.1; 
.5.0 

10. Q 
Q.4 

20.0 
5.7 

51.8 
4.Q 
7.3 

Do 

P l o t 

4,4 
5,'' 
6,2. 
6,5 
7,2 
8,5 

10, S 
15,8 
16,3 
16,6 

,(A.o 
.0 A 

1.1 
1.8 
2 .1 
4.Q 
3 • 5 
0.9 
6.3 

8 . 6 \ ° 
3.6 ^ 
3.0 
5.1 
0 .1 
4.2 

4.0 
5.2 
6.4 

I . 
2.9 
4 . 1 
5.0 
2.6 
6-3 
' • .-' 

1.0 
0.Q 
8.1 

11 
11 
12 
14 
16 
1 
2 
7 
9 

12 
14 
16 
2 3 
«i'f 

Do 
'f 
o 
8 
q 

11 
11 
12 
14 
16 

14 
15 
7 
/ , 
*-r 

11 

3 
1 
3 

1 

6 
1 
R 

T o t a l 
wt. 
52.5 
35.8 
56.9 
36.7 
32.7 
55-6 
43.6 
34.4 
46.9 
57.7 

45-1 
33.6 
5b. 2 
23.9 
60.4 
36.1 
43.1 
51.1 
r 5 . 3 
47.2 

39.7 
58.4 
76 .1 
49.0 
64.5 
61.0 
36.5 
52.7 
66.0 
4^.2 

61.3 
35.4 
44.9 
88.4 

dead 22.3 
dead 19.0 

44.1 
66.2 
89.9 

dead 21.0 

.Live 
grass 

L i v e 
herbs 

24 . 5 
6.9 

15.5 
13.0 
16.3 
1 . 2 

26.8 
19 . 2 
23 . 5 
25.1 

6.7 
8.0 
3.1 
4 .6 
0.6 
7 - 5 
5.0 
5.6 
3.3 
7.4 

12.2 
13 . 8 
13 . 0 
44 . 6 

o. 4. 
21.4 
23.4 
17.7 

2.6 
12.2 
10.5 

5 r-l 
1.1 

11 -9 
0.4 
3.0 
2.4 
1.3 
1.9 
^.6 
1.6 
1-5 
0.0 
1.7 

.0 

. 2 

.1 
0.0 

3.0 
0.8 
0.8 
0.0 

1.1 

2.4 
2.7 
2.0 

l 



'••eights o f p l a n t m a t e r i a l c o n t i n u e d -
P l o t 

August 
3,7 
3,10 
5,3 
6,7 
10,5 
12,7 
12,9 
12,10 
14,6 
14:9 

6,12 
7,6 
10,7 
12,2 
16,8 

3,7 
C T 1 .-• 
10,5 
12,7 
14,6 

T o t a l 
wt -

138.2 
91 . 8 
25 .1 
53.5 
5 ^ 3 

43.0 
26.6 

49. S 
63.4 
o 3. p 

57.9 
49.3 
54.2 
53.7 
40.0 

24 . 8 
126.3 
30. 3 
28.3 
27.8 

L i v e 
irrass 

29.5 
16.5 
32 . 2 
23.8 
12.4 

L i v e 
herbs! 

sn.ee t 
P l o t 

0.2 

12.. 4 
2..2 

.. 1 

Ao2,8 
4,2 
5,7 
o, 4 

10 , 7 
11 , 5 
12 , 7 
1.6-5 
16,7 
16,8 

C 6,12 
7,6 

12,2 
13,7 
16, R 

fcy* 
X X K xxx 
4,2 
5,7 
10. 7 
11 . 5 
16..5 

T o t a l 

O . t J 
20.7 
56.7 
32 .6 
36.5 
51 • 2 
37.0 
23.2 
24.3 
37.9 

34.8 
49.0 
45.9 
.32.4 
44.3 

3»xS 
sJxxx 
29.2 
35.1 
30'. 
»— / « v ' 

3 3 . 3 

L i v e 
grass 

L i v e 
herbs" 
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