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1 . 0 INTRODUCTION TO ENERGY STUDIES 
I f we accept t h a t the c h a r a c t e r i s t i c s o f any p l a n t or 

an i m a l are a d a p t a t i o n s t o e x i s t e n c e w i t h i n an environment 

t h e n e c o l o g y covers more o f the f i e l d of zoology t h a n t h e 

t h i r d c l a i m e d f o r it "by E l t o n ( 1 9 2 7 ) . L i v i n g organisms 

are p a r t o f the f u n c t i o n a l u n i t s o f e c o l o g y , t h e ecosystems 

/ • / i t h i n any ecosystem two i m p o r t a n t processes can he d i s t i n ­

g u i s h e d ( 1 ) the c y c l i n g o f m a t e r i a l ( 2 ) t h e one way f l o w o f 

energy. Energy i s one of the dominant f u n c t i o n s c o n t r o l l i n 

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

commodity enables normal a c t i v i t i e s t o be und e r t a k e n . 

Energy, u n l i k e m a t e r i a l , i s c o n t i n u a l l y l o s t from the 

system and a l t h o u g h i t can be s t o r e d even f o r thousands o f 

years i t w i l l e v e n t u a l l y be l o s t . Our u l t i m a t e source of 

energy i s t h a t e m i t t e d from t h e sun i n t h e fo r m o f e l e c t r o ­

magnetic waves. This energy i s u t i l i s e d by p l a n t s w i t h 

c h l o r o p h y l l enabling; them t o make o r g a n i c m a t e r i a l , a s t o r e 

o f energy. T h i s m a t e r i a l i s th e n a v a i l a b l e as f o o d t o 

h e r b i v o r e s i n an ecosystem. I t i s w i t h t h e r e l a t i o n s 

between p l a n t s and h e r b i v o r e s t h a t I s h a l l be concerned, 

i n p a r t i c u l a r w i t h t h e amount o f energy t a k e n i n by an 

animal t o s u p p l y i t s normal d a i l y needs. 

The energy w h i c h an animal tak<°s i n as f o o d has t o 

serve two main purposes: ( 1 ) t o p r o v i d e energy f o r t h e 



normal l i f e processes ( 2 ) t o p r o v i d e energy f o r t h e i n c r e a s e 

o f "biomass i . e . p r o d u c t i o n . vVe can summarise t h e f a t e o f 

consumed energy as: 

G = P + R + U + P 

D = P + R + U 

A = P + R 

Where G i s consumption, D i s d i g e s t i o n , A i s a s s i m i l a t i o n , 

P i s p r o d u c t i o n , R i s r e s p i r a t i o n , U i s e x c r e t a and P i s 

faeces (Petruesewics;, 1 9 6 7 b ) . 

There are v a r i o u s ways o f s t u d y i n g energy f l o w i n 

v e r t e b r a t e p o p u l a t i o n s and these have been d e s c r i b e d by 

G o l l e y ( 1 9 6 7 ) . A l l work so f a r has been based on two 

assumptions: t h a t a p o p u l a t i o n can. be d e l i m i t e d i n space 

and time and t h a t t h e energy f l o w o f a p o p u l a t i o n i s the 

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

D i r e c t measures of metabolism i n the f i e l d have been 

developed by L i f s o n , Gordon and M c C l i n t o c k (1955) u s i n g 

r a d i o - a c t i v e body weter and by a number o f workers (Odum 

and Golle.., 1963) who have measured the r a t e o f e x c r e t i o n 

of r a d i o - a c t i v e z i n c . I n t a k e o f food has been measured 

d i r e c t l y i n domestic animals (Van Dyne and Meyer, 1964) by 

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

By i n c l u d i n g i n d i g e s t i b l e or r a d i o - a c t i v e m a t t e r ( C r o s s l e y , 

1963) i n the fo o d i t i s p o s s i b l e t o measure f o o d consumption. 

However t h e most w i d e l y used method i s the "balance" method 



whereby an a n i m a l , u s u a l l y k e p t i n the l a b o r a t o r y , i s 

s u p p l i e d w i t h a known amount of f o o d d a i l y . C o l l e c t i o n o f 

faeces and u r i n e and d e t e r m i n a t i o n o f t h e i r energy c o n t e n t 

a l l o w t h e c o n s t r u c t i o n o f an energy budget. T h i s method 

( e x c e p t f o r t he c o l l e c t i o n o f u r i n e ) has been used i n t h e 

p r e s e n t work. The c a l c u l a t i o n o f energy budgets r e q u i r e s 

t h a t body w e i g h t remains c o n s t a n t o r a s u i t a b l e c o r r e c t i o n 

f a c t o r be a p p l i e d . 

Workers on s m a l l mammal e n e r g e t i c s a r e f a c e d w i t h a 

f o r m i d a b l e l i s t o f f a c t o r s a l l o f which a f f e c t m etabolism. 

K l e i b e r e t a l ( 1 9 5 b ) d e s c r i b e d t h e e f f e c t o f age on r a t 

metabolism and Kaczmarski ( 1 9 6 6 ) has shown t h a t pregnancy 

and l a c t a t i o n i n c r e a s e d a i l y energy r e q u i r e m e n t s . Other 

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

1 9 6 6 ) , t e m p e r a t u r e ( I r v i n g , "\96U-), g e o g r a p h i c a l l o c a l i t y 

(Hayward, 1 9 6 5 ) , s o c i a l b e h a v i o u r (Brown, 1963) f a t c o n t e n t 

( C o n n e l l , 1 9 5 9 ) , the s t a t e o f ex c i t e m e n t ("Folk, 196J.1.), 

a c c l i m a t i s a t i o n ( G o r e c k i , 1 9 6 6 ) , a c t i v i t y (Hawkins e t a l , 

1960) and d i e t ( D r o z d z , 1 9 6 8 b ) . E s p e c i a l l y i m p o r t a n t 

amongst these f a c t o r s are b r e e d i n g c o n d i t i o n and t e m p e r a t u r e . 

As t he m a j o r i t y o f a s m a l l r o d e n t ' s energy i n t a k e i s used 

f o r h eat p r o d u c t i o n ( D a v i s and G o l l e y , 1963) t h e n c l e a r l y 

any change i n t e m p e r a t u r e may have an a p p r e c i a b l e e f f e c t i f 

t h e a n i m a l i s below i t s t h e r m o - n e u t r a l zone. The major 

d i f f i c u l t i e s a r i s e when one a t t e m p t s t o r e l a t e energy s t u d i e s 

file:///96U-


i n t h e l a b o r a t o r y where c o n d i t i o n s can "be c o n t r o l l e d 

t h e w i l d where c o n d i t i o n s are c o n s t a n t l y f l u c t u a t i n g . 



2 . 0 PREVIOUS ,/ORK ON BANK VOLES 

The hank v o l e , C l e t h r i o n o m y s g l a r e o l u s ( S c h r e b e r , 1 7 8 0 ) , 

i s a r o d e n t h e l o n g i n g t o t h e s u b - f a m i l y : M i c r o t i n a e . I t s 

g e n e r a l c h a r a c t e r i s t i c s are w e l l d e s c r i b e d i n S o u t h e r n ( 1 9 6 4 ) . 

Evans ( 1 9 4 2 ) s t u d i e d t h e p o p u l a t i o n dynamics, movements 

and d i s t r i b u t i o n o f t h e s p e c i e s . More r e c e n t l y a number of 

people have examinee, i t s d a i l y a c t i v i t y cycle:; Brown (1 9 5 6 a ) 

found evidence f o r d i u r n a l a c t i v i t y b u t M i l l e r ( 1955) and 

Osterman ( 1 9 5 6 ) found i t t o be a c t i v e t h r o u g h o u t the 24 h o u r s 

w i t h more n o c t u r n a l t h a n d i u r n a l a c t i v i t y i n summer. The 

home range has been s t u d i e d by M i l l e r ( 1 9 5 8 ) and Brown 

( 1 9 5 6 b ) . The e f f e c t o f C l e t h r i o n o m y s on f o r e s t r e g e n e r a t i o n 

has been d e s c r i b e d t y A s h b y . ( l 9 5 9 , 6 7 ) , Tanton ( 1 9 6 5 ) and 

most r e c e n t l y by Turcek ( 1 9 6 7 ) . P a r t i c u l a r l y r e l e v a n t t o 

th e p r e s e n t "work are the e x t e n s i v e s t u d i e s around Durham 

i t s e l f b y Crawley ( 1 9 6 5 ) and Ashby ( 1 9 6 7 ) , b o t h o f whom have 

p a i d some a t t e n t i o n t o f e e d i n g . Most work on f e e d i n g i n 

B r i t a i n has been r e s t r i c t e d t o i d e n t i f i c a t i o n o f foods 

t a k e n , e..g. M i l l e r ( 1 9 5 4 ) and Watts ( 1 9 6 8 ) . 

Since t h e s t a r t o f t h e IBP ( i n t e r n a t i o n a l B i o l o g i c a l 

Programme) combined w i t h t h e " d i s c o v e r y " t h a t energy i s 

i m p o r t a n t t o the f u n c t i o n i n g o f ecosystems, s m a l l mammal 

s t u d i e s concerned w i t h f o o d and energy f l o w have r e c e i v e d 

a g r e a t b o o s t . Most of the p u b l i s h e d work has been done i n 

Poland where t h e r e i s a w o r k i n g group o f t h e IBP devoted t o 



6. 

s m a l l mammals. Some:: of t h e most i m p o r t a n t s t u d i e s have 

been made by DrozcLz (196I+, 66, 67 , 68a, 68b) who has 

worked on Glethrionomys and on o t h e r s m a l l r o d e n t s , b o t h 

i n the la'r.'oratory and i n t h e f i e l d . He has s t u d i e d t h e 

n a t u r a l foods t h r o u g h o u t t h e year and shown by a n a l y s i s o f 

gut c o n t e n t s t h a t t h e f o o d t a k e n v a r i e s . Drozdz a l s o 

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

foods and c a l c u l a t e d d a i l y energy budgets u s i n g animals 

kept i n m e t a b o l i c ce.ges . G o r e c k i ( 1 9 6 6 , 68) has loo k e d a t 

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

and has worked on m e t a b o l i c r a t e . T his work i s . p a r t i c u l a r l y 

i m p o r t a n t i n showing t h a t animals w h i c h have been kept i n 

th e l a b o r a t o r y f o r more t h a n a few days a r e q u i t e l i k e l y t o 

have d i f f e r e n t energy r e q u i r e m e n t s from t he w i l d a n i m a l . 

S t u d i e s on the m e t a b o l i c r a t e and energy budget have shown 

t h a t w i n t e r and summer r a t e s are somewhat d i f f e r e n t (as 

expected, s i n c e t h e v / i n t e r pelage i s t h i c k e r t h a n t h e 

summer). G r o d z i n s k i and G o r e c k i ( 1967) have e v a l u a t e d 

v a r i o u s p o s s i b l e measures o f d a i l y energy budgets (see 

S e c t i o n h-5) a-n-d G o r e c k i ( 1 9 6 7 ) has de t e r m i n e d the c a l o r i f i c 

v a l u e o f the whole body o f t h e bank v o l e a t d i f f e r e n t t i m es 

of the y e a r . 

.7ork has been c.one i n America on t h e e c o l o g i c a l c o u n t e r ­

p a r t s o f the bank v o l e . Reference w i l l , be made p a r t i c u l a r l y 

t o t h e s t u d i e s o f Pearson (19U7, 50, 6 2 ) , McNab ( 1 9 6 3 ) and 
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t h e e x c e l l e n t work of CJolley (1960) on M i c r o t u s p e n n s y l v a n i c u s . 

Much i n f o r m a t i o n has a l s o been o b t a i n e d from t he s t a n d a r d 

works on e n e r g e t i c s o f domestic animals (Brody, 13k5', 

K l e i b e r , ^^G^ • B l a x t e r , 1962). 

Except f o r t h e s t u d i e s o f the e f f e c t o f v o l e s on 

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

B r i t a i n i n r e c e n t years t h a t i s p a r t i c u l a r l y n o v e l . The 

P o l i s h work however has g i v e n us some i n s i g h t i n t o t h e 

r o l e p l a y e d by s m a l l r o d e n t s i n t h e ecosystem. The p r e s e n t 

work was done i n p a r t t o i n v e s t i g a t e whether the f i n d i n g s 

i n Poland were a p p l i c a b l e i n B r i t a i n s i n c e t h e whole aim 

of IBP i s t o produce r e s u l t s w h i c h have w o r l d - w i d e 

r e l e v a n c e . The e f f e c t of g r o u p i n g on energy f l o w , energy 

i n t a k e i n t h e w i l d and the e n e r g e t i c s o f w e i g h t change 

were a l s o s t u d i e d . 



3.0 GENERAL METHODS 

3.1 THE 3IT33 AKD MATERIAL 
A l l t h e animals used, i n f e e d i n g experiments were caught 

a t C a s t l e Eden Dene, a n a t u r e r e s e r v e o f n a t u r a l and semi-

n a t u r a l woodland. The v e r t e b r a t e s o f t h i s r e s e r v e have 

been s t u d i e d by Crawley (196") and Ashby and Crawley (1967) . 

The v o l e s were caught d u r i n g Kay-June, 1969 u s i n g Longworth 

t r a p s ( C h i t t y and Kernpson, 19U9) b a i t e d w i t h r o l l e d o a t s . 

The t r a p p i n g area was an open s t a n d o f C o r s i c a n p i n e 

( p i n u s n i g r a ) w i t h some hardwoods. Ground cover was m a i n l y 

dog's mercury ( M e r c u r a l i s p e r e n n i s ) and br a c k e n ( P t e r d i u m 

a q u i l i n u m ) . 

Animals used t c determine energy i n t a k e i n the w i l d 

were caught w i t h break-back t r a p s b a i bed w i t h r o l l e d o a t s . 

The t r a p s were s e t i n H o u g h a l l ;ood, Durham, an area o f 

mixed woodland. The eco l o g y o f the bank v o l e on. t h i s s i t e 

has been s t u d i e d over a l o n g p e r i o d by Ashby (1967) who 

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

morning and t h e n p e r i o d i c a l l y i n s p e c t e d d u r i n g t he day. 

Only a d u l t a n i r r a l s were used i n the f e e d i n g experiments 

b u t a l l c l a s s e s were caught i n the break-back t r a p s . 

3.2 THE! _E_EEDIHG EX?171?IUENT3 

D u r i n g the f e e d i n g and s t a r v a t i o n experiments the 

animals were housed i n metal mesh cages measuring UO x 20 x 2 

cm-;. The cages were kept i n the l a b o r a t o r y a t a te m p e r a t u r e 



o f about 20 0 and the animals d i s t u r b e d as l i t t l e as p o s s i b l e . 
2 

"Yith t h e i r volume of 20 l i t r e s and f l o o r area o f 800 cm t h e 

cages were c o n s i d e r a b l y l a r g e r t h a n those used by Drozclz 

(1968b) i n h i s s t u d j e s . T h i s v a r i a t i o n i n cage s i z e c o u l d 

w e l l have an i m p o r t a n t e f f e c t on tne v o l e energy r e q u i r e ­

ments by p r o v i d i n g g. l a r g e r area r o r e x p l o r a t i o n . Except 

i n two experiments e.nimals were housed i n d i v i d u a l l y . J a t e r 

was s u p p l i e d and f o o d o f f e r e d i n a p e t r i d i s h on t h e cage 

f l o o r . Each day b e f o r e p l a c i n g the cage i n i t s m e t a l t r a y 

t he l a t t e r was l i n e d , w i t h a sheet o f paper. T h i s made 

c o l l e c t i o n o f faeces and uneaten f o o d much e a s i e r . C o t t o n 

wool was p r o v i d e d as bedding as i t was i m p o r t a n t t o use 

m a t e r i a l t h a t t h e v o l e s would not e a t . 

A f t e r c a p t u r e , the animals were g i v e n t he a p p r o p r i a t e 

t e s t d i e t f o r a p r e p a r a t o r y p e r i o d o f 5 days b e f o r e measure­

ments were s t a r t e d t o ensure t h a t t h e y were accustomed t o 

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

i t . Each experiment i n v o l v e d 6 animals f o r a minimum o f 

7-day e x p e r i m e n t a l p e r i o d s a f t e r t he p r e p a r a t o r y p e r i o d s . 

Pour t e s t d i e t s were used; oats (Avena f a t u a ) , wheat 

( T r i t i c u m a e s t i v u m . acorns (0,uereus r o b u r ) and b l u e b e l l corms 

Endymion n 0 n - s c r i p t u s ) . Three S i f t s were o f a c o n c e n t r a t e d 

n a t u r e w i t h low f i b r e and water c o n t e n t w h i l e one was a 

b u l k y d i e t w i t h h i g h water c o n t e n t . A f t e r the i n t r o d u c t o r y 

p e r i o d t h e cages were cle a n e d and f r e s h n e s t i n g m a t e r i a l 
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p r o v i d e d . The animals were t h e n 7/eighed d a i l y t o t h e 

ne a r e s t 0 .1 g. 

The oasi s o f t h i s work was t h e d e t e r m i n a t i o n o f energy 

r e q u i r e m e n t s "by the "balance" method (see S e c t i o n 1 . 0 ) . 

Each day a known w e i g h t o f e x p e r i m e n t a l d i e t was g i v e n . 

The f o o d was always i n excess o f r e q u i r e m e n t s . ( D i g e s t i o n 

and a s s i m i l a t i o n i n mammals i s not a f f e c t e d by excess, as 

f a r as i s known, u n l i k e many i n v e r t e b r a t e s ) . On the 

f o l l o w i n g day uneaten f o o d was c o l l e c t e d and weighed. Faeces 

were a l s o removed and weighed, and samples t a k e n f o r a n a l y s i s 

o f w a t e r c o n t e n t , ash c o n t e n t and c a l o r i f i c v a l u e . 

Two f u r t h e r experiments were completed (see S e c t i o n 5 . 0 ) 

i n w h i c h two animals of t h e same sex were p l a c e d t o g e t h e r 

a t t h e s t a r t o f the e x p e r i m e n t a l p e r i o d i n a cage new t o 

b o t h of them and w i t h f r e s h n e s t i n g m a t e r i a l . 

3.3 .ANALYSIS OF FOOD AND FAECES 

A l l t h e ty p e s o f f o o d used i n the experiments were 

s u b j e c t e d t o a simple a n a l y s i s t o determine w a t e r c o n t e n t 

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

were a l s o a n a l y s e d i n the same way.. 

Samples of f o o d were ground i n t o a f i n e powder u s i n g a 

p e s t l e and m o r t a r . A number o f samples, u s u a l l y 5 , were 

t h e n d r i e d t o c o n s t a n t w e i g h t i n a vacuum oven a t 65°G, t h i s 

t e m p e r a t u r e ensured no l o s s o f f a t . Before w e i g h i n g , samples 

were a l l o w e d t o c o o l i n a d e s s i c a t o r . 'Then c o n s t a n t w e i g h t 
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was reached, u s u a l l y a f t e r about 5 days, the water c o n t e n t 

was c a l c u l a t e d ( b y d i f f e r e n c e s ) . Samples were t a k e n from 

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

b u r n t i n a m u f f l e f u r n a c e a t 500°C f o r about 3 h o u r s . The 

c r u c i b l e s and c o n t e n t s were c o o l e d i n a d e s s i c a t o r , weighed 

and the o r g a n i c c o n t e n t d e t e r m i n e d , 

3.1+ DETERMINATION OF CALORIFIC VALUE 

C a l o r i f i c v a l u e s were measured by bomb c a l o r i m e t r y . 

The heat produced by b u r n i n g a weighed sample o f m a t e r i a l i n 

oxygen, under p r e s s u r e , i s a measure o f the energy c o n t e n t 

o f t h a t sample. B l a x t e r ( 1 9 6 2 ) has s t r e s s e d t h a t r e s u l t s 

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

r e f e r o n l y t o the c o n d i t i o n s under which t h e y were measured 

and so eve r y a t t e m p t must be made t o keep c o n d i t i o n s c o n s t a n t . 

The "bomb used was a G-allenkamp " B a l l i s t i c bomb 

c a l o r i m e t e r " and t h e method i s l a r g e l y t h a t used by C o n n e l l , 

Odum and Kale ( 1 9 6 0 ) . The m a t e r i a l was d r i e d t o c o n s t a n t 

w e i g h t i n a vacuum oven a t 65°C and t h e n ground i n t o a f i n e 

powder. A c c u r a t e l y weighed p e l l e t s o f about 0.3 g were 

b u r n t i n t h e bomb i n oxygen a t 25 atmospheres o f p r e s s u r e . 

The galvanometer r e a d i n g , i n d i c a t i n g the amount o f heat 

r e l e a s e d , was converged t o a c a l o r i f i c v a l u e by comparison 

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

o f w e i g h t s o f pure benzoic a c i d ( c a l o r i f i c v a l u e 6,321+ 

K c a l / g ) on t h e c a l o r i m e t e r . R e s u l t s o b t a i n e d w i t h t h i s 
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t e c h n i q u e are n o t perhaps as a c c u r a t e as those w i t h the 

m i n i a t u r e "bomb c a l o r i m e t e r ( P h i l l i p s o n , -196.'+),. h u t o t h e r 

q u a n t i t i e s i n the energy budget can he e s t i m a t e d even l e s s 

p r e c i s e l y , so any e r r o r s are u n i m p o r t a n t . 

As ash c o n t e n t was known f o r t h e f o o d and f a e c e s , a l l 

the heat r e l e a s e s c o u l d he c o n v e r t e d t o K c a l / g , d r y ash-

f r e e w e i g h t . 
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k.O RESULTS AND DISCUSSION OF FEEDING EXPERIMENTS 

U .1 FOOD AND FAECAL ANALYSIS 

D e t a i l s o f the a n a l y s i s o f d i f f e r e n t f o o d s t u f f s a r e 

shown i n Table 1 and i n t h e Appendix ( T a b l e s A-D). The 

t a b l e s i n the Appendix show t h e o r g a n i c m a t t e r and ash 

c o n t e n t expressed as percentages o f t h e d r y m a t t e r c o n t e n t ; 

i n Table 1 t h e y are shown as percentages o f the f r e s h 

w e i g h t . I n a l l cases t h e r e a re d i f f e r e n c e s i n the perc e n t a g e 

c o m p o s i t i o n from the c o m p o s i t i o n determined by G o l l e y ( 1 9 5 9 ) 

and Drozdz ( 1 9 6 8 b ) , , T h i s i s not s u r p r i s i n g however as the 

m a t e r i a l examined by d i f f e r e n t workers must s u r e l y d i f f e r 

on such counts as t h e p e r i o d f o r w h i c h i t has been s t o r e d . 

The l o c a l i t y f rom w h i c h the p l a n t s were t a k e n must a l s o 

make a d i f f e r e n c e . These d i f f e r e n c e s a l s o show however 

t h a t i t i s wrong t o base any energy c a l c u l a t i o n s on c a l o r i f i c 

v a lues d e t e r m i n e d under d i f f e r e n t c o n d i t i o n s . 

R e s u l t s o f the a n a l y s i s of v o l e faeces are g i v e n i n 

Table 2 and t h e Appendix ( T a b l e s , S, G, J and K ) . Contents 

are expressed i n the same way as the f o o d a n a l y s e s . A g a i n 

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

may be compared i n the f o l l o w i n g t a b l e : 
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TABLE 1 

% Dry 
m a t t e r % Water % Organic; 

m a t t e r % Ash C a l o r i f i c 
v a l u e 

Oats 89.2 10.8 8 6 . k 2.8 k.77 

Wheat 90.1 9.9 87.8 2.3 k.32 

Acorns 59.9 i-i-0.1 58.2 1 .7 k.3S 

B l u e b e l l s 28.7 71 .3 28.1 0.6 k.53 

Mean v a l u e s o f food a n a l y s e s . Organic m a t t e r and ash 
c o n t e n t expressed as percentage o f d r y m a t t e r . 
C a l o r i f i c v a l u e s i n X c a l / g , a s h - f r e e d r y w e i g h t . 
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TABLE 2 

f i Dry 
m a t t e r % Water '?{• Organic m a t t e r % Ash 

C a l o r i f i c 
v a l u e 

Oats s i n g l e I k . 0 2 6 . 0 6 0 . 7 1 3 . 3 h.95 
Oats i n p a i r s 5 3 . 5 1+6.5 1+6.0 7 . 5 5 . 0 2 

Wheat 76.1+ 2 3 . 6 7 0 . 1 6 . 3 1+.93 
Acorns s i n g l e 5 8 . 2 1+1 . 8 5 2 . 3 5 . 9 1+.91 
Acorns i n p a i r s 61 . 9 3 8 . 1 5 6 . 8 5.1 1+.62 
B l u e b e l l corms 7 2 . 0 28 . 0 6 9 . 2 6 . 8 6 . 2 3 

Oats f e d 
21+ h . s t a r v a t i o n 38.5 11 .5 71 . 6 1 6 . 9 1+.73 

21+ h . s t a r v a t i o n + 
21+ h. OD . 3 36.7 5 2 . 8 1 0 . 5 l+ ,86 

2k h. no wa t e r 3 5 . 6 Ak.k 71+.7 1 0 . 9 1+.81 

2k h. no w a t e r + 
2k h. 3 7 . 1 1 2 . 9 71+.0 1 3 . 1 1+.68 

vVheat f e d 
2k h. s t a r v a t i o n 7 8 . 3 21 . 7 6 7 . 3 11 . 0 3 . 0 7 

2k h. s t a r v a t i o n + 
21+ h. 73.1+ 26 . 6 6 7 . 2 6 . 2 1I-.38 

21+ h. no wa t e r 9 2 . 0 8 . 0 8 5 . 2 6 . 8 1+.55 

21+ h. no w a t e r + 
21+ h. 6 2 . 3 3 7 . 7 5 6 . 1 6 . 2 4 . 5 6 

Mean v a l u e s o f f a e c a l a n a l y s e s . Organic m a t t e r and ash 
c o n t e n t expressed as percentage o f d r y m a t t e r . C a l o r i f i c 
v a l u e s i n K c a l / g , a s h - f r e e d r y w e i g h t . 



TABLE 3 

D i e t Weight 
i _ 

Food Faeces 
- J . . . 

Energy 
d i g e s ­
t e d 

'% o f i n ­
g e s t e d 
energy 
d i g e s t e d 

Energy 
a s s i ­
m i l a t e d 

% o f i n g e s ­
t e d energy 
a s s i m i l a t e d 

K c a l / g / 
day 

Oats 
( s i n g l e ) 

1 9 . 8 
( 1 6.5-

2 3 . 5 ) 

1 5 . 9 6 
( 1 0 . 8 8 -

2 2 . 7 4 ) 

1 . 1 2 
( 0 . 6 0 -

1 . 7 8 ) 

1 4 . 8 4 
( 1 0.28-

2 0 . 9 6 ) 

9 2 . 9 9 
( 9 2.17-

9 4 . 4 9 ) 

1 4 . 3 9 
( 9 . 9 7 -
18.82) 

9 0 . 1 6 0.73 
( 0.55-

0 . 9 4 ) 
Oats 
( d o u b l e ) 

1 9 . 1 
(Mi..Q-

*22 .1 ) 

10.64 
( 8 . 4 3 -
' 1 3.55) 

0 . 6 2 
( n I. Q_ 
'6!84) 

1 0 . 0 2 
( S nn_. 
\ ^ . *j w • 

1 2.82) 

94.17 ( 0 n c JI \ y«- • J 1 — 

9 5 . 1 1 ) 

9 . 7 2 
( -7 —1—3 
\ I • i t -

1 2 . 4 4 ) 

91 . 35 
( 0 . 4 2 -

0 . 6 0 ) 
Wheat 1 9 . 5 

( 1 0 . 0 -
2 3 . 0 ) 

1 3 . 9 8 
( 1 2 . 6 0 -

1 5 . 3 7 ) 

1 . 7 9 
( 1 . 4 0 -

2.13) 
1 2 . 1 9 

( 1 0 . 9 9 -
1 3.19) 

8 7 . 2 0 
( 8 5.82-

3 9 , 4 9 

11 .82 
( 1 0 . 6 6 -

1 2 . 7 9 ) 

8 4 . 5 5 0 . 6 1 
( 0.52-

0 . 6 5 ) 
Acorns 
( s i n g l e ) 

1 5 . 0 
( 1 2 . 3 -

1 9 . 1 ) 

8 . 2 9 
( 5 . 6 7 -

1 3 . 4 1 ) 

1 . 33 
( 0 . 3 9 -

3 . 1 1 ) 

^ . 9 6 
( 5 . 0 3 -
1 0 . 3 0 ) 

8 3 . 9 6 
( 7 6 . 8 1 -

9 3 . 1 2 ) 

6 . 7 5 
( 5 . 1 2 -
9 . 9 9 ) 

81 . 4 2 0 . 4 5 
( 0 . 2 7 -
0 . 5 9 ) 

A c or ns 
(double ) 

1 5 . 4 
( 1 2 . 5 -

18.1+) 

4 . 4 3 
( 2 . 0 2 -

5 . 8 9 ) 

0.82 
( 0.26-

1 . 4 6 ) 

3 . 6 1 
(1 . 6 5 -

5 . 1 9 ) 

81 . 4 9 
( 7 5.28-

9 5 . 2 3 ) 

3 . 5 0 
( 1 . 6 0 -
5.03) 

7 9 . 0 1 0 . 2 3 
( 0 . 1 0 -

0 , 3 6 ) 
B l u e b e l l 
conns 

1 5 . 4 
( 1 2 . 8 -
1 8 . 0 ) 

8 . 7 8 
f ~> -1 r 
\ 1 O O -

9 . 1 6 ) 

1 . 7 8 
( 0 . b 7 -

2 . 5 3 ) 

7 . 0 0 
( 6 . 4 9 -

7 . 5 5 ) 

7 9 . 7 3 
( 7 2 . 1 7 -

8 8.18) 

6 . 6 5 
( 6 . 1 7 -

7 . 1 7 ) 

7 5 . 7 5 0 , 4 3 
( 0 . 3 9 -

0 . 6 9 ) 
v.eechipast 
Mixed 
Oats ^ 
Greens 

2 2 . 7 
2 3 . 1 
2 2 . 9 
2 2 . 4 

1 3 . 2 5 
15.18 
1 3 . 0 1 
1 2 . 7 5 

0.95 
1 . 8 5 
1 . 4 2 
2 . 8 8 

12.30 
1 3 . 3 3 
11 . 5 9 

9 . 8 7 

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

11 . 7 9 
1 2 . 9 0 
11 . 2 0 

9 . 2 3 

38 . 9 8 
8 4 . 9 8 
8 6 . 0 9 
7 2 . 3 9 

0 . 4 6 2 
0.446 
0 . 4 2 2 
0 . 4 0 1 

Mean values o b t a i n e d i n f e e d i n g e x p e r i m e n t s , a l l v a l u e s based on a p p r o x i m a t e l y 3 0 r e a d i n g s 
w i t h a w e i g h t change o f l e s s t h a n 1.Og/day, Range shown i n b r a c k e t s . 
1 . Values t a k e n f r o m Drozclz ( 1 9 6 8 b ) , the energy f l o w f i g u r e s were c o r r e c t e d f o r w e i g h t 

change and e f f e c t o f the n e s t . 
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TABLE 4 

D i e t % o f 
w a t er 

% O f 
ash 

% of o r g a n i c 
m a t t e r 

C a l o r i f i c v a l u e 
i n K c a l / g / a s h -
f r e e d r y w e i g h t 

Oats 10.8 3 . 1 9 6 . 9 4 . 7 7 
Oats ( G o l l e y ) - - - 4 - 2 4 
Oats (Drozdz) 1 5 . 0 1.71 9 8 . 2 9 4 . 3 9 
Oats faeces 26 . 0 1 8 . 0 6 2 . 0 4 . 9 5 
Oats faeces (Drozclz) - 6 . 8 ! 9 3 . 1 5 5 . 3 2 

'.'rheat 9 . 9 2 . 6 9 7 . 4 4 . 3 2 

Wheat ( G o l l e y ) - - - 4.28 
Acorns 1+0.1 2 . 9 9 7 . 1 4 . 3 6 

Acorns (Drozdz) 1U.2V, 2 . 5 9 7 . 5 4 . 1 6 

4 . 2 CALCULATIONS 

From the v a l u e s o b t a i n e d f o r water c o n t e n t , ash c o n t e n t 

and c a l o r i f i c v a l u e of f o o d s t u f f s , and fr o m w e i g h t s o f f o o d 

consumed and faeces produced, energy budgets were c a l c u l a t e d 

f o r each a n i m a l on each day. Prom t h e e q u a t i o n s g i v e n i n 

S e c t i o n 1 . 0 the t o t a l energy d i g e s t e d per day and t h e 

percentage d i g e s t i o n were c a l c u l a t e d as a l s o were t he energy 

a s s i m i l a t e d per day and t h e percentage a s s i m i l a t i o n . On the 

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

Kc a l / g l i v e w e i g h t / d a y was det e r m i n e d . 

The w e i g h t s o f v o l e s were t h e n examined f o r any wei g h t 

changes d u r i n g t h e 24 h. p e r i o d . I n a l l cases where the 

change exceeded 1 g. these r e s u l t s v/ere r e j e c t e d f o r reasons 

d i s c u s s e d i n S e c t i o n 7 . 3 . Using these r e m a i n i n g r e s u l t s mean 



v a l u e s were c a l c u l a t e d i n each experiment f o r : l i v e w e i g h t , 

energy consumed and a s s i m i l a t e d , and energy f l o w . The mean 

v a l u e s f o r percentage d i g e s t i o n an i a s s i m i l a t i o n were a l s o 

d e t e r m i n e d . The mean, values are uhown i n Table 3. 

k.3 DISCUSSION 

The amount of f o o d t a k e n i n by an a n i m a l depends upon 

a v a r i e t y o f f a c t o r s , i n p a r t i c u l a r the energy c o n t e n t and 

th e presence of d i f f e r e n t m a t e r i a l s i n the f o o d . High 

energy i n t a k e r.iay be o f l i t t l e use i f an an i m a l has a h i g h 

p r o t e i n r e q u i r e m e n t and t h e r e i s l i t t l e a v a i l a b l e i n t h e 

food . 

No s e p a r a t e analyses o f f a t , p r o t e i n , c a r b o h y d r a t e and 

f i b r e c o n t e n t o f the U f o o d s t u f f s and faeces were made i n 

t h i s s t u d y , so some o f t h e values g i v e n by Droads ( 1 9 6 8 b ) 

have been used. 

The energy consumed minus the energy i n the faeces 

g i v e s a v a l u e f o r energy d i g e s t e d . A number r f workers 

have de t e r m i n e d the percentage of f o o d d i g e s t e d by s m a l l 

r o d e n t s : Hawkins and J e w e l l ( 1 9 6 2 ) found t h a t the common 

shrew (Sorex araneus) d i g e s t e d a'-;out 9 0 - 9 2 .5f. of t h e energy 

consumed. "DroacLz ( 1 9 6 8 a , b ) , w o r k i n g w i t h C l e t h r i o n o m y s , 

f o u n d that, d i g e s t i o n v a r i e d between 77/< and 9U1. Kaczmarski 

( 1 9 6 6 ) a l s o determined a v a l u e f o r Clet.hrionomys of 3Cfi 

d i g e s t i o n . The percentage of d i g e s t i o n i s c o n t r o l l e d m o s t l y 

by the f i b r e c o n t e n t o f f o o d and i n ruminants d i g e s t i o n can 

http://Clet.hr
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f a l l as low as 30??. ( B l a x t e r , 1962). I n a l l cases measured 

i n t h e p r e s e n t study the c a l o r i f i c value o f t h e faeces was 

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

i s dependent m a i n l y on t h e amount of f a t p r e s e n t , t h e r e s u l t s 

i n d i c a t e th".t the oercentage o f f a t i n the faeces i s h i g h e r 

t h a n i n the f o o d . On t h e d i e t o f o a t s , f o r i n s t a n c e , t h e 

c a l o r i f i c v a l u e of tn.e faeces exceeded t h a t o f the f o o d even 

though t he faeces ha3 a l o v e r percentage c o n t e n t o f o r g a n i c 

m a t t e r . Thus i t would appear t h a t C l e t h r i o n o m y s i s a b l e t o 

d i g e s t r a t h e r l i t t l e f a t . As Tattle 2 shows, the c a l o r i f i c 

v a l u e of b l u e b e l l faeces was v e r y h i ^ h and t h e p r o p o r t i o n 

o f energy d i g e s t e d was much lower t h a n on o t h e r d i e t s , w h i c h 

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

t i o n o f f a t , or t h a t t h e v o l e s were a b l e t o d i g e s t even 

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

Drozdz's (1968b) s t u d y , t h e e t h e r e x t r a c t o f oats was 7.36? 

w h i l s t t h a t of the faeces was 1^.25/ . - , and i n a l l cases 

where the f a t c o n t e n t o f t h e faeces f e l l below t h a t o f the 

f o o d ( e . g . on t h e beech;nast d i e t ) t h e c a l o r i f i c v a l u e o f 

t h e faeces was lowe r t h a n t he value f o r f o o d . 

I t would appear from Drozdz's work t h a t on c e r t a i n -

d i e t s 0 l e t h r i onomys .is capable o f d i g e s t i n g some f a t , 

b u t t h a t on the d i e t s used i n t h i s work v e r y l i t t l e f a t 

was d i g e s t e d . 
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Energy l o s s e s i n a s s i m i l a t i o n v / i l l depend on the 

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

These two f a c t o r s ars p a r t l y c o n t r o l l e d "by water c o n t e n t o f 

t h e d i e t and t h e p r o p o r t i o n o f n i t r o g e n compounds p r e s e n t . 

As Brody ( 1 9 4 5 ) has shown, ahout 5% of energy a s s i m i l a t e d 

i s used i n t h e f u n c t i o n i n g o f the kidn e y s and so a change 

i n u r i n e p r o d u c t i o n could have an a p p r e c i a b l e e f f e c t on 

metabolism. C a l o r i f i c v a l u e o f u r i n e i s u s u a l l y determined 

by Ni jkamp's method ( 1 9 6 5 ) . 

I t was not p o s s i b l e i n t h i s work t o measure u r i n e 

p r o d u c t i o n and an e s t i m a t e d v a l u e was used. Brody ( 1 9 4 5 ) 

d e t e r m i n e d a 9% energy l o s s i n c a t t l e t h r o u g h u r i n e and 

rumen gas and B l a x t e r ( 1 9 6 2 ) found t h a t t h e l o s s o f d i g e s t e d 

energy i n c a t t l e r a r e l y f e l l below 5f'. Davis and G o l l e y ( 1 9 6 3 ) 

suggested t h a t t h e energy l o s s i n h e r b i v o r e s was i n the 

r e g i o n o f 5?' and Drozclz ( 1 9 6 8 a , b) found a range of v a l u e s 

f o r t h e bank v o l e , depending on d i e t , v a r y i n g between 3 . 1 3>.' 

and 5.82%. I n t h i s s t u d y e s t i m a t e d v a l u e s o f 3% l o s s o f t h e 

a s s i m i l a t e d energy i:n the case of o a t s , wheat and acorns and 

5?' l o s s f o r b l u e b e l l s were used. These va l u e s gave a range 

of a s s i m i l a t i o n f r o m 7 5 . 7 5 % "to 9 0 . 1 6% ( T a b l e 3 ) . A s s i m i l a ­

t i o n was c a l c u l a t e d a l s o by Conover's ( 1 9 6 6 ) f o r m u l a and 

gave the f o l l o w i n g r e s u l t s shown a l o n g s i d e t h e percentages 

d e t e r m i n e d i n t h i s s t u d y . 



TABLE 5 

D i e t Values f r o m 
p r e s e n t work 

Conover's 
f o r m u l a 

Oats ( s i n g l e ) 9 0 . 1 6 81 . 9 

Oats ( d o u b l e ) 91 . 3 5 80 . 8 8 

Wheat 8k. 55 7 0 . 0 0 

Acorns ( s i n g l e ) 81 ,k2 7 3 . 7 k 

Acorns ( d o u b l e ) 7 9 . 0 1 66.67 
B l u e b e l l s 7 5 . 7 5 7 9 . 3 5 

1 
Beechmast 88.98 81 . 2 5 

1 
Mixed 84.98 66 . 7 6 

Oats 1 86 . 0 9 7 6 . 1 2 

1 
Greens 7 2 . 3 9 5 5 . 1 7 

( 1 - Values t a k e n f r o m Drozdz, 1 9 6 8 b ) . 

Conover's method i s based on the r a t i o of the ash 

c o n t e n t o f the fo o d t o t h a t o f the faeces produced. I f t h e 

assumption t h a t d i g e s t i v e processes a c t o n l y on the o r g a n i c 

c o n t e n t of f o o d i s c o r r e c t t h e n Conover's method would g i v e 

t h e ' t r u e ' f i g u r e f o r a s s i m i l a t i o n . I n a l l b u t one o f t h e 

a'.ove values the c a l c u l a t e d f i g u r e i s lo w e r , t h i s would be 

e x p l a i n e d i n two ways: ( 1 ) energy l o s s i n t h e u r i n e i s f a r 

g r e a t e r t h a n has been c a l c u l a t e d ( 2 ) some o f the i n o r g a n i c 

m a t e r i a l i s b e i n g removed. The second e x p l a n a t i o n i s t h e 

more l i k e l y f o r a t p a r t i c u l a r p e r i o d s the demand f o r 



i n o r g a n i c m a t t e r must be h i g h e,g. d u r i n g r a p i d growth and 

pregnancy. Even d u r i n g a d u l t l i f e t h e r e w i l l be some need 

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

f e d on b l u e b e l l s c o u l d be due however t o an o v e r e s t i m a t e of 

energy l o s s i n t h e u ^ i n e . 

F i n a l l y , energy f l o w measured as K c a l / g body w e i g h t 

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

r e s u l t s were expressed i n t h i s manner f o r comparison. 

The most s t r i k i n g f e a t u r e i s the wide range of values 

f o r maintenance c o s t s . O v e r a l l mean, d a i l y w e i g h t changes 

on o a t s , wheat, acorns and b l u e b e l l s were 0 . 8 g , 0 . 8 g , 0 . 7 g 

and 0 . 5 g r e s p e c t i v e l y . A l l o w i n g f o r d i f f e r e n c e s i n t h e 

w e i g h t o f t h e animals i n each experiment i t means t h a t i n 

s p i t e o f a l a r g e range i n energy f l o w on d i f f e r e n t d i e t s 

t h e r e was l i t t l e d i f f e r e n c e i n w e i g h t change. Other p u b l i s h e d 

v a l u e s f o r energy f l o w ( q u o t e d i n "Drosclz, 1 9 6 8 b ) l i e between 

0 . 3 2 - 0 . 9 6 Kcal/g/day where s i m i l a r t e c h n i q u e s have been used. 

R e s u l t s u s i n g r e s p i r o m e t e r s and oxygen consumption t e c h n i q u e s 

v a r y s l i g h t l y . One is f o r c e d t o conclude t h a t an animal 

p r o b a b l y has t o compromise between f o o d and energy r e q u i r e ­

ments. On b l u e b e l l s f o r i n s t a n c e t h e y p r o b a b l y o b t a i n 

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

w i t h a lower energy i n t a k e t h a n on o a t s . I n the w i l d where 

a c h o i c e of f o o d m a t e r i a l i s a v a i l a b l e t h i s problem may not 

a r i s e . I t poses the problem o f how the ani m a l accommodates. 



Does i t "burn up" energy i f too much i s t a k e n i n ? 

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

energy because o f t h e n a t u r e of t h e food and have t o adapt 

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

The obvious c o n c l u s i o n i s t h a t energy measurements on 

mammals i n t h e l a b o r a t o r y may bear l i t t l e r e l a t i o n s h i p t o 

e n e r g e t i c s i n the f i e l d . 

k.k ENERGY FLO,7 AS A FUNCTION OF BODY SIZE 

That energy i n t a k e bears a r e l a t i o n s h i p t o body s i z e 

i s s e l f e v i d e n t ; e l e p h a n t s eat f a r more food t h a n do mice. 

B i o l o g i s t s have been l o o k i n g f o r a l o n g w h i l e f o r some way 

i n w h i c h t h e energy f l o w o f home©therms o f d i f f e r e n t w e i g h t s 

may be compared. The problem i s c o n s i d e r e d by K l e i b e r 

( 1 9 6 1 , 55) who p o i n t s out t h a t as e a r l y as 1839 i t was 

r e a l i s e d t h a t m e t a b o l i c r a t e was more c l o s e l y c o r r e l a t e d 

w i t h s u r f a c e area t h a n w i t h body s i z e . A l t h o u g h a r e l a t i o n ­

s h i p o f s o r t s e x i s t e d t h e r e was l i t t l e agreement on how t o 

measure t h e s u r f a c e area and i t seemed t h a t the law had t o 

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

t h e n found t h a t a l i n e a r c o r r e l a t i o n e x i s t e d between t h e 

l o g a r i t h m o f m e t a b o l i c r a t e and the l o g a r i t h m o f body s i z e , 

meaning • t h a t r a t e was p r o p o r t i o n a l t o a bod;'' w e i g h t t o a 

g i v e n power. A v a r i e t y o f v a l u e s were suggested i n c l u d i n g 

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

accuracy i n e n e r g e t i c s I The p r e s e n t accepted v a l u e i s t h a t 
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of % proposed by K l e i b e r , t h i s i s the v a l u e used i n i n t r a -

s p e c i f i c comparisons. B u t , w i t h i n a s p e c i e s such a 

r e l a t i o n s h i p may n o t h o l d t r u e or a s i m p l e r r e l a t i o n s h i p 

may be v a l i d . To t e s t t h i s i n t h e p r e s e n t s t u d y the r e s u l t s 

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

a g a i n s t t h e l o g a r i t h m o f body s i z e ( F i g u r e 1 ) . T h i s gave a 

v a l u e f o r " r " of O .835 f o r 32 degrees of freedom and 

p .< 0 . 0 0 1 . T h i s may be compared w i t h t h e r e s u l t s f o r t h e 

v o l e s l i v i n g i n p a i n s ( F i g u r e 2 ) , where t h e s l o p e o f the 

l i n e i s s l i g h t l y l e s u , showing t h e b e n e f i t s o b t a i n e d when 

t h e y are grouped. 

The r e s u l t s f o r the animals l i v i n g i n p a i r s were a l s o 

p l o t t e d i n two o t h e r ways; l o g a s s i m i l a t i o n / d a y a g a i n s t l o g 

body w e i g h t and body w e i g h t a g a i n s t a s s i m i l a t i o n / d a y . Both 

p l o t s gave good c o r r e l a t i o n s . The s u r p r i s i n g r e s u l t i s t h a t 

a good c o r r e l a t i o n can be shown no m a t t e r i n which form t he 

body w e i g h t o r a s s i m i l a t i o n i s expressed. D e a l i n g w i t h one 

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

w o u l d seem i m m a t e r i a l , which axes are used i n c o r r e l a t i n g 

energy a s s i m i l a t i o n and body w e i g h t . 
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4.5 •'VHAT HAS BE EE MEASURED? 

As i f the s t u d y o f energy f l o w were not d i f f i c u l t enough 

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

measuring d i f f e r e n t f a c e t s o f metabolism. I n t h i s work an 

a t t e m p t has been mads t o measure: 

1 . The amount o f energy needed (= a s s i m i l a t i o n ) f o r 

an animal's normal a c t i v i t y over 24 h. T h i s i s 

c a l l e d t h e Average D a i l y M e t a b o l i c Rate (ADMR). 

2 . The energy f l o w per gram body "weight when w e i g h t 

change i s l e s s than a gram per day. 

Much o f t h e e a r l y work on metabolism used t h e Basal 

M e t a b o l i c Rate (BMR) as a measure. Be n e d i c t ( 1 9 3 8 ) has 

i n d i c a t e d t he r e q u i r e m e n t s necessar.y b e f o r e t h i s can be 

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

t h e r m o n e u t r a l i t y , be i n a p o s t - a b s o r p t i v e s t a t e and show no 

muscular a c t i v i t y . T his c o n d i t i o n i s d i f f i c u l t t o a t t a i n , 

even more d i f f i c u l t t o measure and i s of v e r y d o u b t f u l v a l u e . 

The R e s t i n g M e t a b o l i c Rate (RMR) exceeds t h e BMR by t h e 

v a l u e o f the S p e c i f i c Dynamic A c t i o n (SDA) and i s measured 

i n q u i e t animals w h i c h have not been, f a s t e d . Many workers 

used t h i s measure i n c l u d i n g Gollev- (196O) and Odum et a l 

( 1 9 6 2 ) . Yet a n o t h e r measure has been t h e P a s t i n g M e t a b o l i c 

Rate (PMR) w h i c h has. been used much i n a g r i c u l t u r e and i s 

l i t t l e d i f f e r e n t f r o m the BMR. 

McNab ( 1 9 6 3 ) used v a l u e s of RMR and BlviR c o r r e c t e d f o r 
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a c t i v i t y e t c . t o produce a D a i l y Energy Budget (DEB). T h i s 

has been shown by G r o d z i n s k i and G o r e c k i ( 1 9 6 7 ) t o be l i t t l e 

d i f f e r e n t f r o m the ADMR. The ADi.IR was o r i g i n a l . ^ proposed 

by Pearson ( 1 9 4 7 , 4 8 ) . I t has t h e advantages of b e i n g easy 

t o measure, i s measured over 24 h i n s t e a d o f a s h o r t p e r i o d 

and i s p r o b a b l y t h e c l o s e s t a p p r o x i m a t i o n t o an animals 

r e a l r e q u i r e m e n t s . 



5 . 0 EXPERIMENTS OK VOLES LIVING IN FAIRS 

5.1 METHOD 
The "basic met ho 3 i s described i n Section 3 . 2 . One 

experiment involved 6 p a i r s of voles fed on oats, a l l the 
animals were males a.id 35 readings were obtained. The other 
experiment used 6 p a i r s of voles fed on acorns, a l l v/ere 
males an I L\.2 reading:1: were obtained. 
5 .2 RESULTS 

The normal procedure was used f o r c a l c u l a t i n g the energy 
budgets. Only the readings obtained when n e i t h e r animal i n 
a p a i r had changed i ; s weight by more than a gram were used. 
Results were c a l c u l a t e d and mean values determined f o r 
s i n g l e animals not pa i r s i . e . i n t a k e and output per day were 
d i v i d e d by two. I n a l l cases the p a i r s were arranged so t h a t 
animals of very s i m i l a r weight were together. The f i n a l 
r e s u l G s are then expressed, f o r a s i n g l e animal but l i v i n g 
i n a p a i r . Faecal analyses are shown i n Tables 3 , F and H. 
The energy exchange r e s u l t s are summarised i n Table 3 . 

Energy losses i n the urine were estimated as y' of energy 
digested, The mean './eight change f o r each animal per day 
was 0 . 7 g on both die?ts. 

Figure 2 shows energy a s s i m i l a t e d per day p l o t t e d 
against the logarithm of body weight. The c o r r e l a t i o n 
c o e f f i c i e n t was determined as 0.7!-i-3 f o r 12 degrees of freedom 
and p was equal to 0..01 . The regression equation was c a l c u ­
l a t e d : 

A s s i m i l a t i o n = 36 .806 l o g body weight - 33 .79 



2 9 . 

20 20 

8 

a 9 15 15 

3 

10 i 10 I! 

i! 

51 

OH 0 0 10 15 20 
Lorjari thn oi' l i v e bo'J 

Voles l i v i n g i : i .-iciirs. 
J i l l v a l u e J "•lo^te 1 are from friiirj -.-.'or-k. 



30. 

5.3 DiscugsioiJ 

''hen one considers the f o r n i ' l a o l e l i s t of f a c t o r s which 
act upon metabolism i t i s obvious t h a t experiments upon 
animals l i v i n g s i n g l y w i l l be d i f f i c u l t enough w i t h o u t 
considering what happens when two or more animals are placed 
together, vew workers have cemented on t h i s aspect and 
what r e s u l t s e x i s t are c o n f l i c t i n g . 

Hav/lcins and .Jewell ( 1 9 6 2 ) i n t h e i r studies on the 
metabolism of some s n a i l mammals did a l l t h e i r work on animals 
l i v i n g i n d i v i d u a l ^ except r o r harvest mice (Liicromys minutus) 
where there were 3 animals together. I n t h e i r r e s u l t s they 
found t h a t t h e i r food intake was considerably less than t h a t 
O.L' other small marnnais of equivalent s i z e . This they e x p l a i n 
by saving t h a t the harvest mouse seems a p l a c i d animal when 
compared w i t h shrews. Ponugaeva (19SO) found t h a t rodents 
kept i n groups of 3-5 lowered t h e i r metabolic r a t e by 8-17?'. 

Brown (1963) on the other hand, working w i t h house mice 
(Mas muscuius), found t h a t those l i v i n . " - at high d e n s i t i e s 
used 13f• more energy than when l i v i n g at low d e n s i t i e s . 
Tne a d d i t i o n a l expenditure was due to increased behavioural 
a c t i v i t y , grooini ng f or ins tance was inc rea s ed by 10 .9%. 

-.uckner (1961]-) also found t h a t increased d e n s i t y a f f e c t e d 
metabolism and i n h i s work shrews at 1+ to the acre used 
16-22£ more oxygen than those l i v i n g at 2 per acre. Gorecki 
(1968) discovered th a t bank voles i n groups of 2-1+ decreased 
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t h e i r DEB by 13/ and makes the useful p o i n t t h a t voles 
r e g u l a r l y huddle i n groups i n their? nests. Does t h i s mean 
th a t a l l energy c a l c u l a t i o n s f o r the vole are over-estimates 
because i n the w i l d t h e i r heat loss would be reduced by 
grouping? I t would appear t h a t when animals are kept i n 
groups there i s probably a' c o n f l i c t between the b e n e f i t s to 
be obtained bv huddling and the increased energy demand 
"brought about^the need f o r greater s o c i a l a c t i v i t y . I n the 
present work a f t e r an i n i t i a l period of aggression a l l the 
p a i r s s e t t l e d down and by the time the experiments were 
s t a r t e d had had a period of at l e a s t f i v e days together. 
Aggression was never seen again and the p a i r s showed huddling 
i n the nest and so would appear to have derived a b e n e f i t . 

The r e s u l t s summarised above may be compared w i t h the 
f i n d i n g s of the present work, described i n the s e c t i o n 
f o l l o w i n g . 
(a) The animals fed on oats, as can be seen from Table 2 , 

produced faeces w i t h a higher energy content than the faeces 
from oats-fed voles l i v i n g s i n g l y . The faeces of the former 
were higher i n energy content but only f r a c t i o n a l l y so. 
5 .02 instead of h.3r: Kcal/g. Added to t h i s the animals 
l i v i n g i n p a i r s both digested and a s s i m i l a t e d more of t h e i r 
ingested energy and so o v e r a l l were more e f f i c i e n t feeders. 
The explanation f o r t h i s i s d i f f i c u l t and the only possible 
answer i s t h a t they were i n d u l g i n g i n a greater amount of 
r e f e c t i o n or t h a t food passed through the gut more slo w l y . 
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Bank voles are known t o do t h i s (.Ashby - pers.comm.) but 
l i t t l e i s known of tl i e d e t a i l s . The energy flow c a l c u l a t e d 
on the basis of energy/gram was lower i n the grouped animals 
who were perhaps reducing t h e i r energy demand as a r e s u l t 
of reduced heat losses. The energy i n t a k e , d i g e s t i o n and 
a s s i m i l a t i o n were a l l lower, f u r t h e r evidence f o r the 
b e n e f i t s gained from huddling. The mean d a i l y weight change 
was 0 .7g compared w i t h 0 .8g f o r the voles l i v i n g s i n g l y so 
t h a t grouping c l e a r l y produced no greater tendency to gain 
or lose weight. 

(b) The group of animals fed on acorns produced extremely 
s u r p r i s i n g results., Their faeces d i f f e r e d l i t t l e i n 
composition from those produced by animals l i v i n g s i n g l y 
although t h e i r c a l o r i f i c value was a l i t t l e lower ( i i . 6 2 

instead of h.3J\ Ecal/g). I n view of the lar g e composition 
change of the faeces produced by the group l i v i n g on oats 
t h i s i s s u r p r i s i n g and using the previous explanation we can 
only suppose t h a t r e f e c t i o n i s not occurring w i t h these 
faeces. The percentage of ingested energy which was digested 
or a s s i m i l a t e d was lower than t h a t from the s i n g l e voles so 
i n f a c t i n t h i s case the animals were less ef f icieirfc. I n 
s p i t e of t h i s the erergy per gram l i v e weight was d r a s t i c a l l y 
reduced from 0.it-5 tc 0 .23 Ecal/g. The animals used were 
very s i m i l a r t o those i n the s i n g l e experiments as f a r as 
weight was concerned and had an average weight change of 
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0.7g compared w i t h 0.5g. I t would appear t h a t on a d i e t 
of acorns the voles were capable of obtaining t h e i r 
maintenance requirements from much smaller amounts of food. 
The c a l o r i f i c value of acorns was about the same as wheat 
and b l u e b e l l s so t h i s i s no explanation. Drozclz (1968b) 

did f i n d however t h a t the c o e f f i c i e n t of d i g e s t i b i l i t y of 
acorns was lower than would be expected. A possible explana 
t i o n i s t h a t voles cannot obtain s u f f i c i e n t , energy from 
acorns f o r normal a c t i v i t y and so are forced to modify 
t h e i r behaviour and spend longer periods r e s t i n g . I n the 
w i l d t h i s s i t u a t i o n would not a r i s e as acorns would probably 
be taken by the wood mouse and so the choice of acorns as an 
experimental d i e t was perhaps an unfortunate one. 

Over a l l the twc experiments have added l i t t l e t o what 
i s known of the e f f e c t of grouping and q u i t e c l e a r l y a l o t 
of work could be done on t h i s aspect. One obvious p o i n t i s 
th a t the e f f e c t w i l l depend very much on the h a b i t s of the 
p a r t i c u l a r animal e.g. whether much time i s spent i n the 
nest and whether t h i s time i s i n the company of other animal 
L-i-o.;cLz (1968b) i n h i s work allowed f o r a 20*. r e d u c t i o n of 
maintenance costs by the p r o v i s i o n of a nest so the reduc­
t i o n of heat losses by the presence of another animal must 
be considerable. This work has shown t h a t f o r the vole at 
l e a s t t h i s probably occurs and causes a 30-1 r e d u c t i o n i n 
maintenance when feci on oats. I t i s i n t e r e s t i n g to note 
t h a t i f the two regression l i n e s of Figures 1 and 2 are 



3k. 

combined they i l l u s t r a t e t h a t the b e n e f i t t o be gained from 
grouping i s p r o p o r t i o n a l l y greater f o r the smaller animals 
whose heat loss woul.l also be l a r g e r . 
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6 . 0 ANALYSIS OF ••./HOLE ANIMALS 
Most authors (Eavis and Golley, 1963; Grodzinski and 

Gorecki, 1967) have compared energy flow i n d i f f e r e n t animals 
on the "basis of Kcal/g l i v e weight. I n view of the work of 
Gorecki ( 1 9 6 7 ) who has shown t h a t dry matter and organic 
content vary throughout the year t h i s method of expressing 
r e s u l t s cannot he ccnsidered s a t i s f a c t o r y . Furthermore i f 
r e s u l t s are t o "be expressed on the "basis of th a t p a r t of the 
animal which i s mete.Toolically a c t i v e then we must s u r e l y 
take i n t o account the amount of f a t which i s present. Fat 
has "been described by Benedict ( 1 9 3 8 ) as "an energy demanding 
f a c t o r " v a r y i n g w i t h the age of the animal and the season. 
A number of people (King, 1 9 6 1 ; Evans, 1969; Newton, 1969) 

have shown the f a t content of b i r d s t o vary w i t h season. 
Evans (pers.comm.) s;ays t h a t the f a t content of Mlcrotus 
a g r e s t i s shows no regular v a r i a t i o n through the year. So 
f a r regular annual v a r i a t i o n i n f a t content has not been 
shown f o r any small rodent, Armsby and Moulton ( 1 9 2 5 ) and 
l a t e r Reid et a l (1955) have studied the f a t content of 
c a t t l e and sheep showing i t t o be h i g h l y v a r i a b l e and 
i n v e r s e l y r e l a t e d to the water content. They also conclude 
t h a t the p r o p o r t i o n s of p r o t e i n , water and mineral matter 
a l l change w i t h age; p r o t e i n and ash content i n c r e a s i n g and 
water content decreasing r a p i d l y i n the young animal. 
The constancy of composition of the body i s not a t t a i n e d 
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u n t i l very l a t e i n l i f e . 
6.1 METHODS 
(a) Five animals were examined, 2 caught i n the w i l d and 3 

a f t e r c a p t i v i t y f o r f o u r weeks. A f t e r removal of the 
stomachs and stomach contents the bodies were weighed, cut 
i n t o small pieces and the v/ater and ash content determined 
a f t e r the method described i n Section 3 . 3 . 

( b ) Pat e x t r a c t i o n s were done us in;; a m o d i f i c a t i o n of the 
method used by Odum (19<S0). A f t e r removal of the stomachs 
and t h e i r contents the bodies were d r i e d , 'weighed, ground 
i n an e l e c t r i c m i l l and b o i l e d i n petroleum ether i n a 
Soxhlet apparatus f o r 30 minutes. The f i l t r a t e was poured 
o f f and the b o i l i n g repeated w i t h f r e s h ether. At the end 
of the b o i l i n g the residue was r e t a i n e d , d r i e d and weighed. 

S t r i c t l y speaking petroleum ether does not give a t r u e 
f i g u r e f o r l i p i d s as i t dissolves out some waxes and o i l s . 
This i s compensated f o r to some extent by l i p i d s which 
ether cannot remove. 

6 .2 RESULTS AND DISCUSSION 
The r e s u l t s are shown i n the f o l l o w i n g t a b l e . There 

i s obviously i n s u f f i c i e n t m a t e r i a l to show any r e a l 
d i f f e r e n c e s . A l l '.'/eights are shown i n grams. 



TABLE 6 

No. of animal 11 12 13 17 19 

Wet weight 11.731 14.034 15.472 16.371 17.077 

Dry weight 3.595 4.690 4.132 5.196 5.337 

% dry matter 30.6 33.4 26.7 31 .7 31 .3 

% water 69.4 66.6 73.3 68.3 68.7 

Dry weight 3.559 4.690 4.096 5.186 5.294 

Ash weight 0 .560 0.666 0.653 0.861 0.933 

f<- organic matter 84.3 85.8 84.1 83.4 82.4 

% ash 15.7 14.2 15.9 16.6 17.6 j 

Animals 1 1 , 12 , 13 were l a b o r a t o r y animals, 17 and 19 
were caught i n the w i l d . 

The mean value for dry matter content was 30.7% w i t h 
l i t t l e d i f f e r e n c e between the w i l d and l a b o r a t o r y animals. 
The w i l d animals however had a s l i g h t l y lower organic content, 
probably because the l a b o r a t o r y voles had deposited f a t . 
I n the f i e l d g reater energy demands would be made on the 
animal i n searching f o r food, temperature r e g u l a t i o n and 
s o c i a l behaviour. 'j-orecki ( 1 9 6 7 ) found t h a t water and ash 
content v a r i e d throughout the year,, the values of the l a t t e r 
were lower than recorded i n t h i s work. Differences i n d i e t 
would probably account f o r d i f f e r e n c e s i n body content. 

The r e s u l t s of the f a t analyses were v a r i a b l e but the 
23 caught i n the w i l d and 6 from c a p t i v i t y had mean f a t 
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values (as a percentage of dry matter) of 11.8% and 18.1$. 
The higher values f o r the captive animals were i n agreement 
w i t h t h e i r organic content values. 

On the "basis of these f i g u r e s i t can he seen t h a t the 
v/eight of m e t a b o l i c a l l y a c t i v e t i s s u e present can vary 
appreciably and might i t not be more accurate i f comparisons 
were made w i t h energy f l o w expressed i n r e l a t i o n t o dry 
weight, ash-free and f a t - f r e e . 
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7 . 0 ?m; STARVATION EXPERIMENTS 

A series of experiments were performed i n an attempt 
to determine the energy cost ?above normal maintenance 
requirements, of p u t t i n g on weight. I t was also hoped t o 
determine the energy released by breakdown of body m a t e r i a l . 

7.1 METHODS 
(a) I n one experiment 6 voles were fed on oats and 6 on corn. 
A f t e r the normal a c c l i m a t i s a t i o n period and i n t r o d u c t i o n t o 
the d i e t they were deprived of food f o r 2k h. though water 
was supplied. The faeces produced during t h i s period were 
c o l l e c t e d and analysed l a t e r i n the normal way. The faeces 
produced during the f o l l o w i n g 2/4 h. were also c o l l e c t e d and 
analysed. I n a l l other respects the experimental procedure 
was the same as that used during the normal feeding e x p e r i ­
ments . 

(b) One short experiment involved 5 animals fed on a d i e t of 
oats. IVese were starved over 18 h. and t h e i r weight taken 
at r e g u l a r i n t e r v a l s d u r i n g the p e r i o d . The faeces were not 
c o l l e c t e d i n t h i s experiment. 

7 .2 RESULTS 

The r e s u l t s of ;he f a e c a l analysis appear i n Tables 2 , 

N and P. The weight losses during the 2\\ h. s t a r v a t i o n and 

the weight gains over the f o l l o w i n g 2h h. are shown i n Table 

Q. 

The r e s u l t s of the f a e c a l analysis f o r the animals fed 
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on oats show t h a t during the 2h h. of s t a r v a t i o n they 
produced a small amount of faeces u s u a l l y weighing about 
0.1 g. These would have been produced from the food l e f t 
i n the gut when the experiment .as s t a r t e d . The water 
content of these faeces was lower than, the normal ones 
produced on the d i e t but the p r o p o r t i o n of organic matter 
and ash d i d not vary, so i t would appear t h a t the animals had 
extract e d more water from t h e i r faeces than was normal. This, 
combined w i t h the s l i g h t l y lower c a l o r i f i c value of the faeces, 
could suggest t h a t they were being r e t a i n e d i n the body f o r 
a longer period than was usual. During the f o l l o w i n g 2h. h., 
the water content changed by about 25$ to exceed the content 
of normal faeces, though again the ash and organic matter 
content b a r e l y a l t e r e d . The c a l o r i f i c value was only 0 .09 

Kcal/g below that recorded f o r normal faeces but i n every 
case i n the subsequent 2h h. the percentage of energy 
digested increased to around 95$ instead of the normal 91 . 3 5 $ . 

The animals d i d not take i n more food than was usual but 
obviously u t i l i s e d i t . a l i t t l e more e f f i c i e n t l y , t h i s 
could have been due t o the gut bein 2 empty before the food 
went i n . Perhaps i n some way t h i s increased the percentage 
or food digested and a s s i m i l a t e d . Pasting has been examined 
i n many animal species ( K l e i b e r , 1961 ) but t h i s aspect of 
change i n faeces has not been studied. The animal would 
see-T t o be able t o make up f o r f a s t i n g by increased e f f i c i e n c y 
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on the occasion when food i s returned. I t could however 
be due simply to the f a c t t h a t under normal circumstances 
c o l l e c t i n g the faeces gave one faeces r e s u l t i n g from food 
supplied on the previous day as w e l l as food from the day 
i n question, './hen an animal had been starved f o r 22+ h. t h i s 
would not apply, so the o v e r a l l amount of faeces c o l l e c t e d 
would be less than usual and give an impression of increased 
d i g e s t i o n and a s s i m i l a t i o n . I n view of the weight changes 
f o l l o w i n g the r e s t o r i n g of food (see l a t e r ) the most l i k e l y 
r e a c t i o n would be reduced a c t i v i t y . , U n f o r t u n a t e l y during 
t h i s work there was no way of recording a c t i v i t y or of 
measuring u r i n e production. 

The voles p r e v i o u s l y fed on wheat showed many changes 
s i m i l a r to those fed on oats but d i f f e r e d i n producing faeces, 
a f t e r s t a r v a t i o n , of a much lower c a l o r i f i c content (3.07 
instead of 2+.93 Kcal / g ) . This, a l l i e d to t h e i r much lower 
organic content, could be due only to t h e i r a s s i m i l a t i n g 
some high energy-level component such as f a t . The water 
content d i d not vary very much and the only major a l t e r a t i o n 
was i n the percentage: of organic matter. By the end of the 
f o l l o w i n g 22+ h. the components of the faeces were approaching 
n o r m a l i t y but s t i l l d i f f e r e d s u f f i c i e n t l y to have a c a l o r i f i c 
content of only 2+.3S Kcal/g. This i l l u s t r a t e s how l i t t l e 
can be done wi t h o u t d e t a i l e d analysis of the components of 
food and faeces e.g. p r o t e i n , f i b r e and e s p e c i a l l y f a t . 
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As i n the experiment described above, i n the 24 h„ a f t e r 
food was restored the percentage d i g e s t i o n exceeded the 
normal f i g u r e by about 5C/., 

7.3 RESULTS 0? THE SHORT FASTim •v^MEHT 
TABLE 7 

Time i n 
B.S.T. 

Animal number and weight Mean weight 
loss(grams.) 

Time i n 
B.S.T. 

1 0 10 14 16 

Mean weight 
loss(grams.) 

09 .00 1 6 . 6 20 .2 1 8 . 0 1 9 . 8 1 9 . 8 0 . 0 

1 2 . 0 0 1 6 . 4 20 .4 1 8 . 3 1 8 . 7 1 9 . 2 0 . 0 

1 5 . 0 0 1 6 . 3 20.1 17 .8 1 8 . 3 19 .5 0.5 

18 .00 1 6 . 2 20.1 1 8 . 0 18 .5 19 .1 0.5 

22 .00 1 5 . 6 | 19.6 1 7 . 4 18 .1 19 .5 0 .8 

0 3 . 0 0 1 5 . 6 19 .8 1 7 . 0 18 .1 19 .3 0 .9 

This f a s t i n g experiment l a s t i n g 18 h. was an attempt to 
f i n d how long an animal could e x i s t on the food l e f t i n t h e 

gut at the beginning of the experiment and the energy 
obtainable from, glycogen i n the l i v e r . A f t e r t h i s period 
the animal would lose weight at the expense of i t s own body 
t i s s u e . I f t h i s p o i n t could be determined i t would allow 
the c a l c u l a t i o n of the energy released by breakdown of 
body t i s s u e i n the f i r s t s t a r v a t i o n experiments. 
7 . 4 DISCUSSION 

Drozclz (1968b) introduced a c o r r e c t i o n f o r changes i n 
body weight during h i s experiments assuming them a l l t o be 



the r e s u l t of gain or loss of "body t i s s u e . This i s an 
obviously erroneous assumption as a v a r i e t y of f a c t o r s e.g. 
an empty gut or f u l l bladder could w e l l be responsible. He 
accepted the values of Kin " (1961) t h a t a decrease i n weight 
was due to the breakdown of f a t , r e l e a s i n g 7 Kcal/g of 
energy, ,/eight increase involved energy above maintenance 
requirements at the rate of 1U Kcal/g, of t h i s however only 
§ g was high energy f a t , the r e s t being water, p r o t e i n s and 
carbohydrates, so tins cost was reduced to 9 Kcal/g. Keys and 
Brozeck (1953) suggested values of 6 Kcal/g. B l a x t e r (1962) 

shows tha t the nature of m a t e r i a l which i s deposited means 
t h a t i n c a t t l e at l e a s t i t s c a l o r i f i c value could vary 
between 1.5 Kcal/g a..id 9.3Kcal/g depending on age and d i e t . 
Therefore any "gains i n body weight cannot give any precise 
i n f o r m a t i o n about the gain of energy by the body." when 
the nature of the increase and decrease i n body composition 
i s not known and the v a r i a t i o n due to other f a c t o r s i s ignored 
the d i r e c t a p p l i c a t i o n of these values becomes unacceptable. 

Two approaches were used and c a l c u l a t i o n s were based 
only on those animal?.-; whose weight change exceeded 1 g. 
•The f o l l o w i n g r e f e r to weight losses: -
1 . The values obtained i n the 1 5 h. f a s t i n g would suggest 
t h a t weight i s l o s t r a p i d l y over about 9 hours. So we can 
assume t h a t the animal i s capable of l i v i n g f o r about 9 hours 
on i t s gut contents and glycogen before breaking down i t s 
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f a t reserves. Using the values obtained i n the feeding 
experiments i t was possible t o c a l c u l a t e how much energy 
would "be r e q u i r e d t o e x i s t f o r the remaining 15 hours. This 
energy would then have to come from the weight loss minus 
0.5 g which could he explained "by other f a c t o r s , e.g, an 
animal weighing 17»1 g would r e q u i r e 8.05 Kcal t o l i v e f o r 
18 h., t h i s was supplied by 2.i+-0.5 g. Therefore the energy 
release was 3.96 Kcal/g. Using t h i s method mean values of 
3.93 and 3.12 Kcal/g were obtained f o r the animals f e d on 
oats and wheat r e s p e c t i v e l y . 

2. The second approach s t a r t e d w i t h the assumption t h a t any 
animal would conta i n about 5?' of i t s d a i l y energy requirements 
i n i t s gut (see Section 9.3). Thus the weight.loss minus 
0.5 g would be s u f f i c i e n t to supply an animal w i t h 957=' of 
i t s d a i l y needs. Values of 6.09 and U.57 Kcal/g were 
obtained f o r the oat:-:, and wheat. 

The f o u r d i f f e r e n t r e s u l t s obtained i l l u s t r a t e t h a t the 
assigning of any value v/ould be pu r e l y a r b i t r a r y and t h a t the 
value probably depends to some extent on the d i e t on which 
the animal was feeding. There i s i n a l l p r o b a b i l i t y a 
re d u c t i o n i n searching behaviour and i f a c t i v i t y were reduced 
i t would mean t h a t the animals energy requirements f o r a day 
would also be reduced. 

The weight gains; were extremely d i f f i c u l t t o exp l a i n 

and i n nearly every case the energy a c t u a l l y a s s i m i l a t e d was 
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equal t o the energy c a l c u l a t e d to meet normal maintenance 
requirements. This 2an only mean th a t on the days f o l l o w i n g 
f a s t i n g maintenance requirements were lower than normal so 
t h a t the energy a c t u a l l y taken i n was s u f f i c i e n t f o r main­
tenance arid the d e p o s i t i n g of f r e s h body m a t e r i a l . The 
only explanation again i s t h a t perhaps the a c t i v i t y cycle 
was a l t e r e d so reducing the energy expenditure. Also on 
these days t h e percentage d i g e s t i o n and a s s i m i l a t i o n exceeded 
normal. 

The weight changes shown duri n g the normal feeding 
experiments were not used i n these c a l c u l a t i o n s as i t was 
f e l t t h a t f a r too many unknown f a c t o r s were involved to make 
the r e s u l t s at a l l v a l i d . On most occasions however when 
weight i n excess of ' g was put on the energy a s s i m i l a t i o n 
exceeded normal and vice-versa when weight was l o s t . These 
r e s u l t s were extremely v a r i a b l e . 

I n conclusion, "She r e s u l t s obtained i n d i c a t e t h a t the 
breakdown of body m a t e r i a l released i n the region of 3-6 
Kcal/g. No s a t i s f a c t o r y f i g u r e could be obtained f o r the 
cost of p u t t i n g oh weight. 
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8.0 DEPRIVATION OF WATER 
At t'.ie conclusion of the s t a r v a t i o n experiments 6 voles 

fed on oats and 6 voles fed on wheat were deprived of water 
f o r 2L+ h. on two occasions. Pood was supplied i n a normal 
manner and the r e s t of the experimental procedure was 
normal. 

The r e s u l t s obtained were d i f f i c u l t t o analyse and, 
as t h i s aspect of the voles "biology has not previously been 
i n v e s t i g a t e d , no comparative r e s u l t s e x i s t . I n a l l cases 
when water was removi3d the energy intake dropped d r a s t i c a l l y 
to a mean value of 3.95 Kcal/day i n the case of oats fed 
and 3.05 Kcal/day i n the case of wheat fed animals. This 
can he compared w i t h a normal intake of 15.96 Kcal/day and 
13.98 Kcal/day r e s p e c t i v e l y . The f a e c a l output was higher 
than would "be expected due to faeces produced from food 
taken i n on the previous day and t h i s had the e f f e c t of 
g i v i n g an apparently lower percentage d i g e s t i o n and a s s i m i l a ­
t i o n . I n f a c t on some days the energy in t a k e was less than 
the energy content of the faeces produced. 

On the oats diet, the r e d u c t i o n i n energy content of the 
faeces compared w i t h the normal faeces was accompanied "by a 
drop i n organic matter, where t h i s was measured as a percent­
age of dry matter present. The same s i t u a t i o n applied i n 
the case of animals fed on wheat, t u t here the drop i n 
c a l o r i f i c value went w i t h a very small drop i n organic 
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content; 8.2;?' t o 7.4'& of dry matter. This would i n d i c a t e 
not 

t h a t the lack of water was f l o w e r i n g -even gag-thai?- the voles 
a b i l i t y to digest f a t . and oould w o l l "bo due to the higher 
f i b r e content of—wheat aa compared v:ith- 'oata. Drozdz 
(1968a) has shown t h a t the vole i s characterised "by a wide 
range of d i g e s t i b i l i t y c o e f f i c i e n t s f o r d i f f e r e n t d i e t s . 

The removal of ".vater f o r 2L\. h. r e s u l t e d i n a consider­
able weight l o s s , mean values of 2,5g f o r oats and 2.8g 
f o r wheat were recorded f o r each day. These r e s u l t s can 
be compared w i t h the mean weight losses of 2.7g and 2.6g 
on oats and wheat during the 2 1 + h. s t a r v a t i o n experiments. 
So i n s p i t e of t a k i n g i n over 3 Kcal/day the animals s t i l l 
l o s t weight i n the same amounts as when t h e i r energy input 
had been n i l . Presumably most of the weight loss i n the 
animals deprived could be accounted f o r i n water loss i . e . 
some dehydration and the lack of u r i n e . I d e a l l y one would 
re q u i r e s u f f i c i e n t m a t e r i a l t o analyse body components at 
the end of the period without water. I t does however 
i l l u s t r a t e the inaccuracy of assuming t h a t a l l weight losses 
could be accounted f o r by the breakdown of body f a t . 

I n the 2L h. f o l l o w i n g the lac k of water the weight was 
q u i c k l y regained, i n the case of oats a mean weight gain of 
1 ,5g was found and 2 . 1 g i n the animals fed on i:/heat. I n a 
f u r t h e r 2 4 h. the oa;s fed animals had made a mean gain of 
2.1 g and the wheat fed a gain of 2 . 5 g . The animals fed on 



oats assimilated, on average 11,70 Kcal/day and 12,53 
Real/day i n the 2I4 h. and 48 h. a f t e r the experiments. 
The animals fed on wheat l i k e w i s e a s s i m i l a t e d 10.47 Kcal/day 
and 9.04 Kcal/day. I n "both cases these values f a l l below 
the respective means under normal conditions which means 
th a t the animals wers q u i t e capable of p u t t i n g on a 
considerable amount of weight ( i n the region of 10%) 
besides i n d u l g i n g i n normal a c t i v i t y . This adds f u r t h e r t o 
the evidence t h a t i t i s very d i f f i c u l t when an animal loses 
weight t o judge p r e c i s e l y what has been l o s t . C l e a r l y water 
loss must play a considerable part.. 
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9.0 THE ENERGETICS OF VOLES IN THE FIELD 
Golley (1967) has been c a r e f u l t o p o i n t out th a t too 

much work on energetics has made f a r too many assumptions. 
Energy studies normally consist of t a k i n g a number of 
animals from a po p u l a t i o n and su b j e c t i n g them t o a series 
of t e s t s w h i l s t i n a completely strange environment. The 
f a c t o r s a f f e c t i n g metabolism are numerous (see Section 1.0). 
Findings are then extrapolated to the f i e l d and the popula­
t i o n on the outcome of r e s u l t s from i s o l a t e d i n d i v i d u a l s . 
Much of t h i s present work was perfo r c e of t h i s nature but 
an attempt was made bo determine energy intake i n the f i e l d . 

9.1 METHODS 
( s ) Animals were caught (Section 3.1) i n break-back traps 
i n Houghall ,/ood. They were s l i t open and the stomachs and 
t h e i r contents removed: the remainder was weighed. The 
stomach contents were scraped out onto a watch glass and 
weighed. They were -;hen placed i n an. oven at 65°0 and 
d r i e d to constant we:.ght. Some of the d r i e d contents were 
selected and ashed i n a muffle furnace. A l l the remaining 
d r i e d samples were ground up i n a p e s t l e and mortar and t h e i r 
c a l o r i f i c content determined i n the bomb c a l o r i m e t e r , 
( b ) A sample of 10 voles which had been i n c a p t i v i t y f o r 
some time were k i l l e d , at i n t e r v a l s during a 2L\. h. per i o d . 
These had been on a d i e t of cats f o r 10 days and i t was 
intended t o determine from the c a l o r i f i c content of food i n 
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the gut the number of times the;• f i l l e d t h e i r gut i n a 
day, knowing t h e i r energy requirements from previous 
experiments. The gut samples were t r e a t e d i n the same way 
as those recovered from animals k i l l e d i n the w i l d . 
9.2 RESiJLTS 
(a) A t o t a l of 22 guts was analysed (Table 8) and of these 
2 cane from Juveniles and were l e f t out of the general 
c a l c u l a t i o n s an th c i - * energy int a k e i s f a r d i f f e r e n t from 
t h a t of an a d u l t . Using the r e s u l t s from the bomb c a l o r i ­
meter the energy content of each r u t '."/as c a l c u l a t e d and 
also the c a l o r i f i c value of 1g, of the gut contents. A mean 
l i v e weight f o r the. twenty adults was cal c u l a t e d as 1 8.1+g 
w i t h a mean r t content of -1.32 r C a " l s . The c a l o r i f i c value 
was corrected to ash-free weight, the ash content being 
determined, as 5.2f. The mean value f o r the energy content 
of the g :t samples was 1\..JI3 Kcal/g„ 

(b) The r e s u l t s of the l a b o r a t o r y animal:; analysed are shown 
i n Table 9. They had a mean l i v e :-:\-(ht of 15.kg and a mean 
value f o r stomach contents or 0.63 Kcal ta k i n g i n t o account 
the ash content which was determined as 5 J-!';- of the dry 
matter. Five complete guts "were combusted i n the bomb 
calorime t e r and gave a mean value f o r energy content of 

L i . 0 7 Kcal/g. 
To attempts ..ere made to analyse the gut contents 

which would have taken f a r too Ion/-. Food has been examined 



TABLy_j3 

A n i ­
mal Sex 

Live v.'eight 
minus s t o ­
mach and 
contents 

..ret weight 
of stomach 
contents 

Dry weight 
of stomach 
contents 

T"of~~ 
dry 

ma 11 er 
.Dry ash-
f r e e 
weight of 
stomach 
content s 

Calo­
r i f i c 
value 
of gut 
con-
t ent s 

Calo­
r i f i c 
value 
of 1g 
of gut 
contents 

Comments 
Date of 
capture 

6 <? 18.1 0.993 0.445 44.31 0.422 1 .66 nf. 
j • y<J 21 .5.69 

15 9 17.2 12.6.69 
17 9 16.7 12.6.69 
18 1 5. 4 12.6.69 
19 <** 17.2 12.6.69 
25 9 22.0 1 .534 0.502 32.72 0.476 2.00 4.16 19.6.69 
26 22,3 0.307 0.228 28.25 0.216 0.89 4.04 20.6.69 

- 1 . £ 1 .067 0.397 37 = 21 0 = 376 1 .49 ^ . Q6 
2Q o* 17.0 2.239 1 .062 47.43 1 .007 4 . 81 4.54 25,6.69 
30 21 .2 0.815 0.^69 33.01 0.255 1 .24 4.77 25.6.69 
31 9 21 .9 1 .076 0.402 37.36 0.381 1 .33 4.32 Pregnant, 

w i t h 4 
embryos". 25.6.69 

32 9 15.4 1 .933 0.823 42.58 0.780 3.45 4.42 25-6,69 
j j $ 28.0 1 .821 0.354 19.44 0.336 L a c t a t i n g 26.6.69 
34 ? 9.9 1 .404 0.672 47.86 0.637 3.65 5.45 Juvenile 26.6.69 
35 J* 

i 

21 .1 0.950 0.449 47.26 0.426 1 .80 4.19 26.6.69 



TABLP; 8 (Contd . ) 

A n i ­
mal Sex 

L i v e y/eight 
minus s t o ­
mach and 
contents 

Vet weight 
of stomach 
contents 

Dry './eight 
of stomach 
c ontents 

$ of 
dry 

matter 
Dry ash-

f r e e 
V/eight of 
stomach 
contents 

Calo­
r i f i c 
value 
of gub 
con­
ten t s 

Calo­
r i f i c 
value 
of 1 g 
of gut 
contents 

Comments Date of 
capture 

36 2a.3 0.470 0.133 28.30 0.1 26 Pregnant, 
w i t h 4 
embryos 26.6.69 

37 ? '19.7 1 .055 0.296 2b. 06 0.281 1 .1 2 4,00 L a c t a t i n g 26.6.69 
38 9 19.1 1 .0k7 0.459 43,84 0.435 1 .90 4.11* 26.6.69 
39 cT 18.3 0.826 0.325 39.35 0.308 1 .14 3.67 27.6.69 
40 cf 20.ii 0.738 0.187 25.34 0.177 0.73 4.06 27,6.69 

¥ 18.2 1 .15.'+ 0.248 21 .49 0.235 27.6.69 
42 ? 21 .9 1 .566 0.399 2 5.-48 0.378 1 .61 4.. 24 L a c t a t i n g 27.6.69 
43 17.7 1 .197 0.546 45.61 0.518 2,17 4.1 8 27.6.69 
kk ? 17.2 1 .268 0.338 37.51 0.320 1 .47 4.60 L a c t a t i n g 27,6,69 
45 •A 

o 16.9 0.603 0.223 27.77 0.211 28.6.69 
46 9 6.9 0.81 0 0.305 37.65 0. 289 1.18 J i 0"? c T u v e n i. 1 e 28.6.69 
47 9 17,8 1 ,202 0.450 37.44 0.427 1 .85 3 -92 28.6,69 
US 17.8 0.629 0.163 25.91 0.155 0.63 3.96 28.6.69 
49 9 1.7.8 1 .561 0.428 27,42 0.406 1 .67 4.07 28.6.69 
50 <* 19.8 1 .430 0.569 39.79 0.539 1 .79 3.31 28.6.69 

Analysis of animals k i l l e d i n the w i l d . Organic matter expressed as percentage of dry 
matter. C a l o r i f i c values of gut contents i n Kcal, weights shown i n grams. 
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by M i l l e r (195U), Crawley (1 9 6 5 ) , Drozcb (1966), Ashby 
( 1 9 6 7 ) and Watts (19 5 8 ) . Watts claimed th a t bank voles 
were completely herbivorous, e a t i n g mainly the leaves of 
woody pl a n t s instead of herbs and f i n d i n g , u n l i k e Drozdz, 
l i t t l e evidence f o r insect m a t e r i a l . The animals used i n 
t h i s work had guts containing what appeared to be only 
green m a t e r i a l the bu l k of i t i n many cases being bracken. 
Other p l a n t p a r t s were obviously present and some animals 
complicated the s i t u a t i o n by having eaten a considerable 
amount of oats (used as b a i t ) before being captured. 
9 .3 DISCUSSION 

The main purpose behind t h i s work was t o determine the 
number of times an animal f i l l e d i t s gut i n the f i e l d and 
by knowing the mean energy value f o r gut contents determine 
the energy i n t a k e per day. This method was f i r s t used by 
Golley ( 1 9 6 0 ) working on meadow vol e s . ?Ie caught the animals 
i n the f i e l d and made the assumption t h a t the average stomach 
content, i n weight, was equal to h a l f a f u l l stomach, i f one 
supposed t h a t (a) animals were most l i k e l y to be captured 
during feeding t r i p s and (b) the average animal would be 
caught i n the middle of feeding. These suppositions seem 
q u i t e v a l i d when one i s deal i n g w i t h a f a i r l y l a r g e sample 
as t h i s should cover the whole ran re of animals from the 
beginning t o the end of a feeding cycle. Using then the 
knowledge t h a t voles f i l l e d t h e i r gut about 10 times a day 
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i t was possible t o work out the food, intake i n the w i l d . 
Golley found a good correspondence between values i n the 
f i e l d and l a b o r a t o r y . Schmid (196.5) has used t h i s technique 
w i t h mourning doves and S t o r r (196.3) used a modified 
method w i t h w a l l a b i e s . 

I n t l i i s work two f u r t h e r assumptions had t o be made 
(a) although voles i n c a p t i v i t y may not spend so much time 
i n a c t i v i t y as do those i n the w i l d they are s t i l l a c t i v e 
and f i l l t h e i r gut f o r the same number of times and (b) they 
f i l l t h e i r g ..t i n order to o b t a i n the re q u i r e d amount of 
energy and not to derive some p h y s i c a l expression of a ' f u l l 
gut.' The l a t t e r assumption may be very much i n doubt but 
would lend i t s e l f f a i r l y e a s i l y to examination using d i e t s 
of the same c a l o r i f i c value but d i f f e r e n t b u l k . I f an 
animal were fed on a very concentrated d i e t would i t feed 
less times per day or the same number of times t a k i n g i n 
less weight? A c t i v i t y p a t t e r n s i n small mammals are not 
e a s i l y modified and so perhaps the second course of a c t i o n 
i s the most l i k e l y . B l a x t e r (1962) admits t h a t the theor i e s 
f o r c o n t r o l of a p p e t i t e are not e n t i r e l y s a t i s f a c t o r y . 
Brobeck (1957) has proposed a thermostatic theory where an 
animal eats i n response t o a f a l l i n heat production. 
Kennedy (1961 ) and Hervey (1969) have proposed t h a t eating-
occurs i n response t o a change i n body f a t . M i l f o r d (1960) 
working w i t h sheep and B l a x t e r et a l (1961) found t h a t on 



55. 

low q u a l i t y d i e t s the animals' d i d not eat enough to meet 
t h e i r energy requirements so t h a t intake was not being 
regulated according to energy needs. Perhaps, however, i t 
i s wrong t o use evidence from domestic animals, selected f o r 
such features as the a b i l i t y t o gain weight, and then apply 
i t t o animals i n .he w i l d . I n view of the l a c k of evidence 
e i t h e r way one i s probably j u s t i f i e d i n accepting the view-
t h a t they eat t o f u l f i l energy requirements. 

Prom Table 9 i t should be possible to c a l c u l a t e how 
many times the voles f i l l e d t h e i r guts. The value f o r 
energy content of the gut samples at 4 . 0 7 Ecal per g i s lower 
than t h a t found f o r oats, 1+.77 Kcal/g but also lower than 
t h a t of the faeces., k.95 Kcal/g. This would suggest t h a t 
some high energy components are very q u i c k l y a s s i m i l a t e d 
but t h a t i n a l l the animals examined a s s i m i l a t i o n was by no 
means complete. The ash value of the gut contents ( 5 . 4 f ' ) 

'would also agree w i t h t h i s view, bein~; higher than t h a t of 
the food (2. I f . ) but much lower than the faeces ( 1 8 % ) . So 
i t was necessary t o make a c o r r e c t i o n to the gut contents t o 
allow f o r a s s i m i l a t i o n and the value of SCfii was used. I t 
was then possible t o c a l c u l a t e the number of times the gut 
was f i l l e d assuming they were only h a l f f u l l when the 
animal v/as k i l l e d . 



TABLE 9 

A n i ­
mal Sex 

Live weight 
minus s t o ­
mach and 
contents 

vet weight 
of stomach 
contents 

Dry weight 
of stomach 
contents 

f. of 
dry-

matter 
Ash-free 
weight of 
stomach 
contents 

% of 
organic 
matter 

Time 
k i l l e d . 

Hours i n 
B.8.T. 

C a l o r i f i c 
value of 

gut 
contents 

I I 16.1+ 0.375 0.1 59 Ji2 b 
— r t — 9 '—r 

0.150 94.3 09.00 0.61 
I 15.4 0.658 0.039 5.9 0.037 94.9 11 ,00 0.15 
I I I ? 15.7 1 .01 2 0.405 40 .0 0.383 94.6 1 3.00 1 .56 
VI 0* 1 6 . 6 0 : 7 1 5 n 0 7 6 10.6 0.072 a). -7 

— r * ( 
-1 K nn n on 

V 16.6 0.1+75 0.103 21 .7 0.097 94.1 17.00 0.39 
V I I I 13.7 0.621 0.1 02 16,4 0.096 94.1 19.00 0.39 
V I I 15 .8 0.673 0.068 10.1 0.064 94.1 21 .00 0.26 
X 16.8 1 .077 0.260 24.1 0.246 94.6 23.00 1 .00 
IX 12.6 1 .453 O.299 20.6 0.283 94.6 07,00 1 .15 
XI 1 1 + . 0 

- , _ — 
0.876 0.127 14.5 0.1 20 94.5 1 0.00 0.49 

Analysis of animals k i l l e d i n c a p t i v i t y . Organic matter expressed as 
percentage of dry matter. C a l o r i f i c values i n Kcai, weights i n grams. 



57. 

1. Energy flow on a d i e t of oats i s 0.73 Kcal/g/day 
energy requirements f o r a vole weighing 15.4g 
i s 15.1+ x 0.73 Kcal/day. 

2. P u l l gut concents equal 0.63 x 0.9 x 2.0 Kcal. 
3. Therefore the gut i s f i l l e d - r ^ r r times. 

T . 1 4 

4. I n c a p t i v i t y the vole f i l l s i t s gut 10 times a day. 
Quite a l o t of work has beer d nie on a c t i v i t y i n voles 

which may be of help here. M i l l e r (1955), Brown (1956a), 
Osterman (1 956), Saint-Girons (1960, 61 ), Pearson (1962) 
and Ki. kkawa (1964) have a l l examined t h i s problem i n the 
f i e l d and l a b o r a t o r y . Prom Pearson's paper one obtains the 
value of 45?;j of the day spent i n a c t i v i t y and Kikkawa 
p o i n t s out t h a t much of the day i s spent out of the nest. 
Saint-3irons however has data showing t h a t males f i l l the 
stomach about 11 times a day and females 9 times. So a 
value obtained i n t h i s work of 10 times a day would seem 
qu i t e reasonable. 

Using t h i s value of 10 i t was possible to work out the 
energy in t a k e i n the w i l d . The ash content of 5.2?;'- gave a 
corrected mean energy value f o r stomach contents of 1.76 Kcal. 
By the same reasoning' as before i t v/as assumed t h a t a s s i m i l a ­
t i o n had not occurred and a f i g u r e of 30^ was taken i n view 
of the larg e amount of green m a t e r i a l present. Y i t h a mean 
weight of 19.4g i t meant t h a t i n the f i e l d the energy intake 
was: 
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1 .76 x 0.8 x 20 „ , 
— 1 9 ^ 4 1 S p e r y 

or 1.45 Kcal/g/day. 
The value was twice t h a t of the energy flow determined f o r 
the animals l i v i n g i n the l a b o r a t o r y and obviously i n d i c a t e s 
much gre a t e r energy expenditure i n the w i l d . I t must also 
be remembered t h a t a number of the animals were pregnant or 
l a c t a t i n g and t h i s would have g r e a t l y increased t h e i r energy 
requirements. Kacamarski (1966) has shown t h a t a pregnant 
bank vole w i l l take i n 2L$. more energy and a l a c t a t i n g one 
needs 92fl more. On the whole the breeding season increases 
the demand by 58%. Taking; j u s t the males i n Table 8 gave a 
f r a c t i o n a l l y lower "value of 1 .58 Kcal/g/day. The values 
obtained w i t h .juveniles are not s u f f i c i e n t t o draw any 
worthwhile conclusions but would i n . l i c a t e a higher food intake 
per gram body weight than i s found i n the a d u l t s . 

One f i n a l p o i n t v/orth mentioning i s the wide range of 
water contents and cf c a l o r i f i c value of 1 gram of the gut 
contents. Although there i s some e f f e c t from the d i f f e r e n t 
stages of a s s i m i l a t i o n a t t a i n e d , they also r e f l e c t the 
d i f f e r e n t foods and d i f f e r e n t r e l a t i v e amounts present. 
9.4 11 TACT 01-7 ••.'QODLA'i D PRODUCTIVITY 

Drozds (1967) found t h a t the net p r o d u c t i v i t y i n beech 
woodland i n Poland was of the order of 44,000 Kcal/na"/year. 
'..'hich, i f t r u e of B r i t a i n , would mean t h a t the voles are 
t a k i n g a very small percentage of the year's production. 



This i l l u s t r a t e s t h a t a measure of energy i s not s u f f i c i e n t 
i n e v aluating the r c l e and importance of any animal i n the 
ecosystem. Of t h i s t o t a l p r o d u c t i o n only a small amount i s 
a v a i l a b l e as food t o the voles and, as Ashby (196?) has 
shown, the e f f e c t of small rodents on woodland regeneration 
i s considerable because they eat t r e e seeds and seedlings. 
Turcek ("1967) has found t h a t the bank vole i n Poland i s 
capable of consuming 30$ of a beech seedling crop i n 
a d d i t i o n t o e a t i n g the seeds. So although the amount of 
energy f l o w i n g through the vole p o p u l a t i o n may be small, 
they play a h i g h l y important p a r t i n the woodland ecosystem 
by removal of a v i t e l component. The p r a c t i c a l influences 
of t h i s seemingly ur.impoctant animal must not be ignored. 
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1 0.0 CONCLUSIONS 

The c o n c l u s i o n s reached as a r e s u l t o f the p r e s e n t 

s t u d y w i l l "be found a t t h e end o f each s e c t i o n and i n t h e 

summary, "but i t i s w o r t h w h i l e i n d i c a t i n g t h e ways i n w h i c h 

th e wo P i : c o u l d have been improved. 

The two major emissions i n t h e work were a method o f 

measuring a c t i v i t y , e s p e c i a l l y i n view o f the d i f f e r e n t 

energy f l o w on d i f f e r e n t d i e t s , and g r e a t e r a n a l y s i s o f food 

and f a e c e s . F a e c a l a n a l y s i s would have c o n t r i b u t e d much t o 

the s e c t i o n on s t a r v a t i o n and d e p r i v a t i o n o f w a t e r , i n 

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

v a r i o u s d i e t s . C o l l e c t i o n o f the u r i n e produced would a l s o 

have been o f i n t e r e s t . The s t a r v a t i o n e x p e r i m e n t s would have 

been more m e a n i n g f u l i f s u f f i c i e n t m a t e r i a l had been a v a i l a b l e 

f o r a n a l y s i s o f whole body c o n s t i t u e n t s a t the end of a 

s t a r v a t i o n p e r i o d . Many more r e p e a t s are needed o f t h e 

s h o r t f a s t i n g experiment and i n view o f the apparent change 

i n percentage d i g e s t i o n and a s s i m i l a t i o n t h e speed o f move­

ment of f o o d t h r o u g h t h e gut under d i f f e r e n t c o n d i t i o n s 

s h o u l d be de t e r m i n e d . The use o f Conover's f o r m u l a where 

i t i s assumed t h a t r i D i n o r g a n i c m a t t e r i s a s s i m i l a t e d , by 

comparison w i t h a s s i m i l a t i o n d e t e r mined f r o m f a e c a l and 

u r i n e energy l o s s , might a l l o w the d e t e r m i n a t i o n o f i n o r g a n i c 

needs, I t was obvious t h a t t h e e f f e c t o f g r o u p i n g depends 

v e r y much on t h e species and s i z e o f a n i m a l . The time o f 
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year and the consequent v a r i a t i o n i n s o c i a l b e h a v i o u r must 

a l s o p l a y a p a r t . Here a g a i n f u r t h e r a n a l y s i s o f faeces and 

a c t i v i t y i s needed. 

I t has "been s t r e s s e d a l l a l o n g t h a t t h e r e i s p r o b a b l y 

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

l a b o r a t o r y c o n d i t i o n s and those p e r t a i n i n g t o the f i e l d . 

F i e l d t e c h n i q u e s are o b v i o u s l y d i f f i c u l t t o develop b u t i t 

i s on t h i s b ranch of a n i m a l e n e r g e t i c s t h a t I f e e l much more 

work s h o u l d be c o n c e n t r a t e d . 
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11 . 0 SUMMARY 

1 . Energy f l o w i n th e 'bank v o l e , Glethrionomys g l a r e o l u s , was 

examined i n t h e L a b o r a t o r y u s i n g the "balance method" o f 

i n v e s t i g a t i o n . 

2. D a i l y energy budgets were c a l c u l a t e d on f o u r d i f f e r e n t 

d i e t s , o a t s , wheat, acorns and b l u e b e l l corms u s i n g 

c a l o r i f i c v a l u e s d e termined w i t h a bomb c a l o r i m e t e r . 

3 . Faeces produced accounted f o r an energy l o s s of 5 .83-20 .27% 

dependins on th e d i e t . Faeces were always o f h i g h e r 

c a l o r i f i c v a l u e t h a n the f o o d on which t h e an i m a l was 

m a i n t a i n e d , t h e r e f o r e i t would appear t h a t w i t h t h e d i e t s 

examined t he v o l e s c o u l d d i g e s t l i t t l e f a t . 

1|., Energy f l o w , measured i n K c a l / g l i v e w e i g h t , was found t o 

v a r y between 0 J-t-:''-0.73 depending on th e d i e t . As w e i g h t 

change was s i m i l a r on a l l d i e t s i t i s suggested t h a t 

a c t i v i t y may v a r y . 

5 . A c o r r e l a t i o n was shown between body s i z e and energy 

i n t a k e per day. 

6. Voles l i v i n g i n p a i r s had lower v a l u e s f o r energy f l o w . 

They showed a c o r r e l a t i o n between body s i z e and energy 

i n t a k e per day. The r e l a t i o n s h i p was d i f f e r e n t t o t h a t 

o f t h e v o l e s l i v i n g s i n g l y . 

7 . A n a l y s i s o f w a t e r , ash and f a t c o n t e n t of th e whole body 

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

m a t e r i a l shows v a r i a t i o n . 
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8. vVater l o s s was shown t o p l a y an i m p o r t a n t p a r t i n w e i g h t 

change* No s u i t a b l e v a l u e c o u l d he g i v e n f o r t h e energy 

r e l e a s e d by t i s s u e "breakdown or f o r t h e ene.r;;;y c o s t o f 

d e p o s i t i ng n ew m a t e r i a l . 

9. Voles i n the f i e l d were found t o have much g r e a t e r v a l u e s 

f o r energy f l o w : i n the r e g i o n of 1 . . ' i Kcal/g/day. 

1 0 . The v a l i d i t y o f e n e r g e t i c s t u d i e s i n the l a b o r a t o r y and 

t h e i r r e l a t i o n s h i p t o e n e r g e t i c s i n the f i e l d i s q u e s t i o n e d . 
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APPENDIX 

ie f o l l o w i n g s e c t i o n a l l w e i g h t 
Siven a r e i n grams. 
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TABLE A 

A B c D E 

Wet w e i g h t 5.576 4 . 8 9 6 5 . 1 3 0 5 . 8 4 3 6.837 
Dry w e i g h t 4 . 9 6 9 4 .418 4 .545 5 .210 6.063 

d r y m a t t e r 89 .1 9 0 . 2 8 8 . 6 89 .2 8 8 , 7 
% w a t e r 1 0 . 9 9 .8 11 . 4 1 0 . 8 11 .3 
Dry w e i g h t 6.055 3.681 5.893 6 .380 3 .402 

Ash w e i g h t 0.193 0.111 0 .144 0.1 91 0 . 1 3 0 

f: o r g a n i c m a t t e r 9 6 . 7 9 7 , 0 97 .5 9 7 . 0 9 6 . 2 

f ash 3.3 3 . 0 2 .5 3 . 0 3 . 3 

A n a l y s i s o f o a t s . 

TABLE B 

A B 0 D E 

Wet w e i g h t 5.833 6.776 5.395 4 .751 6 . 4 7 7 

Dry w e i g h t 5 . 2 8 8 6.1 09 4.31*7 4 . 2 6 6 5.814 

% d r y m a t t e r 9 0 . 7 9 0 . 2 89 .9 89 .8 89 .8 

% water 9.3 9 .8 10 .1 1 0 . 2 1 0 . 2 

Dry w e i g h t 5.007 5 .769 4 .685 5 . 0 2 8 5 . 3 2 8 

Ash w e i g h t 0.1 24 0 , 1 4 3 0 .134 0.135 0 . 1 4 9 

% o r g a n i c m a t t e r 97 .5 97 .5 97 .1 9 7 . 3 9 7 . 4 

% ash 2 .5 2.5 2 .9 2 . 7 2 .6 

A n a l y s i s o f wheat. 
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TABLE G 

A B 0 D E 

•Vet w e i g h t 
Dry w e i g h t 
% d r y m a t t e r 
% w a t e r 
Dry w e i g h t 
Ash w e i g h t 
% o r g a n i c m a t t e r 
% ash 

9.745 
5 .792 

5S . 4 
4 0 . 6 

5 .446 
C.155 

9 7 . 2 
2 .8 

9 .167 

5 .449 

5 9 . 4 

4 0 . 6 

4 . 7 9 0 

0.135 

9 7 . 2 

2 .8 

7 .045 
4 .236 

60 .1 

39 .9 
6 .508 
0.22.5 

J • J 
„.._., 

7.897 
4 . 7 6 2 

60.3 

39 .7 
4 .31 6 
0.1 20 

9 7 . 2 

2 ,8 

8 .254 

4 .975 
60 .3 

3 9 . 7 
4 .331 
0.1 23 

97 .2 
2 .8 

A n a l y s i s o f acorns. 

TABLE D 

A B C D E 

Wet v/eight 5.778 3 .904 5 .543 5.265 5.395 
Dry w e i g h t 1 .673 1 .093 1 .572 1 .644 1 .438 
% d r y m a t t e r 2 9 . 0 2 8 . 0 2 8 . 4 31 .2 2 6 . 7 

% w a t e r 71 . 0 7 2 . 0 71 .6 68 .8 73 .3 
Dry w e i g h t 1 . 1 4 9 1 .577 1 .600 1 .724 1 .562 

Ash w e i g h t 0 . 0 2 6 0.030 0 . 0 3 3 0 . 0 3 4 0 .030 

fo o r g a n i c m a t t e r 9 7 . 7 98 .1 9 7 . 6 9 8 . 0 9 8 . 1 

ash 2 . 3 1 .9 2 .4 2 . 0 1 .9 

A n a l y s i s o f b l u e b e l l corms. 
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TABLE E 

A B I 0 D E 

Wet w e i g h t 0.613 0.385 0.241 0 .200 0.315 
Dry w e i g h t 0.457 0.288 0 .174 0 .148 0 .234 
% d r y m a t t e r 7 4 . 6 74 .8 72 .2 7 4 . 0 74 .3 
% w a t e r 2 5 . 4 2 5 . 2 ! 27 .8 26 . 0 2 5 . 7 
Dry w e i g h t 0.155 0.241 0 .1 82 0 .270 0 .467 
Ash w e i g h t 0.029 0 .042 0 .034 0 .048 0.081 
% o r g a n i c m a t t e r 21 .3 32 . 6 81 .3 82 . 2 82 . 7 
% ash 1 8 . 7 1 7 . 4 13 . 7 1 7 . 8 17 .3 

A n a l y s i s o f faeces produced by v o l e s l i v i n g s i n g l y . 
Fed on o a t s . 

TABLE P 

A B C D i 
E 

Wet w e i g h t 0 . 6 1 4 ' 0.665 0 .619 0.441 
Dry weight 0.359 0 .352 0 .322 0 .256 
% d r y m a t t e r 5 8 . 4 5 2 . 9 5 2 . 0 5 8 . 0 

% water 41 .6 47 .1 4 8 . 0 4 2 . 0 

Dry weight 0.31 0 0.1 91 0.511 0.189 0 .353 

Ash w e i g h t 0.044 0 .027 0 .076 0.026 0.049 
f j o r g a n i c m a t t e r 85 .8 8 5 . 9 35 .1 8 6 . 2 36 . 3 
f j ash 1 4 . 2 14 .1 1 4 . 9 1 3 . 8 1 3 . 7 

A n a l y s i s o f f a e c s s produced by v o l e s l i v i n g i n p a i r s . 
Fed on o a t s . 
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TABLE G 

A B C D E 

Wet w e i g h t 0 . 5 6 2 0.762 0.488 0 . 5 5 6 0 .550 
Dry w e i g h t 0 .344 0 .437 0 .292 0.302 0 .292 

fo d r y m a t t e r £1 .2 6 2 . 3 5 9 . 8 5 4 . 3 53 .1 
% w a t e r IS. 8 37 .7 4 0 . 2 4 5 . 7 4 6 . 9 

Dry w e i g h t 0.592 0 .202 O.258 0 . 6 6 7 0.21 2 

Ash v/eight 0.038 0 .022 0 . 0 2 6 0.059 0.023 
% o r g a n i c m a t t e r 9 0 . 3 89.1 8 9 . 9 91 .2 89 .2 

% ash 9 . 7 | 1 0 . 9 1 0 .1 8.3 1 0 . 8 

A n a l y s i s o f faeces produced b;/ v o l e s l i v i n g s i n g l y . 
Fed on ac o r n s . 

TABLE H 

A B C D | E 

.Vet w e i g h t 3.663 0 .920 0 .950 1 .11 2 0 .699 
Dry w e i g h t 3.408 0 .544 0.591 0.683 0 .453 

% dry m a t t e r 61 .5 59 .1 62 .2 61 . 4 65 .5 
% w a t e r • 33 .5 4 0 . 9 3 7 . 8 3 8 . 6 34 .5 
Dry w e i g h t 3.681 0 .456 0 .587 0 .406 
Ash ../eight 0.057 0.043 0.043 0.032 

o r g a n i c m a t t e r 91 .6 9 0 . 6 9 2 . 7 92 .1 

y:- ash 8 .4 9 .4 7.3 7 .9 

A n a l y s i s o f faeces produced by v o l e s l i v i n g i n p a i r s . 
Fed on a c o r n s . * 
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TABLE J 

A B G D E 

• let w e i g h t 0.791 0.515 0.255 0.1 87 
Dry w e i g h t 0 .610 0 .390 0.195 0 .142 

% d r y m a t t e r 77.1 7 6 . 0 76 .5 7 5 . 9 
> 

?s w a t e r 22 .9 2 4 . 0 23 .5 24 ..1 
Dry w e i g h t 0 . 2 6 6 0.253 0.275 0 .236 0 .378 
Ash w e i g h t 0 .024 0 .017 0.023 0.021 0.031 
% o r g a n i c m a t t e r 91 .0 9 3 . 3 91 .6 91 .1 91 .8 
% ash 9 . 0 6 . 7 8 .4 8 .9 8.2 

A n a l y s i s of faeces produced by v o l e s l i v i n g s i n g l y . 
Fed on wheat. 

TABLE K 

A I B C D 

•/et w e i g h t 0.598 0 .579 0 .532 1 .042 

Dry w e i g h t 0.437 0 .430 0 .364 0.753 
°:L d r y mat t e r 73.1 74 .3 6 8 . 4 7 2 . 3 
f . w a t e r 26 .9 25 -7 31 .6 27 .7 
Dry w e i g h t 0.836 1 .221 0 .537 
Ash w e i g h t 0.076 0.105 0 .056 

f o r g a n i c m a t t e r 9 3 . 9 91 . 4 6 9 . 6 
% ash 9.1 8.6 1 0 . 4 

A n a l y s i s o f faeces produced by v o l e s l i v i n g s i n g l y . 
Fed on b l u e b e l l corms. 
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TABLE L 

A B G D E F G PI 

.vet 
weight 0.213 0.389 0.153 0.178 0.1 51 0,105 0.1 91 0,183 
Dry 
weight 0.183 0.3U2 0.129 0.151 0.1 37 0.092 0.1 66 0.159 
% d r j r 

matter 85.9 87.9 8I+. 3 8I+.3 85.1 87.S 86.9 86.9 
% 
water 12.1 15.7 15.2 12+.9 12.1+ 13.1 1 3.1 
Dry 
weight O.255 0. 3̂ !-0 0,31+2 0,1+19 
Ash 
weight 0.032 0.01,5 0. Oi+2 0..063 

organic 
matter 87.5 85.8 86.7 85.0 
% ash 12.5 13.2 12.3 15-0 

Ana lys i s of faeces produced "by voles l i v i n g s i n g l y . 
Fed on oats , columns A-E a f t e r 2i+ h . w i t h no wa te r . 
Columns F-H are the subsequent 2.'+ h., on normal d i e t . 
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TABLE M 

A E C D E F G H 

:/et 
weir jht 0.1 61 0.3f-8 0.215 0.335 0.32k 0.275 0.23k O.L.89 

Dry 
weight 0.150 0.325 0.1 96 0.2 05 0.209 0.170 0.150 0.292 

f- dry 
matter 93.2 90.8 92 .0 61 .2 6k. 5 6.18 6U.1 59.7 

water 6.8 9.2 8.0 36.8 35.5 38 ..2 35.9 1+0.3 
Dry 
weight 0..326 0.52 3 0J4.H 0.5 91+ 
Ash 
weight 0.026 0.022 0.0U0 0.060 

% 
organic 
matter 

92.0 93.2 90.3 89.9 
% ash 8.0 6,8 9.7 1 0.1 

Ana lys i s of faeces produced "by voles l i v i n g s i n g l y . 
Fed on wheat., columns A-0 a f t e r 2k h . w i t h no wa te r . 
Columns D-H are the subsequent 2k h , on normal d i e t . 
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TABLE N 

A B 
r - ° 

D 

,7et weight 0,110 0 .1 22 | 0.330 0.324 

Dry weight 0.088 0 .106 j 0.211 0.203 
% dry matter 90 -0 86 ,9 ! 63-9 62.7 
% water 10 .0 13 .1 ! 36.1 37.3 
Dry weight 0.093 0 . 08;: 0.219 0.208 

Ash weight 0.0-1 8 0 .016 | 0.039 0.032 

f . organic matter 80.6 81 .2 1 82.2 84,6 

f-- ash 18 .8 17.8 15.4 

.Analysis 03? fa.eces produced Toy voles l i v i n g s i n g l y 
i n s t a r v a t i o n experiments where p r e v i o u s l y f e d on 
oa t s . 

TABLE P 

A B 1 c D 

'Jet weight 0.098 0.091 I 0.404 0.351 
Dry weight 0.078 0.070 

I 
0.297 0.257 

f'.' dry mat ter 79.6 76.9 73.5 73.2 

water 20 . l i 23.1 26.5 26.8 

Dry weight 0.086 0.072 0.300 0.260 
Ash weight 0.01 2 0.003 1 0.026 0.021 

f organic mat te r 86.0 35.8 ] 91 .3 91 .9 
% ash 1.4.0 14.2 ! 8.7 8.1 

Ana lys i s of faeces produced 'by voles l i v i n g s i n g l y 
i n s t a r v a t i o n experiments where p r e v i o u s l y f e d on 
wheat. 
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TABLE Q 

D i e t 

Oats Wheat 

Weight "."/"eight 
change Weight Weight 

change 

1 8.5 - 2.8 17.5 1 - 3.3 

18.4 •- 3.5 MM - 2.9 

15.3 -- 3.0 1 S.O - 4 .3 

16.4 - •1 .9 o -;• -7 

O - J - 3-0 

15.5 - 3.3 23.1 - 3.0 

20.7 -.9 9 
•— • f — 

17.4 - 2.7 

20.4 - 3.1 20..4 - 1 .9 

20.7 - 2.8 19.9 - 2.8 

18.3 - 2,6 20.3 - 2.9 

18.3 - 1 .8 

17.1 * - 2.4 14.5 + 1 .5 

20.3 + 2.8 

15.7 + 2.0 18.5 + 1 .4 

18.5 + 1 .9 19.3 + 1 .0 

14.5 + 1 .0 

•/eight changes dur ing s t a r v a t i o n experiments . 
Animals f e d p r e v i o u s l y on oats and wheat. 


