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.1. 

INTRODUCTION 

I t i s a fundamental c o n c e p t o f e c o l o g y t h a t a 

minute f r a c t i o n o f t h e s o l a r e n ergy f l o w s t h r o u g h the 

l i v i n g o r g a n i s m s of the e a r t h ' s e c o s y s t e m s . Many e c o l o g i s t s 

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

i n t o the dynamics and o r g a n i z a t i o n o f n a t u r e . 

E a r l y a t t e m p t s to i n v e s t i g a t e energy f l o w v/ere 

c o n c e r n e d w i t h whole f r e s h w a t e r e c o s y s t e m s ( e . g . T e a l 1957, 

H.T. Odum 1957). B e c a u s e of the p r o d i g i o u s amount of work 

i n v o l v e d , however, a s s u m p t i o n s were f r e q u e n t l y n e c e s s a r y . 

?n an a t t e m p t to p r o v i d e more r e l i a b l e d a t a l a t e r w o r k e r s 

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

p o p u l a t i o n s ( e . g . P h i l l i p s o n 1963, W e i g e r t 1965), and i t 

was hoped t h a t i n f o r m a t i o n f o r whole e c o s y s t e m s c o u l d be 

s y n t h e s i s e d from the more a c c u r a t e i n d i v i d u a l s t u d i e s . 

However, i n no c a s e was a f r e s h w a t e r i n v e r t e b r a t e f i e l d 

p o p u l a t i o n examined, and so the p o s s i b l e s o u r c e s of e r r o r 

i n the e a r l i e r , more e x t e n s i v e , s t u d i e s were n e v e r 

i n v e s t i g a t e d . The p r e s e n t s t u d y i s an a t t e m p t to r e c t i f y 

t h i s s i t u a t i o n i n p a r t ; and to t h i s end a p o p u l a t i o n of 

the f r e s h w a t e r i s o p o d A s e l i u s a g u a t i c u s ( L . ) was s t u d i e d 

between November 1966 and August 1967. 



• • 2.. 

S i n c e a d e t a i l e d knowledge of the a n i m a l ' s l i f e 
c y c l e i s a p r e r e q u i s i t e f o r b i o e n e r g e t i c s t u d i e s , t h e p r e s e n t 
i n v e s t i g a t i o n may be c o n v e n i e n t l y d i v i d e d i n t o two major p a r t s . 
The f i r s t i s c o n c e r n e d w i t h an e x a m i n a t i o n o f the p o p u l a t i o n 
dynamics, i n c l u d i n g t h e l i f e c y c l e , w h i l s t the second d e a l s 
w i t h the p h y s i o l o g i c a l p r o c e s s e s a f f e c t i n g energy f l o w through 
the p o p u l a t i o n . 

THE STUDY AREA 

The p o p u l a t i o n o f A, a q u a t i c u s * i n h a b i t s one o f a 

sys t e m o f f r e s h w a t e r ponds (pond C, F i g . l ) l o c a t e d n e a r the 

v i l l a g e of B r a s s i d e ( N a t . g r i d . r e f . N Z ^5/290^52). The v i l l a g e 

l i e s a t a d i s t a n c e o f two m i l e s to the n o r t h - e a s t o f Durham 

C i t y . The pond b a s i n s were man-made and r e s u l t e d from c l a y 

d i g g i n g s w h i c h were d i s c o n t i n u e d some 20 to 30 y e a r s ago. 

The e x c a v a t i o n s have s i n c e f i l l e d w i t h w a t e r and now s u p p o r t 

a r i c h and v a r i e d f l o r a and fau n a (Morphy 1965). 

Pond C c o v e r s an a r e a of 12^f s q . m e t r e s and r e a c h e s 

a maximum depth of 1.6 m e t r e s . These d i m e n s i o n s , a s gauged 

from monthly v i s i t s t o t h e pond, remained a l m o s t c o n s t a n t 

t hroughout the p e r i o d o f s t u d y . 

* The s p e c i e s was i d e n t i f i e d by u s i n g the F r e s h w a t e r 

B i o l o g i c a l A s s o c i a t i o n s c i e n t i f i c p u b l i c a t i o n No.19. 

Key to C r u s t a c e a : M a l a c o s t r a c a . 



F i g . 1. The s t u d y a r e a - B r a s s i d e pond s y s t e m . 
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F i g u r e 2 i s a p l a n of pond C showing th e p l a n t 

z o n a t i o n . A m a r g i n a l zone of J u n c u s e f f u s u s L . i s 

o c c a s i o n a l l y i n t e r s p e r s e d w i t h S a l i x n i g r i c a n s Sin. , w h i l s t 

a narrow band of A l i s m a p l a n t a g o - a q u a t i c a L . l i e s to the 

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

Potamogeton n a t a n s L . A few s h o o t s o f Typha l a t i f o l i a L , 

a r e e v i d e n t w i t h i n the z o n e s d e s c r i b e d . 

THE POPULATION DYNAMICS 

B e f o r e a s t u d y of the e nergy f l o w through a 

p o p u l a t i o n can be a t t e m p t e d , one must have d e t a i l e d knowledge 

under two h e a d i n g s . F i r s t l y , one r e q u i r e s a thorough u n d e r ­

s t a n d i n g of a l l f e a t u r e s of the a n i m a l ' s l i f e c y c l e , and, 

s e c o n d l y , one must show how the p o p u l a t i o n changes i n s i z e 

t h r o u g h o u t the y e a r , 

. ( j ) The l i f e c y c l e of A. a q u a t i c u s i n B r a s s i d e pond 

( a ) S i z e - s t r u c t u r e of the p o p u l a t i o n t h r o u g h o u t 

the p e r i o d of s t u d y . 

Method 

The l i f e c y c l e of A, a q u a t i c u s was s t u d i e d by taking-

monthly samples from the pond, 

A pond n e t of s u f f i c i e n t l y f i n e mesh (2k meshes/cm), 

to r e t a i n a l l s i z e s o f A. a q u a t i c u s , was u s e d to remove 

a n i m a l s from a l l t h e v e g e t a t i o n a l z o n e s and a l l d e p t h s 

of t h e pond. The c a t c h was washed i n t o a w h i t e t r a y 



F i g . 2. P l a n of s t u d y pond ( C ) showing the 

p l a n t z o n a t i o n . 
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and a s many p r e d a t o r s a s p o s s i b l e removed. The sa m p l e s 

were t h e n t r a n s f e r r e d to g l a s s j a r s and t r a n s p o r t e d to 

the l a b o r a t o r y f o r s o r t i n g . 

The l a r g e r p i e c e s o f v e g e t a t i o n were examined 

i n d i v i d u a l l y under a d i s s e c t i n g l e n s and the a n i m a l s 

removed. The w a t e r and s m a l l e r f r a g m e n t s o f p l a n t 

m a t e r i a l were examined a few c c s a t a time i n a p e t r i -

d i s h . The use of a da r k background, o b l i q u e i l l u m i n a t i o n , 

and a l e n s , r e n d e r e d i even t h e s m a l l e s t a n i m a l s e a s i l y 

v i s i b l e . . 

The l e n g t h of each i n d i v i d u a l was d e t e r m i n e d . 

The l i v e a n i m a l s tended to assume a p o s i t i o n w i t h the 

back a r c h e d a n t e r o - p o s t e r i o r l y w hich made i t d i f f i c u l t 

t o measure them a c c u r a t e l y . T h i s problem was s o l v e d 

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

s l i d e ( o r c o v e r s l i p f o r the s m a l l e r i n d i v i d u a l s ) on top 

of i t . The e n t i r e l e n g t h of the a n i m a l .'• s . d o r s a l s u r f a c e 

t h u s remained i n c o n t a c t w i t h the s u b s t r a t u m . I t was 

then s u p e r i m p o s e d on s q u a r e d m i l l i m e t r e graph paper and 

i t s ; l e n g t h d e t e r m i n e d u s i n g a low-power b i n o c u l a r 

m i c r o s c o p e . The a n i m a l s were measured to the n e a r e s t 

0.5mm below, measurement b e i n g t a k e n between t h e base o f 

the a n t e n n u l e s and t h e m i d - p o i n t of the end o f the 

abdomen ( F i g . 3 ) . 





F i g . 3. Drawings of a whole i n d i v i d u a l and the 

head o f A s e l l u s a q u a t i c u s . Length measurements 

were t a k e n between p o i n t s a and b w h i l s t measurements 

of head w i d t h were t a k e n between p o i n t s c and d. 



A f t e r measurement t h o s e a n i m a l s l o n g e r than J>mca. 

were s e x e d . The s e x i n g of i n d i v i d u a l s s m a l l e r than 

t h i s was found t o be d i f f i c u l t and u n r e l i a b l e . 

A f t e r t h i s p r o c e d u r e was completed, a l l the a n i m a l s 

were r e t u r n e d to the pond to m i n i m i z e i n t e r f e r e n c e w i t h 

the h a b i t a t . 

R e s u l t s 

The r e s u l t s were grouped i n t o 1mm s i z e - c l a s s e s and 

p l o t t e d a s s i z e / f r e q u e n c y h i s t o g r a m s , each s i z e - c l a s s 

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

( F i g . ^ ) . The l i f e - h i s t o r y of A. a q u a t i c u s i n B r a s s i d e 

Ponds was deduced from a number of o b s e r v a t i o n s drawn 

from t h e s e d a t a . 

At the b e g i n n i n g o f the s t u d y i n November the 

p o p u l a t i o n was bi m o d a l w i t h one peak a t J>rnm and t h e 

o t h e r a t 8-9mm. Some growth o c c u r r e d , e s p e c i a l l y i n 

the l a r g e r a n i m a l s , d u r i n g December and J a n u a r y , 

A l t h o u g h the b i m o d a l i t y remained, t h e r e was a s l i g h t 

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

l e n g t h mode showed a f u r t h e r s u b - d i v i s i o n w i t h a peak a t 

10mm and a n o t h e r a t 12mm i n J a n u a r y . 

A n i m a l s i n p r e - c o p u l a were found f o r the f i r s t time 

i n t h e J a n u a r y sample, t h i s b e i n g c o n s i s t e n t w i t h the 

ap p e a r a n c e of o v i g e r o u s f e m a l e s i n F e b r u a r y . The 

p e r c e n t a g e of o v i g e r o u s f e m a l e s i n the sample i n c r e a s e d 
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t h r o u g h March t o A p r i l , and a t t h e same time the ]Amm 

and 15mm s i z e - c l a s s e s d i s a p p e a r e d . 

The May sample r e v e a l e d a remarkable change i n the 

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

A p r i l were l o s t and a new one appeared a t 1mm. T h i s was 

due t o the i n f l u x o f a l a r g e number o f newly-hatched 

i n d i v i d u a l s , and c o i n c i d e d w i t h t h e l o s s o f most o f t h e 

o v i g e r o u s females. Only a few remnants o f t h e 1966-6? 

p o p u l a t i o n remained. 

The newly-hatched i n d i v i d u a l s showed r a p i d g r o w t h , 

but a n i m a l s were found i n the 1mm s i z e - c l a s s t h r o u g h June 

i n t o J u l y because o f a c o n t i n u e d i n f l u x o f j u v e n i l e s i n t o 

t h e p o p u l a t i o n . By August, however, b r e e d i n g has ceased 

and a l l animals had grov/n out o f t h e 1mm s i z e - c l a s s , 

(.b) Sex r a t i o 

At each monthly sampling the sex o f a l l i n d i v i d u a l s 

l o n g e r than ~j>mm was r e c o r d e d . F i g u r e 5 shows how the 

numbers o f males, expressed as a percentage o f t h e t o t a l 

above 3mm, v a r i e d t h r o u g h o u t the y e a r . 

The s e x - r a t i o was m a i n t a i n e d a t a p p r o x i m a t e l y 1:1 

u n t i l January. F o l l o w i n g t h i s , however, a p r o g r e s s i v e 

and v e r y marked d e c l i n e i n t h e percentage o f males i n t h e 

p o p u l a t i o n was observed. T h i s c o n t i n u e d u n t i l May when 

the p o p u l a t i o n r a p i d l y r e v e r t e d t o the 1:1 r a t i o . 
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F i g . 5. The sex r a t i o . The numbers o f males 

p r e s e n t i n the monthly samples are expressed as 

percentage o f the t o t a l p o p u l a t i o n above 3 nwi i n 

l e n g t h . 



Since no r e c r u i t m e n t i n t o t h e p o p u l a t i o n c o u l d 

have o c c u r r e d between January and A p r i l , t h e d e c l i n e 

i n percentage o f males must be e x p l a i n e d by one o f two 

a l t e r n a t i v e s . F i r s t l y , the m o r t a l i t y r a t e i n males 

may have been g r e a t e r t h a n i n females, r e s u l t i n g i n a 

r a p i d change i n t h e s e x - r a t i o , o r , sec o n d l y , some 

d i f f e r e n c e i n t h e behaviour o f the two sexes may have 

caused an apparent change i n t h e s e x - r a t i o , and the o n l y 

reasonable example o f t h i s i s t h a t the males burrowed 

deep i n t o the mud l e a v i n g the females above i t . 

E x a m i n a tion o f samples c o n t a i n i n g mud d u r i n g t h e months 

February t o May e l i m i n a t e d the l a t t e r a l t e r n a t i v e , and 

so i t was assumed t h a t d i f f e r e n t i a l m o r t a l i t y r a t e s were 

r e s p o n s i b l e f o r bhe uneven s e x - r a t i o . T h i s i s i n 

agreement w i t h t h e c o n c l u s i o n s reached by S t e e l (196l) 

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

The disappearance o f the 1966-6? p o p u l a t i o n and the 

b i r t h o f t h e new i n d i v i d u a l s caused t h e s e x - r a t i o t o 

r e t u r n t o 1:1 i n May', 

( c ) Growth r a t e i n males and females 

The c o l l e c t i o n o f biomass da t a w i l l be d e s c r i b e d 

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

terms a t t h i s p o i n t . F i g u r e 6 shows the change i n wet 

we i g h t p e r i n d i v i d u a l expressed as a percentage o f t h e 

p r e v i o u s month's mean weig h t per a n i m a l . The graph was 
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F i g . 6. The change i n mean wet we i g h t per 

i n d i v i d u a l expressed as a percentage o f t h e 

p r e v i o u s month's mean w e i g h t per anim a l i s 

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



c o n s t r u c t e d by combining d a t a f o r the 1966-67 a n c* 

1967-68 p o p u l a t i o n s a l t h o u g h the value f o r June was 

c a l c u l a t e d i g n o r i n g t h e remnants o f the o l d g e n e r a t i o n 

(see l a t e r f o r e x p l a n a t i o n ) . 

I t can be seen t h a t soon a f t e r b i r t h t h e growth r a t e 

was v e r y h i g h , the mean wet we i g h t per i n d i v i d u a l b e i n g 

q u a d r u p l e d between t h e May and June sampling dates d e s p i t e 

d i l u t i o n o f the p o p u l a t i o n by v e r y s m a l l , newly-hatched 

a n i m a l s . Some growth o c c u r r e d r i g h t t h r o u g h t o January, 

a l t h o u g h the r a t e d e c l i n e d . The apparent decrease i n 

the mean wet we i g h t o f animals i n February and March 

( i n d i c a t e d by minus v a l u e s i n Fig.6) was due t o a 

r e l a t i v e l y h i g h e r death r a t e i n l a r g e r a n i m a l s . T h i s 

was p r o b a b l y l i n k e d w i t h the change i n s e x - r a t i o n o t e d 

above ( F i g . 5 ) . 

I t was found, however, t h a t the r a t e o f growth was 

n o t e q u a l i n males and females. F i g u r e 7 shows data 

c o l l e c t e d i n February, and compares the l e n g t h / f r e q u e n c y 

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

o f t h e males and females t r e a t e d s e p a r a t e l y . D e s p i t e t h e 

f a c t t h a t the male m o r t a l i t y r e f e r r e d t o above had proceeded 

t o some e x t e n t , the b i m o d a l i t y o f b o t h the male and female 

h i s t o g r a m s i s v e r y s t r o n g l y emphasized. These d a t a show 

t h a t t h e mode f o r t h e l a r g e r males l i e s a t 12mm w h i l s t 

t h a t f o r t h e l a r g e r females i s found a t 9mm, The sex-

r a t i o data (FiR-.5) shows t h a t b o t h sexes h a t n h p H 
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F i g . 7. L e n g t h / f r e q u e n c y h i s t o g r a m s f o r males, 

females, and the whole p o p u l a t i o n i n February are 

compared. The numbers o f males and females i n 

each s i z e c l a s s are expressed as a percentage o f 

the t o t f t a l number o f animals p r e s e n t . 



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

e x p l a i n e d by a h i g h e r growth r a t e i n males. The females 

never make up t h i s d i f f e r e n c e s i n c e t h e l a r g e s t female 

found wasllmm and t h e l a r g e s t males were m̂m l o n g e r . 

F i g u r e 8 shows biomass dat a d i s c u s s e d below (pt27 ) 

and emphasizes f u r t h e r the h i g h e r growth r a t e o f males. 

For reasons d e s c r i b e d below (pp.10,27 ) the graph i s 

concerned o n l y w i t h those a n i m a l s d i s t r i b u t e d about the 

h i g h e r o f the two modes p o s s i b l e f o r each sex. The mean 

wet w e i g h t o f these animals i s shown p l o t t e d a g a i n s t t i m e 

f o r t h e p e r i o d between the b e g i n n i n g o f t h e s t u d y and the 
t i m e o f h i g h male m o r t a l i t y . The graph shows t h a t d e s p i t e 

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

form o f body t i s s u e s , was much g r e a t e r t h a n t h a t o f f e m a l e s . 

I t i s p r o b a b l e t h a t t h i s d i f f e r e n t i a l between the 

male and female growth r a t e s i s r e s p o n s i b l e f o r the p a r t i a l 

s u b - d i v i s i o n o f the l a r g e r s i z e c l a s s e s d e s c r i b e d above 

f o r t h e months December t o March ( F i g . ^ ) . The l o n g e r 

l e n g t h sub-mode w i l l be l a r g e l y composed o f males w h i l s t 

the s m a l l e r w i l l be predominantly females (see F i g . 7 ) . 

( d ) Summary o f the l i f e c y c l e 

Using the d a t a g i v e n above, i t i s p o s s i b l e t o e x p l a i n 

most o f the events i n t h e l i f e c y c l e o f A. a q u a t i c u s i n 

B r a s s i d e Pond. Only one p o i n t i s w i t h o u t e x p l a n a t i o n , 

and t h a t i s t h e change from monomodality o f t h e p o p u l a t i o n 

d u r i n g May-August t o the b i m o d a l i t y o f t h e months November— 
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F i g . 8. The mean wet w e i g h t per i n d i v i d u a l 

f o r males and females i s p l o t t e d a g a i n s t t i m e . 

The graph d e a l s o n l y w i t h a nimals o f g e n e r a t i o n 

I (see t e x t ) . 
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A p r i l . U n f o r t u n a t e l y , the p e r i o d o f t r a n s i t i o n , September 
and October, was not covered by t h e p r e s e n t s t u d y . The 
o b s e r v a t i o n s d e s c r i b e d , however, d i f f e r o n l y i n d e t a i l from 
the l i f e - h i s t o r i e s o f o t h e r members o f th e genus and from 
A-. a q u a t i c u s i n o t h e r h a b i t a t s , t h u s one can f i n d an e x p l a n a t i o n 
i n t h e work o f o t h e r a u t h o r s ( e . g . S t e e l 196l). I t t r a n s p i r e s 
t h a t t h e j u v e n i l e s born i n the p e r i o d May-July, a f t e r a p e r i o d 
of r a p i d g r o w t h , b e g i n t o breed f o r a b r i e f p e r i o d i n September. 
Animals may breed when o n l y i n l e n g t h . T h i s b r e e d i n g 

a c t i v i t y was not d e t e c t e d i n t h e f i r s t sample o f t h i s s t u d y 

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

such a second g e n e r a t i o n towards t h e Autumn gave r i s e t o t h e 

b i m o d a l i t y o f the p o p u l a t i o n . . 

One may now g i v e a b r i e f s y n o p s i s o f t h e l i f e - c y c l e . 

D u r i n g t h e main b r e e d i n g season o f May-July the f i r s t g e n e r a t i o n 

of the year i s b o r n , and these a n i m a l s form the major p a r t o f 

the p o p u l a t i o n f o r the y e a r . The a n i m a l s grow q u i c k l y and 

then breed t o produce a second g e n e r a t i o n i n September and 

October, t h i s b e i n g n u m e r i c a l l y s m a l l e r than the f i r s t . 

Growth c o n t i n u e s s l o w l y t h r o u g h o u t the w i n t e r , b u t t h e males 

produce more biomass than t h e females ( F i g . 8 ) . I n January 

the f i r s t g e n e r a t i o n commences b r e e d i n g f o r the second t i m e , 

the males d y i n g soon a f t e r 
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c o p u l a t i o n . T h i s male m o r t a l i t y g i v e s r i s e t o t h e 

f l u c t u a t i o n s i n s e x - r a t i o ( F i g . 5 ) and a l s o t o the apparent 

decrease i n mean wet w e i g h t per i n d i v i d u a l i n February and 

March ( F i g . 6 ) . The o v i g e r o u s females l i v e on t o r e l e a s e 

t h e i r broods i n A p r i l , May and June, b u t soon a f t e r t h i s i s 

accomplished these and t h e r e s t o f the o v e r - w i n t e r i n g a n i m a l s 

d i e a l s o . Only a few l i v e i n t o June, and by J u l y a l l have d i e d . 

Cia.) The v a r i a t i o n i n p o p u l a t i o n d e n s i t y t h r o u g h o u t the year 

The a c t u a l number o f A. a q u a t i c u s p r e s e n t i n the 

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

the energy f l o w t h r o u g h the p o p u l a t i o n . U n f o r t u n a t e l y a 

d e t a i l e d i n v e s t i g a t i o n o f t h i s parameter i s v e r y time-consuming 

and does n o t l e n d i t s e l f t o a s h o r t - t e r m s t u d y . Because o f 

i t s g r e a t i m p o r t a n c e , however, an a t t e m p t was made t o examine 

t h i s f a c t o r . The s t u d y r e s u l t e d i n what was c o n s i d e r e d t o be 

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

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

The problem was s t u d i e d i n two s t a g e s . F i r s t l y , a 

s t a n d a r d sampling t e c h n i q u e was adopted so t h a t the r e l a t i v e 

changes i n the p o p u l a t i o n d e n s i t y c o u l d be f o l l o w e d from month 

t o month; : and sec o n d l y , an a b s o l u t e d e t e r m i n a t i o n o f the numbers 
2 

o f A. aquaticus/m was made i n o r d e r t o c a l i b r a t e the s t a n d a r d 

sampling t e c h n i q u e . 
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Method 

A s t a n d a r d sampling procedure w i t h a pond-net v/as 

c a r r i e d out a t monthly i n t e r v a l s . A st a n d a r d sweep c o n s i s t e d 

o f one h o r i z o n t a l movement o f a squ a r e - s i d e d n e t th r o u g h 150cm 

o f water and v e g e t a t i o n , such t h a t a volume o f 0.883/m^ was 

sampled. 

The catch from each sweep was screened f o r p r e d a t o r s , 

r e t u r n e d t o t h e l a b o r a t o r y , and s o r t e d as d e s c r i b e d above, each 

sweep b e i n g t r e a t e d s e p a r a t e l y . The numbers o f A. a q u a t i c u s 

caught w i t h each sweep were counted and the r e s u l t s are p r e s e n t e d 

below (page l ' + ) . 

I t was found t h a t sweeping w i t h a pond-net was 

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

reason the number o f samples taken each month was k e p t t o a 

minimum. Thus 18 samples per month were c o n s i d e r e d t o p r o v i d e 

a balance between a c c u r a t e p o p u l a t i o n s i z e e s t i m a t i o n and m i n i m a l 

environment d i s r u p t i o n . These samples were n o t taken a t random 

bu t a t d e f i n i t e s i t e s marked out i n t h e d i f f e r e n t v e g e t a t i o n 

zones a t t h e b e g i n n i n g o f t h e s t u d y . T h i s was designed t o 

f a c i l i t a t e t he comparison o f c a t c h s i z e from month t o month, 

d e s p i t e the n e c e s s a r i l y s m a l l number o f samples t a k e n . 

Between 13-19th J u l y an a t t e m p t was made t o e s t i m a t e 
2 

the numbers o f A. aquaticus/m i n t h e pond. I n s u f f i c i e n t t i m e 

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



i n a l l t h e v e g e t a t i o n zones, and so i t was decided t o 

c o n c e n t r a t e on the l a r g e c e n t r a l area o f Potamogeton where 

i t was judged t h a t most o f the animals were s i t u a t e d . 

The a b s o l u t e p o p u l a t i o n s i z e d e t e r m i n a t i o n was made 

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

a wooden framework covered w i t h p o l y t h e n e s h e e t i n g so as t o 

form an open-ended tube o f square c r o s s - s e c t i o n . Four s t r i p s 

o f s t e e l p l a t e were f i x e d round the p e r i m e t e r o f one end i n 

or d e r t o form a c u t t i n g edge which p r o t r u d e d beyond the end o f 

the t u b e . The s t r u c t u r e was 2 metres l o n g and 0.5 metres a l o n g 

each s i d e o f t h e square. 

I n use, t h e sampler was dropped u p r i g h t i n t o t h e pond 

and f o r c e d down so t h a t the s t e e l edge c u t th r o u g h r o o t s and 

d e b r i s t o become f i r m l y embedded i n the s u b s t r a t u m . Thus a 
2 

column o f water and Potamogeton beneath an area o f 0.25/m was 

e f f e c t i v e l y i s o l a t e d from the r e s t o f the pond. A. a q u a t i c u s 

does n o t swim but walks a l o n g the s u b s t r a t u m , and use was made 

o f t h i s f a c t i n removing a l l the animals from t h e i s o l a t e d 

column o f w a t e r . A l l the v e g e t a t i o n was cropped from i n s i d e 

the sampler and c a r e f u l l y p l a c e d , t o g e t h e r w i t h t h e animals on 

i t , i n p l a s t i c d i s h e s . Any animals were c a r e f u l l y brushed 

from t h e i n s i d e w a l l s o f t h e tube and s u f f i c i e n t t i m e a l l o w e d 

f o r them t o s i n k t o t h e bottom o f t h e coliumn. A square- s i d e d 

pond-net was used t o skim o f f t h e t o p l a y e r o f ooze w i t h i n the 

sampler, and t h i s , t o g e t h e r w i t h the v e g e t a t i o n , was r e t u r n e d t o j 
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t h e l a b o r a t o r y f o r s o r t i n g a s d e s c r i b e d above. U s i n g the 

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

m a j o r i t y o f the A. a q u a t i c u s p r e s e n t i n the column were 

c a p t u r e d . 

The s a m p l e r was then t r a n s f e r r e d to a n o t h e r p a r t of 

the Potamogeton and the p r o c e d u r e r e p e a t e d . A l l the s a m p l e s 

t a k e n were from a column of w a t e r l60cms deep and, s i n c e the 

c e n t r a l a r e a i s of a p p r o x i m a t e l y u n i f o r m depth, i t f o l l o w s t h a t 

d a t a c o l l e c t e d i n t h i s way may be a p p l i e d to t h e whole a r e a of 

Potamogeton. 

S o r t i n g of the m a t e r i a l c o l l e c t e d was found to be 

v e r y time-consuming, and t h u s the number of s a m p l e s t a k e n was 

s t r i c t l y l i m i t e d . Of the f o u r s a m p l e s r e t u r n e d to t h e l a b o r a t o r y , 

one was l o s t , and the r e m a i n i n g t h r e e gave numbers of A. a q u a t i c u s 

which were i n c l o s e agreement w i t h one a n o t h e r and w i t h i n t h e 

range e x p e c t e d from a c o n s i d e r a t i o n of t h e s t a n d a r d sweeping 

d a t a ( T a b l e 1 ) , I t was t h o u g ht, t h e r e f o r e , t h a t d e s p i t e t h e 

l i m i t e d s a m p l i n g programme, a r e a s o n a b l y a c c u r a t e e s t i m a t e of 
2 

t h e numbers of A. a q u a t i c u s / m had been a c h i e v e d . The r e s u l t s 

a r e p r e s e n t e d below. 
R e s u l t s 

The mean number o f A. a q u a t i c u s caught p e r sweep was 

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

time ( F i g . 9 ) . By p l o t t i n g the mean o f s a m p l e s t a k e n from a l l 

a r e a s and d e p t h s of t h e pond i t was p o s s i b l e t o o b t a i n an 



F i g . 9. The mean number of animals caught 

per standard sweep S.E.) i s p l o t t e d f o r 

each month of the study. 

C a l i b r a t i o n of the standard sweeps made i n 

J u l y permitted a l l data to be expressed as 
2 

the change i n numbers/m wi t h time ( s e e 

Table 1 and t e x t for f u r t h e r e x p l a n a t i o n ) . 
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e s t i m a t e f o r r e l a t i v e changes i n p o p u l a t i o n d e n s i t y w hich 

appeared t o be u n a f f e c t e d by l o c a l m i g r a t i o n s of a n i m a l s 

w i t h i n t h e pond a s no pronounced e f f e c t s o f t h i s n a t u r e were 

d e t e c t e d . F i g u r e 9 d e m o n s t r a t e s how t h e numbers p e r s t a n d a r d 

sweep showed p r o g r e s s i v e and v e r y marked changes throughout t h e 

p e r i o d of study.. 

T a b l e 1 shows the r e s u l t s o f the a b s o l u t e p o p u l a t i o n 

s i z e d e t e r m i n a t i o n made i n J u l y w i t h t h e a i d o f t h e t u b u l a r 

s a m p l e r : 

Sample No../m 

1 1068 
2 816 
3 1100 

Mean 99^.6 

These d a t a were used i n c o n j u n c t i o n w i t h the s t a n d a r d 

sweeping d a t a g i v e n above to c a l c u l a t e t h e p o p u l a t i o n e s s a 

d e n s i t y t h r o u g h o u t the y e a r . F o r t h i s purpose i t was assumed 

t h a t t h e c a t c h of 33«1 i n d i v i d u a l s p e r sweep i n J u l y was 
. 2 

e q u i v a l e n t to a d e n s i t y o f 1000 animals/m . The r e s u l t s a r e 

shown i n F i g u r e 9. 

I t can be s e e n t h a t a t t h e s t a r t o f the s t u d y i n 

November t h e p o p u l a t i o n d e n s i t y was v e r y h i g h , but t h e s e numbers 

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

e x t i n c t i o n i n A p r i l . F o l l o w i n g t h i s , however, t h e p o p u l a t i o n 

s i z e i n c r e a s e d r a p i d l y , and t h i s c o i n c i d e d e x a c t l y w i t h the 
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a p p e a r a n c e of j u v e n i l e s i n the p o p u l a t i o n ( F i g . 4 ) . Although 

i t was not s t u d i e d q u a n t i t a t i v e l y , t h e p r o d u c t i o n of so many 

young p o i n t s to the h i g h f e c u n d i t y o f the few f e m a l e s which 

remained i n A p r i l . 

THE PHYSIOLOGICAL FACTORS AFFECTING ENERGY FLOW 

The s t u d y o f b i o e n e r g e t i c s i s based on the p r i n c i p l e s 

of thermodynamics, t h e f i r s t o f w h i c h may be s t a t e d a s : energy 

may be t r a n s f o r m e d from one form i n t o a n o t h e r , but i s n e i t h e r 

c r e a t e d nor d e s t r o y e d . Thus f o r any a n i m a l we can w r i t e : 

C h e m i c a l energy C h e m i c a l energy C h e m i c a l energy 
= + 

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

T h i s i s the f i r s t o f two e q u a t i o n s which a r e commonly used by 

b i o e n e r g e t i c s w o r k e r s , the second b e i n g : 

C h e m i c a l energy C h e m i c a l energy Energy u t i l i z e d i n 
— - J -

a s s i m i l a t e d o f growth m a i n t e n a n c e m e t a b o l i s m 

The energy of growth i s t h a t e n ergy w h i c h i s r e q u i r e d 

f o r t h e s y n t h e s i s o f the complex m o l e c u l e s of w h i c h a n i m a l 

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

used i n the p r o d u c t i o n of e x o s k e l e t o n s , p a r t o f which a r e 

p e r i o d i c a l l y c a s t a s e x u v i a e . 

The energy of m a i n t e n a n c e m e t a b o l i s m r e f e r s to t h a t 

e n e r g y expended by t h e numerous p h y s i o l o g i c a l p r o c e s s e s which 

summate to form the r o u t i n e d a i l y m e t a b o l i c a c t i v i t y w h i c h t h e 



a n i m a l must c a r r y out to c o n t i n u e i t s e x i s t e n c e . Examples 

of t h e s e a c t i v i t i e s i n c l u d e the p r o d u c t i o n of hormones, 

enzymes, and the energy d i s s i p a t e d by m u s c u l a r c o n t r a c t i o n . 

These e q u a t i o n s may be a p p l i e d to an i n d i v i d u a l 

or to a group of a n i m a l s , and t h u s by s o l v i n g one h a l f o f the 

second e q u a t i o n and r e l a t i n g i t t o p o p u l a t i o n d e n s i t y e s t i m a t e s , 

one may c a l c u l a t e the t o t a l e n e rgy f l o w through t h e p o p u l a t i o n . 

The p r e s e n t s t u d y was d e s i g n e d to e s t i m a t e the e nergy u t i l i z e d 

i n growth and t h e e nergy d i s s i p a t e d by m aintenance m e t a b o l i s m . 

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

f i g u r e f o r growth.However the e nergy o f m a i n t e n a n c e m e t a b o l i s m 

must be e s t i m a t e d i n d i r e c t l y . F o r t u n a t e l y , the d i f f e r e n t 

components of t h e l a t t e r f a c t o r may be t r e a t e d c o l l e c t i v e l y 

s i n c e e a c h u l t i m a t e l y d e r i v e s i t s e nergy from the same s o u r c e , 

namely th e b i o l o g i c a l o x i d a t i o n of complex compounds. S i n c e t h e 

o x i d a t i o n p r o c e s s r e q u i r e s oxygen, i t i s o n l y n e c e s s a r y to 

e s t i m a t e t h e oxygen consumption of t h e p o p u l a t i o n to p e r m i t the 

c a l c u l a t i o n o f t h e e nergy d i s s i p a t e d by maintenance m e t a b o l i s m . 

Thus th e e nergy u t i l i z a t i o n by A. a q u a t i c u s may be 

s t u d i e d under t h r e e headings;; the e n e r g y u t i l i z e d i n growth 

of the p o p u l a t i o n , the e nergy of growth l o s t i n e x u v i a e 

p r o d u c t i o n , and the e n e r g y d i s s i p a t e d by r e s p i r a t i o n . 

1'. The e n e r g y u t i l i z e d i n growth of the p o p u l a t i o n . 

B i o mass and e nergy u n i t s ' . 

Biomass p r o d u c t i o n i n v o l v e s t h e u t i l i z a t i o n o f 
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e n e r g y . However, t h e amount of biomass produced by an 
organism g i v e s no r e a l i n d i c a t i o n o f the amount of energy 
which has been used i n i t s m a n u f a c t u r e , b e c a u s e t h e energy 
r e q u i r e d p e r u n i t w e i g h t v a r i e s w i t h the a n i m a l and from 
p a r t to p a r t w i t h i n t h e a n i m a l . Thus the s t u d e n t o f energy 
f l o w and e n e r g y t r a n s f o r m a t i o n s f i n d s l i t t l e u s e f o r biomass 
a s a c o m p a r a t i v e u n i t . I t h a s become customary to e x p r e s s 
p r o d u c t i o n i n terms o f energy u n i t s , and b e c a u s e a l l forms o f 
energy can be c o n v e r t e d c o m p l e t e l y to h e a t , but not c o m p l e t e l y 
to any o t h e r form, t h e c a l o r i e i s now recommended f o r c o m p a r a t i v e 
p u r p o s e s . Thus the b i o e n e r g e t i c s worker r e f e r s to biomass i n 
terms o f t h e energy r e q u i r e d i n i t s s y n t h e s i s o r t h e energy i t 
would y i e l d on complete combustion, both e x p r e s s e d i n c a l o r i e s . 
I n t h i s way t h e p r o d u c t i o n and u t i l i z a t i o n o f biomass o f e v e r y 
n a t u r e i s r e a d i l y c o m p a r a b l e . 

I n o r d e r to conform to t h i s custom the e s t i m a t i o n 

of p o p u l a t i o n growth must f a l l i n t o two p a r t s ; , f i r s t l y , the 

c a l c u l a t i o n of the biomass produced by the p o p u l a t i o n , and 

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

A. a q u a t i c u s t i s s u e so t h a t t h e biomass produced can be 

e x p r e s s e d i n c a l o r i e s . 

The biomass p r o d u c t i o n was c a l c u l a t e d by f o l l o w i n g 

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

to b i o mass by d e t e r m i n i n g the r e l a t i o n s h i p between l e n g t h and 

l i v e w e i g h t . The f i g u r e o b t a i n e d was t h e n m u l t i p l i e d by t h e 
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number o f a n i m a l s e x h i b i t i n g l e n g t h i n c r e a s e to o b t a i n the 
biomass p r o d u c t i o n by the whole p o p u l a t i o n . 

The v a r i o u s s t a g e s i n t h i s e x e r c i s e a r e d i s c u s s e d 

below. 

a ) The i n c r e a s e i n l e n g t h of i n d i v i d u a l s and t h e numbers 

e x h i b i t i n g t h i s i n c r e a s e 

I n o r d e r t o o b t a i n t h e s e d a t a i t was f i r s t n e c e s s a r y 
2 

t o e s t i m a t e the numbers o f animals/m p r e s e n t i n each s i z e 

c l a s s on each monthly s a m p l i n g d a t e , and the i n f o r m a t i o n 

e n a b l i n g t h i s e s t i m a t i o n t o be c a r r i e d out was d e r i v e d from 

the p o p u l a t i o n dynamics s t u d y d i s c u s s e d above. F o r r e a s o n s 

g i v e n below (pp.22,29, i t was a l s o n e c e s s a r y to t r e a t the m a l e s 

and f e m a l e s s e p a r a t e l y i n the c a l c u l a t i o n s . The r e q u i r e d d a t a 

were c o n v e n i e n t l y o b t a i n e d by m u l t i p l y i n g the monthly a b s o l u t e 

p o p u l a t i o n d e n s i t i e s ( F i g . 9 ) by the a p p r o p r i a t e p e r c e n t a g e s o f 

the p o p u l a t i o n p r e s e n t i n e a c h s i z e c l a s s , t h e s e x e s b e i n g 

t r e a t e d s e p a r a t e l y . These p e r c e n t a g e s were o b t a i n e d from th e 

raw d a t a used i n the c o n s t r u c t i o n of F i g u r e and the d a t a 

f o r F e b r u a r y shown i n F i g u r e 7 a r e examples of t h o s e u s e d i n 

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

i n T a b l e 2. 

The i n c r e a s e i n l e n g t h of i n d i v i d u a l s can be 

c a l c u l a t e d from the s h i f t i n the s i z e c l a s s e s r e p r e s e n t e d i n 

t h e p o p u l a t i o n w i t h t i m e , a s shown i n T a b l e 2, and t h e numbers, 

o f a n i m a l s e x h i b i t i n g l e n g t h i n c r e a s e a t any time i n the y e a r 
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can be o b t a i n e d d i r e c t l y from th e same source.. 

The p r e s e n t s t u d y was a b l e to c o v e r t e n months 

o f the y e a r . However, i t was thought t h a t an e s t i m a t e of 

t h e energy f l o w through t h e p o p u l a t i o n f o r one whole l i f e 

c y c l e was more i n f o r m a t i v e and of much g r e a t e r i n t e r e s t t h a n 

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

t h e d a t a were examined and deemed t o be s u f f i c i e n t l y d e t a i l e d 

to p e r m i t an i n f o r m e d p r e d i c t i o n of t h e course of e v e n t s d u r i n g 

the two months not c o v e r e d by t h i s i n v e s t i g a t i o n . Thus the 

d a t a i n T a b l e 2 f o r September and O c t ober i s e x t r a p o l a t e d 

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

r e s u l t s f o r t h i s p e r i o d and the r e s t o f the y e a r w i l l be 

p r e s e n t e d s e p a r a t e l y . A- f i g u r e f o r the t o t a l e n ergy exchange 

p e r annum may be o b t a i n e d by summing t h e s e r e s u l t s ^ 

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

The r e l a t i o n s h i p between l e n g t h and l i v e w e i g h t 

was examined t o a l l o w t h e l e n g t h i n c r e a s e shown i n T a b l e 2 

to be e x p r e s s e d i n terms o f biomass p r o d u c t i o n . . 

Method On f i v e o c c a s i o n s a n i m a l s were s e l e c t e d f o r w e i g h i n g . 

A f t e r l e n g t h measurements were t a k e n a s d e s c r i b e d above, the 

l i v e - w e i g h t s were d e t e r m i n e d by removing a l l e x c e s s m o i s t u r e 

from th e s u r f a c e of the a n i m a l s w i t h f i l t e r p a p e r and w e i g h i n g 

t o the n e a r e s t O.lmgm. I n o r d e r to m a i n t a i n a c c u r a c y w i t h t h e 

s m a l l e r a n i m a l s , s e v e r a l o f the same l e n g t h were weighed 

t o g e t h e r and t h u s a mean v a l u e was o b t a i n e d . 
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R e s u l t s Although d e t e r m i n a t i o n s were made i n f i v e months, 
the r e s u l t s o b t a i n e d were so s i m i l a r t h a t a l l were combined 
and a r e shown i n F i g u r e 10. The c o n s t a n c y of t h e w e i g h t / l e n g t h 
r e l a t i o n s h i p throughout t h e y e a r h a s been d e m o n s t r a t e d i n o t h e r 
i s o p o d s ( e . g . P h i l l i p s o n & Watson 1965). 

F o r the purpose of c a l c u l a t i n g the biomass p r o d u c t i o n , 

a double l o g a r i t h m i c t r a n s f o r m a t i o n was c a r r i e d out on the d a t a . 

F i g u r e 11 shows the l o g a r i t h m o f l i v e body w e i g h t 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 l e n g t h . T h i s and a l l s u b s e q u e n t r e g r e s s i o n 

l i n e s were f i t t e d by the method o f ' l e a s t s q u a r e s ' . 

Although no s i g n i f i c a n t d i f f e r e n c e was found between 

the w e i g h t s o f males and f e m a l e s o f comparable s i z e , t h o s e o f 

o v i g e r o u s f e m a l e s were found to be c o n s i s t e n t l y h i g h e r . F o r 

t h i s r e a s o n t h e s e d a t a were t r e a t e d s e p a r a t e l y ( F i g u r e 12), 

and the d i s t i n c t i o n between f e m a l e s and o v i g e r o u s f e m a l e s was 

made i n T a b l e 2.. 

The mean v/et w e i g h t s of a n i m a l s i n eac h s i z e c l a s s 

were c a l c u l a t e d from t h e r e g r e s s i o n l i n e s i n F i g u r e s 11 and 12, 

and a r e p r e s e n t e d i n T a b l e 3* 

The d a t a c o n t a i n e d i n T a b l e 3 a r e used t o c a l c u l a t e 

t h e e n e r g y u t i l i z e d i n p o p u l a t i o n growth ( s e c t i o n ( e ) below. 
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F i g . 10. The r e l a t i o n s h i p between l e n g t h 

and l i v e w e i g h t i n A s e l l u s a q u a t i c u s . 
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1 

May M 
F 

Jun M 
F 

J u l M 
F 

Aug M 
F 

Sep M 
F 

Oct M 
F 

Nov M 
F 

Dec M 
F 

•Jan M 
F 

Feb M 
F 

O.F. 
M 

Mar F 
O.F. 

M 
Apr F 

0. F . 

May M 
F 

June M F 

62.6 
62.6 
41.2 
41.2 
85.1 
85.1 

13.8 
13.8 

102.9 
102.9 
123.0 
123.0 
97.8 
97.8 

89.4 
,89.4 
49.1 
49.1 

34.6 
34.6 
87.3 
87.3 
51.1 

551.1 
7.1 
7,1 
3.4 
3.4 
4,2 
4.2 

1.6 
1.6 

0.9 
0.9 

86.1 
86.1 

123.0 
123.0 
257.4 
257.4 
72.8 
72.8 
52.7 
52.7 
55.9 
55.9 
14.2 
14.2 
4.2 
4.2 
5.6 
5.6 

0.7 
0.7 

0.2 
0.2 

26.2 
15.0 
37.8 

132.4 
122.3 
74.2 

190.5 
190.5 
49.7 
49.7 
27.7 
55.4 

7.1 

8.3 

1.4 

0.9 

0.4 

3.6 

75.6 
132.3 
98.1 
73.5 
85.9 
85.9 

127.5 
127.5 
18.6 
36.9 

10.6 

3.4 
1.4 

0.5 
0.5 

1.2 

56.8 
37.9 
73.8 
24.6 
81.9 
81.9 
73.6 
73.6 
83.6 
55.7 
3.5 
7.1 

1.6 

1.4 

0.9 

0.2 
0.2 

1.8 

7.5 

18.5 

12.0 
62.0 
62.0 
76.7 
76.7 
27.8 
92.5 

7.5 
* GENERATION I I 

2 
T a b l e 2. The numbers of males, females and ovigerous females/m 

I t w i l l be noted t h a t , although the present study cover 
of the 1967-68 c y c l e , i n t h i s t a b l e a l l the data have b 
was followed i n order to f a c i l i t a t e d i s c u s s i o n , and do 
population during the study p e r i o d . 



8 9 10 11 12 13 14 15 mms 

14.8 
14.8 
72.0 
72.0 
83.6 
55.8 

1.7 
1.7 

17.0 
17.0 

148.2 
9.3 

3.2 
3.2 

37.2 8.6 

32.1 31.8 22.3 35.4 7.1 14.2 
24.8 46.0 9.6 7.1 - -

- 6.7 11.7 3.4 31.9 6.7 5.1 1.6 
11.8 13.4 35.2 15.1 - - - -
1.2 _ 5.6 5.6 11.3 2.8 
4.7 7.1 4.3 - - -
1.2 5.6 7.1 4.2 
- - 0.5 - 1.9 0.9 

0.9 1.4 0.5 - - -
0.5 1.4 1.9 

- 1.4 1.9 
- 0.2 - 0.2 0.2 
1.0 - - - -

- _ _ 1.8 
- 1.8 - - - -
- _ 3.7 

7.5 - -
t \ . . .. GENERATION I — 

pent I n each s i z e c l a s s a t the monthly sampling dates, 
the l a t e r p a r t o f the 1966-67 c y c l e and the e a r l i e r p a r t 
c o nsidered to r e f e r to one l i f e c y c l e . T h i s procedure 
\t a f f e c t the v a l u e obtained for energy flow through the 

M - MALES 
F - FEMALES 
O.F. - OVIGEROUS FEMALES 
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F i g . 11. Animal l e n g t h i s p l o t t e d a g a i n s t l i v e 

w e ight - l o g a r i t h m i c s c a l e - r e g r e s s i o n l i n e 

( y = 2.8^07x - 1.^57^, where x = l e n g t h and 

y = wet w t . ) . 
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Fig. 12. The length of gravid females i s 

p l o t t e d against l i v e weight - l o g a r i t h m i c 

scale - regression l i n e (y = 2.0208x -

0.5388, where x = lengt h and y = wet. w t . ) . 
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Table 3. Length/wet weight conversion data. 

Size class 

- rams 

Mean wet weight - Mgms Size class 

- rams Males & females Ovigerous females 

I — 2 0.11 -
2 - 3 0.47 -
3 — 4 1.23 -
4 - 5 2.50 -
5 - 6 4.42 -
6 - 7 7.11 -
7 - 8 10.68 — 

8 - 9 15.23 21.84 

9 — 10 20.89 27.35 
10 - 11 27.76 33.48 

11 - 12 35.95 40.24 

12 - 13 45.56 -
13 - 14 55.67 -
14 - 15 69.47 -
15 - 16 83.90 

! 

! 
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c) The c a l o r i f i c value of A. aquaticus tissue 

The c a l o r i f i c value of A. aquaticus t i s s u e was 

determined and used to express the biomass production i n 

c a l o r i e s . This value was obtained d i r e c t l y by using the. 

oxygen microbomb calorimeter described by P h i l l i p s o n (1964), 

Method Animals of a l l sizes and sex were c o l l e c t e d , d r i e d 

and stored separately during the period of study. This 

m a t e r i a l was pressed i n t o p e l l e t s weighing approximately 

10 mgms and dri e d f o r 48 hours i n a vacuum oven at 60°C. 

The c a l o r i f i c value of each was then determined using the 

bomb ca l o r i m e t e r . 

A p e l l e t of the m a t e r i a l under t e s t was weighed 

to the nearest 0.001 mgm and sealed i n the microbomb. 

Af t e r oxygen had been admitted to a pressure of 30 atmospheres, 

the p e l l e t was i g n i t e d by discharging a condenser across a 

platinum wire i n contact w i t h i t . The heat released on 

combustion was detected by a r i n g of thermo-couples on which 

the bomb re s t e d , the change i n p o t e n t i a l produced being 

monitored by a recording potentiometer. The c a l o r i f i c value 

of the ti s s u e was then c a l c u l a t e d from the potentiometer 

d e f l e c t i o n observed, a f t e r the bomb had been c a l i b r a t e d by 

burning a substance of known c a l o r i f i c value. Benzoic acid 

was used f o r the c a l i b r a t i o n . 

Results The values obtained are recorded i n Table 4. 
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Table ^f. The c a l o r i f i c value of A. aquaticus tissue 

\ 

Males 
i 

Females 
Length C a l o r i f i c value 

K.cals/gm dry wt. 
Length 
tn±ns. 

C a l o r i f i c value 
K.cals/gm dry wt. 

. 13 2.208 9 2.578 

11 2.881 9 3.759 

10 2.811 8 3.830 

9 2.671 7 3.702 

8 2.737 6 3.125 

8 2.365 6 3.332 

8 2.781 5 2.826 

7 3.35^ if 3.231 

6 3.0^0 

5 2.808 

k 

Examination of the data revealed a s i g n i f i c a n t 

d i f f e r e n c e i n the c a l o r i f i c value of male and female t i s s u e , 

females having a much higher value than males. The 

respective means obtained (- S.D.). were : 

Males - 2.773 - 0.289 K.cals/gm dry wt. 

Females - 3.298 - 0.4-23 K.cals/gm dry wt.. 

The d i f f e r e n c e between the means (- S.E. of d i f f e r e n c e ) 

= 0.525 - 0.173 K.cals/gm dry wt. 
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This d i f f e r e n c e i s probably due to the r e l a t i v e l y -
large q u a n t i t y of high c a l o r i f i c value reproductive m a t e r i a l 
c a r r i e d i n the ovary or brood pouch of the females, and i t 
i s u n l i k e l y t h a t t h i s d i f f e r e n c e applies to juveniles.. 

Males and females were separated i n Table 2 to 

enable the appropriate c a l o r i f i c values t o be a p p l i e d . 

d) The r a t i o of l i v e weight to dry weight 

The biomass data shown i n Table 3 are l i v e weight 

values, and t h i s permitted the animals to be returned to the 

pond i n order to minimize i n t e r f e r e n c e w i t h the p o p u l a t i o n . 

The c a l o r i f i c values, however, were necessarily expressed i n 

K.cals/dry weight gm. I t was necessary, t h e r e f o r e , to. 

e s t a b l i s h the r a t i o between l i v e weight and dry weight so 

that the c a l o r i m e t r y data could be applied to the biomass 

data a v a i l a b l e . 

Method A number of the over-wintering animals were taken 

from the pond and t h e i r l i v e weights determined as described 

above. They were then d r i e d f o r 48 hours i n a vacuum oven 

at 60°C and allowed to cool i n a dessicator before re-weighing. 

This procedure was repeated on a sample of animals from the 

population i n the summer months. 

Results S t a t i s t i c a l a nalysis revealed no s i g n i f i c a n t 

d i f f e r e n c e between the r a t i o of l i v e weight to dry weight i n 

males, females, winter or summer animals. The mean value 

obtained ( i S.D.) was :. 
0.217 - 0.023 
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e) The c a l c u l a t i o n of the amount of energy u t i l i z e d i n 
growth of the population 

Three major f a c t o r s may act on the population 

between successive sampling dates, and these are growth, 

m o r t a l i t y and n a t a l i t y . Many bioenergetics studies have 

been c a r r i e d out on animals i n which the hatching period was, 

or was assumed to be, of l i m i t e d d u r a t i o n (e.g. Smalley 1960.), 

and i n these cases the extent to which n a t a l i t y and m o r t a l i t y 

had occurred was e a s i l y gauged from the change i n population 

size between successive sampling dates. However, P h i l l i p s o n 

(1967) has pointed out the d i f f i c u l t i e s i n volved i n studying 

an animal which breeds more than once i n i t s l i f e - c y c l e and 

i n which new i n d i v i d u a l s are introduced i n t o the population 

over a prolonged p e r i o d , f o r under these conditions the 

d i f f e r e n c e between successive population sizes cannot be 

held to be an estimate of e i t h e r n a t a l i t y or m o r t a l i t y since 

i t r e s u l t s from the i n t e r a c t i o n of both. I n a d d i t i o n , such 

a population must nece s s a r i l y be composed of i n d i v i d u a l s of 

two or more generations i n which the p a t t e r n of growth, 

n a t a l i t y and m o r t a l i t y would almost c e r t a i n l y d i f f e r . 

I t can be seen, t h e r e f o r e , that a d i f f e r e n t approach 

to t h a t used f o r an animal w i t h a simple l i f e — c y c l e i s 

required i f the growth of the population of A. aquaticus, 

i s to be estimated. Only one attempt to study a population 

of t h i s type i s on record, and t h a t i s a c o n t r i b u t i o n by 
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Saito (1965) i n which he studied the t e r r e s t r i a l isopod 
Ligidium .japonicum i n a temperate f o r e s t ecosystem. The 
method used i n the c a l c u l a t i o n of the biomass production 
i n t h i s study i s a m o d i f i c a t i o n of t h a t used by S a i t o . 

When no n a t a l i t y i s occurring, the biomass 

production by a population between time t ^ and t ^ i s given 

by Saito"s formula :• 

N x: A_W _AN. x _AW. x 1 
t t t. 2 

where =- population size at 

^ ^ = mean weight increment per i n d i v i d u a l between 
t 

t n and t^i 

AN = number of m o r t a l i t i e s between t ^ and t ^ i 

t 

and the -J i s based on the assumption of a constant m o r t a l i t y 

r a t e between t ^ and t ^ . 

The f i r s t p a r t of the expression gives the production 

by the s u r v i v o r s at and the second gives the production by 

those animals which died between t ^ and t^* By extending and 

modifying t h i s basic idea one may c a l c u l a t e the production by 

a l l f r a c t i o n s of the A. aquaticus p o p u l a t i o n . 

An e s s e n t i a l feature of the method used by Saito 

i s the a b i l i t y to d i s t i n g u i s h d i f f e r e n t age-classes w i t h i n 

the population, and i n A. aquaticus t h i s was done on the. 
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basis of s i z e - d i s t r i b u t i o n . The size of an animal was, 
th e r e f o r e , taken to be an i n d i c a t i o n of i t s age. This 
enabled the two generations to be separated; a necessary 
step i n view of the d i f f e r e n c e s i n t h e i r p a t t e r n s of n a t a l i t y , 
growth and m o r t a l i t y . To f a c i l i t a t e discussion, the generation 
born between May and July w i l l subsequently be r e f e r r e d to as 
generation I , and the other as generation I I . The a b i l i t y to 
age an animal was also necessary i n order to d i s t i n g u i s h newly-
hatched i n d i v i d u a l s from the r e s t of the p o p u l a t i o n . 

During the months when b i r t h s are absent, the. 

m o r t a l i t y may be observed d i r e c t l y . However, Table 2 shows 

that n a t a l i t y occurred f o r f i v e months of the year, and 

therefore one requires an a l t e r n a t i v e method f o r c a l c u l a t i n g 

the m o r t a l i t y during t h i s p e r i o d . Figure 13 shows a s u r v i v o r ­

ship curve f o r the population between November and A p r i l , the 

period during which m o r t a l i t y was not masked by n a t a l i t y . 

The logarithm of the number of survivors/m^ was p l o t t e d 

against time, and i t represents a si n g l e l o g a r i t h m i c 

transformation of some of the data presented i n Figure 9. 

The r e s u l t i s a l i n e which coincides w i t h t h a t designated as 

type I I by Deevey (19^7), and i s also very s i m i l a r to tha t 

obtained by Saito f o r Ligidium japonicum. Therefore, one can 

conclude t h a t the population of A. aquaticus experienced a 

constant m o r t a l i t y r a t e ; and since Figure k shows t h a t the 

histograms maintain a f a i r l y constant o u t l i n e which may be 
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Fig. 13. The number of survivors/m i s 

p l o t t e d against time - serai l o g a r i t h m i c 

p l o t - regression l i n e (y = 0.0l4lx + 

2.978, where x = days and y = survivors/i 
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followed from month to month, the constant m o r t a l i t y r a t e 
must have applied equally to a l l size-classes. (The male 
m o r t a l i t y during the short period f o l l o w i n g January copulation 
i s probably an exception to t h i s observation.) Thus, given a 
constant m o r t a l i t y r a t e , the number of m o r t a l i t i e s which 
occurred during the n a t a l i t y period may be c a l c u l a t e d from 
the slope of the l i n e i n Figure 13. 

The constant m o r t a l i t y r a t e was not unexpected, 

and the possible reasons f o r t h i s w i l l be discussed below 

(page 4-9 ) . 

N f and A W , the remaining f a c t o r s i n the expression 
+• 

given above may be calculated d i r e c t l y from the data i n 

Tables 2 and 3. 

For the purpose of c a l c u l a t i n g the biomass production 

the population was considered to be composed of sixteen 

categories of i n d i v i d u a l s : 

The males of generation I — 

( i ) present at t ^ and s u r v i v i n g to t., 

( i i ) present at t ^ but dying before t_, 

( i i i ) hatching a f t e r t ^ and s u r v i v i n g to 

( i v ) hatching a f t e r t ^ but dying before t_, 

- the remaining 12 categories were given by considering the 

females of generation I and both sexes of generation I I . 

By using Saito's formula the biomass production was 

ca l c u l a t e d f o r the categories; represented i n each of the 
sampling i n t e r v a l s throughout the year, and the r e s u l t s 
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obtained are presented g r a p h i c a l l y i n Figure 14-.. 

Both generations reached a peak of secondary 

production l a t e i n the year, but the graph emphasizes the 

great d i f f e r e n c e i n the c o n t r i b u t i o n s each generation makes 

to the t o t a l biomass production by the whole p o p u l a t i o n . 

Figure 14 also shows an i n t e r e s t i n g i r r e g u l a r i t y i n 

the production by generation I during the period J u l y - August, 

and a possible explanation of t h i s w i l l be discussed below 

(page 49).. 

Table 5 shows the c a l c u l a t i o n of the annual biomass 

production taken to completion. The separate t o t a l s f o r 

males and females are m u l t i p l i e d f i r s t l y by the l i v e weight/dry 

weight r a t i o (page 26), and secondly by the respective male and 

female c a l o r i f i c values (page 25)'. 

Table 5. The combined biomass production of generations I and 

expressed i n c a l o r i e s . 

T o t a l 
production 
mgms l i v e 

wt. 

To t a l 
production 
mgms dry 

wt. 
Production 
K.cals. 

Nov.22nd - ( Males 
( 

Aug.l6th ( Females 

6867.90 

4-132.7^ 

1W.0 

896.9 

4-.135 
2.960 

Aug.l6th - ( Males 
( 

Nov.22nd ( Females 

6558.30 

3990V53 

1423.0 

866.0 

3.950 

2.858 

TOTAL 13.903 
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F i g . Ik. The biomass production during 

each sampling i n t e r v a l i s p l o t t e d against 

time. The two generations are t r e a t e d 

separately. 
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T h e r e f o r e the e n e r g y u t i l i z e d i n growth d u r i n g 
the p e r i o d Nov. 22nd - Aug. l6th 

2 

= 7.095 K . c a l s / m 

E n e r g y u t i l i z e d i n growth d u r i n g the p e r i o d Aug.l6tih — 

Nov. 22nd 
=. 6.808 K . c a l s / m 2 

T h e r e f o r e t o t a l energy u t i l i z a t i o n 
2 

= 13.903 K . c a l s / m /annum 

One may now p r o c e e d t o compare t h i s f i g u r e w i t h 

the amount of energy u s e d i n e x u v i a e p r o d u c t i o n and 

m a i n t e n a n c e m e t a b o l i s m . 

( i i X The energy of growth l o s t i n e x u v i a e p r o d u c t i o n 

The c a l c u l a t i o n u s e d above f o r the energy u t i l i z e d , 

i n growth does not g i v e the t o t a l energy expended.. P a r t of 

the biomass produced by t h e a n i m a l s i s d e p o s i t e d a s exuviae, 

and so cannot be d e t e c t e d by f o l l o w i n g the i n c r e a s e i n body 

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

d e t a i l e d e x a m i n a t i o n , i t was thought d e s i r a b l e to o b t a i n an 

a p proximate e s t i m a t e of t h e energy of growth l o s t by e x u v i a e 

p r o d u c t i o n . . 

(.a)., The number of m o u l t s made by each a n i m a l 

The number of m o u l t s r e q u i r e d f o r an a n i m a l t o 

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

o f the " B r o o k s — P r z i b r a m " method f o r c a l c u l a t i n g growth r a t e s 
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(see Kormondy 1959). Brooks was the f i r s t t o d e s c r i b e how 
growi n g a r t h r o p o d s always i n c r e a s e i n s i z e by a f i x e d 
percentage a t each m o u l t . This f a c t o r i s r e l a t i v e l y 
c o n s t a n t f o r each s p e c i e s and i s a p p r o x i m a t e l y 1.25. 
I f the l e n g t h o f an a n i m a l a t h a t c h i n g i s known, one can 
c a l c u l a t e the number o f mo u l t s r e q u i r e d t o achieve any 
p a r t i c u l a r s i z e by r e p e a t e d l y m u l t i B p l y i n g the a n i m a l l e n g t h 
by the growth f a c t o r u n t i l the d e s i r e d s i z e i s reached. 
Thus the number o f m u l t i p l i c a t i o n s g i v e s the number of. 
m o u l t s r e q u i r e d . 

METHOD. 

The growth f a c t o r was determined f o r A. a q u a t i c u s 

by m a i n t a i n i n g animals i n the l a b o r a t o r y and measuring head-

w i d t h s b e f o r e and a f t e r m o u l t i n g s . The head-width was 

measured between the p o i n t s C and D shown i n F i g u r e 3» by 

u s i n g a low-power microscope f i t t e d w i t h an eye-piece 

micrometer. A r e a d i n g was taken o n l y i f b o t h r e f e r e n c e 

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

w i d t h b e f o r e and a f t e r m o u l t i n g was used t o c a l c u l a t e the 

growth f a c t o r , which i n t u r n was used t o e s t i m a t e the number 

of m o u l t s r e q u i r e d t o achieve any g i v e n s i z e . 

RESULTS 

The 9 r e s u l t s o b t a i n e d gave a mean f i g u r e (- S.D.) 

f o r t h e growth f a c t o r o f 1.200 O.OO83.. 
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Using t h i s v a l ue i t was e s t i m a t e d t h a t a female 
r e q u i r e s 11 m o u l t s t o reach maximum s i z e w h i l s t a male 
r e q u i r e s an a d d i t i o n a l 2 m o u l t s . 

b) The w e i g h t o f the exuviae produced a t each Moult 

METHOD 

A number o f animals were m a i n t a i n e d i n the 

l a b o r a t o r y u n t i l t h e y moulted. The exuviae produced were 

c a r e f u l l y c o l l e c t e d , d r i e d f o r 48 hours a t 60°C i n a vacuum 

ovenr. and weighed t o the n e a r e s t 0.001 mgm. The head-width 

was measured b e f o r e and a f t e r the m o u l t . 

RESULTS 

F i g u r e 15 shows the r e s u l t s i n g r a p h i c a l form, 

the e x u v i a l w e i g h t i n mgms, h a v i n g been p l o t t e d a g a i n s t the-

mean o f p r e - and p o s t - m o u l t head-widths. 

The mean weig h t o f the exuviae produced a t each o f 

the m o u l t s c a l c u l a t e d above was computed from a r e g r e s s i o n 

o f the l o g a r i t h m o f e x u v i a l w e i g h t on the l o g a r i t h m o f mean 

head-width ( F i g . 16).. 

c) The d e t e r m i n a t i o n o f th e c a l o r i f i c v a l ue o f exuviae 

METHOD 

C o l l e c t i o n s o f c a s t e x o s k e l e t o n s were made over a 

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

w i t h the micro-bomb c a l o r i m e t e r V 

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

th e c a l o r i m e t r y t e c h n i q u e d e s c r i b e d above.. 
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F i g . 15. The r e l a t i o n s h i p between a n i m a l 

s i z e and t h e d r y w e i g h t o f exuviae produce 

on m o u l t i n g . 
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F i g . 16. Headwidth i s p l o t t e d a g a i n s t 

w e i g h t o f exuviae produced on m o u l t i n g -

l o g a r i t h m i c saale - r e g r e e s i o n l i n e ( y = 

6.179x - 1.28^, where x = head w i d t h and 

y = e x u v i a l w t . ) . 
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RESULTS 

The c a l o r i f i c v a l u e o f exuviae was found t o be. 

0.8l6 K.cals/gm d r y wt. 

d) The c a l c u l a t i o n o f the energy used i n exuviae p r o d u c t i o n 

by the p o p u l a t i o n 

The data d i s c u s s e d above were combined and used t o 

esstimate t h e energy o f growth d e p o s i t e d i n c a s t e x o s k e l e t o n s . 

The t o t a l w e i g h t o f exuviae produced by an i n d i v i d u a l 

cannot be determined u n t i l a f t e r i t s d e a t h . Thus the t o t a l 

exuviae p r o d u c t i o n by the p o p u l a t i o n was e s t i m a t e d by computing 

the p r o d u c t i o n t o date by those a n i m a l s which d i e d i n t h e f i r s t 

s a m pling i n t e r v a l , and r e p e a t i n g the c a l c u l a t i o n f o r each 

subsequent sampling i n t e r v a l u n t i l t h e whole p o p u l a t i o n was e x t i n c t 

The number o f m o r t a l i t i e s which o c c u r r e d d u r i n g each 

month was c a l c u l a t e d from the data i n Table 2. 

Since i t / e s f a b l i s h e d t h a t t h e m o r t a l i t y r a t e was t h e 

same i n each s i z e - c l a s s , the exuviae p r o d u c t i o n t o date by 

each m o r t a l i t y was ta k e n t o be t h e same as the mean va l u e per 

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

m i d - p o i n t o f t h e sampling i n t e r v a l c o n s i d e r e d . The mean 

exuviae p r o d u c t i o n per i n d i v i d u a l was c a l c u l a t e d from the 

m o u l t i n g d a t a g i v e n above and the data i n Table 2. 
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RESULTS 

Table 6* The t o t a l w e i g h t o f exuviae produced by those 

animals d y i n g i n each sampling i n t e r v a l 

Sampling T o t a l w e i g h t o f exuviae produced — 
i n t e r v a l mgms d r y wt.. 

G e n e r a t i o n I G e n e r a t i o n I I 

May 
OV5506 — 

June 
16.2958 -

J u l y 
70.4279 — 

Aug.-
37.8233 — 

Sept. 
IOO.9896 o:,8374 

Oct'. 
221.5954 4.5695 

Nov', 
H36.O.566 6.8304 

Dec. 
526.-9387 o.9^59 

Jan „ 
494.7153 0.1909 

Feb'.. 
272V3343 0.6193 

Mar. 
26.-8565 0.5020 

Apr. 
13.0274 — 

May 

TOTA] I 2917-6114 14; 4954 

Exuviae p r o d u c t i o n by whole p o p u l a t i o n 
2 

= 2.932 gms/m /annum 
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The c a l o r i f i c v a l ue o f 0.8l6 K.cals/gm d r y wt. 

was used t o express the exuviae p r o d u c t i o n i n c a l o r i e s , 

and the r e s u l t s o b t a i n e d were : 

Energy used i n exuviae p r o d u c t i o n d u r i n g the 

p e r i o d Nov. 22nd - Aug. l6th 

* 2,09k K.cals/m 2 

Energy used i n exuviae p r o d u c t i o n d u r i n g the 

p e r i o d August 16th - Nov. 22nd 

= 0.299 K.cals/m 2 

T h e r e f o r e t o t a l energy used i n exuviae p r o d u c t i o n 
2 

= 2.393 K.cals/m /annum 

The v a s t m a j o r i t y o f t h i s energy f l o w e d t h r o u g h 

g e n e r a t i o n I , o n l y 0.^9% h a v i n g passed t h r o u g h g e n e r a t i o n I I . 

One may now proceed t o complete the d e t e r m i n a t i o n 

o f energy f l o w t h r o u g h t h e p o p u l a t i o n by e v a l u a t i n g t h e 

energy d i s s i p a t e d by r e s p i r a t i o n . 

( i i i ) The energy d i s s i p a t e d by r e s p i r a t i o n 

Teal (1959) was prompted t o w r i t e : "the r e s p i r a t i o n 

o f a n i m a l s i n an ecosystem i s t h e most i m p o r t a n t s i n g l e measure 

o f the energy f l o w t h r o u g h the organisms o f t h a t ecosystem". 

The r e s u l t s o f the p r e s e n t s t u d y demonstrate the v a l i d i t y o f 

t h i s v i ew. 

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

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

the r e s p i r a t o r y r a t e s o f a n i m a l s . B e r t h e t (1963) b e l i e v e d 
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t h a t a c c l i m a t i z a t i o n i s n o t i m p o r t a n t and, w h i l s t w o r k i n g 
on 16 s p e c i e s o f o r i b a t i d m i t e s , r e p o r t e d Q^Qs r a n g i n g from 
2,6 t o 5.6. These he used i n c o n j u n c t i o n w i t h p o p u l a t i o n 
d a t a and annual t e m p e r a t u r e measurements t o c a l c u l a t e the 
amount o f energy r e l e a s e d by r e s p i r a t i o n per annum. 
P h i l l i p s o n (1963), however, b e l i e v e d t h a t animals may compensate, 
f o r t emperature changes and thus t h e i r r e s p i r a t o r y r a t e s do n o t 
change markedly w i t h l o n g - t e r m temperature f l u c t u a t i o n s . He-
c o n s i d e r s t h a t i t may be erroneous t o a l l o w f o r seasonal 
temperature change i n c a l c u l a t i o n s , and thus a p p l i e d r e s p i r a t o r y 
data c o l l e c t e d a t l6°C t o a species p o p u l a t i o n o f the p h a l a n g i d 
Leiobunum rotundum ( L a t r . ) . f o r the whole y e a r . 

The method chosen t o examine the r e s p i r a t i o n o f 

A., a q u a t i c u s was designed f i r s t l y t o show the r e s p i r a t o r y 

r a t e o f d i f f e r e n t c a t e g o r i e s o f animals under v a r i o u s 

e n v i r o n m e n t a l c o n d i t i o n s , and sec o n d l y , t o determine t h e e x t e n t 

t o which a c c l i m a t i z a t i o n a f f e c t e d t h e r e s p i r a t o r y r a t e . I t was 

proposed t o combine these d a t a t o g i v e f i g u r e s f o r the r e s p i r a t o r y 

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

by a p p l y i n g these t o t h e p o p u l a t i o n , t o c a l c u l a t e the t o t a l , 

energy d i s s i p a t e d per annum by maintenance metabolism* 

a-X The r e s p i r a t i o n r a t e o f A. a q u a t i c u s 

Method: The p r i n c i p l e o f the r e s p i r o m e t r y t e c h n i q u e used 

was s i m p l e . The ani m a l s were p l a c e d i n a stoppered b o t t l e 

f u l l o f pond water f o r t h e d u r a t i o n o f t h e ex p e r i m e n t . The 
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oxygen consumption was then c a l c u l a t e d as the d i f f e r e n c e 
between the oxygen c o n c e n t r a t i o n i n the water a t the b e g i n n i n g 
and end o f t h e r u n . S e r i e s o f experiments were c a r r i e d out 
a t t h r e e c o n s t a n t t e m p e r a t u r e s , namely 10°, 15° and 20°C. 

A", a q u a t i c us - were c o l l e c t e d from the pond, 

measured, sexed and p l a c e d i n c o n t a i n e r s o f pond water w i t h i n 

a c o n s t a n t temperature c a b i n e t p r e s e t t o the temperature 

r e q u i r e d . A f l u o r e s c e n t l i g h t o p e r ated by an a u t o m a t i c 

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

and darkness. The animals were f e d and a l l o w e d t o a c c l i m a t i z e 

t o the e x p e r i m e n t a l c o n d i t i o n s f o r seven days b e f o r e r e s p i r a t o r y 

experiments were c a r r i e d o u t . 

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

i s n o c t u r n a l , i t s oxygen consumption b e i n g a t a minimum round 

about noon (Lang & Ruzickova-Langova 19.51). For t h i s reason 

r e s p i r a t o r y e xperiments c a r r i e d out under a c o n s t a n t l i g h t 

regime would l e a d t o i n c o r r e c t v a l u e s f o r the mean oxygen 

consumption p e r 2k h o u r s . 

The a r t i f i c i a l day l e n g t h was a d j u s t e d so t h a t i t 

corresponded t o the n a t u r a l day l e n g t h which p r e v a i l e d when 

the pond was a t those temperatures s e l e c t e d f o r t h e l a b o r a t o r y 

e x p e r i m e n t s . T h i s r e q u i r e d knowledge o f the pond temperature-

t h r o u g h o u t the p e r i o d o f s t u d y , and the method o f o b t a i n i n g 

these d a t a i s d e s c r i b e d b r i e f l y below. 



The r e s p i r a t i o n o f A. a q u a t i c u s was, t h e r e f o r e , 

examined under c o n d i t i o n s which were as near n a t u r a l as p o s s i b l e . 

The d e t e r m i n a t i o n s o f oxygen consumption were c a r r i e d 

out by p l a c i n g one or more animals o f the same s i z e and sex 

i n t o b o t t l e s f u l l o f f i l t e r e d pond w a t e r , the oxygen c o n t e n t 

o f t he water b e i n g determined c h e m i c a l l y a t the b e g i n n i n g o f 

the e xperiments and ag a i n 2k hours l a t e r . No foo d was s u p p l i e d 

d u r i n g t h i s t i m e . I m m e d i a t e l y a f t e r the r u n the animals were 

d r i e d i n a vacuum oven f o r k8 hours a t 60°C and t h e i r d r y 

we i g h t s d e t e r m i n e d . 

P r e l i m i n a r y experiments were c a r r i e d o u t t o determine 

the number o f i n d i v i d u a l s o f each s i z e and the b o t t l e c a p a c i t i e s 

r e q u i r e d t o produce a f a l l o f 15-20% i n t h e oxygen c o n c e n t r a t i o n 

i n 2k h o u r s . I n t h i s way the percentage e r r o r o f the oxygen 

d e t e r m i n a t i o n s was m a i n t a i n e d a t a low l e v e l , and the f a l l i n 

oxygen c o n c e n t r a t i o n was n o t s u f f i c i e n t t o a f f e c t the r e s p i r a t o r y 

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

' r e g u l a t o r y ' or 'independent' t y p e , the r a t e b e i n g o n l y m a r g i n ­

a l l y a f f e c t e d by c o n s i d e r a b l e f a l l s i n oxygen c o n c e n t r a t i o n 

(Edwards & Learner I 9 6 O ) . I t i s u n l i k e l y , t h e r e f o r e , t h a t any 

e r r o r was i n t r o d u c e d by a l l o w i n g the oxygen c o n c e n t r a t i o n t o 

f a l l 20% below s a t u r a t i o n l e v e l . 

By a l l o w i n g t h e experiments t o r u n f o r 2k h o u r s , a 

mean f i g u r e f o r oxygen consumption a t a l l p a r t s o f t h e d i e l 

was o b t a i n e d , and e r r o r s which might o t h e r w i s e have been 
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i n t r o d u c e d due t o the d i u r n a l rhythms o f A. a q u a t i c u s were 
avoi d e d . 

The chemical analyses were c a r r i e d out u s i n g t h e 

st a n d a r d W i n k l e r method. The use o f the Whitney (1938) 

m o d i f i c a t i o n of the Fox & W i n g f i e l d m i c r o - W i n k l e r s y r i n g e 

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

o b v i a t e d the p o s s i b i l i t y o f any c o n t a m i n a t i o n by atmospheric 

oxygen and a l l o w e d very a c c u r a t e d e t e r m i n a t i o n s t o be made. 

Pond water f i l t e r e d t h r o u g h a Whatman's No.l f i l t e r 

paper was used as t h e e x p e r i m e n t a l medium. Thus the animals 

were n o t r e q u i r e d t o make any abnormal i o n i c r e g u l a t o r y e f f o r t 

which might have a l t e r e d t h e i r r e s p i r a t o r y r a t e s . 

A l t h o u g h the animals were n o t f e d d u r i n g the 

exp e r i m e n t s , i t has been s t a t e d by Edwards & Learner (1960). 

t h a t the onset o f t h e r e s p i r a t o r y symptoms o f s t a r v a t i o n 

does n o t occur w i t h i n 2k hours. I t i s u n l i k e l y , t h e r e f o r e , 

t h a t any e r r o r was i n t r o d u c e d by s t a r v i n g the a n i m a l s . 

The e x p e r i m e n t a l r e s u l t s are p r e s e n t e d f o l l o w i n g a 

d e s c r i p t i o n o f the method used t o measure the pond temperature 

t h r o u g h o u t t h e p e r i o d o f study.. 

b) The measurement o f pond temperature 

I t was necessary t o r e c o r d the tem p e r a t u r e o f t h e 

ecosystem f o r two reasons. F i r s t l y , so as t o be a b l e t o 

match temperature and day l e n g t h i n the experiments d e s c r i b e d 

above, and se c o n d l y , i f necessary t o p e r m i t the a p p l i c a t i o n o f 
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oxygen consumption and data t o t h e p o p u l a t i o n f o r the 

s p e c i f i c t emperature c o n d i t i o n s i t e x p e r i e n c e d t h r o u g h o u t 

the p e r i o d o f s t u d y . 

Method The t e c h n i q u e used was a m o d i f i c a t i o n o f an i d e a 

by Pallmann, Eichenberger & H a s l e r , as d e s c r i b e d by B e r t h e t 

(1960). The p r i n c i p l e o f the method depends on t h e f a c t t h a t 

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

t o the t e m p e r a t u r e a t which i t i s m a i n t a i n e d . Since sucrose 

isomers are o p t i c a l l y a c t i v e , p o l a r i m e t r i c a n a l y s i s o f the 

s o l u t i o n b e f o r e and a f t e r a p e r i o d o f submergence i n the pond 

enables t h e water t e m p e r a t u r e d u r i n g t h a t p e r i o d t o be 

c a l c u l a t e d . 

The sucrose s o l u t i o n used was m a i n t a i n e d a t pH 1.5 

by a HC1/KC1 b u f f e r , w h i l s t the a d d i t i o n o f formaldehyde 

prevented the growth o f micro-organisms. Small w a t e r t i g h t 

tubes o f the m i x t u r e were a t t a c h e d t o stands p o s i t i o n e d i n t h e 

pond and thus a c o n t i n u o u s r e c o r d o f the water temperature 

d u r i n g t h e p e r i o d o f s t u d y was p o s s i b l e . The tubes were 

changed every 3-4 weeks. Because o f the p r a c t i c a l d i f f i c u l t i e s 

i n v o l v e d i n m a i n t a i n i n g the s o l u t i o n a t e x a c t l y pH 1.5» t h e 

r e s u l t s o b t a i n e d by t h e o r e t i c a l c a l c u l a t i o n s were checked by 
o 0 

comparing the sucrose i n v e r s i o n i n t h e f i e l d and i n 5 and 15 C 

c o n s t a n t temperature rooms. 



..43.. 

R e s u l t s The change i n pond tem p e r a t u r e t h r o u g h o u t the 
p e r i o d o f s t u d y i s shown i n F i g u r e 17. 

The a r t i f i c i a l day l e n g t h s decided on the b a s i s o f 

these d a t a were : 

10°C = 16.5 hours,. -

15°C - 17.5.hours 

20°C - 17.-5 hours 

The r e s u l t s o f the r e s p i r a t o r y experiments 
o o F i g u r e l o shows the data c o l l e c t e d a t 10 C. 

The oxygen consumption per gm i s p l o t t e d a g a i n s t a n i m a l w e i g h t 

i n mgms. The r e s u l t s c l e a r l y show t h a t the oxygen consumption 

per u n i t w e i g h t i n s m a l l animals i s much h i g h e r than i n l a r g e 

a n i m a l s . T h i s i s a n o t h e r p o i n t o f s i m i l a r i t y between 

A. a q u a t i c u s and o t h e r isopods ( P h i l l i p s o n & Watson 1965), 

(Edwards & Learner I 9 6 O ) . 

F i g u r e s 19, 20 and 21 show r e g r e s s i o n s o f t h e 

l o g a r i t h m o f oxygen consumption per i n d i v i d u a l on the l o g a r i t h m 

o f a n i m a l w e i g h t , the r e s u l t s h a v i n g been c o l l e c t e d a t 10°, 15°' 
o 

and 20 C r e s p e c t i v e l y . To f a c i l i t a t e comparison, the t h r e e 

r e g r e s s i o n s are given t o g e t h e r i n F i g u r e 22, and i t can be 

seen t h a t t h e y are v e r y s i m i l a r showing no p r o g r e s s i v e i n c r e a s e 

or decrease i n r e s p i r a t o r y r a t e w i t h t e m p e r a t u r e . On t h e 

evidence p r o v i d e d by t h i s s t u d y , t h e r e f o r e , the Q^Q f o r 

A. a q u a t i c u s i s 1, and thus i t s r e s p i r a t o r y r a t e remains 

u n a f f e c t e d by l o n g - t e r m t e m p e r a t u r e change. T h i s makes i t 
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F i g . 17. The v a r i a t i o n i n pond temperature 

throughout the p e r i o d o f s t u d y . 
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F i g . 18. Oxygen consumption per u n i t w e i g h t . 

Data c o l l e c t e d a t 10°C. 
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F i g . 19. Oxygen consumption per an i m a l per 

u n i t time - l o g a r i t h m i c s c a l e - r e g r e s s i o n 

l i n e ( y = 0.631^x - 0,2168, where x = d r y 

wt. and y = oxygen co n s u m p t i o n ) . The data 

were c o l l e c t e d a t 10°C. 
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F i g . 20. Oxygen consumption per anima l per 

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

l i n e (y = 0.6890x - 0.11^7, where x = d r y wt. 

and y = oxygen c o n s u m p t i o n ) . The data were 
o 

c o l l e c t e d a t 15 C. 
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F i g . 21. Oxygen consumption per anima l per 

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

( y = 0.76V7x - 0.1307, where x = d r y wt. and 

y = oxygen consum p t i o n ) . The data were c o l l e c t e d 

a t 20°C. 
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F i g . 22. Regression l i n e s f o r oxygen consumption 

per a n i m a l per u n i t t i m e a t t h r e e d i f f e r e n t 

t e m p e r a t u r e s are compared. 



kk 

unnecessary t o compensate f o r aeasonal temperature v a r i a t i o n 

when c a l c u l a t i n g the oxygen consumption o f the p o p u l a t i o n . 

For the purpose o f c a l c u l a t i n g the r e s p i r a t o r y energy 

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

r e s u l t s r e g a r d l e s s o f the temperature a t which t h e y were 

c o l l e c t e d . No d i f f e r e n c e i n the r e s p i r a t o r y r a t e s o f males 

and females o f comparable s i z e was d e t e c t e d , and t h e r e s u l t s 

f o r o v i g e r o u s females ( F i g u r e 23) d i d n o t show a s i g n i f i c a n t 

d i f f e r e n c e from those o f the r e s t o f t h e p o p u l a t i o n . , 

c) The c a l c u l a t i o n o f the energy d i s s i p a t e d by p o p u l a t i o n 

r e s p i r a t i o n 

I t was proposed t o c a l c u l a t e t h e energy d i s s i p a t e d 

v i a r e s p i r a t i o n by m u l t i p l y i n g the t o t a l q u a n t i t y o f oxygen 

consumed d u r i n g one p o p u l a t i o n l i f e - c y c l e by the a p p r o p r i a t e 

o x y / c a l o r i f i c c o e f f i c i e n t . 

Using the d a t a i n Table 2, F i g u r e s 22 & 23, the mean 

oxygen consumption per i n d i v i d u a l was c a l c u l a t e d f o r t h e 

animals i n each o f the 16 c a t e g o r i e s d i s c u s s e d above f o r each 

month o f t h e s t u d y . A f t e r m u l t i p l y i n g the v a l u e s o b t a i n e d by 

the numbers p r e s e n t i n each c a t e g o r y , i t was p o s s i b l e t o 

c a l c u l a t e t h e t o t a l q u a n t i t y o f oxygen consumed by the p o p u l a t i o n 

i n each month. The r e s u l t s o b t a i n e d are p r e s e n t e d g r a p h i c a l l y 

i n F i g u r e 2k. 

F i g u r e 2k emphasizes the g r e a t d i s p a r i t y between 

the importance o f the two g e n e r a t i o n s . G e n e r a t i o n I I i s 
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F i g . 23. Oxygen consumption per o v i g e r o u s 

female per u n i t time - l o g a r i t h m i c s c a l e -

r e g r e s s i o n l i n e (y = 0.8l07x - 0.1712, where 

x = d r y w t . and y = oxygen consum p t i o n ) . 
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F i g . 2k. The q u a n t i t y o f oxygen consumed by 

the p o p u l a t i o n d u r i n g each sampling i n t e r v a l 

i s p l o t t e d a g a i n s t t i m e . The two g e n e r a t i o n s 

are t r e a t e d s e p a r a t e l y . 
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r e s p o n s i b l e f o r o n l y a v e r y s m a l l percentage o f the t o t a l 
oxygen consumed. 

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

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

s t u d y ; however, I v l e v (193^) g i v e s 1 ml 0^ — ^.76 c a l s f o r 

t h i s s p e c i e s , and these data were used i n the p r e s e n t c a l c u l a t i o n s 

T h e r e f o r e , energy u t i l i z e d i n maintenance metabolism 

d u r i n g t h e p e r i o d November 22nd - August l 6 t h 

= 2h.56 K.cals/m 2 

Energy u t i l i z e d i n maintenance metabolism d u r i n g t h e p e r i o d 

August l 6 t h - November 22nd 

= 26.50 K.cals/m 2 

T o t a l energy u t i l i z e d i n maintenance metabolism 
2 

=- 51.06 K..cals/m /annum. 

The r e l a t i v e i mportance o f r e s p i r a t i o n as a pathway 

f o r energy f l o w t h r o u g h the p o p u l a t i o n may be i l l u s t r a t e d by 

drawing up an energy budget. 
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Energy budget 

The r e s u l t s p r e s e n t e d above c o n s t i t u t e a f u l l 

d e s c r i p t i o n o f the f a t e o f the energy which e n t e r e d the: 

p o p u l a t i o n . . The t o t a l energy a s s i m i l a t e d by t h e 

p o p u l a t i o n may be c a l c u l a t e d by summing the d i f f e r e n t 

parameters d i s c u s s e d . T h e r e f o r e one may w r i t e : 

Energy a s s i m i l a t e d = Energy used i n growth +. Energy used i n 

exuviae p r o d u c t i o n +. Energy used i n 

maintenance metabolism. 

= 13.903 + 2.393 + 51.060 

2 
Th e r e f o r e t o t a l energy a s s i m i l a t e d = 67.356 K.cals/m /annum. 

T h i s f i g u r e may h e l p t o d e s c r i b e the p r e c i s e r o l e 

o f A. a q u a t i c u s i n i t s ecosystem. 
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D i s c u s s i o n 
a) P o p u l a t i o n dynamics 

I t i s i n t e r e s t i n g t o c o n s i d e r the cause o f the male 

m o r t a l i t y d u r i n g t h e p e r i o d January t o A p r i l which gave r i s e 

t o the unequal sex r a t i o ( F i g . 5 ) . A number o f o l d males 

were m a i n t a i n e d i n the l a b o r a t o r y and i n cages submerged i n 

the pond. Most o f these animals d i d not d i e a f t e r c o p u l a t i o n 

but l i v e d on u n t i l May or June, indeed two i n d i v i d u a l s began 

t o r e g e n e r a t e l o s t l i m b s . These f i n d i n g s suggest t h a t e x t e r n a l 

f a c t o r s , perhaps p r e d a t i o n , p l a y a p a r t ; however, no e x p l a n a t i o n 

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

t o p r e d a t i o n i n males and females can be o f f e r e d . 

P r e d a t i o n i s i n evidence i n c o n n e c t i o n w i t h a n o t h e r 

f e a t u r e o f t h e p o p u l a t i o n dynamics. F i g u r e 9 shows the v e r y 

heavy m o r t a l i t y e x p e r i e n c e d by t h e p o p u l a t i o n between November 

and A p r i l , t h i s amounting t o a p p r o x i m a t e l y 60% per month. 

T h i s i s undoubtedly due i n the main t o p r e d a t i o n s i n c e the 

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

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

nymphs and a d u l t s and odonatan nymphs, a l l o f which were observed 

t o t a k e A. a q u a t i c u s . 

F i g u r e k and Table 2 show how t h e r e are two d i s t i n c t 

b r e e d i n g p e r i o d s s i n c e no newly hatched i n d i v i d u a l s e n t e r the 

p o p u l a t i o n i n August. T h i s c o n t r a s t s w i t h the f i n d i n g s o f 

S t e e l ( I 9 6 l ) who demonstrated t h a t A. a q u a t i c u s i n the R i v e r 



Thames, a l t h o u g h showing two peaks o f b r e e d i n g , produced new 

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

e x p l a n a t i o n i s t h a t , due t o the h i g h p r e d a t i o n r a t e , i n s u f f i ­

c i e n t o v i g e r o u s females remained f o r the Bra s s i d e p o p u l a t i o n 

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

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

about t h e two modal h a t c h i n g d a t e s , t h e n the p o p u l a t i o n w i l l 

show a c o n t i n u o u s b r e e d i n g season; under heavy p r e d a t i o n , 

however, o n l y those females d e s t i n e d t o h a t c h young c l o s e t o 

t h e modal dates are p r e s e n t i n s u f f i c i e n t numbers t o leave 

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

b r e e d i n g seasons. 

Reference t o F i g , '-f and Table 2 w i l l a l s o r e v e a l 

t h a t v e r y few i f any o f g e n e r a t i o n I I succeeded i n b r e e d i n g . 

I t i s p r o b a b l e t h a t t h i s a l s o may be a t t r i b u t e d t o the h i g h 

p r e d a t i o n r a t e , f o r had the m o r t a l i t y n o t been so g r e a t , many 

of g e n e r a t i o n I I may have grown t h r o u g h t h e summer and con­

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

b) The p h y s i o l o g i c a l f a c t o r s a f f e c t i n g energy f l o w 

The method used f o r the c a l c u l a t i o n o f biomass 

p r o d u c t i o n i n t h i s and S a i t o ' s s t u d y . i s , i n f a c t , a pombina-

t i o n o f methods a l r e a d y used by o t h e r workers on ani m a l s w i t h 

s i m p l e r l i f e - h i s t o r i e s . Smalley ( 1 9 6 0 ) , f o r example, used a 
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r e g r e s s i o n o f numbers on time t o c a l c u l a t e t h e m o r t a l i t y r a t e 

o f a grasshopper p o p u l a t i o n , w h i l s t Wiegert (1964) d i s t i n g u i s h e d 
newly-hatched meadow s p i t t l e - b u g s i n o r d e r t o a l l o w f o r a 

prol o n g e d p e r i o d o f r e c r u i t m e n t i n t o the p o p u l a t i o n . The 

s u r v i v o r s h i p curve ( F i g . 13) i s an i m p o r t a n t p a r t o f t h i s 

c a l c u l a t i o n , and i t s i n t e r p r e t a t i o n i s o f i n t e r e s t . I t means 

t h a t an i n d i v i d u a l ' s e x p e c t a t i o n o f f u r t h e r l i f e n e i t h e r 

i n c r e a s e s n or decreases w i t h age. T h i s i s p r e c i s e l y what one 

would expect o f most p o p u l a t i o n s s u b j e c t e d t o heavy p r e d a t i o n , 

s i n c e f a c t o r s such as an animal's n a t u r a l l i f e - s p a n are unable 

t o e x e r t t h e i r e f f e c t s . The slope o f the l i n e i s dependent 

on t h e s e v e r i t y o f the p r e d a t i o n . 

F i g u r e 14 shows t h a t t h e p r o d u c t i o n d u r i n g J u l y d i d 

not f o l l o w t h e g e n e r a l t r e n d but appears t o have been much lower 

than e x pected. T h i s , i n t u r n , means t h a t the animals d i d n o t 

show the expected i n c r e a s e i n l e n g t h . One p o s s i b i l i t y i s t h a t 

the p r o d u c t i o n d u r i n g J u l y was p r i m a r i l y gonad and gamete 

development, and th u s d i d not express i t s e l f as i n c r e a s e i n 

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

b e f o r e t h e b i r t h o f t h e second g e n e r a t i o n tends t o r e i n f o r c e 

t h i s view. I f t h i s e x p l a n a t i o n i s c o r r e c t , then the f i g u r e f o r 

J u l y p r o d u c t i o n must be c o n s i d e r e d an u n d e r - e s t i m a t e . 

The use o f t h e "Brooks-Przibram" law p r o v i d e d a 

simple and r a p i d method f o r e s t i m a t i n g t h e energy l o s t i n 
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exuviae p r o d u c t i o n . T e a l (1957) examined a p o p u l a t i o n o f 

A. m i l i t a r i s (Hay) as one component o f h i s whole ecosystem 

s t u d y but d i d not c a l c u l a t e m o u l t i n g l o s s e s . He c o n s i d e r e d 

t h a t t h e e r r o r would be l e s s than 10% o f the t o t a l energy 

f l o w , and i n t h i s he seems t o have been j u s t i f i e d s i n c e the 

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

o n l y 3.6%. 

The r e s p i r a t o r y experiments demonstrated t h a t 

A. a q u a t i c u s has a Q^Q v a l u e o f 1 , i t s r e s p i r a t o r y r a t e t hus 

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

a l l o w e d t o a c c l i m a t i z e . Edwards and Learner (1960) r e p o r t a 

o f 1.5 f o r t h i s s p e c i e s a f t e r a s h o r t p e r i o d o f a c c l i m a ­

t i z a t i o n (2k h o u r s ) , Sprague (quoted i n Edwards and Learner 

1960) a l l o w e d A. i n t e r m e d i u s t o a c c l i m a t i z e f o r 7 days and 

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

th e p r e s e n t s t u d y . I t seems, t h e r e f o r e , t h a t i t i s unneces­

s a r y t o compensate f o r t e m p e r a t u r e changes when c a l c u l a t i n g 

the annual r e s p i r a t o r y l o s s f o r s p e c i e s o f A s e l l u s . I t i s 

p r o b a b l e t h a t t h i s p r i n c i p l e a p p l i e s t o o t h e r genera; however, 

s i n c e temperature change may or may n o t induce a change i n an 

animals r a t e o f a c t i v i t y , t h e a c c l i m a t i z e d v a l u e s h o u l d be 

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

One f e a t u r e which i s o f t e n used as t h e b a s i s o f 

comparison between d i f f e r e n t s p e c i e s i s the r e l a t i v e p r o p o r ­

t i o n s o f t h e a s s i m i l a t e d energy which t h e a n i m a l s use f o r 



. 5 1 . . 

growth and maintenance metabolism. I n the p r e s e n t s t u d y 

75.8% o f t h e a s s i m i l a t e d energy was d i s s i p a t e d by r e s p i r a ­

t i o n . T e al's (1957) whole ecosystem study i n c l u d e s d a t a 

f o r A. m i l i t a r i s which gave a v a l u e o f 82.3% t the two v a l u e s 

thus showing q u i t e good c o r r e l a t i o n . F i g u r e s f o r t h e genus 

A s e l l u s seem t o correspond w i t h d a t a g i v e n f o r o t h e r i n v e r t e ­

b r a t e s . Engelmann ( 1 9 6 6 ) , f o r example, g i v e s 80% f o r o r i b a t i d 

m i t e s , w h i l s t P h i l l i p s o n (1967) w o r k i n g on t h e t e r r e s t r i a l 

i s o p o d Oniscus a s e l l u s ( L . ) found i t t o be 75%. 

The l a r g e range o f v a l u e s i n F i g s . Ik and 2k serves 

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

over a p e r i o d o f a t l e a s t one f u l l l i f e - c y c l e . The d a t a 

p r e s e n t e d show how the r e l a t i v e l y s h o r t p e r i o d August 16th -

November 22nd accounted f o r a l a r g e percentage o f t h e annual 

energy f l o w . A l t h o u g h t h e r a t i o s d i s c u s s e d above would have 

remained almost unchanged, had compensation f o r t h i s s h o r t 

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

annum would have been a gross u n d e r - e s t i r a a t e . 

F i g u r e k i n d i c a t e s t h a t g e n e r a t i o n I I accounted f o r 

more than J>0% o f the t o t a l number o f animals i n t h e p o p u l a t i o n 

( d a t a f o r November), and y e t F i g s . Ik and 2k show t h a t these 

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

t o t a l energy f l o w . T h i s suggests t h a t t h e numbers p r e s e n t , or 

even biomass p r e s e n t , i s n o t a r e l i a b l e i n d e x o f an organism's 

importance i n the economy o f an ecosystem; s t u d y o f t h e energy 
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f l o w t h r o u g h these i n d i v i d u a l s , however, i s th o u g h t t o 

p r o v i d e a more a c c u r a t e assessment. 

I n the e v e n t u a l i t y o f d a t a becoming a v a i l a b l e f o r 

o t h e r s p e c i e s p o p u l a t i o n s w i t h i n t h e pond i t w i l l be p o s s i b l e 

t o s t a t e i n p r e c i s e terms the r o l e p l a y e d by A. a q u a t i c u s i n 

the ecosystem c o n s i d e r e d . I n the absence o f these d a t a , 

however, i t i s s t i l l p o s s i b l e t o g a i n a g e n e r a l i n d i c a t i o n 

o f t h e importance o f t h i s s p e c i e s - The M a y f l y Cloeon 

d i p t e r u m ( L . ) and A. a q u a t i c u s are the o n l y two m a c r o - h e r b i v o r e s 

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

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

p r o d u c t i o n i s e x p o r t e d from the pond a t emergence ( C l e n n e l l 

1967). A . a q u a t i c u s , however, must form the p r i m a r y food 

source o f most o f the p r e d a t o r s i n t h e pond, a l t h o u g h i t i s 

d i f f i c u l t t o be c e r t a i n u n t i l the energy f l o w t h r o u g h t h e 

p l a n k t o n i c f r a c t i o n s o f t h e f o o d - c h a i n s has been determined. 

I f A. a q u a t i c u s does indeed occupy a c e n t r a l p o s i t i o n i n t h e 

economy o f t h e pond then i t f o l l o w s t h a t the d e t r i t u s f o o d -

chains must be w e l l r e p r e s e n t e d i n t h i s ecosystem. I t may 

be t h a t the t y p e s o f food c h a i n p r e s e n t c h a r a c t e r i z e the t h r e e 

major groups o f ecosystems. Marine s i t u a t i o n s may c o n s i s t 

almost e x c l u s i v e l y o f g r a z i n g f o o d - c h a i n s ; t e r r e s t r i a l 

ecosystems may use d e t r i t u s food c h a i n s as the major energy 

pathway; w h i l s t f r e s h w a t e r systems may occupy an i n t e r m e d i a t e 
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p o s i t i o n w i t h the a c t u a l percentage importance o f each p a t h ­
way v a r y i n g w i t h t h e i n d i v i d u a l ecosystem. 

The body o f i n f o r m a t i o n gained by b i o e n e r g e t i c 

s t u d i e s i s i n c r e a s i n g , and i t i s hoped t h a t i n t h e near 

f u t u r e p r e d i c t i v e hypotheses may be drawn from i t . I t i s 

i m p o r t a n t t h a t we should understand the fundamental laws 

a c t i n g on our n a t u r a l ecosystems, f o r t h i s may p o i n t the way 

t o e n s u r i n g t h a t our a g r i c u l t u r a l ecosystems produce food 

w i t h maximum e f f i c i e n c y . Such c o n s i d e r a t i o n s w i l l obaziously 

become o f even more importance i f the p r e s e n t t r e n d i n human 

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



Summary 

1. A s t u d y was made o f the dynamics and b i o e n e r g e t i c s o f a 

p o p u l a t i o n o f the is o p o d A s e l l u s a q u a t i c u s ( L . ) i n a f r e s h ­

water pond between November 1966 and August 1967. 

2. The s i z e c l a s s d i s t r i b u t i o n , s e x - r a t i o and growth r a t e s 

were i n v e s t i g a t e d t h r o u g h o u t the p e r i o d o f s t u d y and used t o 

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

3. The change i n p o p u l a t i o n d e n s i t y was examined and found 
2 2 t o v a r y between 1000/m i n J u l y and 8.2/m i n A p r i l . 

k. Growth was c a l c u l a t e d from changes i n biomass from 

month t o month and expressed i n c a l o r i e s u s i n g c a l o r i f i c 

v a l u e s determined d i r e c t l y by bomb c a l o r i m e t r y . An e s t i m a t e 
2 

13.903 K. cals./m / annum were used i n growth. The growth 

r a t e was found t o d i f f e r i n the two sexes and t o v a r y w i t h 

season. 

5. L a b o r a t o r y m o u l t i n g experiments were c a r r i e d o ut and 

the r e s u l t s used t o c a l c u l a t e the energy d e p o s i t e d i n exuviae 
2 

by the p o p u l a t i o n . T h i s amounted t o 2.393 K. cals./m / 

annum. 

6. R e s p i r a t i o n r a t e s and the r e s p i r a t o r y Q^Q were determine 

by l a b o r a t o r y e x p e r i m e n t s . An o x y / c a l o r i f i c c o e f f i c i e n t o f 

^.76 cals./O^ cc. was used i n the c a l c u l a t i o n o f t h e energy 

d i s s i p a t e d by maintenance metabolism o f the p o p u l a t i o n , and 
2 

t h i s was e s t i m a t e d a t 51-06 K. cals./m / annum. 
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7. The g r o w t h , m o u l t i n g and r e s p i r a t o r y data were combined 

and used t o draw up an energy budget f o r t h e p o p u l a t i o n . 

From t h i s i t was c a l c u l a t e d t h a t t h e t o t a l a s s i m i l a t i o n 

amounted t o 67.356 K. cals./m / annum, t h i s b e i n g equal t o 

the t o t a l energy f l o w t h r o u g h the p o p u l a t i o n . 
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