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INTRODUCTION 

The e s t u a r i n e ecosystem, more than most ecosystems, may be considered an 

'open' system i n which energy flow and n u t r i e n t c y c l i n g are dependent to 

some degree upon al l o c t h o n o u s i n p u t s , i e those o r i g i n a t i n g o u t s i d e the 

system. 

I n most ecosystems the r a t i o o f primary to secondary production i s f a i r l y 

high, but i n e s t u a r i n e systems the r a t i o i s s m a l l e r , a s a r e s u l t o f lower 

primary production w i t h i n the system r a t h e r than h i g h e r secondary production. 

An e s t u a r y i s s u i t a b l e f o r c o l o n i s a t i o n only by s p e c i a l i s e d p l a n t s and Benthic 

and E p i p h y t i c autotrophs. Hence the secondary producers depend l a r g e l y on 

org a n i c d e t r i t u s d e r i v e d from outside the e s t u a r y . 

S i n c e primary ( a u t o t r o p h i c ) production f a r exceeds secondary production i n 

most environments i t i s not s u r p r i s i n g to f i n d t h a t the great bulk o f organ i c 

d e t r i t u s i n e s t u a r i e s i s de r i v e d from autotrophs r a t h e r than h e t e r o t r o p h s . 

The s o u r c e s o f a u t o t r o p h i c m a t e r i a l have been l i s t e d by D a r n e l l (1968). 

1 AUTOCHTHONOUS a) Phytoplankton ( i n c l u d i n g Algae and Autotrophic 

B a c t e r i a ) 

b) Marginal submerged v e g e t a t i o n 

c ) Diatoms and filamentous Algae of Mud F l a t s 

( e s p e c i a l l y Blue-Green Algae) 

d) Periphyton growing on stems o f emergent p l a n t s 

and o t h e r s u r f a c e s 

ALLOCHTHONOUS a) Marginal marsh v e g e t a t i o n 

b) R i v e r borne Phytoplankton and organic d e t r i t u s 

c ) Marginal swamp v e g e t a t i o n 

d) Beach and shore m a t e r i a l washed i n during storms 

and high water 

e) Windblown m a t e r i a l e s p e c i a l l y l e a v e s and p o l l e n 

g r a i n s 



2 AUTOCHTHONOUS f ) Phytoplankton and othe r m a t e r i a l o r i g i n a t i n g i n 

adj a c e n t marine environments. 

A comparable l i s t o f m a t e r i a l s of animal o r i g i n could be drawn up. The only 

important a d d i t i o n would be a category f o r organic sewage de r i v e d from human 

s e t t l e m e n t s , up stream o r a d j a c e n t to the e s t u a r y . 

Q u a n t i t a t i v e data on the s i g n i f i c a n c e of each source o f e s t u a r i n e d e t r i t u s 

has seldom been published, but est i m a t e s o f r e l a t i v e importance c l e a r l y 

i n d i c a t e t h a t the sources d i f f e r i n abundance from one e s t u a r y to another 

and t h a t w i t h i n an e s t u a r y they vary with season of the year and i n r e l a t i o n 

to p o s i t i o n on the s a l i n i t y g r a d i e n t . 

Most r i v e r s and streams e n t e r i n g e s t u a r i e s c a r r y a load o f n e g a t i v e l y charged 

o r g a n i c p a r t i c l e s which a r e p r e c i p i t a t e d by the p o s i t i v e l y charged m e t a l l i c 

ions o f the s a l t water (Day 1952). However, p o s i t i v e l y charged o r g a n i c 

p a r t i c l e s may not be p r e c i p i t a t e d i n the same way, but may p e r s i s t f o r some 

time suspended i n s a l t water. A d d i t i o n a l l y , m a t e r i a l s c a r r i e d i n t o the 

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

I n no ecosystem does d e t r i t u s play such an important r o l e as that i n the 

Food Chain o f an e s t u a r y . The m a j o r i t y o f e s t u a r i n e animals are i n v e r t e b r a t e s 

and many of these feed on d e t r i t u s . A wide range o f morphological and 

behavioural adaptations have been evolved to o b t a i n and i n g e s t d e t r i t u s i n 

q u a n t i t y . Even the most c a r n i v o r o u s i n v e r t e b r a t e s f i n d i t d i f f i c u l t not to 

i n g e s t d e t r i t u s i n the procurement of t h e i r prey ( D a r n e l l 6 l , 58) and 

although i t s c a l o r i f i c importance i s probably s m a l l , i t s c o n t r i b u t i o n to the 

A A *\+ ; • • ̂  _ ^ + — -T 4-u» M M - ~~ — — I — — J~ — : • J : ~ 

The d e t r i t a l m a t e r i a l a v a i l a b l e t o d e t r i t u s feeders i n e s t u a r i n e sediments 

may be c l a s s i f i e d according to p a r t i c l e s i z e ( F i g I ) . T h i s scheme a l s o 

f o l l o w s the pathway of b i o l o g i c a l decomposition of the o r i g i n a l o r g a n i c 

m a t e r i a l . 

The o r g a n i c m a t e r i a l e n t e r i n g the system i n c l u d e s the t o t a l gross primary 

and secondary production a v a i l a b l e to the system from both autochthonous and 



allochthonous s o u r c e s . 

Organic D e t r i t u s L i v i n g Organisms 

( P o t e n t i a l Energy Sources) 
P a r t i c u l a t e ( Large P a r t i c l e s 

( Small P a r t i c l e s ( > >c) 

( C o l l o i d s 

Subpart i cu1at e ( Large Molecules ( < 1/c) 
( Small Molecules 

FIG I ( D a r n e l l 1967) End Molecules. 

The p a r t i c l e s i z e s a v a i l a b l e to d e t r i t u s feeders a r e o f great importance a s 

d i f f e r e n t s p e c i e s are adapted to feeding p r e f e r e n t i a l l y on d i f f e r e n t p a r t i c l e 

s i z e s . T h e r e f o r e , the d i s t r i b u t i o n o f sediment types p l a y s some p a r t i n 

determining the d i s t r i b u t i o n o f the an i m a l s . The r e l a t i v e importance o f 

sediment type and q u a n t i t y o f d e t r i t u s a v a i l a b l e a s food, i n determining the 

d i s t r i b u t i o n of i n v e r t e b r a t e s , i s a t o p i c on which very l i t t l e information 

i s a v a i l a b l e and i t was hoped th a t during the course o f t h i s p r o j e c t some 

information might be gained. 

Degradation of p a r t i c l e s i z e can be brought about i n many d i f f e r e n t ways; 

mecha n i c a l l y , c h e m i c a l l y and b i o l o g i c a l l y . Perhaps the most important means 

of degradation i s by b a c t e r i a and f u n g i . Undoubtedly, b a c t e r i a and fungi 

are r e s p o n s i b l e f o r most o f the chemical breakdown of o r g a n i c m a t e r i a l i n 

most a q u a t i c systems. 

When c o n s i d e r i n g b a c t e r i a i n t h e i r e s t a b l i s h e d r o l e s of decomposers and 

m i n e r a l i s e r s , numerous problems a r i s e , not l e a s t t h e i r enumeration and 

c l a s s i f i c a t i o n . The r o l e o f b a c t e r i a i n the t r o p h i c dynamic system may be 

considered from two p o i n t s o f view. F i r s t l y , i n t h e i r w e l l - e s t a b l i s h e d 

r o l e s as decomposers, i n which they prevent the accumulation o f organ i c 

m a t e r i a l by degrading i t and making the c o n s t i t u e n t s a v a i l a b l e f o r 

r e a s s i m i l a t i o n by primary producers. Secondly, they themselves are producers 

s i n c e they a s s i m i l a t e much of the organic m a t e r i a l themselves, thus producing 

consumable p r o t e i n s . 



The r o l e o f b a c t e r i a as n i t r o g e n f i x e r s may be of paramount importance i n 

some systems i n which the n i t r o g e n would otherwise be a v a i l a b l e i n only 

very l i m i t e d q u a n t i t i e s . T h i s i s e s p e c i a l l y true o f e s t u a r i n e sediments, 

i n which b a c t e r i a l p r o t e i n i s a very important r e s e r v o i r o f a v a i l a b l e 

n i t r o g e n f o r the d e t r i t u s f e e d e r s . 

The b a c t e r i a o f major importance i n t h i s system are those p h y s i o l o g i c a l 

groups which metabolise or g a n i c m a t e r i a l s which would otherwise be 

u n a v a i l a b l e as a n u t r i e n t source to animals, s i n c e they are not r e a d i l y 

a s s i m i l a t e d . 

The i d e a t h a t b a c t e r i a may form an important part o f the d i e t s of many 

e s t u a r i n e animals i s not new. MacGinitie (1932) and Z o ^ b e l l and Feltham 

(1938) have shown that s e v e r a l marine i n v e r t e b r a t e s can e x i s t i n d e f i n i t e l y 

on a d i e t of b a c t e r i a . R e c e n t l y , Russian workers have focused a t t e n t i o n 

upon b a c t e r i a and d e t r i t u s as food sources f o r a q u a t i c i n v e r t e b r a t e s 

(Rodina 1963, Zhukova 1963). 

The information a v a i l a b l e i s l i m i t e d however, due to the d i f f i c u l t y i n 

d i s t i n g u i s h i n g the a s s i m i l a t i o n o f organic m a t e r i a l s from d e t r i t u s i t s e l f 

from the a s s i m i l a t i o n of b a c t e r i a l o r g a n i c matter. I n a d d i t i o n , the 

d i f f i c u l t y i n i d e n t i f i c a t i o n o f gut contents and fa e c e s o f ' d e t r i t u s feeders 

renders a c c u r a t e a p p r a i s a l o f the r e l a t i v e r o l e s of b a c t e r i a and d e t r i t u s 

extremely hard. 

Recent work by Hargrave (1970) has shown th a t of a l l m a t e r i a l a v a i l a b l e , 

i n v e r t e b r a t e s i n g e s t fungi, b a c t e r i a , algae and diatoms most r e a d i l y . These 

are a l s o a s s i m i l a t e d most e f f i c i e n t l y . As a r e s u l t feeding r a t e depends on 

the ' q u a l i t y ' o f the inge s t e d food. The higher the c o n c e n t r a t i o n o f ' l i v e ' 

micro-organisms the slower the n e c e s s a r y r a t e o f i n g e s t i o n because o f the 

hi g h e r over a l l a s s i m i l a t i o n e f f i c i e n c y . Hargrave found t h a t l i g n i n and. 

c e l l u l o s e were not a s s i m i l a t e d by a q u a t i c i n v e r t e b r a t e s . As these accounted 

.for about f i f t y percent o f the o r g a n i c matter i n the lake s t u d i e d , i t 

r e p r e s e n t s a la r g e proportion o f the d e t r i t u s a v a i l a b l e to i n v e r t e b r a t e s . 
/ 



I t i s l e f t to the micro-organisms to degrade t h i s i n t o more d i g e s t i b l e 

components or to a s s i m i l a t e i t themselves. Hargrave s t a t e s t h a t the 

e f f i c i e n c y of a s s i m i l a t i o n of o r g a n i c and p r o t e i n m a t e r i a l by i n v e r t e b r a t e s 

was u s u a l l y below twenty percent f o r most sediments. ( S u r f a c e sediment 

was h i g h e r than subsurface sediments.) But, e p i p h y t i c micro-organisms 

on.Chara were used with an e f f i c i e n c y of seventy to e i g h t y p e r c e n t . I t 

would thus seem p o s s i b l e that p r o t e i n i s a s s i m i l a t e d more e f f i c i e n t l y than 

t o t a l o r g a n i c matter. The r e f o r e , i f p r o t e i n content of sediments are 

p r o p o r t i o n a l to b a c t e r i a l numbers as Newell (1965) suggests, then b a c t e r i a 

should be a s s i m i l a t e d more e f f i c i e n t l y than ot h e r o r g a n i c matter. 

The d i s t r i b u t i o n of d e t r i t u s i n an e s t u a r y i s determined i n p a r t by the 

f o r c e of the t i d a l c u r r e n t s which pass over the sediments and not only by 

the p o i n t s of e n t r y . D e t r i t u s i s u s u a l l y small and l i g h t and e a s i l y c a r r i e d 

by c u r r e n t s . At the edges o f e s t u a r i e s the c u r r e n t s are o f t e n slower and 

hence d e t r i t u s tends to accumulate here as i t i s deposited. 

I n many B r i t i s h e s t u a r i e s , l a r g e swards of S p a r t i n a a n g l i c a occur; the 

d e t r i t u s a v a i l a b l e i n these swards i s n o t i c e a b l y h i g h e r than on the open mud 

and conies from s e v e r a l s o u r c e s . F i r s t l y , decaying matter from the S p a r t i n a 

i t s e l f and secondly, m a t e r i a l c a r r i e d i n t o the S p a r t i n a by t i d a l c u r r e n t s 

and then deposited as the flow i s slowed by passage through the S p a r t i n a . 

Hence the S p a r t i n a a c t s as a ' r e s e r v o i r ' of d e t r i t u s . 

Throughout the e s t u a r y the sedimentation p a t t e r n s vary according to geo­

g r a p h i c a l l o c a t i o n , a f f e c t i n g the d i s t r i b u t i o n of animals, d e t r i t u s and a l s o 

the depth at which the boundary of the s u l f i d e bionie begins. A l l these 

f a c t o r s together a f f e c t the d i s t r i b u t i o n of i n v e r t e b r a t e s . No work has yet 

been done on the r e s p e c t i v e importance of each f a c t o r i n determining 

d i s t r i b u t i o n s . 

The d i s t r i b u t i o n of sand p a r t i c l e s a l s o determines to a c e r t a i n extent the 

d i s t r i b u t i o n of b a c t e r i a as b a c t e r i a tend to c o l l e c t on the s u r f a c e s of 

sand g r a i n s . Therefore, i n a r e a s where the sand g r a i n s have a h i g h e r s u r f a c e 



a r e a per u n i t volume or u n i t weight, there should be more b a c t e r i a , i f a l l 

o t h e r f a c t o r s are c o n s t a n t . However, the d i s t r i b u t i o n of b a c t e r i a i s 

a f f e c t e d by many other f a c t o r s such as exposure to t i d a l f o r c e s , food 

a v a i l a b i l i t y e t c . (Anderson and Meadows 19^9). 

I t i s hoped th a t during t h i s p r o j e c t some f u r t h e r information might be 

gained as to the r e l a t i o n s h i p s between b a c t e r i a and i n v e r t e b r a t e s , as w e l l 

as to other a s p e c t s determining the d i s t r i b u t i o n of both of them. The 

importance of t h i s i n the context of the e s t u a r y up at L i n d i s f a r n e i s t h a t 

the area i s a N ational Nature Reserve and as such i s so f a r p rotected from 

i n d u s t r i a l e x p l o i t a t i o n , u n l i k e s i m i l a r e s t u a r i n e a r e a s f u r t h e r south. As 

a r e s u l t of t h i s , the a r e a i s used by ever i n c r e a s i n g numbers of over­

w i n t e r i n g wading b i r d s , i n c r e a s i n g due to the r e c l a m a t i o n of t h e i r former 

feeding grounds elsewhere. I f L i n d i s f a r n e i s to be a b l e to support these 

p o s s i b l y much l a r g e r populations i n the f u t u r e , much more must be known, 

not only about the behaviour of the b i r d s , but a l s o about the ecology of 

the e s t u a r y on which they depend; i n p a r t i c u l a r the ecology of the food 

c h a i n on which the b i r d s depend. Once more i s known about the f a c t o r s 

a f f e c t i n g the a v a i l a b i l i t y o f the i n v e r t e b r a t e s , used as food by the b i r d s , 

the management of the Reserve can be geared to support maximum production 

of t h i s commodity w h i l s t s t i l l r e t a i n i n g i t s e s s e n t i a l a s p e c t s as a Reserve 

of a l l f l o r a and fauna. 



1 

AIMS OF THE PROJECT 

Three main a s p e c t s of the ecology of Budle Bay, Fenhain F l a t s and Holy I s l a n d 

Sands i n Northumberland were i n v e s t i g a t e d : the f r e s h w a t e r i n f l o w s , the 
A 

S p a r t i n a marshes and the open mudflats. 

The a r e a s named above have s e v e r a l streams running i n t o them, c a r r y i n g water 

from the surrounding farmland and v i l l a g e s . A high sewage content of these 

streams could c o n t r i b u t e a s i g n i f i c a n t proportion o f the food a v a i l a b l e to 

d e t r i t u s f e e d e r s . I f so, any move on the p a r t of the l o c a l C o u n c i l s to 

decrease the sewage content of the outflows could decrease the p r o d u c t i v i t y 

of the e s t u a r i e s and hence might a f f e c t the o v e r w i n t e r i n g population o f 

wading b i r d s which the e s t u a r i e s could support. 

The western edges of Holy I s l a n d Sands and the n o r t h e r n edge of Budle Bay 

have l a r g e swards of S p a r t i n a a n g l i c a growing along them. At present the 

c o n t r i b u t i o n of S p a r t i n a a n g l i c a to the ecology of the e s t u a r y i s not known. 

I t was t h e r e f o r e decided to make b a c t e r i a l counts and e s t i m a t e s of a c t i v i t y 

i n and around these swards, to f i n d what e f f e c t the sward had on the b a c t e r i a l 

content of the surrounding sediments of the e s t u a r y . As b a c t e r i a may con­

s t i t u t e an important p a r t o f the d i e t s of s e v e r a l common e s t u a r i n e i n v e r t e ­

b r a t e s , the presence of S p a r t i n a a n g l i c a may c o n t r i b u t e to the i n v e r t e b r a t e 

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

At the same time as my p r o j e c t , i n v e r t e b r a t e counts were made at s p e c i f i c 

p o i n t s on the mudflats. I t was t h e r e f o r e decided to combine the i n v e r t e b r a t e 

counts with b a c t e r i a l counts at some of the s i t e s to determine i f t h e r e were 

any c o r r e l a t i o n s between the b a c t e r i a l numbers i n the upper sediment and the 

i n v e r t e b r a t e populations below. 
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PART ONE 

1,0 (Performed i n APRIL) 

Determination o f T o t a l and Coliform B a c t e r i a i n Stream I n f l o w s 

Water specimens were taken from the streams i n b o t t l e s of 250 ml c a p a c i t y 

f i t t e d with screw tops. They were f i r s t s t e r i l i s e d by a u t o c l a v i n g a t ^ \VAj«-$&'***-" 

12l°C for twenty minutes. To obtain a water sample the screw top was 

c a r e f u l l y removed with one hand while with the othe r the b o t t l e ( h e l d a t 

i t s base) was i n s e r t e d mouth downward, below the s u r f a c e of the water 

( i f p o s s i b l e , a t l e a s t one foot below). The b o t t l e was then turned so t h a t 

the mouth was d i r e c t e d to the c u r r e n t so tha t water flowed i n without 

coming i n t o contact with the hand. When f u l l the b o t t l e was removed and the 

top r e p l a c e d . For a l l samples, at l e a s t t h r e e hours elapsed before p l a t i n g 

took pl a c e , so they were placed on i c e immediately a f t e r c o l l e c t i o n and were 

kept i n t h i s s t a t e w hile t r a n s p o r t e d back to Durham. 

Two b a c t e r i a l t e s t s were performed on these samples. 

a) A presumptive c o l i f o r m count T h i s was performed using MacConkeys 

f l u i d medium (a b i l e s a l t l a c t o s e peptone water with an i n d i c a t o r o f 

a c i d i t y - See Appendix). S e r i a l d i l u t i o n s were made of the o r i g i n a l water 
-1 -9 

sample i n the range 10 to 10 . One ml of each d i l u t i o n was added to 

10 mis of MacConkeys broth i n a t e s t tube with a Durham tube which had been 

s t e r i l i s e d a t 121°C f o r 15 minutes. T r i p l i c a t e s were performed f o r each 

sample a t each d i l u t i o n . The tubes were then incubated at 37°C f o r eighteen 

to twenty-four hours. A p o s i t i v e r e a c t i o n was i n d i c a t e d by both the 

production of gas i n the Durham tube and a change o f a c i d i t y ( i n d i c a t e d by 

col o u r change i n the i n d i c a t o r ) . A p o s i t i v e t e s t i n d i c a t e s the presence o f 

b a c t e r i a o f a Co l i f o r m type, e i t h e r human o r animal i n or i g i n , and g i v e s an 

i n d i c a t i o n of the amount o f sewage present i n the water. I n crude sewage 

the numbers range from one m i l l i o n to a hundred m i l l i o n per ml. 



b) An enumeration of v i a b l e b a c t e r i a known as the p l a t e count, performed 

i n d u p l i c a t e with i n c u b a t i o n a t 37°C and 22°C r e s p e c t i v e l y , using n u t r i e n t 

agar (See Appendix). The b a c t e r i a that grow a t 37°C are a s s o c i a t e d with 

o r g a n i c m a t e r i a l of human o r animal o r i g i n , whereas those growing a t the 

lower temperature a r e mainly saprophytes, normally i n h a b i t i n g water or 

der i v e d from s o i l and v e g e t a t i o n . I n c u b a t i o n i s f o r twenty-four hours i n 
o o the case of the p l a t e s a t 37 C and f o r three days f o r those at 20 C. 
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PART TWO 

2..0 (Performed i n AUGUST) 

Determination o f P o s s i b l e O r i g i n s o f Col i f o r m B a c t e r i a i n the Streams 

For the a n a l y s i s of the samples i n t h i s case i t was not considered nece­

s s a r y to perform any v i a b l e counts, but only to ennumerate the r e s p e c t i v e 

numbers o f E s c h e r i c h i a c o l i and Streptococcus f a e c a l i s . 

S treptococcus f a e c a l i s o c c u r s i n the i n t e s t i n e a s a commensal and d i e s 

a f t e r only a few days i n water. I t i s never more abundant than 

E s c h e r i c h i a c o l i (type I ) , i n the human i n t e s t i n e , but i n other animals i t 

i s the more numerous. Therefore, i f v i a b l e S treptococcus f a e c a l i s i s 

found i n a water sample, contamination must be f a i r l y r e c e n t ; i f present 

i n numbers g r e a t e r than E s c h e r i c h i a c o l i , then the o r i g i n i s not from 

human f a e c e s . 

For these samples a presumptive c o l i f o r m count was f i r s t performed, a s 

p r e v i o u s l y d e s c r i b e d . Then followed some d i f f e r e n t i a l c o l i f o r m counts to 

f i n d the r e l a t i v e numbers o f E s c h e r i c h i a c o l i and Streptococcus f a e c a l i s . 

a) From the " p o s i t i v e ' tubes i n the presumptive c o l i f o r m t e s t , 1 ml 

q u a n t i t i e s were t r a n s f e r r e d to 10 ml q u a n t i t i e s of B r i l l i a n t Green 

B i l e agar (found by Mackenzie et a l (1948) to be s u p e r i o r to 

MacConkeys f o r d e t e c t i n g E s c h e r i c h i a c o l i ) i n t e s t tubes which a l s o 

contained Durham tubes. I n c u b a t i o n was a t 44°C - 0.5°C f o r l8 to 24 

hours. A p o s i t i v e r e a c t i o n was shown by gas production and t u r b i d i t y . 

b) I s o l a t i o n of Streptococcus f a e c a l i s was performed i n a s i m i l a r way 

using a Glucose Sodium Azide medium (See Appendix), as developed by 

the Metropolitan Water Board. I n c u b a t i o n was at 45°C - 0.5°C f o r 

24 hours. A p o s i t i v e r e s u l t was i n d i c a t e d by a change i n a c i d i t y 

shown by a co l o u r change i n the Bromocresol purple i n d i c a t o r . 

I n a l l the t e s t s performed, a l l the glassware used as w e l l as a l l the 

d i s t i l l e d water, broths and agar media were s t e r i l i s e d i n an au t o c l a v e a t 



121°C f o r 15 to 20 minutes. The p i p e t t e s used i n the t e s t s were only 

used f o r the t r a n s f e r e n c e of one sample and were f i t t e d with cotton 

wool plugs at t h e i r mouths. The p e t r i d i s h e s used were of the s t e r i l e , 

d i s p o s a b l e p l a s t i c type. A l l the t e s t tubes had white caps f i t t e d 

over t h e i r mouths. 



R E S U L T S 

1 P R E S U M P T I V E C O L I F O R M 

D I L U T I O N A B c E 
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-7 - - - - - - - - -
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NUMBER O F APPROX APPROX 
i 

1 APPROX APPROX 
C O L I FORMS 

P E R ML 
330 3 

1 
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i 

100 

+ = P o s i t i v e R e s u l t 

- = Negative R e s u l t 



RESULTS 

2 PLATE COUNTS 

NB No growth a t 37°C a f t e r twenty-four hours or even a f t e r t h r e e days, 
o 

t h e r e f o r e d i l u t i o n s were too high to give p o s i t i v e t e s t s a t 37 C. 

20°C 

DILUTION A B C E 

-4 TOO HIGH HIGH TOO HIGH TOO HIGH 

-5 TOO HIGH 32 TOO HIGH TOO HIGH 

-6 15 15 TOO HIGH TOO HIGH 

-7 13 2 81 248 

-8 2 0 0 151 

VIABLE COUNT 
( x l O - D i l u t i o n 
F a c t o r ) i n 
p l a t i n g 

16.5 x 108 

Per Ml 
91 x 106 

Per Ml 

a 
81 x 10 
Per Ml 

876 x 108 

Per Ml 

Too High i n d i c a t e s a d e n s i t y of c o l o n i e s 

too high to count. 



RESULTS 

PRESUMPTIVE COLIFORM 

V 

" .SITE 

DILUTIONS 

A X B C E 

-1 + + + + - - + + - + + + + + + 

-2 + + - - - - + + + + + + 

i 

-3 ; 
i 

_ - - - + + - + + + 

i 

_4 ! - - -
i 
i 

- - - ! — -

-5 - - - ... | ... . ... 

-6 
1 
1 

- - - - - - - - -

VIABLE 
COUNT 

(APPROX) 
PER ML 

660 

PER ML 
3 

PER ML 
6 

PER ML 

1 6,600 

PER ML 

i 
i 

66,000 

PER ML 

A = . Beal Point 

X = B l a c k Low 

B = M i l l Burn 

C = T e a l h o l e 

E = Waren M i l l 



RESULTS - PRESUMPTIVE COLIFORM 

ESCHERICHIA COLI 

SITE 

DILUTIONV 
A X B C E 

-1 + + + + + + + + + + + + 

-2 + + + + + + + + 

-3 + + + + + 

-4 + + 

E c o l i 
per ml 

660 
ml 

3 
ml 

6 
ml 

6,6oo 
ml 

66,000 
ml 

STREPTOCOCCUS FAECALIS 

\ SITE 

D I L U T I O N ^ 
A X B C E 

-1 + + + + + + + + + + + 

-2 + + + + + + + + 

-3 + + + + 

-4 

S f a e c a l i s 
per ml 

660 
ml 

3 
ml 

3 
ml 

6,600 
ml 

6,600 
ml 

A = Beal Point C = T e a l h o l e 
B = M i l l Burn 

X = Black Low E = Waren M i l l 
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CONCLUSIONS 

The presumptive c o l i f o r m t e s t performed i n A p r i l i n d i c a t e d t h a t there 

was only a very small p r o p o r t i o n ^ / of the t o t a l b a c t e r i a l count which 

was composed of Coliform b a c i l l i . 

The h i g h e s t counts were a t A (B e a l P o i n t ) and C ( T e a l h o l e ) a t approxi­

mately 330 C o l i f o r m s per ml. The waters o b v i o u s l y were not c a r r y i n g 

any l a r g e amounts of sewage. T h i s i s borne out by the p l a t e count, i n 
o -4 

which those p l a t e s incubated a t 37 C showed no growth at the 10 

d i l u t i o n , meaning t h a t those b a c t e r i a p resent i n the water a s s o c i a t e d 

with human and animal sewage were at l e v e l s below 10,000 per ml. 

I n f a c t l e v e l s may have been w e l l below t h i s v a l u e , s i n c e no c o l o n i e s 
-4 

at a l l were seen i n 10 and higher d i l u t i o n s . The sa p r o p h y t i c b a c t e r i a 

count was high, however, i n d i c a t i n g perhaps t h a t much of the water t e s t e d 

had drained o f f r i c h a g r i c u l t u r a l land, eg w e l l f e r t i l i s e d p a s t u r e s . 

I n the August samples, the presumptive c o l i f o m i counts had changed 

markedly. A l l the s i t e s had at l e a s t doubled t h e i r A p r i l counts and the 

Waren M i l l count had i n c r e a s e d by a f a c t o r of 660. The E s c h e r i c h i a c o l i 

and S t r e p t o c o c c u s f a e c a l i s counts a t the d i f f e r e n t s i t e s were as f o l l o w s . 

At Beal P o i n t , the sample was taken on the landward s i d e of the s l u i c e 

gates. The presence o f equal numbers o f E s c h e r i c h i a c o l i and 

Streptococcus f a e c a l i s i n d i c a t e s t h a t the contamination was very r e c e n t 

and a l s o that the source may w e l l have been both human and other 

animal. 

The s i t e a t Bl a c k Low had only very low counts, and again t h e r e were 

equal numbers o f both E s c h e r i c h i a c o l i and Streptococcus f a e c a l i s , 

i n d i c a t i n g r e c e n t contamination and a p r o b a b i l i t y t h a t animal sources a r e 

in v o l v e d . 

The s i t e a t M i l l Burn doubled i t s presumptive c o l i count even though 

remaining v e r y low. The hi g h e r numbers of E s c h e r i c h i a c o l i than 

Streptococcus f a e c a l i s i n d i c a t e f a i r l y r e c e n t contamination o f mainly 



human o r i g i n . 

The T e a l h o l e s i t e showed an i n c r e a s e of twenty times i n the presumptive 

c o l i f o r m count and the r e s u l t s i n d i c a t e r e c e n t contamination with animal 

sources as the main c o n t r i b u t o r s . 

As mentioned above, the Waren M i l l s i t e showed a v a s t i n c r e a s e . The 

E s c h e r i c h i a c o l i and S t r e p t o c o c c u s f a e c a l i s r e s u l t s i n d i c a t e a human 

r a t h e r than animal o r i g i n with contamination probably f a i r l y r e c e n t . I n 

f a c t a very densely packed camping s i t e only a few hundred yards upstream 

i s the probable cause. I t would have been of i n t e r e s t to have taken a 

sample upstream of the s i t e to measure e x a c t l y what e f f e c t i t had. 

The o v e r a l l p i c t u r e i s o f an i n c r e a s e i n c o l i f o r m s and t h e r e f o r e of 

sewage during the summer, although r e g u l a r counts would have to be done 

to amplify t h i s . At both Budle and L i n d i s f a r n e the low counts of the 

w i n t e r i n d i c a t e a n e g l i g i b l e i n f l o w of sewage. I n summer, however, the 

sewage discharged i n t o Budle Bay was c o n s i d e r a b l e and may even present a 

h e a l t h hazard to b a t h e r s . 

At no point on the L i n d i s f a r n e mudflats i s the sewage b a c t e r i a l c o n t r i ­

bution so high, but a t T e a l h o l e i t may be of some importance. However, 

the sources of the sewage at L i n d i s f a r n e seem to be mainly of animal 

r a t h e r than human o r i g i n . 

Thus i t may be seen t h a t any move to c l e a n up the sewage e f f l u e n t s i n 

the streams running i n t o the L i n d i s f a r n e e s t u a r y would have only a minimal 

e f f e c t on the i n v e r t e b r a t e p o p u l a t i o n s . 

HoWeVer, i f the high sewage content at the Waren M i l l s i t e were to p e r s i s t 

then t h i s could c o n t r i b u t e a p p r e c i a b l y to the d e t r i t u s and b a c t e r i a 

a v a i l a b l e to the i n v e r t e b r a t e s , and any c o n t r o l s exerted on the q u a l i t y 

of the r i v e r could w e l l a f f e c t the i n v e r t e b r a t e p o p u l a t i o n . 



PART THREE 3.0 

I n t h i s s e c t i o n o f the p r o j e c t b a c t e r i a l counts were obtained from 

sediments a t v a r i o u s s i t e s on the L i n d i s f a r n e e s t u a r y and a t Budle Bay 

to look f o r c o r r e l a t i o n s with i n v e r t e b r a t e d e n s i t i e s , the depth of the 

anaerobic l a y e r and p o s i t i o n i n g with r e s p e c t to the S p a r t i n a swards. I n 

a d d i t i o n a l l samples taken were su b j e c t e d to a presumptive c o l i f o r m t e s t 

to a s c e r t a i n whether sewage b a c t e r i a from the i n f l o w s were a l s o p resent 

i n the e s t u a r i n e sediments. 

The q u e s t i o n arose as to whether t o t a l counts or v i a b l e counts should 

be used to express b a c t e r i a l numbers when viewed through a microscope. 

I t was f a r from easy to d i f f e r e n t i a t e between b a c t e r i a and sm a l l p a r t i c l e s 

o f d e t r i t u s i n a s u b s t r a t e sample. Also many b a c t e r i a grew i n aggregates 

or on the d e t r i t u s and sand p a r t i c l e s . I t was decided t h e r e f o r e to 

perform v i a b l e counts only. These would not y i e l d the t o t a l numbers of 

b a c t e r i a present i n the sediments, but would give v a l i d r e s u l t s f o r 

comparison of d i f f e r e n t s i t e s . 

Anaerobic counts were a l s o made f o r comparative purposes. F i n a l l y , 

samples o f seawater were taken to a s c e r t a i n the numbers of b a c t e r i a 

a v a i l a b l e to those i n v e r t e b r a t e s which r e l y on f i l t r a t i o n of water, 

r a t h e r than sediments, to obtain t h e i r food. 

METHODS 

Sediment samples were scraped c a r e f u l l y from the s u r f a c e i n t o a s t e r i l e 

g l a s s c o n t a i n e r and stoppered. Only the top 0.5 cm of the sediment was 

used f o r a n a l y s i s . A f t e r c o l l e c t i o n , both the water samples and s e d i ­

ment samples were placed on i c e u n t i l such time as they could be p l a t e d 

out ( u s u a l l y four to f i v e hours l a t e r . ) 

Two grams (wet weight) of sediment were suspended i n 100 mis o f s t e r i l i s e d 

d e - i o n i s e d water (Anderson and Meadows 1969) and were shaken a t the 

maximum r a t e f o r t h i r t y minutes on a f l a s k shaker. A f t e r t h i s treatment 
-2 

the suspension was counted as a 10 d i l u t i o n and f u r t h e r s e r i a l d i l u t i o n s 
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were made from t h i s i n the range of 10 to 10 . The a e r o b i c p l a t e 

media were then i n o c u l a t e d with 0.1 ml of the r e s p e c t i v e d i l u t i o n s , a 

s t e r i l e g l a s s rod being used to spread the sample over the agar s u r f a c e . 

The anaerobic tube was i n o c u l a t e d with 1 ml o f each d i l u t i o n . 

Water samples were d i l u t e d i n geometric s e r i e s , one d i l u t i o n d i f f e r i n g 

from the next by a power of 10. The d i l u t i o n s e r i e s and the o r i g i n a l 

sample were then added to the c u l t u r e media (0.1 ml per p l a t e and 1 ml 

per anaerobic t u b e ) . 

For the c u l t u r e o f a e r o b i c b a c t e r i a the media used was the 22l6E medium 

of Z o b e l l (19^6) with the a d d i t i o n of 10 gram of n u t r i e n t agar per 

l i t r e (See Appendix). T h i s has been found by many workers to be s u i t a b l e 

for the i s o l a t i o n of marine b a c t e r i a . The media was s t e r i l i s e d a t 121°C 

for f i f t e e n minutes and then poured i n t o s t e r i l e p e t r i d i s h e s i n 10 ml 

q u a n t i t i e s and allowed to s o l i d i f y . 

For the i s o l a t i o n o f anaerobic b a c t e r i a the same media was used with the 

a d d i t i o n of 8.4 grams per l i t r e o f D Glucose. T h i r t y ml q u a n t i t i e s were 

allowed to s o l i d i f y i n t e s t tubes. Before use these were heated to 

100°C f o r one hour to d r i v e o f f e x c e s s oxygen. They were then allowed to 

cool to j u s t above the s o l i d i f i c a t i o n point of agar and were then 

i n o c u l a t e d . A l a y e r o f l i q u i d v a s e l i n e was poured on top of the agar to 

prevent f u r t h e r exchange o f oxygen and to maintain anaerobic c o n d i t i o n s . 

A f t e r i n o c u l a t i o n the tubes were placed i n c o l d water so as to expose 

the b a c t e r i a f o r as s h o r t a time as p o s s i b l e a t the hig h e r temperatures. 

For each s e t o f samples one s t e r i l e run was" performed using only the 

water i n the medical f l a s k s (used to shake the samples) and the McCarthy 

b o t t l e s (each b o t t l e c o n t a i n i n g 9 mis s t e r i l e water and used f o r s e r i a l 

d i l u t i o n s ) and p l a t i n g t h i s out on the a e r o b i c media. A l l glassware and 

water used i n the p r a c t i c a l was p r e v i o u s l y s t e r i l i s e d a t 121°C f o r 

f i f t e e n minutes. 



The i n c u b a t i o n time was twenty-one days a t a temperature o f 20°C 

(Nedwe11 and Floodgate 197 l ) . To ensure t h a t the i n c u b a t i o n time was 

adequate to obtain the maximum number of c o l o n i e s which would appear, 

the f i r s t samples were examined a t i n t e r v a l s up to twenty-one days. I t 

would have been d e s i r a b l e to have had d u p l i c a t e samples from each s i t e 

to a s c e r t a i n how re p r o d u c i b l e were the r e s u l t s obtained. However, the 

time taken to p l a t e out even one sediment sample was q u i t e c o n s i d e r a b l e , 

f o r a l l glassware and a l l water used i n d i l u t i n g the samples had to be 

s t e r i l e . The c l e a n i n g , p r e p a r a t i o n and s t e r i l i s a t i o n of equipment, as 

w e l l a s the p r e p a r a t i o n o f the media imposed a l i m i t on the number of 

samples which could be taken a t any one time. I n a d d i t i o n , i t was not 

p o s s i b l e to leave any sediment samples overnight before p l a t i n g as t h i s 

delay might w e l l have r e s u l t e d i n growth or death of b a c t e r i a i n the 

l a t e r samples, leading to. i n c o r r e c t counts. I t was t h e r e f o r e decided t h a t 

while s e v e r a l d u p l i c a t e s were to be taken and t e s t e d during the sampling, 

p r i o r i t y should be given to o b t a i n i n g r e s u l t s from a s l a r g e a v a r i e t y o f 

s i t e s a s p o s s i b l e . 

The counting of the c o l o n i e s on each p l a t e was performed by i n v e r t i n g the 

p e t r i d i s h , with i t s l i d on, on a black 'colony counter' with l i g h t s 

s h i n i n g onto the bl a c k s u r f a c e . T h i s enhanced the d i s t i n c t i v e c h a r a c t e r 

of the c o l o n i e s , and made them e a s i e r to count. An average count was 

taken o f a l l the p l a t e s from each sample, u s i n g the 10 ^ d i l u t i o n as 

the r e f e r e n c e d i l u t i o n . 

The q u e s t i o n of the u n i t s i n which the b a c t e r i a l counts are given i s 

important. A l l the r e s u l t s are given as t o t a l v i a b l e numbers o f b a c t e r i a 

obtained by counting the c o l o n i e s on the p l a t e s . T h i s gave v a l u e s i n 

the region o f x X 10^. However, i f one wished to know the a c t u a l 

numbers of b a c t e r i a per gram wet weight o f sediment, the f o l l o w i n g 

c o r r e c t i o n had to be a p p l i e d . 



I f two grams of sediment were d i l u t e d i n 100 mis of water, and t h i s was 
-2 6 the 10 d i l u t i o n , then t h i s would give a b a c t e r i a l count of x X 10 

9 

per 0.0002 grams. Therefore t h i s gave a c o r r e c t i o n of 5x X 10 , f o r 

the number of b a c t e r i a per gram wet weight of sediment. 



RESULTS 

3.0 

A 24 May 1973 

A t r a n s e c t was taken through a sward o f S p a r t i n a a n g l i c a near Beal P o i n t . 

Counts of the c o l o n i e s were taken at i n t e r v a l s during the twenty-one days 

to o b t a i n some form o f growth curve to ensure t h a t a twenty-one day 

i n c u b a t i o n period was adequate. (See t r a n s e c t map) 

AEROBIC BACTERIA (Counts x 10 6 ) 

SAMPLE S I T E DAY 4£ DAY 11 DAY 19 DAY 21 

1 3.26 6.37 6.97 6.98 

2 3.70 4.74 5.29 5.30 

3 2.07 3.63 4.60 4.64 

4 4.63 5.17 5.17 5.17 

5 3-57 4.11 4.11 4.11 

6 2.58 3.10 3.11 3.11 

7 0.70 i . 4 o 1.53 1.55 

ANAEROBIC BACTERIA (Counts x 10 3 ) 

SAMPLE S I T E DAY 6 DAY 11 DAY 21 

1 61.5 181.5 200.0 

2 86.0 181.0 192.0 

3 35.5 82.5 84 .0 

4 72.5 113.0 113.0 

5 80.0 140.0 150.0 

6 45.0 85.0 95.0 

7 41 .6 76.8 82.0 

A presumptive c o l i f o r m t e s t u sing MacConkeys broth was performed on the 
-2 -3 10 d i l u t i o n and the 10 d i l u t i o n , u s i n g d u p l i c a t e tubes f o r each sample 

a t each d i l u t i o n . A l l the r e s u l t s were negative a f t e r 18 hours except 

f o r sample s i t e 3 which showed p o s i t i v e a c i d production but no gas a f t e r 

24 hours. These were probably due to anaerobes. 



B 1 June 1973 

These samples were taken a t s i t e s being used f o r i n v e r t e b r a t e counts 

on the L i n d i s f a r n e e s t u a r y . I n a d d i t i o n anaerobic l a y e r depths were 

recorded and d u p l i c a t e s were taken f o r the f i r s t t hree samples. (See 

t r a n s e c t map) 

AEROBIC BACTERIA (Count x 10 ) 

SAMPLE SITE DAY 3 DAY 11 DAY 15 

ANAEROBIC BACTERIA (Count x 10 ) 

SAMPLE SITE 

1A 

IB 

2A 

2B 

3A 

3B 

4 

5 

6 

DAY 12 

235 

230 

31 

37 

22.5 

28 

90 

28.5 

10 

DAY 16 

261 

230 

52 

58 

33.5 

38 

107 

27 

10.5 

DAY 21 
DEPTH OF 
ANAEROBIC 
LAYER (cm) 

1A 0 4.05 4.5 4.5 ) 
) 

4.35) 

0.5 

IB 0 3-95 4.3 

4.5 ) 
) 

4.35) 

2A 0.5 6.13 6.15 6.15) 
) 

6.24) 

1.5 

2B 0 6.10 6.20 

6.15) 
) 

6.24) 

3A 

3B 

0.5 

0.7 

1.18 

1.10 

1.18 

1.4 

2.18) 
) 

2.30) 

10 + 

4 3.0 4.62 4.63 4.63 0.1 

5 0 1.19 1.69 2.15 2.0 

6 0 4.45 4.45 4.6 5.0 

DAY 21 

266.5 

250 

67.5 

72.0 

44.0 

49.0 

107 

32 

10.5 

The presumptive c o l i f o r m count using s i m i l a r methods as p r e v i o u s l y gave 

a l l negative r e s u l t s a f t e r 18 hours. 



C 6 June 1973 L i n d i s f a r n e 

S e v e r a l samples were taken at a v a r i e t y of s i t e s . 

a) S i t e s 1 to 5 were taken going down the r i v e r a t Beal Point towards 

the s ea. The S p a r t i n a i n c r e a s e d as one t r a v e l l e d f u r t h e r downstream. 

b) A sample o f seawater ( 6 ) . 

c ) S i t e s 7 to 11 were taken i n a t r a n s e c t through a S p a r t i n a sward a t 

Beal P o i n t . 

d) S i t e s 12 to 15 were taken i n a t r a n s e c t on the north shore o f the 

r i v e r a t Beal Point where there was no S p a r t i n a sward. (See t r a n s e c t map) 

AEROBIC BACTERIA 

(Count x 10 ) 

SAMPLE SITE DAY 21 

ANAEROBIC BACTERIA 

(Count x 10 ) 

DAY 21 

DEPTH OF ANAEROBIC 
LAYER (cms) 

R 1 7.5 77 -
I 2 4.3 42 -
V 3 4.5 37 -
E 4 3.45 31.5 -
R 5 5.35 67-5 2 

SEA 6 530 per ml - -
7 4.2 38.5 10 + 

S~ 
P 8 6.3 85 3-5 
A 
R 9 6.6 90 0.5 
T 
I 10 3.4 162 4.0 
N 
A 11 2.1 62.5 9.0 
NO 
S 12 2.5 95.5 9.5 
P 
A 13 O.85 73.0 10 + 
R 
T 14 0.9 45 10 + 
I 
N 15 0.75 35 10 + 
A 

As p r e v i o u s l y the presumptive c o l i f o r m t e s t s gave negative r e s u l t s 

from a few f a l s e p o s i t i v e s i n a c i d production due to anaerobes. 



D 18 June 1973 Budle Bay 

Two s e t s o f samples were taken at Budle Bay on t h i s o c c a s i o n . One s e t 

was taken on a t r a n s e c t through a S p a r t i n a sward (A) and the other s e t 

taken o u t s i d e (B) t h i s sward, but near to i t i n an a r e a where there was 

no S p a r t i n a . These samples were taken to p a r a l l e l i n v e r t e b r a t e sampling 

along the same t r a n s e c t s , at the same s i t e s . Anaerobic l a y e r depth was 

a l s o neasured. A l l s i t e s were at t h i r t y metre i n t e r v a l s . D u p l i c a t e s 

were p l a t e d f o r A l and A2. (See t r a n s e c t map) 

AEROBIC BACTERIA ANAEROBIC BACTERIA DEPTH OF ANAE-
(Count x 10 6) (Count x 10 6 ) ROBIC LAYER (cm) 

PLE SITE DAY 21 DAY 21 

l a 

lb 

1.15 

1.25 

) 
) 
) 

1.20 
29 4.0 

2a 

2b 

0.8 

0.7 

) 
) 
) 

0.75 
46 .5 3.0 

3 0 (Stone + c l a y ) 30.5 -
4 3-1 57.0 8.0 

5 4.8 85.5 2.5 

6 1.25 68.0 8.0 

7 3.1 26.5 1.0 

8 0.65 42.0 10 + 

9 5-8 33-5 1.5 

10 0.7 58.5 10 + 

11 0.75 14.5 10 + 

12 1.3 26.0 9.0 

13 1.1 24.5 10 + 

14 0.9 20.5 10 + 

15 0.95 18.O 10 + 

16 I . 8 5 36.0 5.0 

The presumptive c o l i f o r m count was performed as before and again a l l were 

negative a f t e r 18 hours. 



E 27 June 1973 Budle Bay 

These samples were taken near those taken on l8 June, but i n an are a 

where the S p a r t i n a sward was more continuous and l e s s clumped. I n v e r t e ­

brate samples were a l s o taken on t h i s t r a n s e c t at the same s i t e s . 

Anaerobic l a y e r depth was measured. D u p l i c a t e s were taken o f some of 

the samples. (See t r a n s e c t map) 

AEROBIC BACTERIA DEPTH OF 

(Count x 106) ANAEROBIC LAYER 

SAMPLE SI T E DAY 21 (cms) 

2A 3-35 ) 
S ) 3.05 4.0 

2B 2.75 ) 
P 

3A 6.75 ) 
A ) 6.45 0.2 

3B 6.15 ) 
R 

4 4.0 0.8 
T 

5A 4.75 ) 
I ) 4.52 1.0 

5B 4.30 ) 
N 

6 6.0 0.5 
A 

— 7 3.15 10 + 
S 
E 8 1090 per ml -
A 
W 9 2270 per ml -
A 
T 10 3505 per ml -
E 
R 

A l l presumptive c o l i f o r m t e s t s performed on the samples a l l gave negative 

r e s u l t s . 



F 4 J u l y 1973 

These samples were taken on Holy I s l a n d Sands, L i n d i s f a r n e National 

Nature Reserve. The samples were taken i n p a r a l l e l with the i n v e r t e b r a t e 

samples taken at the same s i t e s , and f o r comparison with anaerobic l a y e r 

depth. There was no S p a r t i n a i n the v i c i n i t y . The f i r s t samples were 

taken at some d i s t a n c e from the shore, near a t i d a l drainage channel 

running i n t o the e s t u a r y and which a f f e c t e d the sediment composition. 

Samples were a l s o taken at s i t e s used i n Macoma growth s t u d i e s by 

Ingvarsson. (See t r a n s e c t map) 

AEROBIC BACTERIA DEPTH OF 

(Counts x 106) ANAEROBIC LAYER 

SAMPLE SI T E DAY 21 (cms) 

1 3.35 6.0 

2 5.2 4.0 

3 1.2 8.0 

4 0.65 7.0 

5 0.75 7-5 

6 0.95 9.0 

7 1.7 5.0 

8 1.2 9.0 

9 5.6 1.0 

10 0.7 8.0 

11A 

i . i R 

0.7 ) 
) 0.75 

0.8 ) 
8.0 

The presumptive c o l i f o r m count gave a l l negative r e s u l t s . 



G 19 J u l y 1973 

Samples were taken f o r comparison with ni t r o g e n a n a l y s e s performed on 

samples of sediment from these same s i t e s . 

11 1 Mud and Fi n e Sand 

10 2 Mud 

8 3 Sand 

7 4 Sandy 

S i t e 2 5 Muddy 

T e a l h o l e 6 Mud and Sand 

No 3 7 Sand and Mud 

AEROBIC BACTERIA N * SI L T CONTENT % * 
(Counts x 106) % Dry Weight (.08 cm) 

SAMPLE SI T E DAY 21 

1 4.45 0.132 53.4 

2A 2.1 ) 
) 2.1 0.052 20.6 

2B 2.1 ) 

3 1.3 0.034 3.22 

4 0.75 0.015 0.3 

5 4.05 0.290 73.2 

6 1.15 0.146 59.4 

7 0.7 0.052 28.3 

* Data from Ingvarsson. 

No presumptive c o l i f o r m counts performed. 

I n none of the s t e r i l e runs was any colony growth found, showing that the 

equipment and technique was s u f f i c i e n t t o avoid contamination. 
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INVERTEBRATE COUNTS PER SQUARE METRE - TAKEN ON HOLY ISLAND SITES ON 
4 JULY ( F ) 
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1 
( 1 ) 

! 

100 : 

t 

i 
100 1 25 4500 i 3 . 3 5 

| 
i 

3 
( 2 ) 325 25 50 25 2500 5 . 2 

5 
( 3 ) 

175 

! 

i 

7500 1.2 

7 
( 4 ) 25 ' 

i 

i i • i i 

25 i 25 : 225 i 0 0 .65 

9 
(5 ) 

1 

; i 
i 

i i 

I 

! 

0 0 .75 

11 
( 6 ) 

1 
1 300 
i 
1 

100 0 0 .95 

13 
( 7 ) 

150 0 1.7 

15 
( 8 ) 25 100 0 1.2 

Data from D M Evans (unpublished) 



INVERTEBRATE COUNTS PER SQUARE METRE - FROM BUDLE BAY ON l 8 JUNE (D) 

SIT E llydrobia Macoma Corophium A r e n i c o l a N e r e i s S c o l o p l o s 
Aerobic 

B a c t e r i a 
Count 
x 1 0 6 

A l 0 1100 1.2 

A2 200 800 0 .75 

A3 2700 0 

A4 1600 
-

100 3.1 

A5 3400 4 . 8 

A6 900 1.25 

A7 4400 3.1 
1 

A8 130 200 5500 200 O .65 

- B l 100 100 1600 100 
i 
; 5 . 8 
1 

B2 600 0 3800 700 0 . 7 

B3 2700 0 1200 200 0 . 7 5 

B4 1700 7200 600 1.3 

B5 4100 200 100 1.1 

B6 2400 3700 100 0 . 9 

B7 1200 200 100 0 .95 

B8 2100 200 300 200 500 1.85 

(Table continued) 



INVERTEBRATE COUNTS FROM BUDLE BAY TAKEN ON 2 2 JUNE ( E ) 

SI T E Hydrobia Macoma Corophium A r e n i c o l a N e r e i s S c o l o p l o s 
Aerobic 

B a c t e r i a 
Count 
x 1 0 6 

2 7 
JUNE 
OM 0 4 0 0 _ 

15M 300 1 0 0 3 . 0 5 

30M 0 6 . 4 5 

60M 1 0 0 4 . 0 

90M 2 0 0 0 400 4 . 5 2 

i44M 1 7 0 0 100 3 . 1 5 

Data from A V M i l l a r d (unpublished) 



Sample Site^ at L I N D I S F A R J H E N-N-R-

B U D L E BAY 

Costlebeov 
Rocks 

Keel Hsotf 

,^ij§^)nonue/ Head 
JOK 



3.1 Confirmation of adequate i n c u b a t i o n time 

By p l o t t i n g the numbers of c o l o n i e s formed a g a i n s t time, one can show 

the r a t e s of colony appearance a t d i f f e r e n t times a f t e r i n c u b a t i o n 

commences. Hence, one can f i n d the time beyond which i t i s not worth 

i n c u b a t i n g the p l a t e s as the r a t e of colony appearance i s n e g l i g i b l e . 

From FIG I I and FIG I I I i t may be seen t h a t a f t e r twenty-one days, the 

r a t e of colony i n c r e a s e i s so low that a d d i t i o n a l i n c u b a t i o n time i s 

unnecessary. 
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3.2 E s t i m a t i o n o f r e l i a b i l i t y of b a c t e r i a l counts 

D u p l i c a t e samples were taken from nine sampling s i t e s and were used to 

estimate the r e l i a b i l i t y o f s i n g l e samples • 

The r e s u l t s are shown below: 

SAMPLING „ T m l„ MEAN COEFFICIENT 
„ „ r . . S I T E COUNTS OBTAINED MEAN COEFFICIENT 
AREA MEAN OF VARIATION 

B 1 a) 4.5 4.42 3-38% 

b) 4.35 

2 a) 6.15 6.195 0.72% 

b) 6.24 

3 a) 2.18 2.24 2.67% 

b) 2.30 

D 1 a) 1.15 1.2 4.i6% 

b) 1.25 

2 a) 0.80 0.75 6.6% 

b) 0.70 

E 2 a) 3.35 3.05 9.8% 

b) 2.75 

3 a) 6.75 6.45 4.65% 

b) 6.15 

5 ...a) 4.75 4.52 4.97% 

b) 4.30 

G 2 a) 2.1 2.1 0 

b) 2.1 

MEAN COEFFICIENT OF VARIATION = 4.1% 

CONCLUSION 

From these r e s u l t s i t can be seen t h a t the d u p l i c a t e s do not always give 

i d e n t i c a l r e s u l t s . Taking the average c o e f f i c i e n t of v a r i a t i o n as a guide 

one could say t h a t the b a c t e r i a l counts obtained a r e a c c u r a t e to 

- Mean C of V or - 2.05%. 
2 % 



3.3 C o r r e l a t i o n between numbers o f s u r f a c e b a c t e r i a and depth o f 

anaerobic l a y e r 

The b a c t e r i a l populations i n the top 0.5 cm of e s t u a r i n e sediments are 

those most r e a d i l y a v a i l a b l e f o r a s s i m i l a t i o n by f i l t e r f e e d e r s which l i v e 

i n the sediments. I f , as has been reported, c e r t a i n i n v e r t e b r a t e s depend 

to a la r g e degree upon these b a c t e r i a f o r food, one would expect that 

i n c r e a s e d b a c t e r i a l content o f the upper l a y e r o f sediment would be 

c o r r e l a t e d with i n c r e a s e d populations o f these i n v e r t e b r a t e s below. 

However, the b a c t e r i a l populations i n the upper sediment might a l s o have 

an adverse e f f e c t on the lower l a y e r s o f sediment by deoxygenation, pro­

ducing a s i t u a t i o n o f c o n f l i c t i n g advantage and disadvantage to the 

i n v e r t e b r a t e s . 

The reducing c o n d i t i o n s found i n the anaerobic l a y e r of e s t u a r i n e s e d i ­

ments a r e not favourable f o r c e r t a i n i n v e r t e b r a t e l i f e and the more 

reduced these c o n d i t i o n s become, the lower a r e the numbers of i n v e r t e ­

b r a t e s which are able to withstand the c o n d i t i o n s . ( F e n c h e l and R i e d l , 

1970). Therefore, the ne a r e r to the s u r f a c e the anaerobic l a y e r becomes 

the l e s s the sediment depth i s favourable f o r the i n v e r t e b r a t e s . ( T h i s 

i s not always t r u e , s i n c e some i n v e r t e b r a t e s , eg Corophium v o l u t a t o r i n 

f a c t p r e f e r s l i g h t l y anaerobic c o n d i t i o n s . ) 

The o b j e c t o f t h i s p a r t of the p r o j e c t was to c o r r e l a t e the numbers o f 

ae r o b i c b a c t e r i a i n the top 0.5 cm with the depth o f the anaerobic 

l a y e r below, to determine whether the b a c t e r i a might e x e r t b e n e f i c i a l or 

adverse' c o n d i t i o n s on the lower sediments. The r e s u l t s are presented i n 

the form o f a s c a t t e r diagram ( F I G IV) from which i t can be seen that 

The value o f the square of the c o r r e l a t i o n c o e f f i c i e n t , r , (= 56.5$)1 

i s the proportion o f the v a r i a t i o n i n the depth of the anaerobic l a y e r 

that can be a s s o c i a t e d w i t h v a r i a t i o n i n the number o f a e r o b i c b a c t e r i a . 

the c o r r e l a t i o n c o e f f i c i e n t i s s i g n i f i c a n t l y d i f f e r e n t from zero 

(p4 0.001). 
2 



I t thus r e p r e s e n t s a major proportion of the v a r i a t i o n . However, the 

p a r t t h a t sediment composition p l a y s i n t h i s c o r r e l a t i o n i s not known and 

as t h i s may a f f e c t both b a c t e r i a l numbers and anaerobic l a y e r depth (by 

a f f e c t i n g the r a t e of the p e r c o l a t i o n of the oxygen-carrying seawater) 

the l a t t e r f a c t o r s are not s t r i c t l y independent. 

In so f a r as the lower sediments are a f f e c t e d by the b a c t e r i a l d e n s i t i e s 

i n the upper l a y e r , t h i s could be due to two main cau s e s . 

F i r s t l y , b a c t e r i a i n the upper l a y e r use up some o f the oxygen a v a i l a b l e 

to them; those below depend upon the oxygen p a s s i n g through the upper 

sediments. Th e r e f o r e , the more b a c t e r i a i n the upper sediments, the 

l e s s oxygen w i l l be a v a i l a b l e to the b a c t e r i a i n the lower sediments, 

r e s u l t i n g i n more reduced c o n d i t i o n s and growth of anaerobes. 

Secondly, much work has been done on the r e l a t i o n s h i p between p a r t i c l e 

s i z e i n the sediment and the b a c t e r i a l counts and i t has been suggested 

th a t b a c t e r i a l counts i n c r e a s e with decrease i n p a r t i c l e s i z e ( i e 

i n c r e a s e i n s i l t content) because t h i s i n c r e a s e s the s u r f a c e a r e a per 

u n i t weight f o r b a c t e r i a to c o l o n i s e . However, t h i s decrease i n p a r t i c l e 

s i z e and i n c r e a s e i n s i l t might a l s o r e s u l t i n a r e d u c t i o n i n the r a t e 

at which water c a r r y i n g oxygen p e r c o l a t e s through the sediment. 

Therefore, the c o r r e l a t i o n could be due l a r g e l y to changes i n p a r t i c l e 

composition of the sediment r a t h e r than the b a c t e r i a l content. 

FIG IV shows t h a t an i n c r e a s e i n b a c t e r i a i n the upper sediments does 

not n e c e s s a r i l y lead to advantages to the i n v e r t e b r a t e s as i t i s 

accompanied by a r e d u c t i o n i n the volume of s u i t a b l e l i v i n g space pre­

f e r r e d by many i n v e r t e b r a t e s p e c i e s . Hence a balance between b a c t e r i a l 

content and a v a i l a b l e l i v i n g space i s probably the s i t u a t i o n i n which 

maximum i n v e r t e b r a t e populations would e x i s t or those e x c e p t i o n a l c a s e s 

of high b a c t e r i a and deep sulphide l a y e r . 

To see whether the i d e a t h a t i n c r e a s e d s u r f a c e a r e a i n the sediments 

lea d s to i n c r e a s e d b a c t e r i a l d e n s i t i e s , a c o r r e l a t i o n was performed 
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u s i n g s i l t content o f some of the sediments from which b a c t e r i a l counts 

had been made (from r e s u l t s taken on 19 J u l y ) . 

When the s i l t content (% s i l t ) was c o r r e l a t e d a g a i n s t b a c t e r i a l content, 

a c o r r e l a t i o n c o e f f i c i e n t o f 0.660 was obtained. T h i s i s not s i g n i f i c a n t , 

however, i t does show a f a i r tendency f o r the b a c t e r i a l numbers to r i s e 

with i n c r e a s e d s i l t content. ( F I G IX) k -

T h i s could be f o r two reasons; 

1 The i n c r e a s e i n s u r f a c e area 

2 The i n c r e a s e i n s i l t content may be l a r g e l y composed o f small 

p a r t i c l e s of organ i c d e t r i t u s and t h i s would a l s o lead to an i n c r e a s e 

i n the numbers of b a c t e r i a present to degrade i t . 



3.4 C o r r e l a t i o n s between b a c t e r i a l numbers and i n v e r t e b r a t e d e n s i t i e s 

I n v e r t e b r a t e s i n e s t u a r i n e sediments depend f o r t h e i r e x i s t e n c e on the 

a s s i m i l a t i o n of m a t e r i a l from those sediments or the waters above (eg. 

c o c k l e s ) . I n the f o l l o w i n g attempts to c o r r e l a t e i n v e r t e b r a t e s with 

b a c t e r i a l numbers, i t must be remembered th a t i t i s almost im p o s s i b l e to 

separate the e f f e c t s of v i a b l e b a c t e r i a from those of the d e t r i t a l 

m a t e r i a l found i n the sediments. An i n c r e a s e i n d e t r i t u s i n e v i t a b l y 

l e a d s to an i n c r e a s e i n b a c t e r i a which a s s i m i l a t e i t . Therefore, the 

e x i s t e n c e of any s i g n i f i c a n t c o r r e l a t i o n s does not mean t h a t b a c t e r i a 

alone determine the d i s t r i b u t i o n of c e r t a i n i n v e r t e b r a t e s , but r a t h e r 

t h a t b a c t e r i a and d e t r i t u s a c t together and t h a t i t i s the a v a i l a b i l i t y 

o f food which determines the d i s t r i b u t i o n of those i n v e r t e b r a t e s . The 

l a c k of s i g n i f i c a n t c o r r e l a t i o n could i n d i c a t e t h a t o t h e r f a c t o r s such as 

sediment composition, or p o s i t i o n on the s a l i n i t y gradient may be more 

important. 

For the c o r r e l a t i o n s with the b a c t e r i a l numbers, the i n v e r t e b r a t e s were 

t r e a t e d as independent s p e c i e s . T h i s was done f o r the reason that each 

s p e c i e s feeds i n a d i f f e r e n t way. Not a l l the s p e c i e s found on the 

e s t u a r y are f i l t e r f e e d e r s or d e t r i t u s f e e d e r s . N e r e i s d i v e r s i c o l o r 

i s a c a r n i v o r e and t h e r e f o r e does not e n t e r i n t o t h i s q u e s t i o n . Within 

each Taxa the s p e c i e s use d i f f e r e n t modes of o b t a i n i n g t h e i r food. I n 

the Mollusca f o r i n s t a n c e , Macoma i s a f a i r l y s t a t i o n a r y d e t r i t a l feeder, 

whereas Hydrobia i s probably more dependent on g r a z i n g of diatoms, b l u e -

green algae and b a c t e r i a on d e t r i t u s . I n a d d i t i o n i t i s capable of 

moving l a r g e d i s t a n c e s . Also, the r e l a t i v e s i z e s o f the d i f f e r e n t s p e c i e s 

w i t h i n each Taxa made i t impossible to t r e a t them a s one u n i t . One 

Macoma i s not e q u i v a l e n t to one Hydrobia. Therefore each was t r e a t e d 

s e p a r a t e l y except where a very s i m i l a r method of feeding and s i z e was 

shared by two s p e c i e s w i t h i n the same Taxa. I n these c a s e s they were 

t r e a t e d both together and s e p a r a t e l y - eg. Abra t e n u i s and Macoma. 



via 

RESULTS 

The f o l l o w i n g t a b l e r e p r e s e n t s the c o r r e l a t i o n s obtained a f t e r a n a l y s i s . 

Those c o r r e l a t i o n s found to be s i g n i f i c a n t have been p l o t t e d and are 

shown on t h e i r r e s p e c t i v e f i g u r e s . 

SPECIES CORRELATION 
COEFFICIENT 

r 

NUMBER OF 
SAMPLES 

SIGNIFICANCE 
AT 005 LEVEL 

SIGNIFICANCE 
OR NO 

Macoma 

Fenham • 4796 8 .6319 NO 

Budle • 2734 10 .5760 NO 

Abra t e n u i s 0 .99 3 .8783 YES 

Abra t e n u i s and 
.6302 9 .602 

1 
YES 'n Macoina 

.6302 

Corophium 

Fenham .2468 4 .8114 NO 

Budle .2630 12 .5131 NO 

Hydrobia 

Fenham .7795 4 . 8 n 4 NO 
• 

Budle * .8280 6 .7067 YES 

Budle •* .5238 8 .6314 NO 

ALL . 1 7 4 1 18 . .4438 NO 

A r e n i c o l a 

Budle .1039 7 . 6664 NO 

Bathyporeis .5625 4 .8114 NO 

* I n s i d e S p a r t i n a 

** Outside S p a r t i n a 

CONCLUSION 

I t i s evident from these r e s u l t s t h a t the b a c t e r i a l content o f the upper 

sediments i s not the main f a c t o r determining the d e n s i t y of the i n v e r t e ­

b r a t e s which have been examined. Although, Abra t e n u i s shows a s i g n i f i c a n t 



c o r r e l a t i o n , only t h r e e samples were involved and t h i s i s c e r t a i n l y not 

s u f f i c i e n t to show a d e f i n a t e r e l i a n c e on the b a c t e r i a . The Hydrobia 

a l s o shows a s i g n i f i c a n t c o r r e l a t i o n i n s i d e the S p a r t i n a , but again 

t h i s i s not shown ou t s i d e the S p a r t i n a and t h i s r e s u l t must be t r e a t e d 

with c a r e . 

However, perhaps these r e s u l t s do show that the a r e a i n s i d e the S p a r t i n a 

should be t r e a t e d d i f f e r e n t l y from t h a t o u t s i d e . I n a d d i t i o n , the 

Budle Bay and Fenham F l a t a r e a s should a l s o be t r e a t e d s e p a r a t e l y . The 

Abra t e n u i s and Hydrobia c o r r e l a t i o n s a re shown on s c a t t e r diagrams i n 

FIGS V and V I . 

The o t h e r main f a c t o r s which could be determining the d e n s i t y of the 

i n v e r t e b r a t e s i n c l u d e the p o s i t i o n on the s a l i n i t y g r a d i e n t , the time f o r 

which the s i t e s a r e covered by the t i d e , the sediment p a r t i c l e composi­

t i o n and the depth of the anaerobic l a y e r . The l a t t e r i s t r e a t e d i n the 

next s e c t i o n . 

An i n t e r e s t i n g point of a d d i t i o n a l i n t e r e s t i s the data obtained on 

4 J u l y ( F ) , i n an a r e a with no S p a r t i n a . The r e s u l t s here show the u s u a l 

low numbers of a e r o b i c b a c t e r i a as one gets f u r t h e r from the shore, but 

then a very marked i n c r e a s e i n the b a c t e r i a as one gets near the t i d a l 

drainage channel. 
'tenovs 

From FIG Vllfe one can see t h a t changes i n the Macoma and Abra n-j-t-i-d»i-a 

numbers correspond to changes i n b a c t e r i a l numbers and the depth of the 

anaerobic l a y e r . Although, as has been shown, n e i t h e r of these para­

meters seem to be s*ms^jcr f a c t o r i n determining i n v e r t e b r a t e d e n s i t i e s = 

A change i n sediment composition was noted as one neared the channel. 

The sediments became f i n e r and muddier. I t may w e l l be t h i s parameter 

which i s determining the o t h e r s . 
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3 . 5 C o r r e l a t i o n o f I n v e r t e b r a t e s with Anaerobic l a y e r depth 

The p o s s i b l e importance of the anaerobic l a y e r i n r e s p e c t to i n v e r t e b r a t e 

d i s t r i b u t i o n has been d i s c u s s e d . So, i t was decided to perform a 

c o r r e l a t i o n on i n v e r t e b r a t e counts with the depth a t which the anaerobic 

l a y e r appears. T h i s was done to see i f the ana e r o b i c l a y e r was s i g n i ­

f i c a n t l y important i n some s p e c i e s i n determining d e n s i t i e s of t h a t 

i n v e r t e b r a t e . 

S p e c i e s 
C o r r e l a t i o n 
C o e f f i c i e n t 

r 

S i g n i f i c a n t 
value .05% 

l e v e l 

Number of 
Samples 

S i g n i f i c a n c e 
or No 

Macoma 

Fenham .3638 .6319 8 NO 

Budle .8180 .8783 3 NO 

Fenham + 
Budle .1247 .5529 11 1 1 1 

NO 

Abra t e n u i s . 1428 .8783 
l 

3 NO 

Abra t e n u i s + 
Macoma 

Fenham .0975 .602 9 NO 

Budle .8108 .8783 3 NO 

Corophiurn 

Fenham .5095 .8114 4 NO 

Budle .329 .5324 12 NO 

Hydrobia 

Fenham .6324 . 8 l l 4 4 NO 

Budle * .7002 .7067 6 | " NO 

Budle ** .4911 .6319 8 NO 

ALL .1739 14 NO 

A r e n i c o l a 

Budle .0729 .4973 7 NO 

Bathyporeis .2238 .8114 4 NO 

* I n s i d e S p a r t i n a ** Outside S p a r t i n a 



CONCLUSION 

Here again there does not seem to be any s i g n i f i c a n t c o r r e l a t i o n between 

the depth at which the anaerobic l a y e r begins and the d e n s i t y of the 

i n v e r t e b r a t e population a s s o c i a t e d with i t . 

T h i s does not n e c e s s a r i l y mean t h a t the depth o f the anaerobic l a y e r 

p l a y s no part i n determining the d e n s i t y of the i n v e r t e b r a t e s , but t h a t 

the p a r t i t does p l a y , i f any, i s very s m a l l . 

To f i n d the r e l a t i v e importances of the d i f f e r e n t parameters i n d e t e r ­

mining i n v e r t e b r a t e d e n s i t y one would have to measure these parameters 

and then perform a m u l t i p l e r e g r e s s i o n on them. 



3 .6 C o r r e l a t i o n o f Nitrogen content of e s t u a r i n e sediments with 

b a c t e r i a l content of those sediments 

As has been s t a t e d p r e v i o u s l y , i t i s p o s s i b l e t h a t i n v e r t e b r a t e s i n the 

e s t u a r y depend l a r g e l y on b a c t e r i a i n the sediments f o r t h e i r Nitrogen 

source. To f i n d out i f a s i g n i f i c a n t c o r r e l a t i o n e x i s t s between 

ni t r o g e n contents of the upper sediments and b a c t e r i a l counts a t the 

same s i t e s , samples were taken on 19 J u l y . Nitrogen determinations were 

performed by Ingvarsson using the semi-micro k j e l d a h l method, and b a c t e r i a 

counts by myself u s i n g methods a l r e a d y d e s c r i b e d . 

The r e s u l t s were presented e a r l i e r - 19 J u l y (G) - and are i l l u s t r a t e d 

There i s a s i g n i f i c a n t c o r r e l a t i o n between the ni t r o g e n content o f the 
2 

s u r f a c e sediments and t h e i r b a c t e r i a l content. The r value of 50•1% 

shows t h a t a t l e a s t h a l f the v a r i a t i o n i n n i t r o g e n i n the sediments i s 

a s s o c i a t e d with v a r i a t i o n i n b a c t e r i a l abundance. T h i s r e p r e s e n t s a l a r g e 

degree o f r e l i a n c e upon b a c t e r i a as a r e s e r v o i r of n i t r o g e n . The remain­

der o f the n i t r o g e n may w e l l be present i n d e t r i t a l matter i n the sediment 

However, the technique used f o r the b a c t e r i a l counts detected only v i a b l e 

a e r o b i c b a c t e r i a . Therefore i t i s p o s s i b l e t h a t much of the missi n g 

n i t r o g e n i s present a s non-viable b a c t e r i a i n the d e t r i t u s and i n the 

anaerobic b a c t e r i a . I n a d d i t i o n the amounts present i n the algae and 

diatoms should not be fo r g o t t e n . 

At the same time, some s i l t a n a l y s e s were done and these were used to 

perform a c o r r e l a t i o n between the perCeii'lage s i l t and b a c t e r i a l count. 

The c o r r e l a t i o n c o e f f i c i e n t obtained was found to be 0 .6602 which was 
2 

d i s c o v e r e d to be s i g n i f i c a n t a t the 0.05/<i l e v e l . T h i s gave an r value 

of 43.6% showing t h a t t h i s percentage o f the v a r i a t i o n i n b a c t e r i a l 

numbers could be a t t r i b u t e d to the s i l t content of the sediment. T h i s 

could be f o r two main rea s o n s . 

i n F IG 



F i r s t l y , as a l r e a d y s t a t e d i t could be due to the hi g h e r s u r f a c e a r e a per 

u n i t weight of sediment when the s i l t content i s higher, o r secondly, i t 

could be a t t r i b u t e d to the f a c t t h a t ' s i l t ' c o n t a i n s much organ i c m a t e r i a l 

and t h i s would r e s u l t i n an i n c r e a s e i n the numbers of b a c t e r i a which a r e 

degrading i t . For a s c a t t e r diagram of t h i s c o r r e l a t i o n , see FIG IX. 
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3.7 E f f e c t o f S p a r t i n a swards on the b a c t e r i a l content of e s t u a r i n e 

sediments 

The mean p a r t i c l e s i z e o f the sediments w i t h i n S p a r t i n a swards i s 

s m a l l e r than of the sediments o u t s i d e , as i s evident even form a c u r s o r y 

glance at the two a r e a s . The S p a r t i n a a c t s as block to t i d a l c u r r e n t s 

and slows them down, r e s u l t i n g i n d e p o s i t i o n of s i l t and d e t r i t a l mater­

i a l w i t h i n the sward. T h i s , added to m a t e r i a l produced by decaying 

S p a r t i n a i t s e l f r e s u l t s i n a f i n e sediment which i s probably fas)high i n 

o r g a n i c matter and t h e r e f o r e , very p o s s i b l y , i n b a c t e r i a . The r o o t i n g 

system of the S p a r t i n a however changes the sub-sediment evnironment, and 

some of those i n v e r t e b r a t e s which l i v e o u tside the sward are apparently 

unable to l i v e w i t h i n i t . Others however may be b e t t e r adapted to l i v e 

w i t h i n t h i s system and might t h e r e f o r e be at a competitive advantage, i f 

any competition e x i s t s between the s p e c i e s on the open mud. 

The o b j e c t of t h i s s e r i e s of teste was to f i n d out by how much the b a c t e r i a l 

count i n c r e a s e s w i t h i n the S p a r t i n a sward and how f a r beyond the sward the 

e f f e c t s of any i n c r e a s e i n b a c t e r i a can be d e t e c t e d . 

To i n v e s t i g a t e t h i s , the b a c t e r i a l counts taken i n the Beal Point a r e a on 

24 May (A) and 6 June (C) were p l o t t e d a g a i n s t the d i s t a n c e from the upper 

t i d a l l e v e l . The same was done f o r samples taken on 18 June (U) and 

27 June ( E ) . The r e s u l t s a re shown i n FIGS X and XI r e s p e c t i v e l y . I t can 

be seen c l e a r l y t h a t the number of a e r o b i c b a c t e r i a i n the s u r f a c e 

sediments w i t h i n the S p a r t i n a i n c r e a s e s by a l a r g e amount over counts 

o u t s i d e . 

On the landward s i d e of the S p a r t i n a sward the counts are very s i m i l a r to 

those on the shore c l o s e to land where S p a r t i n a i s absent. T h i s i s 

probably due to two f a c t o r s . F i r s t l y , the t i d a l c u r r e n t s are always 

slowed when c l o s e to land due to f u n c t i o n a l f o r c e s s i m i l a r to those 

o c c u r r i n g w i t h i n the sward. Secondly, r u n - o f f from the land c a r r i e s with 

i t much organic m a t e r i a l and b a c t e r i a , thus i n c r e a s i n g the count. 
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Once w i t h i n the sward the b a c t e r i a l count r i s e s but only by a s m a l l 

amount. However, on the seaward s i d e of the S p a r t i n a the b a c t e r i a l 

count drops very r a p i d l y to low l e v e l s s i m i l a r to those found throughout 

the t r a n s e c t i n non-Spartina a r e a s . 

At Beal Point, the d i s t a n c e beyond the S p a r t i n a through which the 

b a c t e r i a l count i s s t i l l high i s i n the region of 40 metres ( w i t h s m a l l 

e x t r a p o l a t i o n on graph). At Budle Bay the d i s t a n c e i s about 40 to 50 

metres. 

Thus, the e f f e c t o f the i n c r e a s e of b a c t e r i a w i t h i n the sward i s not f e l t 

f o r very f a r once the sward has been l e f t . Any gain which may be 

e f f e c t e d by the h i g h e r b a c t e r i a l count i n the sward being f e l t f o r only 

about 50 metres o u t s i d e i t , could w e l l be n u l l i f i e d by the very presence 

of the S p a r t i n a c a u sing adverse c o n d i t i o n s w i t h i n the sediments i n which 

i t grows, and thus perhaps ex c l u d i n g many i n v e r t e b r a t e s from l i v i n g i n 

these a r e a s . I n a d d i t i o n i t has been found t h a t wading b i r d s , with the 

exception o f Redshank (A V M i l l a r d , P C Smith, P R Evans - Department of 

Zoology, Durham) w i l l not feed w i t h i n the v e g e t a t i o n of the sward. Thus 

l a r g e a r e a s of p o t e n t i a l l y productive e s t u a r y ( i n r e s p e c t to the feeding 

of b i r d s ) a re l o s t , with only a very s m a l l gain, i f any, i n the p o s s i b l e 

i n c r e a s e i n p r o d u c t i v i t y o u t s i d e the sward. 



3 . 8 The E f f e c t o f a S p a r t i n a sward on d i s t r i b u t i o n of diatoms 

I t has been g e n e r a l l y accepted t h a t diatoms a r e a c o n s t i t u e n t o f the 

d i e t s of many of the i n v e r t e b r a t e s i n an e s t u a r y ; although work on the 

importance of diatoms i n the d i e t s has never been p u b l i s h e d . Therefore 

i t was decided to measure what e f f e c t a S p a r t i n a sward might have on the 

d i s t r i b u t i o n of the diatoms i n the upper 0.5 cm of sediment. 

The samples used were those taken on 6 June and the m a t e r i a l l e f t a f t e r 

b a c t e r i a l p l a t i n g was used to perform diatom counts. 

METHOD 

Ha l f a gram o f sediment was shaken i n 5 mis o f d i s t i l l e d water f o r a 

couple of minutes. As soon as shaking was stopped, a sm a l l sample of the 

water was removed and placed on the platform of a Haemocytometer and 

the g l a s s s l i d e was placed on top. When the space between platform and 

c o v e r s l i p i s f i l l e d w ith suspension, the volume o f each small square i s 

0.1 x 1/400. The average number o f diatoms per square i s c a l c u l a t e d from 

counts made i n s u f f i c i e n t squares (eg 100). Once the average number of 

6 

diatoms has been obtained the f i g u r e was m u l t i p l i e d by 4 x 10 per ml 
/ 2 

(obtained as a r e a o f each square i s 0.0025 mm and the depth of l i q u i d 

i s 0.1 mm). SIT E DISTANCE FROM LAND DIATOMS PER ML x 10 

A l 15M 0.29 

A2 25M 0 . 34 

A3 45M 0 . 23 

« 1. 60M 0 .57 

A5 90M 0 . 8 l 

B l 10M 0 . 23 

B2 30M 0 . 88 

B3 70M 2.0 

B4 100M 2 . 1 5 

A = Through S p a r t i n a B = No S p a r t i n a 
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CONCLUSION 

I t would seem from these r e s u l t s t h a t the Spartina sward decreases the 

dens i t y o f diatoms and that more diatoms are a v i l a b l e i n areas i n which 

there are lower b a c t e r i a l counts. Therefore, even though the b a c t e r i a l 

and d e t r i t a l matter may decrease, the diatoms increase, thus perhaps 

p r o v i d i n g another source o f food f o r the i n v e r t e b r a t e s . I t would be 

of great i n t e r e s t t o know how important the diatoms are i n the d i e t s o f 

the i n v e r t e b r a t e s and t o know how e f f i c i e n t l y they are a s s i m i l a t e d , f o r 

they are present i n some areas i n very high numbers. 

The reason f o r an increase i n diatoms i n areas away from the high b a c t e r i 

( d e t r i t u s ) counts, could be t h a t i n these areas they are more able t o 

ob t a i n s u f f i c i e n t l i g h t , without being covered i n small p a r t i c l e s o f 

d e t r i t u s and b a c t e r i a which would obscure the l i g h t from them. 



3.9 Comparison o f b a c t e r i a l and diatom counts w i t h B i o l o g i c a l Oxygen 

Demand o f the sediments 

Bacteria and diatoms should exert an oxygen demand upon the sediments i n 

which they are l i v i n g . By measuring the oxygen demand o f the sediments ,~j 

one should o b t a i n r e s u l t s which are s i m i l a r t o those obtained f o r the 

d i r e c t counts. This t e s t was performed t o t e s t whether measurements o f 

BOD could be used as a short method f o r comparing b a c t e r i a l and diatom 

d e n s i t i e s i n d i f f e r e n t s i t e s . 

METHOD 

Two t r a n s e c t s were chosen from which samples were to be taken. F i r s t l y , 

a transect through a Spartina sward and secondly, a t r a n s e c t i n an area 

where there was no Spartina growth. Both these t r a n s e c t s were taken at 

Beal Point so t h a t the r e s u l t s could be compared w i t h the b a c t e r i a l and 

diatom counts obtained i n t h i s area. 

Several grams o f surface sediment were scraped i n t o s t e r i l e glass con­

t a i n e r s , these were then placed on i c e u n t i l they could be transported 

back to Durham. 

On a r r i v a l at Durham, the samples were weighed i n t o 3 gram (wet weight) 

q u a n t i t i e s and were placed i n 120 ml glass b o t t l e s w i t h ground glass 

stoppers and l a b e l l e d . This was done i n t r i p l i c a t e f o r each sample. 

Then, t o two o f the three b o t t l e s , f o r each sample, was added 6 mg o f 

Neomycin Sulphate and 6 mg o f Streptomycin Sulphate. This gave a concen­

t r a t i o n o f each a n t i b i o t i c o f 50 mg per l i t r e (Hargrave 197l) which has 
i — j j . i „ j .A. A „ A. i i. . : _ I . . 1_ A „ „ i . „ „ i „ . . „ _ 
uctrn J L U U I I U iu uc a u i i i t i c n i iu ^icvciiL uok.bcnai yiuni.111 rv \*i»uuiw-i. tun 

using only seawater was also performed. 

The b o t t l e s were then f i l l e d w i t h fresh sea water at a temperature o f 

l6.5°C and 98% s a t u r a t i o n o f oxygen. The stoppers were then placed back 

i n t o the b o t t l e s , ensuring t h a t there were no a i r bubbles trapped 

underneath. 



One set o f b o t t l e s (one from each sample) c o n t a i n i n g the a n t i b i o t i c was 

then l e f t i n the l i g h t and the r e s t , one set w i t h a n t i b i o t i c and one set 

without a n t i b i o t i c , were placed i n the dark. A l l the b o t t l e s were then 

l e f t f o r f i v e days at a temperature o f l6.8°C. 

The samples were assayed f o r dissolved oxygen by the Winkler T i t r a t i o n 

and the f o l l o w i n g r e s u l t s were c a l c u l a t e d . (See Appendix f o r d e t a i l s o f 

the technique.) 

RESULTS - Through Spartina sward 

SITE 
LIGHT AND 
ANTIBIOTIC 
PPM OXYGEN 
DEMAND 

DARK AND 
ANTIBIOTIC 
PPM OXYGEN 
DEMAND 

DARK 
PPM 
OXYGEN 
DEMAND 

TOTAL 
DEMAND 
PER SITE 

DISTANCE 
FROM SHORE 
IN METRES 

1 8 .13 6 .93 8 .53 2 3 . 6 5 

i 
2 ; 7 .73 8 .53 8 .53 24 .8 15 

(5M i n s i d e 
Spartina) 

i 
3 7 .73 

i 
i 

8 .00 8 .13 23 .8 45 
(5M from 
outside 
Spartina) 

4 4 .93 9-3 9 .3 2 3 . 5 60 
(10M from 
Spartina) 

5 7-33 6 .93 8 .93 23*2 80 
(30M from 
Spartina) 

TOTAL 
AT EACH 
TREATMENT 

% INCREASE 

35 .8 3 9 . 7 43 .4 

10.8 8 .6 

• - - • -

(Table continued) 



RESULTS - No Spartina 

SITE 
LIGHT AND 
ANTIBIOTIC 
PPM OXYGEN 
DEMAND 

DARK AND 
ANTIBIOTIC 
PPM OXYGEN 
DEMAND 

DARK 
PPM 
OXYGEN 
DEMAND 

TOTAL 
DEMAND 
PER SITE 

DISTANCE 
FROM SHORE 
IN METRES 

1A 2.93 4.13 4.53 11.6 10 

2A 1.33 4.13 7.33 12.8 30 

3A 2.53 2.93 (7.0) 13.5 80 

TOTAL 
AT EACH 
TREATMENT 

% INCREASE 

6.79 11.2 18.86 

39.4 40 .7 

CONTROL 
SEAWATER 
ONLY 

0.2 0.2 0.3 0.7 -

CONCLUSION 

Each set o f d i f f e r e n t l y t r e a t e d b o t t l e s should show some aspect o f the 

r e s p i r a t i o n o f the sediments. 

Those b o t t l e s l e f t i n the l i g h t w i t h a n t i b i o t i c should have acquired 

a d d i t i o n a l oxygen due t o photosynthesis o f the diatoms and any algae 

t h a t may be present. They should not have any oxygen demand, unless the 

a n t i b i o t i c was not t o t a l l y e f f e c t i v e . Those b o t t l e s i n the dark w i t h 

a n t i b i o t i c should have lower oxygen concentrations than the previous set 

due t o the demand from r e s p i r a t i o n o f the algae and diatoms. The t h i r d 

set o f b o t t l e s l e f t i n the dark w i t h no a d d i t i o n o f a n t i b i o t i c should 

have the highest oxygen demand as a r e s u l t o f r e s p i r a t i o n o f b a c t e r i a as 

w e l l as diatoms and algae. From the histogram (FIG X I I I ) i t can be seen 

th a t i f each treatment from a l l the s i t e s on each tr a n s e c t are added 

together, the t r e n d o f oxygen demand does f o l l o w t h i s p a t t e r n , although 

i n d i v i d u a l s i t e s do not always do so. 
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Perhaps the most s t r i k i n g aspect o f these r e s u l t s i s the marked d i f f e r e n c e 

i n oxygen demand between those samples from the Spartina transect and 

those from the area where there i s no Spartina (FIG XIV). Also, there 

i s a trend f o r the oxygen demand along the Spartina t r a n s e c t to decrease 

w i t h distance from land, although t h i s decrease i s not as pronounced as 

one would have expected from the b a c t e r i a l counts. 

Thus the attempt t o r e l a t e oxygen demand t o the b a c t e r i a l and diatom 

r e s u l t s was reasonably s a t i s f a c t o r y , although more attempts would have to 

be made t o o b t a i n more r e l i a b l e r e s u l t s . 

The f a c t t h a t the a n t i b i o t i c s do not seem t o have been t o t a l l y successful 

i s not s u r p r i s i n g , since the samples contained many m i l l i o n s o f b a c t e r i a , 

many o f which are aggregated or absorbed onto sand and d e t r i t a l matter. 

Hence even though 90% o f the b a c t e r i a might have been destroyed or unable 

t o synthesise new m a t e r i a l , i f there were ten m i l l i o n b a c t e r i a present 

o r i g i n a l l y , t h i s leaves a m i l l i o n s t i l l v i a b l e . These would exert a 

considerable oxygen demand and could d i v i d e and increase by a large amount. 

One i s not able t o shake the sample over much as t h i s could w e l l a f f e c t 

the b a c t e r i a , algae and diatoms and r e s u l t i n an even greater e r r o r . 

Hence d i r e c t counts o f b a c t e r i a and diatoms are p r e f e r a b l e t o BOD 

measurements which are subject t o greater inaccuracies. 



3.10 An i n v e s t i g a t i o n i n t o the r e l a t i v e importance o f d e t r i t u s and 

and b a c t e r i a i n the d i e t o f Corophium v o l u t a t o r 

The object o f t h i s experiment was t o assess how important d e t r i t u s and 

b a c t e r i a were i n the d i e t o f Corophium. This was t o be done by feeding 

Corophium w i t h combinations o f the two foods i n otherwise c o n t r o l l e d 

c o n d i t i o n s . A f t e r several days the Corophium were removed and t h e i r 

c a l o r i f i c values measured a f t e r various treatments. 

METHOD 

The Corophium were obtained from Beal Point at L i n d i s f a r n e . They were 

present i n large numbers i n the sandy areas between Spartina clumps. 

Sand samples were sieved and the Corophium picked out and placed i n b o t t l e s 

c o n t a i n i n g a la y e r o f f i n e sand and a la y e r o f seawater. Nine hundred and 

f i f t y Corophium were c o l l e c t e d i n t h i s way and transported back t o Durham 

where they were t r a n s f e r r e d t o l6 small tanks. These were given e i g h t 

d i f f e r e n t treatments w i t h two tanks f o r each treatment. 

The tanks contained the f o l l o w i n g : 

A l + 2 - S t e r i l e sand and s t e r i l e seawater 

Bl + 2 - S t e r i l e sand and n o n - s t e r i l e seawater 

CI + 2 - S t e r i l e sand and s t e r i l e seawater 

Dl + 2 - S t e r i l e sand and s t e r i l e seawater 

E l + 2 - S t e r i l e sand and n o n - s t e r i l e seawater 

F l + 2 - S t e r i l e sand and n o n - s t e r i l e seawater 

Gl + 2 - N o n - s t e r i l e sand and n o n - s t e r i l e seawater 

HI. + 2 . - Nnn-st.e.ri, l,e sand and . s t e r i l e seawater 

The sand covered the bottom o f the tanks t o a depth o f 4 cm and the water 

t o a depth o f 6 cm above the sand. The tanks were kept continuously 

aerated by a system o f rubber tubes running i n t o them. 

The Corophium were d i v i d e d up i n t o sets o f f i f t y i n d i v i d u a l s and one set 

of f i f t y was put i n t o each tank. An e f f o r t was made to t r y t o avoid p i c k ­

in g a l l the l a r g e s t i n one set and as near an equal siz e d i s t r i b u t i o n as 



possible was attempted. 

S t e r i l e sand r e f e r s t o sand which has been washed thoroughly and then 

s t e r i l i s e d i n the autoclave f o r 45 minutes at 130°C, then rewashed and 

again s t e r i l i s e d at 130°C f o r 45 minutes. This washes out most o f the 

organic matter present and k i l l s any b a c t e r i a . S t e r i l e water r e f e r s t o 
o 

seawater which has been s t e r i l i s e d at 121 C f o r twenty minutes. Thus, 

by using these methods one can c o n t r o l the d e t r i t u s and ba c t e r i a a v a i l ­

able t o the Corophiurn as c l o s e l y as pos s i b l e . 

The Corophium were fed every two days wi t h e i t h e r d e t r i t u s ( or obtained 

from the f l o o r o f a wood), s t e r i l e d e t r i t u s ( t r e a t e d a t 121°C f o r twenty 

minutes) or l i v e - o r dead b a c t e r i a . The b a c t e r i a were k i l l e d by autoc l a v i n g 

f o r twenty minutes at 121°C. 

The tanks were fed as f o l l o w s : 

A - None (C o n t r o l ) 

B - None (Co n t r o l ) 

C - S t e r i l e d e t r i t u s 

D - S t e r i l e d e t r i t u s and dead b a c t e r i a 

E - Non - s t e r i l e d e t r i t u s and l i v e b a c t e r i a 

F - Live b a c t e r i a 

G - S t e r i l e d e t r i t u s 

H - None 

The d e t r i t u s was added i n 4 gm (dry weight) q u a n t i t i e s and the b a c t e r i a 

i n 5 nil q u a n t i t i e s . Both the l i v e and dead b a c t e r i a l s o l u t i o n s con-

tamed about &.?5 "X 10 b a c t e r i a per mi. 

The o r i g i n a l i n t e n t i o n had been to leave the experiment f o r about 21 days 

before removing the Corophium and f i n d i n g t h e i r c a l o r i f i c values. 

However, a f t e r only 12 days i t was noticed t h a t the Corophium a c t i v i t y 

i n some of the tanks had e i t h e r ceased a l t o g e t h e r o r decreased so the 

tanks were c a r e f u l l y emptied and the remaining l i v i n g Corophium were 

removed. 



Many o f the tanks had no l i v i n g Corophium i n them, so the dead Corophiurn 

and p a r t s o f them were also removed. However, the number o f whole 

animals was low and the pieces may have come from several animals so i t 

was considered not worth determining t h e i r c a l o r i f i c contents since 

d i f f e r e n t p a r t s o f a Corophium may have d i f f e r e n t c a l o r i f i c values. 

C a l o r i f i c contents were measured i n a B a l l i s t i c Bomb Calorimeter. (See 

Appendix f o r Method and C a l i b r a t i o n Curve.) 

RESULTS 

NUMBER OF VONOMFTFR CALS.(FROM DRY WFTTHT CALS.PER 
M „ ^ L COROPHIUM

 GALll™lhR
 CALIBRATION) GRAM.DRY 

NUMBER rc^rcp READING SEE APPENDIX BURNT GMS. WEIGHT 

1 26 2.9 0.187 .0257 7.2762 

2 62 4.7 0.3375 .0836 4.037 

3 29 2.8 0.1775 .0426 4.166 

4 0 

5 5 

6 2 - - - -

7 8 l 5.7 0.4325 .1152 3.750 

8 74 5.0 0.3725 .1516 2.457 

CONCLUSIONS 

From the t a b l e i t can be seen t h a t three o f the treatments y i e l d e d such 

low numbers o f Corophium t h a t i t was not possible t o determine t h e i r 

c a l o r i f i c values. These three were the only sets t o have been t r e a t e d 

with- add-i-t-ional -bac-t-sr-i-a ̂- ei-t-her l i v e o r deadj- whi-c-h - apparent 1-y had -soine-

adverse e f f e c t on the Corophium. Since the dead b a c t e r i a had the same 

e f f e c t as the l i v e i t i s probable t h a t the Corophium were k i l l e d because 

the b a c t e r i a l c u l t u r e s used (which were i n seawater) had been allowed 

t o grow u n t i l they became t o x i c . Possibly the populations had reached 

the death phase o f the growth curve and as a r e s u l t were becoming t o x i c 



due t o l y s i s o f dead b a c t e r i a and the production o f t o x i n s by the l i v i n g 

b a c t e r i a . The media had been enriched w i t h n u t r i e n t agar and t h i s may 

have increased the production of t o x i n s . 

The c a l o r i f i c values per gram obtained i n the remainder o f the c u l t u r e s 

are d i f f i c u l t t o understand. The q u a n t i t i e s burnt were too small t o give 

accurate r e s u l t s but the highest c a l o r i f i c value per gram i s obtained i n 

the treatment i n which not only was no food added, but also the sand and 

water were s t e r i l e . 

The r e s u l t s obtained are r e l a t e d to the size o f sample. The samples w i t h 

the lowest number o f Corophium gave the highest apparent c a l o r i f i c value 

per gram and v i c e versa. Therefore, i t would seem t h a t the determinations 

based on the highest numbers o f Corophium are the most accurate and those 

w i t h o nly small, numbers, very inaccurate. 

I f t h i s experiment were to be repeated there are two a l t e r a t i o n s which 

should be made t o the technique. 

a) The use o f much l a r g e r numbers o f Corophium and 

b) the a d d i t i o n o f b a c t e r i a which had not reach the 'death* phase, but 

were i n the 'growth' or the s t a r t o f the ' s t a t i o n a r y ' phase and had 

t h e r e f o r e not begun t o b u i l d up t o x i c compounds i n the medium i n which 

they were l i v i n g . 



3.11 The numbers o f b a c t e r i a i n seawater 

Many i n v e r t e b r a t e s depend almost e n t i r e l y on the f i l t r a t i o n o f seawater 

f o r o b t a i n i n g t h e i r food. Therefore, i t i s o f i n t e r e s t t o know how much 

b a c t e r i a l food i s a v a i l a b l e i n seawater. This s e c t i o n r e p o r t s r e s u l t s 

from samples o f seawater which were plated to f i n d approximate numbers o f 

ba c t e r i a present. So few samples were taken t h a t i t i s not possible t o 

generalize from the r e s u l t s ; however, they should be accurate and c e r t a i n 

trends can be gained from them. 

The f i r s t sample was taken on 6 June from a depth o f about 30 cm i n a 

t o t a l water depth o f about 60 cms. This gave a count o f 530 b a c t e r i a 

per ml. 

The second set were taken on 27 June at three d i f f e r e n t s i t e s : f i r s t l y , 

at the surface o f the seawater, g i v i n g a count o f 1090 b a c t e r i a per ml; 

secondly, j u s t above the surface o f the sediments, at a depth o f about 

60 cms and t h i s gave a count o f 2270 b a c t e r i a per ml. The t h i r d sample 

was taken at the f r o n t o f the incoming t i d a l c urrent and t h i s gave a 

count o f 3505 b a c t e r i a per ml. 

Thus, seawater can contain up t o 3i500 b a c t e r i a per ml i n calm c o n d i t i o n s . 

Waters i n which wave a c t i o n i s more f i e r c e w i l l possibly contain more 

due to the abrasion by the sea washing the b a c t e r i a o f f p a r t i c u l a t e 

matter. 

There seems t o be an increase i n b a c t e r i a l numbers nearer to the sediments. 

Whether t h i s gradient i s r e l a t e d to the b a c t e r i a l content o f the sediment 

over which i t was taken cannot be e s t a b l i s h e d . I t would seem from these 

r e s u l t s t h a t the b a c t e r i a l content o f seawater i s r e l a t i v e l y low and 

large volumes o f water would need to be f i l t e r e d before enough were 

obtained to supply s u f f i c i e n t energy to support an i n v e r t e b r a t e . 

These r e s u l t s correspond f a i r l y w e l l t o r e s u l t s obtained by W E Krumbein 

(1971) and the r e s u l t s obtained f o r seawater were w e l l w i t h i n the range o f 

values quoted i n the l i t e r a t u r e . 
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3.12 The importance o f sewage b a c t e r i a on the e s t u a r i e s 

Throughout the b a c t e r i a l counts on the sediments, the sediments were 

continuously tested f o r any c o l i f o r m s which may have been present i n 

them. A l l these t e s t s proved negative, thus showing t h a t the numbers o f 

c o l i f o r m s present i n the sediments were very low and unimportant i n 

r e l a t i o n to the large v i a b l e counts obtained. 

This perhaps was not e n t i r e l y unexpected since the i n f l o w s t o the 

es t u a r i e s contained only very low numbers o f c o l i f o r m s . However, the 

August c o l i f o r m count at Waren M i l l was high (See Part Two) and i t may 

have been expected t h a t at least some o f these might have appeared on 

the sediments. The reason f o r t h e i r lack o f appearance could be t h a t a l l 

the sediments examined at Budle Bay', were taken some distance from the 

path o f the stream as i t flowed through the bay. Coliforms might have 

become more numerous nearer to t h i s stream, i n which case, they might 

have played an important r o l e i n the n u t r i t i o n o f some i n v e r t e b r a t e s i n 

some p a r t s o f the estuary. 

I t i s possible t h a t the flow o f the Waren M i l l stream i s not high enough 

t o overcome the very high d i l u t i o n f a c t o r i n v o lved when i t reaches Budle 

Bay when the t i d e i s i n . The high d i l u t i o n experienced by the stream 

may r e s u l t i n d i s p e r s a l o f the c o l i f o r m s t o such an extent t h a t they are 

present only i n very low numbers i n the seqwater. I t would have been 

o f i n t e r e s t to have performed a presumptive c o l i f o r m t e s t on the sea­

water. 

I t must be remembered t h a t the c o l i f o r m s do not l i v e f o r more than one 

day o r perhaps two i n s a l i n e c o n d i t i o n s . Therefore, non-detection may be 

due t o t h e i r having died or become non-viable, even though they may be 

present i n f a i r l y high numbers, they would t h e r e f o r e not be detected. 

Perhaps i t would be possible t o detect the d i l u t i o n f a c t o r and the 

d i s p e r s a l patterns i n the bay using a non-coliform b a c t e r i a , present i n 

the i n f l o w i n high numbers, which was able to l i v e f o r some time i n the 



s a l i n e c o n d i t i o n s . D i f f e r e n t i a l t e s t s could then be made i n the sediments 

and the seawater f o r t h i s b a c t e r i a . As long as the b a c t e r i a was not 

present i n seawater, nor a normal c o n s t i t u e n t o f the sediments, one could 

f i n d the l i k e l i h o o d o f the c o l i f o r m s being present but non-viable. 

The use o f radio a c t i v e t r a c e r s would not be possible i n these circum­

stances, due t o the large area involved and the large doses which would 

have to be used. 

However, on present evidence i t would seem t h a t the sewage does not play 

a very important r o l e i n the food chain at L i n d i s f a r n e , although i t s 

importance may be higher at Budle Bay. 



3•13 A d d i t i o n a l p o i n t o f i n t e r e s t 

During the c a l c u l a t i o n o f b a c t e r i a l numbers f o r samples taken on 6 June, i t 

was noticed t h a t the f i r s t sample taken ( l ) had much higher numbers o f 

ba c t e r i a present than any other samples. I t was decided to examine i f j t h e r e 

were any d i f f e r e n c e s between the growth rates o f the b a c t e r i a from t h i s 

f i r s t sample and from the other samples taken i n the r i v e r . A l l the samples 

had been counted at i n t e r v a l s over the incu b a t i o n period o f 21 days. 

RESULTS 

The counts a f t e r 8 days were taken and the average of the counts at s i t e s 

2, 3, 4 and 5 was c a l c u l a t e d . 
6 6 SITE 8 days x 10 21 days x 10 % GROWTH % GROWTH 

(Average) (Average) a f t e r 8 days f o r next 13 

1 6.95 7-5 92.7% 7-3% 

2, 3, «*, 5 2.77 4.4 63.0% 37.0% 

The percentage o f the t o t a l growth a f t e r e i g h t days was then c a l c u l a t e d , as 

w e l l as the percentage o f t o t a l growth f o r the remaining t h i r t e e n days. This 

showed a marked d i f f e r e n c e i n the rates o f growth. The sample from S i t e 1 

had a growth r a t e f a r i n excess o f those o f the remaining samples over the 

f i r s t e ight days, whereas i n the next t h i r t e e n days, the p o s i t i o n was reversed. 

CONCLUSION 

This i n d i c a t e s t h a t the b a c t e r i a at S i t e 1 were o f a d i f f e r e n t type t o those 

i n the remining s i t e s . This could w e l l be due t o a high number o f s o i l 

b a c t e r i a and other saprophytic b a c t e r i a which have a higher growth r a t e than 

those normally found i n seawater and the sediments associated w i t h i t . 

Therefore, one can conclude t h a t perhaps the t i d a l seawater does not reach 

S i t e 1 and as a r e s u l t a large number o f b a c t e r i a which would be k i l l e d i n 

seawater are able t o survive and hence the l a r g e r number o f b a c t e r i a which 

are present. 
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4.1 DISCUSSION 

Many of the problems and p o i n t s of i n t e r e s t encountered i n t h i s p r o j e c t 

have been d i s c u s s e d i n the foregoing s e c t i o n s . One point which has not 

been mentioned however, concerns anaerobic b a c t e r i a l counts. 

The r e s u l t s obtained for the anaerobes show that i n most c a s e s they 

correspond i n numbers f a i r l y w e l l with the a e r o b i c counts at the same 

s i t e s . However, I have not included the anaerobes i n the d i s c u s s i o n s 

f o r two main reasons. F i r s t l y , the method I used f o r the i s o l a t i o n o f 

anaerobes, although c e r t a i n l y not a l l o w i n g any f a c u l t a t i v e aerobes to 

grow, c e r t a i n l y d i d not stop the growth of micro a e r o p h i l e s . T h i s was 

evident from the i n c r e a s e i n the number of c o l o n i e s which formed near the 

top of the agar column i n the t e s t tube, where t h e r e would have been more 

oxygen. Therefore i n c a l c u l a t i n g the anaerobic counts I would have 

included l a r g e numbers o f b a c t e r i a which may have a l r e a d y been counted i n 

the a e r o b i c i s o l a t i o n , thus g i v i n g a f a l s e p i c t u r e of the numbers of 

anaerobes present. 

The second reason f o r not using the anaerobe counts i s that a f t e r the 

tubes had been incubated f o r some time, the c o l o n i e s growing i n the agar 

began to produce gases (showing t h a t a t l e a s t some anaerobes were p r e s e n t ) . 

These gases r e s u l t e d i n the agar being broken up i n t o s m a l l chunks, f u l l 

o f bubbles. T h i s made i t q u i t e impossible to count the number of b a c t e r i a l 

c o l o n i e s i n s i d e the agar as they were obscured by the a i r bubbles. T h i s 

led to very e r r a t i c d i f f e r e n c e s i n the counts of the same tube from one 

o c c a s i o n to the next. 

Due to these large i n a c c u r a c i e s I decided not to use the anaerobes i n the 

c a l c u l a t i o n s . 

Another parameter which I have ignored i n my c o r r e l a t i o n s i s the t i d a l 

l e v e l a t which the sampling s i t e s were s i t u a t e d . T h i s would be of 

importance i n d e c i d i n g f o r how long the i n v e r t e b r a t e s , e s p e c i a l l y the 



Mollusca and Annelida, would be able to feed i n twenty-four hours. T h i s 
•7 

f a c t o r should not be overlooked when d i s c u s s i n g the v i a b i l i t y o f the \ 
r e s u l t s . 

As has a l r e a d y been mentioned more work should have been done on the 

sediment composition of the e s t u a r y and t h i s should have been c o r r e l a t e d 

with the other f a c t o r s . I t would have been e s p e c i a l l y i n t e r e s t i n g to 

have seen how c l o s e l y the b a c t e r i a l numbers c o r r e l a t e d with the f i n e r 

sediment p a r t i c l e s and t h e i r abundance i n d i f f e r e n t sediments. 

The b a c t e r i a l counts obtained and used i n the a n a l y s e s show only a very 

small absolute range from the low v a l u e s to the high ones eg. i n the 
6 r 6 

range 1.0 x 10 to 0 . 5 x 10 . However, i f the number per gram i s 
q 

c a l c u l a t e d , (see Method), one o b t a i n s readings i n the range 5.0 x 10 

9 

to 32.5 x 10 which would suggest a more r e a l i s t i c d i f f e r e n c e between 

the sediments. 



4.2 SUMMARY 

1. The i n f l u x of sewage m a t e r i a l i n t o the L i n d i s f a r n e e s t u a r y i s 

f a i r l y low a l l the year round, although there i s an i n c r e a s e during 

the summer. Much of the sewage that does e n t e r seems to be of 

animal as w e l l a s human o r i g i n . The part t h i s p l a y s i n the 

ecology o f the e s t u a r y i s probably f a i r l y s m a l l . At Budle Bay, 

however, the i n f l u x i s much higher, e s p e c i a l l y during the summer 

and i t i s p o s s i b l e t h a t t h i s p l a y s an important r o l e i n the ecology 

of c e r t a i n a r e a s of the e s t u a r y , though not as v i a b l e b a c t e r i a l 

food f o r the i n v e r t e b r a t e s . 

2 The depth at which the anaerobic biome begins i s c o r r e l a t e d with 

the number of b a c t e r i a i n the upper sediments. 

3 The b a c t e r i a l content o f the upper sediments does not seem to be 

a major f a c t o r i n determining the d e n s i t i e s of i n v e r t e b r a t e s i n 

the sediments below, although i t s importance may d i f f e r from one 

s p e c i e s to another. 

4 The depth of the anaerobic l a y e r does not seem to play a major 

r o l e i n determination o f i n v e r t e b r a t e d e n s i t i e s . 

5 About 50% of the ni t r o g e n i n the sediments i s de r i v e d from v i a b l e 

a e r o b i c b a c t e r i a . 

6 The r a i s e d b a c t e r i a l content of the sediments found w i t h i n 

S p a r t i n a swards continues f o r about 50 metres o u t s i d e the sward. 

7 S p a r t i n a d e t r a c t s from the p r o d u c t i v i t y o f the e s t u a r y by covering 

l a r g e expanses of the i n t e r t i d a l zone, thus d e c r e a s i n g the 

p r o d u c t i v i t y of these a r e a s , as f a r as wading b i r d s feeding i s 

concerned, and having l i t t l e e f f e c t f o r very f a r out s i d e the 

sward i n r e s p e c t to i n c r e a s i n g a v a i l a b l e food f o r the i n v e r t e b r a t e s . 

8 Diatom numbers are very high i n the e s t u a r y and have been l a r g e l y 

overlooked as a source of n u t r i t i o n f o r the i n v e r t e b r a t e s . 



There would seem to be an i n c r e a s e i n the b a c t e r i a l content 

seawater as one nears the bottom sediment. 



4.3 APPENDIX 

1 Z o b e l i s 2216E Medium 

5 g Bacto peptone 

1 g Yeast e x t r a c t 

0.01 g FePO. x 4H 0 

15 g Bacto agar 

750 ml aged seawater 

250 ml d i s t i l l e d water 

pH 7.6 - s t e r i l i s e d a t 121°C f o r 15 minutes 

For anaerobic c u l t u r e add 8.4 gm per l i t r e D Glucose 

2 MacConkey B i l e - S a l t Lactose Peptone Medium 

used f o r d e t e c t i n g c o l i f o r m s i n water 

Sodium t a u r o c h o l a t e 5 9 

Peptone 20 g 

Sodium c h l o r i d e (NaCl) 5 g 

Lactose 10 g 

Bromocresol purple 1% S o l u t i o n 

i n Ethanol 1 ml 

Water 1 l i t r e 

(Obtained commercially) 



APPENDIX 

B r i l l i a n t Green B i l e Broth 

used to i s o l a t e E s c h e r i c h i a c o l i 

Ox b i l e : 20 g o f dehydrated Ox b i l e i n 200 mis water, a d j u s t e d 

to pH 7.0 to 7.5 

P r e p a r a t i o n 

Peptone 10 g 

Ox b i l e 200 ml 

Lactose 10 g 

B r i l l i a n t green 0.1% aqueous 

s o l u t i o n 13 ml 

Water to 1 l i t r e 

(Obtained commercially) 

Sodium Azide Medium 

used f o r the i s o l a t i o n o f Streptococcus f a e c a l i s 

Peptone 10 g 

Sodium c h l o r i d e (NaCl) 5 9 

Dipotassium hydrogen phosphate 

(K 2HP0 4) 5 g 

Potassium dihydrogen phosphate 

(KH PO.) 2 g 2 V 

Glucose 5 g 

Yeast e x t r a c t 3 g 

Sodium a z i d e (NaN^) 0.25 g 

Bromocresol purple 1.6% s o l u t i o n 

i n ethanol 2 ml 

Water to 1 l i t r e 



APPENDIX 

INSTRUCTIONS FOR USING THE BALLISTIC BOMB CALORIMETER 

1 Make p e l l e t (about 0.3 - 0.4 gin) and weigh a c c u r a t e l y . 

2 Put p e l l e t i n c r u c i b l e on end of standard 2 inch length o f cotton, 

which passes to hole i n i g n i t i o n w i r e . 

3 Check t h a t rubber washer i s seated c o r r e c t l y on the bomb base. 

4 Screw on bomb c a r e f u l l y t i l l hand t i g h t ( avoid damaging rubber 

s e a t i n g r i n g ) . 

5 Close oxygen c o n t r o l on bomb u n i t . 

6 Open oxygen c y l i n d e r . 

7 Open oxygen c o n t r o l on bomb u n i t s l o w l y to f l u s h the bomb through 

with oxygen. 

8 Close gas escape v a l v e on bomb base to l e t p r e s s u r e r i s e s l o w l y i n 

bomb (to 26 atmosphere). 

9 Close oxygen c o n t r o l v a l v e on bomb u n i t and check that p r e s s u r e i n 

bomb holds steady a t 25 - 26 atmospheres. 

1.0 Plug thermocouple i n t o top of bomb c a s i n g . 

11 Switch on mains s w i t c h on bomb u n i t . Unclamp galvanometer and zero 

i t . 

12 P r e s s F i r e button: stand back. 

13 Read maximum galvanometer d e f l e c t i o n and record t h i s v a l u e . 

14 Clamp galvanometer; tu r n o f f mains s w i t c h on bomb u n i t . 

15 Open gas escape v a l v e and r e l e a s e pressure i n bomb. 

16 Unscrew bomb and r i n s e with cold water: a l l o w to d r a i n dry or wipe 

with f i l t e r paper. 

At the end of a s e t of determinations o f c a l o r i f i c v a l u e s t u r n o f f the 

oxygen c y l i n d e r . 
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APPENDIX 

The Winkler Method f o r the A n a l y s i s o f D i s s o l v e d Oxygen 

Manganese Sulphate S o l u t i o n : D i s s o l v e 480 gins MnS0^.4H20 i n d i s t i l l e d 

water and d i l u t e to 1 l i t r e . 

A l k a l i - I o d i d e - A z i d e reagent 'POISON'; D i s s o l v e 500 gms NaOH 

135 gms Nal 

i n d i s t i l l e d water and d i l u t e to 1 l i t r e . 

Add 10 gms Sodium a z i d e (NaN^) 

Concentrated S u l p h u r i c Acid; 36N h
2

s 0 ^ 

St a r c h S o l u t i o n ; D i s p e r s e 1 gm o f s t a r c h i n 100 mis o f d i s t i l l e d water 

and warm to 80° to 90°C. S t i r w e l l , a l l o w to cool and add 0.1 gms 

s a l i c y l i c a c i d . 

Stock Sodium Th i o s u l p h a t e s o l u t i o n (0.10N); D i s s o l v e 24 .82 gms sodium 

t h i o s u l p h a t e (Na S 0 .511 0) i n d i s t i l l e d water and d i l u t e to 1 l i t r e . Add 
tit Ci J 4u 

1 gm NaOH to p r e s e r v e . 

Standard Sodium Thi o s u l p h a t e S o l u t i o n (0 .0250N): D i l u t e 250 mis of the 

sto c k s o l u t i o n to 1 l i t r e , or d i s s o l v e 6.205 gms sodium t h i o s u l p h a t e i n 

d i s t i l l e d water and d i l u t e to 1 l i t r e . 

Method 

To the sample as c o l l e c t e d i n a 120 ml b o t t l e , add 1 ml manganese su l p h a t e 

s o l u t i o n followed by 1 ml A l k a l i - I o d i d e - A z i d e reagent, w e l l below the 

s u r f a c e of the b o t t l e . Stopper with care to avoid a i r bubbles and mix by 

i n v e r t i n g the b o t t l e s e v e r a l times. Let the p r e c i p i t a t e s e t t l e and wait 

f o r a f u r t h e r ten minutes, then shake a g a i n . When s e t t l i n g has produced 

more than 75 mis of c l e a r supernate, remove the stopper and immediately 

add 1 ml concentrated s u l p h u r i c a c i d by a l l o w i n g the a c i d to run down the 

neck o f the b o t t l e . Restopper and mix by gentle i n v e r s i o n u n t i l d i s ­

s o l u t i o n i s complete. The iod i n e should be evenly d i s t r i b u t e d throughout 

the b o t t l e before p i p e t t i n g the amount needed f o r t i t r a t i o n . 



P i p e t t e 100 mis o f the r e s u l t i n g s o l u t i o n i n t o a c o n i c a l f l a s k and 

t i t r a t e with 0.025 sodium t h i o s u l p h a t e to a pale straw c o l o u r . Add 1 ml 

of f r e s h l y prepared s t a r c h s o l u t i o n and continue the t i t r a t i o n u n t i l the 

blue c o l o u r i s j u s t d i s c h a r g e d . 

C a l c u l a t i o n 

I n the t i t r a t i o n 100 mis o f r e s u l t i n g s o l u t i o n a r e taken, not the 

100 nils samples. Thus the a c t u a l volume o f the sample must be c a l c u l a t e d . 

Now, 2 mis o f reagent a r e added to the b o t t l e s which o r i g i n a l l y c o n t a i n 

120 mis of sample. Thus the volume l e f t i s 120 - 3 = 117 mis. 

Therefore 1.20 mis s o l u t i o n c o n t a i n s 117 mis sample and a l s o , t h e r e f o r e , 

100 mis c o n t a i n s 97*49 mis sample. 

I f X mis o f YN sodium t h i o s u l p h a t e are used i n the t i t r a t i o n and s i n c e 

1 ml of YN sodium t h i o s u l p h a t e = 8Y mgms d i s s o l v e d oxygen, 

Then, 97.49 mis sample c o n t a i n 8XY mgm oxygen 

100 mis o f sample c o n t a i n 8XY x 100 mgms oxygen = 8.20(XY)mgm 
97.49 

Oxygen (PPM) 

From t h i s c a l c u l a t i o n the oxygen demand o f each b o t t l e could be 

c a l c u l a t e d . 



REFERENCES 4.4 

Anderson J.G. and Meadows P.S. 1969. B a c t e r i a on i n t e r t i d a l sand g r a i n s . 

Hydrobiologia 33:33 - 46. 

Criickshank Medical Microbiology 11th E d i t i o n (Published by L i v i n g s t o n e ) 

D a r n e l l H.M. I 9 6 l . Trophic spectrum o f an e s t u a r i n e community, based on 

s t u d i e s of Lake P o n t c h a r t r a i n , L o u i s i a n a . Ecology 42 (3):553 - 568. 

D a r n e l l R.M. 1964. Organic d e t r i t u s i n r e l a t i o n to secondary production 

i n a q u a t i c communities. Verh. I n t e r n . Ver. Liinnol. 15:462 - 470. 

D a r n e l l R.M. 1967. Organic d e t r i t u s i n r e l a t i o n to the e s t u a r i n e 

ecosystem. E s t u a r i e s ( E d i t e d by G H L e o f f ) P u b l i c a t i o n s of the 

American A s s o c i a t i o n f o r the Advancement o f Scie n c e 376 - 382. 

Day J.H. 1952. The ecology o f South A f r i c a n e s t u a r i e s I . A review o f 

e s t u a r i n e c o n d i t i o n s i n g e n e r a l . Trans.Roy.Soc. S . A f r i c a . 33 : 53 - 91. 

Fenchel T.M. and R i e d l R.J. 1970. The s u l f i d e system: a new b i o t i c 

community underneath the o x i d i z e d l a y e r of marine sand bottoms. 

Marine Biology 7:255 - 268. 

Hargrave 1970. 

Krumbein W.E. 197!• Sediment microbiology and g r a i n s i z e d i s t r i b u t i o n 

as r e l a t e d to t i d a l movement, during the f i r s t m i s s i o n o f the West 

German Underwater Laboratory 'Helgoland'. Marine Biology 10(2) 101 - 112. 

Lloyd G.I. and Morris E.O. 1971* An apparatus f o r measuring m i c r o b i a l 

growth or s u r v i v a l i n the Marine Environment. Marine Biology 10 (4):295-296 

Mackenzie E.F.W., T a y l o r E.W. and G i l b e r t W.E. 1948. Recent e x p e r i e n c e s 

i 11 L 1 «C iUplU ^Ll^llbltl^UkjLUII *J f̂ d\̂ «#VA A Will *. • Wi\JCil|IUUiUUAUitt X '/ f 

MacGinitie G.E. 1932. The r o l e of b a c t e r i a a s food f o r bottom animals. 

Sc i e n c e 76:490. 

Marzolf G.R. 1967. The t r o p h i c p o s i t i o n o f b a c t e r i a and t h e i r r e l a t i o n 

to the d i s t r i b u t i o n of i n v e r t e b r a t e s . E s t u a r i e s ( E d i t e d by G.H. L e o f f ) 

P u b l i c a t i o n of the Am.Assoc.Adv.Sci. 131 - 135« 



M i l l a r d A.V., Smith P.C. and Evans P.R. The e f f e c t o f growth of S p a r t i n a 

townsendii on the d i s t r i b u t i o n and abundance o f i n v e r t e b r a t e s on Fenham 

F l a t s , Northumberland. Dept. o f Zoology, U n i v e r s i t y o f Durham. (Unpublished) 

Newell R. 1965. T n e r o l e o f d e t r i t u s i n the n u t r i t i o n of two marine deposit 

f e e d e r s , the prosobranch llydrobia ulvae and the b i v a l v e Macoma b e n t h i c a . 

Proc.Zool.Soc. London 144:25 - 4 5 . 

Nedwell D.B. and Floodgate G.D. 1971. The seasonal s e l e c t i o n by temperature 

of h e t e r o t r o p h i c b a c t e r i a i n an i n t e r t i d a l sediment. Marine Biology 11 

(4 ) 306 - 310. 

Nedwell D.B. and Floodgate G.D. 1972. Temperature-induced changes i n the 

formation o f sulph i d e i n a marine sediment. Marine Biology l4 ( l ) : l 8 - 24 . 

Rodina A.G. 1963. Microbiology of d e t r i t u s of Lakes. Limnol. Oceanogr. 

8:388 - 393 . 

Smith K.L., Burns K.A. and T e a l J.M. 1972. I n s i t u r e s p i r a t i o n o f benthic 

communities i n C a s t l e Harbor, Bermuda. Marine Biology 12 ( 3 ) : 1 9 6 - 199* 

Waksman S.A. and H o t c h k i s s M. 1937• On the o x i d a t i o n o f organic matter i n 

marine sediments by b a c t e r i a . J o u r n a l o f Marine Research 1 ( 2 ) : 1 0 1 - l l 8 . 

Waure M. and B r i n k h u r s t R.O. 1971» I n t e r a c t i o n s between some T u b i f i c i d 

O l i g o c h e t e s and b a c t e r i a found i n the sediments o f Toronto Harbour, 

O n t a r i o . J.Fish.Res.Bd.Canada 28:335 - 3 4 l . 

Zhukova A . I . 1963« On the q u a n t i t a t i v e s i g n i f i c a n c e o f microorganisms i n 

n u t r i t i o n o f a q u a t i c i n v e r t e b r a t e s . Symp. of Marine Microbiology (C.H. 

Oppenheimer ed.) 699 - 710 . 

Zohell C.E, and Feltham CtB = 1937; B a c t e r i a as food f o r c e r t a i n marine 

i n v e r t e b r a t e s . J o u r n a l o f Marine Research 1 ( 4 ) 312 - 327* 



4 . 5 ACKNOWLEDGEMENTS 

I would l i k e to thank Dr P R Evans, not only f o r s u p e r v i s i n g my p r o j e c t , 

but a l s o f o r h i s i n v a l u a b l e help i n providing t r a n s p o r t to L i n d i s f a r n e . 

I am g r a t e f u l too, to Mr G Banbury f o r h i s advice and he l p with the 

microbiology involved i n the p r o j e c t . 

I would a l s o l i k e to thank P r o f e s s o r s Barker and B o u l t e r f o r the use of 

f a c i l i t i e s i n t h e i r departments. 

My thanks are due to D M Evans, A Turk and W F M i l l e r f o r the use o f t h e i r 

i n v e r t e b r a t e counts from L i n d i s f a r n e and a l s o to A V M i l l a r d f o r the use 

of h i s i n v e r t e b r a t e counts from Budle Bay, Douglas Herdson for the loan 

of much u s e f u l l i t e r a t u r e and Sveinn Ingvarsson f o r the loan o f h i s n i t r o g e n 

and s i l t a n a l y s e s of the sediments. 

Also I would l i k e to thank my Mother and Fath e r , without whose h e l p t h i s 

p r o j e c t would not have been p o s s i b l e and f i n a l l y 1 am g r a t e f u l too, to 

my fiance'e, Ann, not only f o r h e r encouragement but a l s o f o r t y p i n g t h i s 

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


