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ABSTRACT 

T h i s work was undertaken to study a s p e c t s of the 

d i s t r i b u t i o n of diatoms i n the R i v e r Wear, and to equate 

the changes i n the diatom communities w i t h changes i n the 

s u b s t r a t e s and i n r i v e r c o n d i t i o n s . T h i s i n v e s t i g a t i o n 

was extended to show the v a r i a t i o n i n c e l l m o t i l i t y , shape 

and volume, from the r e l a t i v e l y u n p o l l u t e d upper reaches 

to the more p o l l u t e d lower reaches of the r i v e r . 
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1.1 Aims. 

Because of the d i f f i c u l t i e s of d e s c r i b i n g and 

comparing diatom communities c o n t a i n i n g l a r g e numbers of 

s p e c i e s , the development of an o b j e c t i v e method of a n a l y s i s 

appeared to be a u s e f u l c o n t r i b u t i o n to the f i e l d of diatom 

ecology. 

By the expansion of the data made a v a i l a b l e by such 

a study, the diatom communities could a l s o be s t u d i e d i n 

r e l a t i o n to t h e i r c e l l b i o l o g y . 

Some degree of comparison w i t h diatoms i n the R i v e r . 

Tees would be f e a s i b l e , u s i n g the a v a i l a b l e data. 
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1.2 The R i v e r Wear. 

The l i m i t s of the R i v e r Wear are co n s i d e r e d to he 

Wearhead, and Wearmouth Bridge, Sunderland ( F i g u r e l ) . I t 

i s formed at Wearhead by the confluence of the K i l l h o p e Burn, 

and the Burnhope Burn. The Burnhope Burn flows out of the 

Burnhope r e s e r v o i r , w h i l s t the K i l l h o p e Burn r i s e s upon the 

watershed above Wearhead. 

The d i s t a n c e along the R i v e r from Wearhead to Wearmouth 

Bridge i s 104 k i l o m e t r e s , but 59 k i l o m e t r e s when the d i s t a n c e 

i s measured as a s t r a i g h t l i n e . 

Below Wearhead, the R i v e r Wear runs through mainly 

a r a b l e farmland, p a s s i n g through Stanhope, Wolsingham, and 

F r o s t e r l e y . Disused l e a d mines w i t h t h e i r s p o i l heaps are 

found i n t h i s a r e a , and there i s evidence of former mining 

a c t i v i t i e s i n many of the t r i b u t a r y streams, i n p a r t i c u l a r ; , 

the Rookhope Burn. 

The R i v e r Wear meets the more densely populated c o a s t a l 

s t r i p a t Bishop Auckland, and flows on through Durham and 

C h e s t e r - l e - S t r e e t , u n t i l i t meets the sea at Sunderland. 

I t i s i n t h i s p a r t of the r i v e r , below Bishop Auckland, t h a t 

p o l l u t i o n from i n d u s t r i a l and domestic sources i s h e a v i e s t . 

Lamb Bridge, ( a t the n i n e t y second k i l o m e t r e from 

Wearhead,) marks the h i g h e s t point of t i d a l i n f l u e n c e . 
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1.3 L o t i c Diatoms. 

The p h y s i o l o g i c a l requirements of diatoms vary g r e a t l y , 

and thus the group i s widely d i s t r i b u t e d through many 

d i f f e r e n t environments. However, diatoms are apparently 

u b i q u i t o u s i n l o t i c environments throughout the world, and 

are u s u a l l y an important component of the a l g a l populations 

a s s o c i a t e d w i t h such environments. 

1.31 Biology of L o t i c Diatoms. 

Environmental F a c t o r s . L o t i c diatoms are c o n t i n u a l l y 

surrounded by f l o w i n g water, and t h e i r growth and s u r v i v a l 

i s dependant to a great extent on the c h a r a c t e r i s t i c s of 

t h i s environment. 

M c l n t i r e ( 1 9 6 6 ) , i n experiments u s i n g l a b o r a t o r y streams, 

has demonstrated t h a t a f a s t c u r r e n t favours diatoms, r a t h e r 

than other a l g a l groups. However, Cholnoky (196O), i s of 

the opinion t h a t a l g a l a s s o c i a t i o n s are a f f e c t e d more by 

the f l u c t u a t i o n s i n oxygen content than by the mechanical 

e f f e c t of water movement. I t i s p o s s i b l e n o n e t h e l e s s , that 

p a r t i c u l a r l y turbulent water flow i s disadvantageous to 

those filamentous diatoms which form long c h a i n s , and those 

growing a t t a c h e d by mucilaginous s t a l k s . 

Other f a c t o r s are a l s o important, e^_g. the l e v e l of 

mineral and organic n u t r i e n t s (Chu, 1942), the nature of 
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the s u b s t r a t e ( P i e c z y n s k a and Spodniewska, 1963), a n^-

c l i m a t i c f a c t o r s . I n a l o t i c ecosystem, the time f a c t o r 

i s e s p e c i a l l y important, s i n c e s h o r t p e r i o d s of time may 

w i t n e s s great changes i n the environment, with concomitant 

changes i n the a l g a l p opulations (Butcher, Longwell, and 

Pentelow, 1937). 

Biology of I n d i v i d u a l Diatoms. An a d d i t i o n a l f a c t o r 

a s s o c i a t e d w i t h the diatom community i s the volume of the 

c e l l s comprising the community. I t i s p o s s i b l e t h a t the 

g r e a t e r s u r f a c e area to volume r a t i o of the s m a l l e r c e l l s 

a l l o w s g r e a t e r s u c c e s s i n competition f o r n u t r i e n t s , i n 

n u t r i e n t d e f i c i e n t waters. Liebman (1942), ( i n F j e r d i n g s t a d 

1950)> holds t h a t the s m a l l e r the c e l l , then the more r e a d i l y 

the organism r e a c t s to i t s environment. Johnson (19^3) , 

says that the g r e a t e r s e n s i t i v i t y of s m a l l u n i c e l l u l a r algae 

to a n t i m e t a b o l i t e s may be e x p l a i n e d by the l a r g e s u r f a c e 

area to volume r a t i o . A f t e r the r e a s o n i n g of Johnson, i t 

i s p o s s i b l e t h a t l a r g e r c e l l s , having a decreased s u r f a c e 

a r e a to volume ratio.may be at l e s s of a disadvantage i n 

n u t r i e n t r i c h waters, s i n c e n u t r i e n t s may be r e a d i l y 

a v a i l a b l e from the h a b i t a t . I n a survey of the neighbouring 

R. Tees, (Butcher, Longwell., and Pentelow, 1937) » i t was 

found that the s m a l l c e l l s of Achnanthes minutissima were 
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very common i n the r e l a t i v e l y " c l e a n " upper reaches of the 

r i v e r , where l a r g e r - c e l l e d s p e c i e s were most predominant. 

Motile c e l l s may a l s o he at an advantage over non-motile 

c e l l s i n waters w i t h a l a r g e amount of suspended p a r t i c l e s . 

Non-motile c e l l s w i l l tend to he smothered by the c o n t i n u a l 

d e p o s i t i o n of these p a r t i c l e s , whereas motile c e l l s are 

t h e o r e t i c a l l y able to migrate to more favourable p o s i t i o n s 

on top of the deposited s i l t and d e t r i t u s . Those c e l l s w i t h 

a l a r g e length to breadth r a t i o should be more e f f i c i e n t 

i n the performance of t h i s than more rounded, or oval c e l l s . 

1.32 Diatoms as P o l l u t i o n I n d i c a t o r s . 

I t has o f t e n been suggested t h a t diatoms may be used as 

i n d i c a t o r s of p o l l u t i o n . However, F j e r d i n g s t a d (1964) 

d i s c a r d s diatoms as being u n r e l i a b l e i n d i c a t o r s of p o l l u t i o n , 

w i t h the exception of the Meridion c i r c u l a r e community, which 

he regards as an i n d i c a t o r of c l e a n water c o n d i t i o n s . 

P a t r i c k , (undated), however, suggests t h a t diatoms are a 

convenient group to use as i n d i c a t o r s of p o l l u t i o n , because 

of the s e n s i t i v i t y of some s p e c i e s , and the abundance of the 

group i n l o t i c environments. 

T h i s view i s supported by Z e l i n k a and Marvan (1961), who, 

i n a modified s a p r o b i t y system, hold that many diatoms 

r e l i a b l y i n d i c a t e l e v e l s of p o l l u t i o n , and express t h i s 

r e l i a b i l i t y as a " f i d e l i t y f a c t o r " ranging from one to f i v e . 
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Although the d i v i s i o n of s p e c i e s i n t o these a r b i t r a r y 

c a t e g o r i e s must be . somewhat s u b j e c t i v e } i t i s " an i n d i c a t i o n 

"of the use of diatoms as p o l l u t i o n i n d i c a t o r s . 

The concept of i n d i c a t o r s p e c i e s , however, may be 

i n v a l i d . A p o s t u l a t e d i n d i c a t o r may have wide parameters 

of t o l e r a n c e , so that w h i l s t the s p e c i e s may r e a c h a point 

of maximum development i n an optimum environment, i t s 

p h y s i o l o g i c a l requirements are such t h a t i t may a l s o occur 

i n q u a n t i t y i n other, suboptimal environments, .e.g. 

CTitzschia p a l e a . T h i s s p e c i e s , although widely regarded as 

an i n d i c a t o r of p o l l u t i o n , can oft e n be found i n 

a s s o c i a t i o n w i t h Meridion c i r c u l a r s . . I t i s f o r t h i s reason 

that P j e r d i n g s t a d (1964) and Z e l i n k a and Marvan ( l ^ 6 l ) doubt 

the value of i n d i c a t o r s p e c i e s . 

The many sap r o b i c systems suggested by many workers, 

_e._g. Ko l k w i t s and Marsson ( 1908 ) (1909 ) , K olkwitz (19 5 0 ) , 

Z e l i n k a and Marvan (196 1 ) , F j e r d i n g s t a d ( 1 9 6 4 ) ( 1 9 6 5 ) , 

r e f l e c t the d i f f i c u l t i e s i n the a n a l y s i s of a l g a l communities. 

The p r e s e n t knowledge of the methods i n v o l v e d i n the use of 

a system r e l y i n g on the sa p r o b i c v a l e n c i e s of s p e c i e s , and 

the c l a s s i f i c a t i o n of r i v e r s by t h e i r s a p r o b i t y , i s too s m a l l 

and confused to be of wide a p p l i c a t i o n . Cholnoky (196O), holds 

t h a t the sa p r o b i c systems are untenable, s i n c e the sa p r o b i c 

c a t e g o r i e s were the r e s u l t of the n i t r o g e n content of the 



water, r a t h e r than of the degree of p o l l u t i o n . 

1.33 A n a l y s i s of Diatom Communities. 

I t i s o f t e n d i f f i c u l t to demonstrate the. s i m i l a r i t i e s 

and d i f f e r e n c e s , between s e v e r a l communities merely by l i s t s 

of the component s p e c i e s and t h e i r r e l a t i v e abundance. I n 

the p a s t , workers have used t h i s p u r e l y d e s c r i p t i v e method 

to compare a l g a l communities from a range of h a b i t a t s , 

Butcher, Longwell, and Pentelow (1937)* The r e s u l t s of such 

methods are o f t e n d i f f i c u l t to i n t e r p r e t , and there i s a l s o 

a s u b j e c t i v e element i n h e r e n t i n the method. 

Purel y d e s c r i p t i v e methods a l s o have the disadvantage 

of not being e a s i l y p r e s e n t a b l e f o r the r a p i d i n t e r p r e t a t i o n 

of the r e s u l t s . The method proposed by Maucha (1932), uses 

a simple diagram to express the percentage compositions of 

n a t u r a l w a t e r s . Such a method can be modified to express the 

composition of diatom communities, and would provide a means 

of r a p i d v i s u a l comparison. U n f o r t u n a t e l y , the diagram can 

only accommodate a few s p e c i e s , so t h a t some form of d r a s t i c 

s e l e c t i o n would be n e c e s s a r y . I f a l a r g e number of s p e c i e s 

were introduced onto the diagram, then the advantage of r a p i d 

v i s u a l i n t e r p r e t a t i o n would be l o s t . 

The s t a t i s t i c a l approach of P a t r i c k and Strawbridge (1963), 

w h i l s t e l i m i n a t i n g the s u b j e c t i v e element, w i l l probably be 

of but l i m i t e d use to the m a j o r i t y of l i m n o l o g i s t s , due to 

i t s p r a c t i c a l d i f f i c u l t i e s . 
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The present author i s unhappy w i t h the p h y t o s o c i o l o g i c a l 

treatment given by Margalef ( l 9 4 9 ) j s i n c e i t appears to be 

i n a p p l i c a b l e to micro-organisms, and i t may a l s o give r i s e 

to a m i s l e a d i n g nomenclature. For i n s t a n c e , he d e s c r i b e s 

the Me l'o s i r e turn r i v u l a r i s a s s o c i a t i o n , which i s 

c h a r a c t e r i s e d by the presence of M e l o s i r a v a r i a n s . T h i s 

i s a common and widespread community i n r i v e r s . However, . 

10$ of the communities d e s c r i b e d as Melosiretum r i v u l a r i s 

by Margalef, l a c k e d M e l o s i r a v a r i a n s . . The absence of t h i s 

s p e c i e s must s u r e l y i n d i c a t e t h a t these communities be 

p l a c e d elsewhere, even though the a s s o c i a t e d , sub-dominant 

s p e c i e s were the same as those i n true Melosiretum r i v u l a r i s . 

I n the d e s c r i p t i o n of communities, due r e g a r d must be p a i d 

to the dominant and most c h a r a c t e r i s t i c s p e c i e s p r e s e n t , 

r a t h e r than to s p e c i e s which might be expected to be present 

but which are not. The communities d e s c r i b e d by Symoens 

(l950)> a r © too l a r g e to show sma l l changes i n the a l g a l f l o r a . 

Butcher (1932), p r e f e r s to designate a l g a l communities 

ac c o r d i n g to the dominant c o n s t i t u e n t s , J , . ^ . the Melos i r a 

v a r i a n s - l T a v i o u l a v i r i d u l a community. T h i s d e s c r i p t i o n i s 

c e r t a i n l y more a p p l i c a b l e , t h a n the p h y t o s o c i o l o g i c a l term 

of Melosiretum r i v u l a r i s used by Margalef. 

. I d e a l l y , a method i s r e q u i r e d which combines the minimum 

of s u b j e c t i v i t y w i t h the maximum of ease i n i n t e r p r e t a t i o n . 

Of the systems a v a i l a b l e , a numerical method of comparison, 
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"based on the index of s i m i l a r i t y suggested by Czekanowski 

( ( l 9 1 3 ) - i n G r e i g Smith. (l964))» would appear to approach 

most c l o s e l y these requirements. 
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METHODS 

2.1 C o l l e c t i o n of Samples. 

Between the "boundaries.of Wearhead and Wearmouth Bridge, 

n i n e t e e n s t a t i o n s were chosen as p a r t s of a sampling 

programme (Table i ) . These sampling s t a t i o n s were chosen 

so as to show to the g r e a t e s t e f f e c t , the i n f l u e n c e of 

p r o g r e s s i v e e u t r o p h i c a t i o n on diatom communities down the 

r i v e r . 

The f i r s t s i x t e e n k i l o m e t r e s of the r i v e r , from 

Wearhead to Stanhope, (where enrichment of the r e l a t i v e l y 

o b l i g o t r o p h i c waters occurs by f i e l d drainage and s m a l l sewage 

o u t f l o w s ) , were sampled at approximately two k i l o m e t r e 

i n t e r v a l s . T h e r e a f t e r , the r i v e r was sampled at approximately 

ten k i l o m e t r e i n t e r v a l s , except where a major p o l l u t i o n 

source c a l l e d f o r c l o s e r sampling, as at Bishop Auckland 

(Table i ) . 

At each sampling s t a t i o n , an attempt was made to sample 

a l l the major h a b i t a t s , and a l s o any other important l o c a l 

h a b i t a t s . The most commonly occurring h a b i t a t s , or 

s u b s t r a t e s , were stones, mosses, and filamentous a l g a e . 

Other s u b s t r a t e s of a more l o c a l nature i n c l u d e blue-green 

a l g a l mats, mud, and submerged l e a f l i t t e r . 
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Ho attempt was made to c o l l e c t q u a n t i t a t i v e samples, 

u s i n g the methods d e s c r i b e d "by Douglas (195$), s i n c e the 

c o n s i d e r a b l e time r e q u i r e d f o r such an o p e r a t i o n , would 

n e c e s s a r i l y have extended the time p e r i o d over which the 

sampling procedure operated. 

I n the case of the communities on filamentous algae 

and a l g a l mats, sampling was a simple o p e r a t i o n of 

c a r e f u l l y removing a p a r t of the submerged t h a l l u s , and 

p l a c i n g i t i n a s u i t a b l e screwcap c o n t a i n e r . 

Mosses were sampled by squeezing out the water h e l d 

between the l e a v e s , and r e p e a t i n g the o p e r a t i o n u n t i l a l l 

the m a t e r i a l had been expressed. The sample of moss was 

r e p e a t e d l y rewetted with r i v e r water, and the squeezings 

caught i n a screwcap c o n t a i n e r . T h i s m a t e r i a l forms a 

f l o c c u l e n t sediment at the bottom of the c o n t a i n e r . 

E p i l i t h i c algae were scraped o f f the stone by means of 

a b l u n t pen-knife, and washed i n t o the screwcap c o n t a i n e r 

w i t h r i v e r water. T h i s method was. a l s o used to sample other 

e p i p h y t i c communities on hard s u b s t r a t e s , e_.jj. submerged 

twi g s . 

Mud samples were c o l l e c t e d by g e n t l y scooping the 

uppermost centimetre i n t o the c o l l e c t i n g b o t t l e , w i t h minimal 

d i s t u r b a n c e of the u n d e r l y i n g sediments. 
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Table I SAMPLING STATIONS 

No. Km. S t a t i o n 

1 0 Hearhead 

2 1.0 West Blackdene 

3 2.7 Broken Way Ford 

4 4.4 Bridge End 

5 9.2 Cambo Kee l s 

6 10.5 above Rookhope Burn 

7 13.7 Briggen Winch 

8 16.2 S h i t t l e h o p e Burn 

9 24.3 Wolsingham Bridge 

10 26.3 Scotch I s l e 

11 35.2 weir above Witton Bridge 

12 43.2 Newton Cap Bridge 

13 44.2 Jock's Bridge 

14 54.2 Page Bank 

15 65.6 downstream of S h i n c l i f f e Bridge 

16 70.6 Kepier 

17 80.6 Cocken Bridge 

18 92.2 Lamb Bridge 

19 100.9 S.Hylton Perry 
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The sampling programme was c a r r i e d out on 

3rd September 1966 ( 3 / I X / 6 6 ) , during a p e r i o d of low r i v e r 

l e v e l , when consequently more of the r i v e r "bed was exposed 

to sampling. 

The mean d a i l y water flow on i/lX/66 was 199 cusecs 

at Sunderland Bridge. The mean monthly r a t e s at the same 

s i t e were 377 cusecs i n August 1966, and 266 cusecs i n 

September 1966. Peaks of 2700 cusecs and 2000 cusecs were 

recorded i n March and December r e s p e c t i v e l y . 

2.2 Examination and P r e p a r a t i o n of Samples. 

The c o l l e c t e d samples, p r e s e r v e d i n potassium iodide 

s o l u t i o n , were examined m i c r o s c o p i c a l l y p r i o r to a c i d 

treatment, i n order to determine the presence of other, 

non-diatomaceous components of the p o p u l a t i o n s . A p o r t i o n 

of the sample was removed f o r c l e a n i n g . 

The o b j e c t of c l e a n i n g diatom m a t e r i a l , (.i.e,. the 

removal of o c c l u d i n g organic and i n o r g a n i c m a t e r i a l ) , i s to 

prepare the c e l l s f o r subsequent microscopic examination. 

The d e s i r e d end-product i s a suspension of diatom f r u s t u l e s 

i n d i s t i l l e d water. T h i s cannot always be achieved e a s i l y , 

e s p e c i a l l y i n samples c o n t a i n i n g a g r e a t amount of organic 

m a t e r i a l , or sand i n t i m a t e l y a s s o c i a t e d w i t h the diatom 

f r u s t u l e s . 

The f o l l o w i n g procedure was found to give s a t i s f a c t o r y 
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r e s u l t s : 

1. C e n t r i f u g e the sample, and d i s c a r d the supernatant l i q u i d . 

I f i t was thought that the sample contained c a l c a r e o u s 

m a t e r i a l , a few drops of concentrated h y d r o c h l o r i c a c i d were 

added, u n t i l e f f e r v e s c e n c e ceased w i t h excess a c i d p r e s e n t . 

C e n t r i f u g e again. 

2. Add up to I g . s o l i d potassium dichromate to the r e s i d u e , 

f o l l o w e d "by 5ml. concentrated s u l p h u r i c a c i d , added drop by 

drop. Allow to c o o l . 

3. Add, w i t h great c a r e , 100 volume hydrogen peroxide, a 

few drops at a time, u n t i l l i t t l e e v o l u t i o n of gas occurs 

w i t h f u r t h e r a d d i t i o n of hydrogen peroxide. I f the r e a c t i o n 

i s slow, allow to stand f o r s e v e r a l hours, or apply gentle 

heat, t a k i n g care to guard a g a i n s t the contents of the tube 

f r o t h i n g over the top. C e n t r i f u g e , and d i s c a r d the 

supernatant. 

4. B o i l the r e s i d u e f o r up to 4 hours a t 100°, i n a mixture 

of concentrated n i t r i c and h y d r o c h l o r i c a c i d s , i n a r a t i o 

of 5 :1« Ce n t r i f u g e and d i s c a r d the supernatant. 

5. Wash thoroughly i n d i s t i l l e d water, and mount the 

f r u s t u l e s by d r y i n g o f f a drop of the cleane d suspension on 

a c l e a n c o v e r s l i p . The cl e a n e d suspension can be s t o r e d 

a f t e r the a d d i t i o n of a few drops of ab s o l u t e a l c o h o l . 

T h i s procedure, tho^^gh lengthy, and a t times troublesome 
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due to v i o l e n t e f f e r v e s c e n c e , g i v e s much, more s a t i s f a c t o r y 

r e s u l t s than treatment w i t h c o n c e n t r a t e d a c i d s alone. C a r t e r 

( p e r s o n a l communication) r e p o r t s t h a t i f , a f t e r "boiling, 

the suspension i s s t i l l somewhat dark, then a d d i t i o n of 

sodium hydroxide to an a c i d f r e e suspension, and almost 

immediate decanting i n t o an excess of water, w i l l a i d i n 

c l e a n i n g . Evans ( l 9 6 l ) , a l s o recommends the use of sodium 

hydroxide to d e f l o c c u l a t e the suspension. However, sodium 

hydroxide should "be avoided i f p o s s i b l e , s i n c e d i s s o l u t i o n 

of s i l i c a o c c u r s , which i s p a r t i c u l a r l y d e t r i m e n t a l to those 

forms w i t h t h i n c e l l w a l l s . 

Mounting Media. When examining diatoms m i c r o s c o p i c a l l y , 

i t i s d e s i r a b l e t h a t a mounting medium w i t h a high 

r e f r a c t i v e index i s used. "Hymount" was used i n e a r l i e r work, 

but i t s r e f r a c t i v e index of 1.66 was. found to be too low f o r 

the i d e n t i f i c a t i o n of c r i t i c a l s p e c i e s . "Naphrax" (E.I.=1.75) 

was found to give s u p e r i o r d e f i n i t i o n , important where s m a l l 

d i a g n o s t i c c h a r a c t e r s were being examined. 

2.3 Counting Procedure. 

The permanent p r e p a r a t i o n s , mounted i n "Naphrax", were 

examined u s i n g a Z e i s s Standard GFL microscope, w i t h a 

lOOx o i l immersion 0 o b j e c t i v e , and lOx e y e p i e c e s . An Optovar 

attachment gave a p o s s i b l e m a g n i f i c a t i o n of 2000x. The 

c e l l s were counted along random t r a v e r s e s a c r o s s the microscope 

s l i d e , w i t h the a i d of a mechanical s t a g e . 
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Castenholz (196O), i n an i n v e s t i g a t i o n ,into b e n t h i c 

algae i n - c e r t a i n N. American l a k e s , counted 300 c e l l s i n 

any one sample. I t . i s not c l e a r whether t h i s r e f e r s to the 

number of v a l v e s counted, (_i..e. 150 c e l l s ) , or to the number 

of whole c e l l s (.i.e.* 600 v a l v e s ) . I n the present i n v e s t i g a t i o n 

600 v a l v e s were counted, ( t he e q u i v a l e n t of 300 complete 

c e l l s ) . , 

A f t e r 600 v a l v e s had been counted, the s l i d e was 

searched f o r any s p e c i e s p r e s e n t i n s m a l l numbers, and which 

were missed i n the standard counting procedure. 
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2.4 C e l l Volume and M o t i l i t y . 

A l l those diatom s p e c i e s which possess a raphe s t r u c t u r e 

are t h e o r e t i c a l l y at l e a s t , capable of movement. Of the 

genera found i n the R i v e r Wear,, the f o l l o w i n g possess a 

raphe: 

Cocconeis 

Achnanthes 

Rhoicosphenia 

Amphipleura 

F r u s t u l i a 

Gyrosigma 

Pleurosigma 

C a l o n e i s 

Neidiura 

Diplone i s 

Staurone i s 

Anomoeoneis 

N a v i c u l a 

P i n n u l a r i a 

Amphora 

Cymbella 

Didymosphenia 

Gomphonema 

D e n t i c u l a 

Rhopalodia 
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v H a n t z s c h i a 

N i t z s c h i a 

, Cymatopleura 

S u r i r e l l a 

Movement i n those forms w i t h but one raphe, .e._g. 

Cooconeis, and the att a c h e d forms, js.^. Didymosphenia, i s 

not a common phenomenon, and i s always slower than the r a p i d 

movements seen i n some of the forms w i t h two raphes, 

Mavicula, H i t z s c h i a . 

The d i s t r i b u t i o n of these v a r i o u s forms between the 

s u b s t r a t e s was examined, together w i t h an a n a l y s i s of the 

shape, (_i..e» length/breadth r a t i o ) of these forms. 

The length/breadth r a t i o was c a l c u l a t e d f o r each 

s p e c i e s by examining and measuring a t l e a s t ten c e l l s . Where 

t h i s was not f e a s i b l e , due to the s c a r c i t y of the s p e c i e s , 

c e l l dimensions quoted by s e v e r a l authors, were used to 

c a l c u l a t e the length/breadth r a t i o . 

2.41 

At l e a s t f i v e c e l l s were measured f o r each s p e c i e s 

whenever p o s s i b l e , but oft e n , l e s s than f i v e c e l l s were 

pr e s e n t or a v a i l a b l e f o r measurement i n the case of the 

r a r e r s p e c i e s . Up to twenty i n d i v i d u a l s were measured i n 

the case of the more common s p e c i e s , .e._g. N a v i c u l a g r e g a r i a . 

I t was not p o s s i b l e to c a l c u l a t e the c e l l volumes f o r 

a l l the l e s s common s p e c i e s i n the r i v e r , s i n c e many of 
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the c e l l s were not amenable to measurement. 

N e v e r t h e l e s s , i t was p o s s i b l e to c a l c u l a t e the c e l l 

volumes of seventy s p e c i e s . 

2.42 C a l c u l a t i o n of C e l l Volume. 

The c e l l volumes were c a l c u l a t e d a f t e r the-method 

d e s c r i b e d by Castenholz (196O). The v a l v e f a c e s were drawn 

to s c a l e by means of a R e i c h e r t camera l u c i d a apparatus. 

The a r e a of t h i s v a l v e f a c e was determined by an "Albrit'.' 

p l a n i r a e t e r . I n g i r d l e view, many diatoms are r e c t a n g u l a r , 

and the c e l l volumes of these diatoms can be c a l c u l a t e d from 

the product of the g i r d l e width and the a r e a of the v a l v e 

f a c e . I n diatoms where the g i r d l e aspect i s cuneate, e,..g» 

S u r i r e l l a , Gomphonema, or i r r e g u l a r , j e . ^ . Cymatopleura, 

the mean width of the g i r d l e was found by d i v i d i n g the a r e a 

of the g i r d l e f a c e (determined by the camera l u c i d a and 

p l a n i m e t e r ) by the l e n g t h . The product of t h i s mean width, 

and the a r e a of the v a l v e f a c e gave, as above, the c e l l 

volume. The c e l l volume i s expressed i n microns^. 
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2.-5 Comparison of Communities. 

I n the present, i n v e s t i g a t i o n , a numerical method of 

comparison i s used, based.on the index of s i m i l a r i t y 

suggested by Czekanovski. 

2.51 O u t l i n e of O r i g i n a l Czekanoyski Method. 

The index of s i m i l a r i t y , i n i t s o r i g i n a l form, expresses 

the number of s p e c i e s common to the two communities (A^B) 

being compared, as a percentage of the mean number of s p e c i e s 

i n both communities:. 

2c x 100 
= Index of S i m i l a r i t y 

a + 1 3 ( C z e k a n o v s k i ) 

where: 

a = the number of s p e c i e s i n community A 

b = the number of s p e c i e s i n community B 

c = the number of s p e c i e s common to both communities. 

However, s i n c e t h i s system compares communities on the 

b a s i s of the presence or absence of s p e c i e s , i t w i l l not be 

s a t i s f a c t o r y i n comparing communities which vary r a t h e r i n 

the r e l a t i v e abundance of the c o n s t i t u e n t s p e c i e s . 

2.52 Adaptations of the Czekanovski method. 

I n the system adopted, B r i s c h - V i s t e m 1000 item c e n t r e 

punch cards were used. One punch card was a l l o t e d to each 

community. The punch c a r d i s d i v i d e d i n t o 100 v e r t i c a l 

d i v i s i o n s , and each v e r t i c a l column i s d i v i d e d i n t o ten 

h o r i z o n t a l d i v i s i o n s or r a n k s . Each v e r t i c a l column was 
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a l l o t e d to one s p e c i e s , and the, h o r i z o n t a l ranks vrere used 

to i n d i c a t e the l e v e l of abundance of the s p e c i e s . I n t h i s 

way, i t was p o s s i b l e to compare the communities i n r e s p e c t 

of 100 of the diatom s p e c i e s i n the R i v e r Wear, and t h e i r 

r e l a t i v e abundance. I t w i l l be noted t h a t t h i s n e c e s s a r i l y 

i n c l u d e s a comparison on the b a s i s of presence or absence 

of a s p e c i e s . 

The abundance of a s p e c i e s was taken to be the number 

of c e l l s of t h a t s p e c i e s which occurred i n the 600 c e l l s 

counted. I t was measured on an a r b i t r a r y s c a l e of 'Units 

of Abundance 1 : 

No. of c e l l s / U n i t s of 
600 c e l l sample. Abundance. 

1 - 3 0 1 

31- 60 2 

61-120 3 . 

121-180 4 

181-240 5 

241-300 6 

301-360 • 7 

.361-42.0 8 . 

421-480 9 

481-550 , . 10 

Thus a s p e c i e s accounting f o r 5°0 of the 600 c e l l s 

counted i n the sample, would warrant 10 u n i t s of abundance 
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i n t h a t community, and thus 10 holes i n the v e r t i c a l column 
a l l o t e d to t h a t s p e c i e s on the punch c a r d . 

On any one punch card t h e r e f o r e , the number of punched 

holes r e p r e s e n t s the number of 'Units of Abundance' i n one 

community. 

I n the a p p l i c a t i o n of the modified Czekanovski index 

of s i m i l a r i t y , these 'Units of Abundance' take the p l a c e of 

the s p e c i e s i n the unmodified form of t h i s method. 

Thus: 

2c x 100 
= Index of S i m i l a r i t y 

* + 1 0 (modified) 

where: 

a = number of 'Units of Abundance' i n community A 
b = number of 

c = number of 

Un i t s of Abundance* i n community B 

'Units of Abundance' common to both 

communities, A and B. 

Since one 'Unit of Abundance' i s e q u i v a l e n t to one 

punched hole i n the punch card, the comparison of two 

communities i s made by superimposing one ca r d on the other. 

The number of holes i n common i s the va l u e " c " . 

I n d i c e s of s i m i l a r i t y of communities from d i f f e r e n t 

s u b s t r a t e s were entered onto a. matrix, and or d i n a t e d to show 

areas of g r e a t e s t s i m i l a r i t y , a f t e r the method of Sneath 

and Sokal ( 1 9 6 2 ) . 

A l i s t of the s p e c i e s i n c o r p o r a t e d onto the cards i s 
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given "below. (Tattle I I ) The co m p i l a t i o n of such a l i s t 

from the g r e a t e r number of s p e c i e s which o'ccur i n the R i v e r 

Wear, could not "be done "by random s e l e c t i o n , s i n c e common, 

or important s p e c i e s may have "been excluded. Such s p e c i e s , 

_e.j*. Cymbe'lla v e n t r i c o s a , and ITavicula g r e g a r i a were 

a u t o m a t i c a l l y i n c l u d e d on the l i s t , and the remainder of 

the 100 d i v i s i o n s were f i l l e d "by random s e l e c t i o n from the 

remaining, l e s s common s p e c i e s . 

Thus the 100 s p e c i e s s e l e c t e d f o r comparison i n c l u d e 

a l l the common s p e c i e s , most of those s p e c i e s w i t h a l i m i t e d 

d i s t r i b u t i o n , and some of the s p e c i e s which occur i n but one 

community. 
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Table I I 

1 Acb.nanth.es conspicua 

2 A. f l e x e l l a 

3 A.' l a n c e o l a t a 

4 A. minutissima 

5 A. pyrenaioa 

6 Amphora o v a l i s 

7 Amphipleura p e l l u c i d a 

8 A. r u t i l a n s 

9 C a l o n e i s b a c i l l u m 

10 C. s i l i c u l a 

11 C e r a t o n e i s arcus 

12 Cocconeis p e d i c u l u s 

13 C. p l a c e n t u l a 

14 C y c l o t e l l a meneghiniana 

15 Cymbella a f f i n i s 

16 C. d e l i c a t u l a 

17 C. l e p t o c e r o s 

18 C. microcephala 

19 C. p r o s t r a t a 

20 C. s i n u a t a 

21 G. v e n t r i c o s a 

22 C. h e l v e t i c a 

23 D e n t i c u l a t e n u i s 

24 Diatoma hiemale 

http://Acb.nanth.es
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Table I I (con t i n u e d ) 

25 Diatoma v u l g a r e 

26 D i p l o n e i s o v a l i s 

27 E u n o t i a exigua 

28 E. l u n a r i s 

29 E. . t e n e l l a 

30 E. t r i n a c r i a 

31 P r a g i l a r i a i ntermedia 

32 F r u s t u l i a v u l g a r i s 

33 Gomphonema a"b"breviatum 

34 G. acuminatum 

35 G. angustatum 

36 G. grac i l e 

37 n 
\J • l o n g i c e p s 

38 G. o l i v a c e o i d e s 

39 0. olivaceum 

40 G. parvulum 

41 G. sphaerophorum 

42 M e i o s i r a v a r i a n s 

43 H. nummuloides 

44 Meridion c i r c u l a r e 

45 N a v i c u l a a n g l i c a 

46 IT. atomus 

47 S. avenacea 

48 IT. c e r t a 
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T ab 1 e I I ( c ontinued) 

49 IT avion l a c i n c t a 

50 I T . oontenta 

51 I T . g r a c i l i s 

52 U. g r e g a r i a 

53 N. hungarica 

54 U. l a p i d o s a 

55 I T . m enisculus 

56 N. minima 

57 IT. minuscula 

58 H. mu r a l i s 

59 N « mutica 

60 N. p e l l i c u l o s a 

61 I T . pupula 

62 U. s c h o n f e l d t i i 

63 I T . subhamulata 

64 IT. c r y p t o c e p h a l a 

65 IT. vitabunda 

66 I T . b r y o p h i l a 

67 N i t z s c h i a a c i c u l a r i s 

68 N. acuta 

69 I T . acuminata 

70 IT. amphib i a 

71 IT. communis 

72 I T . d i s s i p a t a 
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Table I I (con t i n u e d ) 

73 N i t z s c h i a dubia 

74 iff. f o n t i c o l a 

75 sr.. f r u s t u l u m 

76 N.. ha n t z s c h i a n a 

77 N. ig n o r a t a 

78 F. kutz i n g i a n a 

79 N. l i n e a r i s 

80 N. p a l e a 

81 N.. s igmo idea 

82 N. stagnorum 

83 ' IT.. t h e r m a l i s 

84 ff., t r o p i c a 

8 5 , N.. apiculata., 

86 P i n n u l a r i a . i n t e r r u p t a 

37 P. microstauron 

88 P. • v i r i d i s 

89 P. XT-i jkens i s 

90 Rb.oicospb.enia curvaba 

91 S u r i r e l l a angusbata 

92 S. b i s e r i a t a 

93 S. ovata 

94 Synedra aous 

95 S. a f f i n i s 

96 S. rumpens 

http://Rb.oicospb.enia
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Table I I (continued) 

9 7 Synedra u l n a 

98 S. v a u c h e r i a e 

99 TaTaellar.ia f l o c c u l o s a 

100 T h a l l a s s i o s i r a f l u v i a t i l i s 
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RESULTS 

3. M o t i l i t y . 

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

Diatom m o t i l i t y i n those c e l l s w i t h one raphe i s 

c e r t a i n l y p o s s i b l e , i n a t l e a s t some s p e c i e s , but the 

phenomenon i s more u s u a l l y regarded as a c h a r a c t e r i s t i c of 

the B i r a p h i d e a e . However, s i n c e the Monoraphideae are a l s o 

t h e o r e t i c a l l y capable of movement, a l b e i t o f t e n s l u g g i s h 

and i n f r e q u e n t , the d i s t i n c t i o n between motile and 

non-motile s p e c i e s has been made s o l e l y on the presence or 

absence of one or more raphe s t r u c t u r e s . 

3.2 E p i l i t h i c and Eurhynchium S u b s t r a t e s . 

The e f f e c t of these two s u b s t r a t e s on the numbers of 

motile c e l l s i n the f i r s t 43 K i l o m e t r e s of t h e . R i v e r Wear 

i s shown i n Table I I I . The e p i l i t h i c s u b s t r a t e s support more 

motile c e l l s than do the Eurhynchium s u b s t r a t e s . At Km. 4»4» 

99$ of the c e l l s p r e s e n t on the e p i l i t h i c s u b s t r a t e are 

mo t i l e . The h i g h e s t p r o p o r t i o n of motile c e l l s on the 

Eurhynchium s u b s t r a t e i s 92.5% at Km. 9 » 2 . 

The mean f i g u r e s f o r the f i r s t 43 K i l o m e t r e s show t h a t 

on the e p i l i t h i c s u b s t r a t e 89.4% of the c e l l s are m o t i l e , 

w h i l s t on the Eurhynchium s u b s t r a t e , only 73.1 are m o t i l e . 

(Table I I I ) . 
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The f l u c t u a t i o n s i n the f i r s t 15 K i l o m e t r e s are due 

to v a r i a t i o n s i n the numbers of Achnanthes minutissima, 

which i s p a r t i c u l a r l y abundant. 
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Table I I I 

mean 

D i s t r i b u t i o n of Motile_,0e_lIs. noa 
D i f f e r e n t S u b s t r a t e s 

.. „ Unbranched green Km. Eurhynchium E p i l i t h i c r a -—— ——*>• • •— —* filamentous a l ^ a e . 

0.0 71.0 77.0 85.O 

1.0 61.3 - 72.5 

2.7 80.0 94.0 50.5 

4.4 74.0 99.0 97.0 

9.2 92.5 91.0 

10.5 . -79-0 83.O 64.5 

13.7 83.5 90.5 

16.2 88.0 87.O 69.O 

24.3 89.O 97.5 

35.2 88.0 91.O 

43.2 73.0 84.O 

78.1 84.O 73.7 
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3.3 .Unbranohed Green Filamentous A l g a l S u b s t r a t e s . 

From the incomplete data a v a i l a b l e , ( T a b l e I I I ) , i t 

appears t h a t the unbranched green filamentous a l g a l s u b s t r a t e 

supports fewer motile c e l l s than e i t h e r the e p i l i t h i c or 

Eurhynchium s u b s t r a t e s . From the data, the mean f i g u r e s f o r 

motile c e l l s on t h i s s u b s t r a t e ' i s only 73«9$» 
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4» Shape. 

4.1 I n t r o d u c t i o n . 

By the simple methods d e s c r i b e d above, the l e n g t h to 

breadth r a t i o s of 66 p o t e n t i a l l y motile s p e c i e s were 

measured and c a l c u l a t e d . Not a l l of these s p e c i e s were 

observed to be motile i n the samples c o l l e c t e d from the r i v e r , 

but each s p e c i e s p o s s e s s e s a t l e a s t one f u l l y formed raphe 

s t r u c t u r e . 

4.2 Comments on Length/Breadth B a t i o . 

Table IV shows the le n g t h to breadth r a t i o s f o r the 

s p e c i e s o c c u r i n g i n the communities which were i n v e s t i g a t e d 

w i t h r e s p e c t to c e l l shape. The s p e c i e s w i t h the g r e a t e s t 

l e n g t h to breadth r a t i o i s CTitzschia acuta ( 3 1 . 0 ) , f o l l o w e d 

by N i t z s o h i a sigmoidea ( 3 0 . 0 ) , N. a c i o u l a r i s , ( 2 8 . 5 ) , and 

N. l i n e a r i s ( 2 2 . 7 ) . The lowest r a t i o s were shown by 

S u r i r e l l a ovata ( 1 . 6 ) , and Cocooneis p e d i c u l u s (1. 4 ) • 

Of the s p e c i e s measured, 40 have r a t i o s lower than 4 . 5 . 

Of the remaining 26 s p e c i e s , x-rith r a t i o s of 4.6 and over, 

13 are s p e c i e s of U i t z s c h i a . 
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Table IV. 

N i t s c h i a a c u t a 31.0 

N. sigmoidea 30.0 

N. a c i c u l a r i s 28.5 

N. l i n e a r i s 22.7 

IT. i g n o r a t a 15.0 

N. f i l i f o r m i s 12.0 

]J. p a l e a 9.0 

P i n n u l a r i a w i j k e n s i s 7.8 

N i t z s c h i a amphibia 7.7 

Cymbella c e s a t i 7.0 

N i t z s c h i a t r o p i c a 6.8 

N. communis 6.6 

Rhoicosphenia c u r v a t a 6.2 

ITavicula cryptooephala 5.9 

N i t z s c h i a f r u s t u l u m 5.8 

N. t h e r m a l i s 5.8. 

Gomphonema o l i v a c e o i d e s 5.6 

Rhopalodia p a r a l l e l a 5.6 

C a l o n e i s s i l i c u l a 5.5 

N a v i c u l a g r a c i l i s 5.5 

P i n n u l a r i a v i r i d i s 5.5 

Gomphonema g r a c i l e 5.4 

G. abbr eviatLim.. 5.2 

Amphipleura r u t i l a n s 5.0 
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Table IV. (co n t i n u e d ) 

C a l o n e i s b a c i l l u m 4.6 

Gomphoneina sphaerophortim 4.5 

N a v i c u l a c e r t a 4.5 

N. contenta 4.5. 

N i t z s c h i a k u t z i n g i a n a 4.3 

P i n n u l a r i a microstauron 4.3 

Ach.nantb.es minutissima 4.0 

Cymbella l e p t o c e r o s 4.0 

Gomphonema angustatum 4.0 

N i t z s c h i a d i s s i p a t a 4.0 

Cymbella parva 3.9 

S u r i r e l l a b i s e r i a t a 3.9 

Gomphonema parvulum 3.8 

G. olivaceura 3.7 

N a v i c u l a avenacea 3.7 

N. minima 3.6 

Cymbella microcephala 3.5 

C. d e l i c a t u l a 3.3 

N a v i c u l a menisculus 3.2 

S u r i r e l l a angustata 3.2 

N a v i c u l a l a p i d o s a 3.1 

S T i t z s c h i a f o n t i c o l a 3.0. 

Cymbella p r o s t r a t a 2.8 

http://Ach.nantb.es


- 36 -

Table 17. (co n t i n u e d ) 

Achnanthes lance,'6latai j. 2.8 

A. conspicua 2.6 

Cyrabella s i n u a t a 2.6 

N a v i c u l a a n g l i c a 2.6 

U. mutica 2.6 

Achnanthes p y r e n a i c a 2.5 

Amphora o v a l i s 2.4 

D e n t i c u l a t e n u i s 2.4 

U a v i c u l a minuscula 2.4 

H. subhamulata 2.4 

N. g r e g a r i a 2.3 

W. p e l l i c u l o s a 2.1 

H. atomus 2.0 

Cocconeis p l a c e n t u l a 1.9 

IT.avicula m u r a l i s 1.9 

H. subatomoides 1.9 

S u r i r e l l a ovata 1.6 

Cocconeis p e d i c u l i s 1.4 

Cymbella v e n t r i c o s a 1.8 
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4.3 E x p l a n a t i o n of Histograms. 

The range of le n g t h to breadth r a t i o s i s d i v i d e d in t o 

7 ranks ( F i g u r e 2 ) : 

Ho. of s p e c i e s 

1.4—1.9 6 

2.0—2.4 7 

2.5—2.9 7 

3.0—3.4 5 

3.5—3.9 7 

4 .0—4.5 9 

4.6+ 26 

The most common diatoms f a l l i n t o the ranks at the 

extremes of the range, Achnanthes minutissima ( 4 . 0 ) , 

and Cymbella v e n t r i c o s a ( l . 8 ) , w h i l s t many of the l e s s common 

s p e c i e s f a l l i n t o the ranks i n the centre of the range. Thus 

a histogram based upon these ranks tends to be b i a s e d towards 

the extremes of the range. However, no other scheme f o r 

the d i v i s i o n of the range proved to be s u p e r i o r to the form 

adopted. 

4.4 E f f e c t of S u b s t r a t e and P o s i t i o n Downstream^on the Motile 

C e l l Component of the Community. 

F i g u r e s 3-7 show the d i s t r i b u t i o n of the p o t e n t i a l l y 

motile c e l l s of the v a r i o u s l e n g t h to breadth r a t i o s on 3 

s u b s t r a t e s , a t f i v e s i t e s from Km. 0.0 to Km. 16.2 F i g u r e 8 
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shows t h e s i t u a t i o n on f o u r e p i l i t h i c s u b s t r a t e s f u r t h e r 

d o w n s t r e a m t h a n i n ' F i g u r e s • 'S+T. ' 

Some'of the , more i n t e r e s t i n g f e a t u r e s a r i s i n g f r o m t h e 

. d a t a a r e : " ° 

( a ) . The- e p . i l i t h i c s u b s t r a t e s s u p p o r t a l a r g e r number 

o f c e l l s i'n t h e , h i g h e r r a n k s , , t h a n does t h e E u r h y h o h i u m 

s u b s t r a t e . T t i s p o s s i b l e t h j a t t h e more narrow- c e l l s , .e.g. 

I T i t z s c h i a s p p . a r e more f i t t e d t o .moving t h r o u g h ' 

• o b s t r u c t i n g d e b r i s t h a n a r e t h e w i d e r , f o r m s . ' A' .second 

c o n t r i b u t o r y f a c t o r to. t h e jii'fferenpffs between- t h e ;two 

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

a t t a c h e d , , and w h i c h have s m a l l e r l e n g t h t o b r e a d t h r a t i o s . 

( b ) . T h e r e i s a t e n d e n c y ':for t h e , E u r h y n c h i u m s u b s t r a t e 

to-, s u p p o r t more, m o t i l e ' c e l l s i n t h e m i d d l e r a n k s ' t h a n e i t h e r 
... i " » . ' • " • 

t h e e p i l i t h i c o r t h e unbranche'd".'green f i l a m e n t o u s . a l g a l 

s u b s t r a t e s ' . •' • 

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

i s .somewhat v a r i a b l e i n t h e .lei'hgth t o b r e a d t h r a t i o s o f t h e 

d i a t o m s upon' i t as c o m p a r e d f r i o m s i l i e t o s i t e . ' . T h i s 

v a r i a b i l i t y may be a s c r i b e d t o t h e l e n g t h o f . t h e f i l a m e n t , 

a n d t o t h e d e n s i t y .of. t h e , f i l a m e n t s i n t h e " t u f t . . ' I n any case 

t h i s , s u b s t r a t e r e s e m b l e s t h e e p i l i t h i c : r a t h e r t h a n t h e 

E u r h y n c h i u m ' s u b s t r a t e , i n t e n d i n g t o s u p p o r t more c e l l s w i t h 

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

( d ) . S p e c i e s w i t h , a h i g h e r l e n g t h t o " b r e a d t h r a t i o " 

m i g h t h ave b e e n e x p e c t e d t o become more a b u n d a n t w i t h 

p r o g r e s s i o n d o w n s t r e a m , due t o t h e p o s t u l a t e d ease -of 

'movement o f " t h e f o r m e r t h r o u g h t h e d e b r i s d e p o s i t e d b y t h e 

. a b a t e m e n t o f r i v e r ' c u r r e n t s p e e d s . F i g u r e '8 shows t h a t 

t h i s i s s c a r c e l y so,- s i n c e w i t h t h e e x c e p t i o n o f S. H y l t o n 

F e r r y (TOO.9 Km.), t h e r e a r e ' r o u g h l y e q u a l numbers on , 

e i t h e r s i d e o f t h e m e d i a n l i n e . The s i t u a t i o n a t 100.9 Km. 

s h o u l d be c o n s i d e r e d . a t y p i c a l i n t h a t t h e b u l k o f t h e 

d i a t o m c o m m u n i t y a t t h i s p o i n t i s composed o f t h e n o n - m o t i l e 

M e l o s i r a nummuloides'.. " . • 
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. VOLUME, 

5.1 I n t r o du c t i o n . ; 

By t h e m e t h o d s d e s c r i b e d a b o v e , i t was p o s s i b l e t o 

c a l c u l a t e t h e a v e r a g e c e l l v o l u m e f o r 68 s p e c i e s o f d i a t o m s . 

These v a l u e s * e x p r e s s e d i n ji^ a r e shown i n T a b l e V. 

5«2 Comments on C e l l Volume F i g u r e s . 

I n t e r e s t i n g p o i n t s shown by T a b l e V a r e : 

( a ) . The s p e c i e s w i t h t h e g r e a t e s t c e l l v o l u m e s a r e : 

N i t z s c h i a s i g m o i d e a (22,000) 

Cyma t o p l e u r a s o l e a ( 1-51 578.) 

C y m b e l l a p r o s t r a t a ' (10,178) 

These t h r e e s p e c i e s a r e p o t e n t i a l l y m o t i l e . 

( b ) . The s p e c i e s w i t h t h e l o w e s t c e l l v o l u m e s are:. 

i J a v i c u l a atomus ( 18) 

I f . p e l l i c u l d s a ' (22), 

i [ . m i n i m a (33) 

( c ) . B e t w e e n t h e two e x t r e m e s , h a l f t h e s p e c i e s h ave 

v o l u m e s b e t v r e e n lOlji? a n d l'OOOji? ( F i g u r e 9) , a n d ,most s p e c i e s 

( 1 9 ) , f a l l w i t h i n t h e r a n g e 251. j i ^ - l O O O / i " 3 . 

(d.) . A c h n a n t h e s m i n u t i s s i m a , a c ommon-diatom, p a r t i c u l a r l y 

i n t h e u p p e r r e a c h e s , has a r e l a t i v e l y l o w c e l l v o l u m e , (70^.^). 
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( e ) . I t i s n o t e w o r t h y t h a t I l a v i c u l a g r e . g a r i a . (144/1 )> 

a n d H. c r y n t o c e p h a l a (l59/J-^)> w h i c h have b e e n shown above t o 

h a v e c l o s e l e n g t h t o b r e a d t h r a t i o s , a r e a l s o c l o s e t o g e t h e r 

i n t h e i r c e l l v o l u m e s . 
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Table V. 

H i t z s c h i a sigmoidea 

Cymatopleura s o l e a . 

Cyinbella p r o s t r a t a . 

C a l o n e i s ampliis"baena 

H i t z s c h i a dubia 

S u r i r e l l a b i s e r i a t a 

P i n n u l a r i a v i r i d i s 

T h a l a s s i o s i r a f l u v i a t i l i s 

Cocconeis p e d i c u l u s 

Synedra u l n a 

S u r i r e l l a ovata 

BTitzschia sigtna 

M e l o s i r a v a r i a n s 

Gomphonema acuminatum 

M e l o s i r a nummuloides 

S u r i r e l l a angustata 

N a v i c u l a g r a c i l i s 

Diatoraa v u l g a r i s '• 

K i t z s c h i a hungarica 1 

ITavicula avenacea 

Rho i c o s p l i e n i a c.urvata 

N i t z s c h i a acuminata 

Synedra a f f i n i s 

C y c l o t e l l a meneghiniana 

22000 

15578. 

10178 

8827 

5051 

4256 

4170 

3528 

3245 
3250 

3124 

2964 

2422 

2332 

1997 

1796 

1780 

1477 

1409 

1407 

1225 

1166 

1080 

1035 
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Table V. (con t i n u e d ) 

N i t z s c h i a a c u t a 1029 

Gymbella parva 945 

Cer a t o n e i s arcus 835 

T a b e l l a r i a f l o c c u l o s a 800 

I T i t z s c h i a l i n e a r i s 793 

N i t z s c h i a t h e r m a l i s 790 

Goraphonema o l i v a c e o i d e s 676 

I T i t z s c h i a d i s s i p a t a 579 

Meridion c i r c u l a r e 55^ 

I T i t z s c h i a communis . 46I 

Cynibella d e l i c a t u l a 448 

N i t z s c h i a f o n t i c o l a 392 

Bunotia l u n a r i s 367 

Cocconeis p l a c e n t u l a 349 

F r a g i l a r i a intermedia 320 

Gomphonema angustata 307 

Cymbella v e n t r i c o s a 293 

Synedra v a u c h e r i i 283 

ITavicula a n g l i c a 283 

Amphora o v a l i s 236 

ITavicula hungarica 230. 

ITavicula subhamulata 211 

D e n t i c u l a t e n u i s 211 

Bfavicula mutica 207 
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Table V. (cont i n u e d ) 

Cymbella s i n u a t a 198 

N a v i c u l a menisculus 193 

Gomphonema parvulum 192 

Na v i c u l a c r y p t o c e p h a l a 159 

N i t z s c h i a p a l e a 150 

N a v i c u l a g r e g a r i a 144 

E u n o t i a exigua 136 

Achnanthes l a n c e o l a t a 129 

Na v i c u l a l a p i d o s a 109 

N a v i c u l a minuscula 104 

N a v i c u l a c i n c t a 90 

Cymbella microcephala 79 

Ach.nanth.es p y r e n a i c a 75 

Achnanthes minutissima 70 

Gomphonema olivaceum 69 

Synedra rumpens 63 

N a v i c u l a minima 33 

Na v i c u l a p e l l i c u l o s a 22 

N a v i c u l a atomus 18 

http://Ach.nanth.es
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5.3 E f f e c t of P o s i t i o n Downstream on .Cell Volume• 

The average c e l l volume of a l l populations a t a l l s i t e s 

i n the r i v e r were c a l c u l a t e d ( T a b l e V l ) : 

Table VI 

Km. Volume ju 

0.0 260 

1.0 385 

2.7 331 

4.4 143 

9.2 220 

10.5 338 

13.7 353 
16.2 332 • 

24.3 249 
35-2 ' 316 

43.2 ' 707 
44.2 697 
54.2 . 404 

65.6 737 
70.6 835 
80*6 911 

100.9 1451 
F i g u r e 10 shows these r e s u l t s g r a p h i c a l l y . There i s 

.a d e f i n a t e trend towards an i n c r e a s e i n c e l l volume w i t h 
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progress downstream. The peak between Km.- 35*2 and 
Km. 54*2 c o i n c i d e s w i t h the i n c r e a s e d p o l l u t i o n from the 
conurbation of Bishop Auckland and i t s e n v i r o n s . T h i s 
peak i s followed :by a d e c l i n e , probably due to 
s e l f - p u r i f i c a t i o n of the r i v e r . A f t e r Page Bank however, 
(Km. 54*2), the average c e l l volume i n c r e a s e s s t e a d i l y , 
"until the maximum recorded v a l u e (145m^) j a"t s* Hylton 
(100.9. K i l o m e t r e ) . . 

There i s a f i v e f o l d . i n c e l l volume between Km. 0.0 

and Km.. 100.9, and ^a. t e n f o l d 'difference between the' lowest 

v a l u e recorded ( l 4 3 j i ^ ) , and the h i g h e s t ( l 4 5 ^ ^ ) > a t 

Km. 4.4 and Km. 100,9 r e s p e c t i v e l y . 

5.4 E f f e c t of S u b s t r a t e on. C e l l Volume.. 

Complete data f o r two s-abstrates only i s a v a i l a b l e , 

these being the e p i l i t h i c and the Eurhynchium •substrates. 

The average c e l l volumes of populations on these s u b s t r a t e s 

appear i n Table V I I . 
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T a b l e V I I . ' 

Km. E p i l i t h i c E u r h y n c h i u m 

o.o ' 270 274 

1.0 J • • 445 

2.7 155. 296 

4.4 91 230 

9.2 ' 205 ' 234 

10.5 • 466 285 

13.7* 26 7; 441 
16.2 ' 259 : 4O6 

24.3- ' 169': • 329 

35.2 244 388 

43.2 ' 556 • 859 

The a v e r a g e v a l u e f o r t h e s e two s i t e s a r e 215/1 f o r 

t h e e p i l i t h i c s u b s t r a t e , a n d 38lu"^ f o r t h e E u r h y n c h i u m 

s u b s t r a t e . A f t e r Km. 43.2, p o p u l a t i o n s on t h e s e two 

s u b s t r a t e s do n o t a l w a y s occ^ur a t t h e .same s i t e , a n d t h e v a l u e 

o f a c o m p a r i s o n b e t w e e n t h e two s u b s t r a t e s a f t e r t h i s p o i n t 

i s l o s t . The t a b l e i s shown g r a p h i c a l l y i n F i g u r e 11. 

From f i g u r e 11 i t w i l l be s e e n t h a t a t one s i t e o n l y 

does t h e p o p u l a t i o n on t h e e p i l i t h i c s u b s . t r a t e e x c e e d t h e 

E u r h y n c h i u m s u b s t r a t e i n c e l l volume,- a t Km. i0.5» A t e v e r y 

o t h e r s t a t i o n , t h e E u r h y n c h i u m s u b s t r a t e i s c h a r a c t e r i s e d 

by a h i g h e r c e l l v o l u m e . 

The r e a s o n f o r t h i s d i f f e r e n c e r e m a i n s o b s c u r e , a n d 
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Km. 44*2 a n d Km. 54*2. A ' z o n e o f a p p a r e n t s e l f - p u r i f i c a t i o n 

f r o m Km.' 54?'2 i s a c c o m p a n i e d "by a d e c l i n e i n t h e v o l u m e 

o f JT. avenacea.. 

A s m a l l i n c r e a s e - i n t h e ' v o l u m e o f H. a v e n a c e a t o 25% 

a t . C o c k e n B r i d g e (Km. 80.6) i s • p r o b a b l y p a r t l y due t o t h e 

ad d e d p o l l u t i o n o f t h e r i v e r by t h e sewage w o r k s o f Durham • 

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

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

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

f r e s h w a t e r s p e c i e s ' . 

L i k e IT. a v e n a c e a , " N . g r e g a r i a i s r e l a t i v e l y u n i m p o r t a n t 

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

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

maximum- a t Page Bank (Km. 54*2). I t s s u b s e q u e n t b e h a v i o u r 

r e s e m b l e s IT. . a v e n a c e a i n s h o w i n g a second', p e a k , s m a l l e r t h a n 

t h e f i r s t , a t Cocken B r i d g e (Km. 8 0 . 6 ) , b u t d e c r e a s i n g as 

e s t u a r i n e c o n d i t i o n s become, more p r o n o u n c e d . 

IT. g r a c i l e , w h i l s t o c c u r i n g i n s m a l l numbers t h r o u g h o u t 

t h e r i v e r , r e m a i n s ' a t a l o w l e v e l . o f a b o u t 2%- o f t h e p o p u l a t i o n 

v o l u m e u n t i l .Cocken B r i d g e (Km. 8 0 . 6 ) , w h e r e i t r e a c h e s 

i t s p o i n t o f maximum' d e v e l o p m e n t o f 5/&'» 

i n F i g u r e 12, t h e t o t a l v o l u m e o f H a v i c u l a s p p_, e x p r e s s e d 

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

IT. * a v e n a c e a , w h i c h o c c u r s i n r e l a t i v e l y l a r g e a m o u n t s . However 
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i t i s p o s s i b l e • t h a t b o t h g. • a v e n a c e a a n d N. ^ r e g a r i a c a n 

he u s e d as i n d i c a t o r s o f p o l l u t i o n , o r , a t l e a s t o f 

i n c r e a s e d e u t r o p h y i n t h e R> Wear. 

5.$2 N i t z s c h i a s p p . 

T h i s l a r g e g e n u s , w e l l r e p r e s e n t e d i n t h e R. Wear,'' 

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

r e l a t i o n s h i p s : 

L i s t o f s p e c i e s a t s i t e s w h e r e t h e y 
r e a c h t h e i r h i g h e s t n u m b e r s . 

Km. Maximum 
v o l u m e 

! • d i s s i r c a t a 13.7 ••1.9.5 

! • l i n e a r i s 16.2 6 - 5 

! • f o n t i c o l a 24.3 2 '4 

IT. T j a l e a 54.2 10.8 

jff. dub i a JO. 6 2.0 

N. s igmo i d e a •80.6 • 12.3' 
N. a c u m i n a t a ioo . 9 2.5 

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

B r i d g e (Km.24) j d i s s i p a t a i s t h e most i m p o r t a n t I T i t z s o h i a 

s p e c i e s i n t e r m s o f v o l u m e ( F i g u r e 1 3 ) . B e t w e e n Km. 0 .0-13.7? 

w h e r e H. - d i s s i p a t a r e a c h e s , i t s maximum d e v e l o p m e n t o f 19 .5<? 

o f t h e a v e r a g e p o p u l a t i o n v o l u m e , t h e r e a r e s h a r p -

f l u c t u a t i o n s i n t h e p o p u l a t i o n l e v e l s . These may be due 

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

f r o m s m a l l sewage, w o r k s , a n d i r r e g u l a r d r a i n a g e ' f r o m f a r m l a n d . 
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A t W o l s i n g h a m B r i d g e (km. 2 4 . 3 ) , IT^ f o n t i c o l a 

r e a c h e s i t s maximum d e v e l o p m e n t o f 2.4$ o f t h e a v e r a g e 

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

v o l u m e s ( l e s s t h a n ifo o f t h e a v e r a g e p o p u l a t i o n v o l u m e ) 

t h r o u g h o u t t h e r i v e r . Als'o a t W o l s i n g h a m " B r i d g e , IT. p a l e a 

r e p l a c e s IT. d i s s i p a t a as* this p r o m i n e n t N i t z s c h i a s p e c i e s . 

Maximum d e v e l o p m e n t o f IT. .palea i s d e l a y e d u n t i l Km. 5 4 » 2 , 

w h e r e i t i s a l i t t l e , o v e r . h a l f t h a t r e c o r d e d f o r I T . - d i s s i p a t a . 

T h i s may he c a u s e d hy t h e l a r g e r number o f l a r g e r c e l l e d 

s p e c i e s i n t h e p o p u l a t i o n a i t h i s p o i n t , 

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

s l o w e r f l o w i n g , l o w e r r e a c h e s o f the" r i v e r , a n d a r e 

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

21 • s i g m o i d e a , w i t h . i t s l a r g e a v e r a g e ; c e l l v o l u m e 

(22,000/1"^) c a n i n f l u e n c e t h e p o p u l a t i o n v o l u m e e v e n t h o u g h 

i t o c c u r s i n s m a l l n u m b e r s . At' i t s p o i n t o f maximum 

d e v e l o p m e n t a t Km. 80.6 o f 1,2.3$ o f t h e a v e r a g e p o p u l a t i o n 

v o l u m e , o n l y t h r e e c e l l s wer.e r e c o r d e d . 
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5*53 C y m b e l l a s p p . 

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

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

L i s t -of s p e c i e s a t s i t e s w h e r e t h e y 
r e a c h t h e i r h i g h e s t n umbers 

Km. * % 

_C. m i c r o o e p h a l a 0.0 0.3 

jC. d e l i c a t u l a 1.0 15 • 4 

C_. v e n t r i c o s a 9*2 16.9 

_C. p r o s t r a t a ' $.2 2.6 

_C. s i n u a t a >• 35 • ? 3.0 

_C. v e n t r i c o s a i s t h e most i m p o r t a n t s p e c i e s i n t h e genus 

i n a c o n s i d e r a t i o n o f v o l u m e r e l a t i o n s h i p s ( F i g u r e 14)• 

A t t h e s p e c i e s h i g h e s t p o i n t o f d e v e l o p m e n t , a t Km. 9*2, t h i s 

s p e c i e s c o n s t i t u t e s 16.9% o f .the a v e r a g e p o p u l a t i o n v o l u m e . 

The p r e s e n c e o f ' l a r g e n umbers o f _C. v e n t r i c o s a i n f l u e n c e s 

t h e b e h a v i o u r o f t h e genus as a w h o l e ( F i g u r e 14 ) . 

_C. s i n u a t a r e a c h e s maximum d e v e l o p m e n t a t Km. 35 • 2, 

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

p e a k o f 2.3% a t Km. 4 4 . 2 . I n t h e r e s t o f t h e r i v e r , h o w e v e r , 

t h i s s p e c i e s doe n o t r i s e a b oye 2% o f t h e a v e r a g e p o p u l a t i o n 

•volume. . ? 

_C. d e l i c a t u l a r e a c h e s a p e a k o f 15*4% o f t h e a v e r a g e 

c e l l v o l u m e a t Km. 1.0 w h e r e i t r e p l a c e s _C. v e n t r i o o s a as 

t h e most i m p o r t a n t C y m b e l l a s p e c i e s . The s p e c i e s i s p r e s e n t 
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a t a l o w l e v e l t h r o u g h o u t t h e r e s t o f t h e r i v e r . 

_C. m i c r 6 c e p h a 1 a', a s m a l l c e l l e d s p e c i e s {l9p?) i s 

p r e s e n t i n v o l u m e s ' r e p r e s e n t i n g l e s s t h a n . 1 $ o f t h e a v e r a g e 

p o p u l a t i o n v o l u m e . '„ • 
. • • -

C. p r o s t r a t a w i t h i t s r e l a t i v e l y l a r g e c e l l v o l u m e 

( l 0 l 7 8 u p ) n e e d o c c u r i n o n l y s m a l l numbers t o c o n s t i t u t e 

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

The s p e c i e s o c c u r s a t two, s t a t i o n s i n t h e 600 . . c e l l s a m p l e s , 

a t Km. 9»2> w h e r e i t . c o n s t i t u t e s 2.6%-of t h e v o l u m e , and 

1.2% a t Km. 4 3 . 2 . • ; 

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

_G. v e n t r i c o s a - i b u t i t i s a p p ' arent t h a t C y m b e l l a s p e c i e s i n 

g e n e r a l a r e more i m p o r t a n t i n l e s s h e a v i l y p o l l u t e d w a t e r s , 

and t h a t t h e y a r e s e n s i t i v e jto.," s a l i n i t y . 
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5-54 M e l o s i r a v a r i a n s . 

T h i s s p e c i e s has b e e n r e g a r d e d as a r e l i a b l e 

i n d i c a t o r o f B - m e s o s a p r o b i c c o n d i t i o n s ( K o l c w i t z a n d M a r s s o n , 

1908). I n t h e R. Wear, M. v a r i a n s does n o t a p p e a r i n t h e 

s a m p l e s b e f o r e S t a n h o p e (Km. 13»7)» ( F i g u r e 15 )» a n d n o t 

i n s i g n i f i c a n t v o l u m e s b e f o r e Km. 35•2. A f t e r t h i s p o i n t 

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

i r r e g u l a r l y , u n t i l Km. 80.6 , when t h e v o l u m e d e c r e a s e s 
1 

s h a r p l y w i t h t h e i n c r e a s e i n s a l i n i t y . M. v a r i a n s i s 

r e p l a c e d i n t h e e s t u a r i n e c o n d i t i o n s a r o u n d Km. 101 by 

M. n u m m u l o i d e s , a b r a c k i s h w a t e r s p e c i e s . 

R h o i c o s p h e n i a c u r v a t a . 

T h i s s p e c i e s i s p r o b a b l y a n i n d i c a t o r o f B - m e s o s a p r o b i c 

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

r e q u i r e m e n t s . R. c u r v a t a i s an a t t a c h e d d i a t o m , a 

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

r i v e r f l o w , as a t Page Bank (Km. 54 .2 ) , ' may i n h i b i t t h e 

c o l o n i s a t i o n of, an o t h e r w i s e s u i t a b l e h a b i t a t . R_. c u r v a t a 

b e h a v e s s i m i l a r l y .to M. v a r i a n s ( F i g u r e 15 ) > b u t r e a c h e s i t s 

p o i n t o f maximum d e v e l o p m e n t a t o h i n c l i f f e B r i d g e 

(Km. 6 5 . 6 ) . 
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COMMUNITY STRUCTURE-

6.1 I n t r o d u c t i o n . 

S e s s i l e d i a t o m s o c c u r on a v a r i e t y o f d i f f e r e n t 

s u b s t r a t e s , b u t some, o f t h e s e s u b s t r a t e s b,ear t y p i c a l l y 

s m a l l p o p u l a t i o n s , . e . j j . s a n d , g r a v e l , a n d s u b m e r g e d l e a f 

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

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

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

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

r e p r e s e n t e d a t t h e m a j o r i t y 'of s a m p l i n g s t a t i o n s . 

6.2 V a r i a t i o n w i t h G e o g r a p h i c a l - L o c a t i o n . 

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

- i n t h e r i v e r , a t t e n t i o n must,, be. p a i d t o t h e m u t u a l 

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

The p r e s e n c e o r a b s e n c e o f t h e e p i l i t h i c s u b s t r a t e i s 

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

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

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

The e p i l i t h i c * s u b s t r a t e i s p r e s e n t a t most o f t h e s i t e s 

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

I t may be p o i n t e d o u t t h a t t h e a b s e n c e o f a p a r t i c u l a r 

s u b s t r a t e f r o m any s a m p l i n g s t a t i o n does n o t n e c e s s a r i l y 

i n d i c a t e i t s a b s e n c e f r o m a r e a s a d j a c e n t t o , b u t o u t s i d e 
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t h e a r e a s e a r c h e d . F o r i n s t a n c e , t h e a b s e n c e o f 
E u r h y n c h i u m ' f r o m s a m p l i n g s i t e s b e l o w Km. 43.2 i s n o t an 
i n d i c a t i o n o f t h e l i m i t s o f t h i s s u b s t r a t e i n - t h e r i v e r . 
C l a d o p h o r a , h o w e v e r , i s uncommon i n t h e r i v e r above t h e 
s i t e w h e r e i t i s f i r s t s a m p l e d , a t Km. 16 .2 . 

The c h a n g e s i n c o m m u n i t y as one p r o c e e d s d o w n s t r e a m 

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

s m a l l d i s t a n c e may be o v e r l o o k e d . The c u m u l a t i v e e f f e c t o f 

t h e s e s m a l l c h a n g e s , h o w e v e r , may be c o n s i d e r a b l e . The 

e f f e c t o f g e o g r a p h i c l o c a t i o n may be s e e n i n F i g u r e 16, 

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

t h e same m a t r i x w i t h c o m m u n i t i e s f r o m Km. 35*2-44.2. A 

d i s t a n c e o f 34 K i l o m e t r e s s e p a r a t e s t h e two g r o u p s . 

From t h e o r d i n a t i o n i t i s a p p a r e n t t h a t t h e t w o g r o u p s 

do n o t h a v e m a r k e d a f f i n i t i e s . O n l y one c o m m u n i t y , a 

E u r h y h c h i u m c o m m u n i t y a t Km.' '35*2 shows . . s i g n i f i c a n t 

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

t h a t t h e c o m m u n i t i e s i n t h e '19 k i l o m e t r e s f r o m Km. 35•2 t o . 

Km. 54*2 show a s l i g h t l y g r e a t e r a f f i n i t y t o e a c h o t h e r t h a n 

do t h e c o m m u n i t i e s i n t h e f i r s t k i l o m e t r e . Thus i n t h e 

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

d i f f e r e n c e s due t o s u b s t r a t e , o r t o some o t h e r e c o l o g i c a l 

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

I n t h i s p r e s e n t w o r k , t h o s e c o m m u n i t i e s s a m p l e d on an 

e p i l i t h i c s u b s t r a t e s h a r e a p p r o x i m a t e l y t h e same 
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g e o g r a p h i c a l a r e a ' a s t h o s e s a m p l e d on t h e E u r h y n o h i u m 

s u b s t r a t e . Those c o m m u n i t i e s s a m p l e d on C l a d o p h o r a a n d 

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

o f t h e i r r a n g e s a r e o u t s i d e t h i s - common .area. 

6.3 The E p i l i t h i c S u b s t r a t e . 

The c o m m u n i t i e s t o be f o u n d on t h i s s u b s t r a t e f o r m a 

r e l a t i v e l y h e t e r o g e n e o u s gro'up, jL.j3. any c o m m u n i t y may show 

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

same s u b s t r a t e . The. e p i l i t h i c s u b s t r a t e i s l i a b l e t o 

c h a n g e s due t o t h e r a t e o f s t r e a m f l o w , w h i c h i s a p r i m e 

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

a l o n g t h e r i v e r * . I n . q u i e . t s t r e t c h e s o f t h e r i v e r , t h e s e 

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

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

a i o n g , a n d a r e n o t d e p o s i t e d . Thus t h e raicrotopography o f 

t h e s u b s t r a t e may c h a n g e , p a r t l y as a r e s u l t o f t h e c u r r e n t 

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

o f f i l a m e n t o u s . a l g a e . 

As a r e s u l t , t h e e p i l i t h i c s u b s t r a t e may s u p p o r t a 

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

s h e e t , o r a t h i c k b l a n k e t o f d e t r i t u s i n w h i c h d i a t o m s 

a n d o t h e r a l g a e a r e f r e e l y i n t e r m i n g l e d . 

The c o m p l e x n a t u r e o f t h e e p i l i t h i c s u b s t x ' a t e i s 

r e f l e c t e d i n t h e o r d i n a t i o n F i g u r e 17• 
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Those communities sampled f a l l i n t o two major g r o u p s , 

one s a t e l l i t e community, and one s o l i t a r y community. 

The two major .'groups ( j . ._a. those communities sampled 

a t Km. 0 . 0 ; 2 . 7 ; 4 . 4 j 1 0 . 5 and 9 . 2 j . 1.3.7 J l 6 . 2 $ 2 4 . 3 ; 

3 5 • 2s 4 3 . 2 s 5 4 * 2 ) o v e r l a p , and have some s i m i l a r i t y w i t h 

each o t h e r . 

The s a t e l l i t e community a t Km. 8 0 . 6 shows a f f i n i t i e s 

w i t h t h e community a t Km. 54:. 2 , h u t has l i t t l e , i n common 

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

The s o l i t a r y community a t Km. 1 0 0 . 9 i s a b r a c k i s h 

w a t e r community, w i t h c o n s e q u e n t l y many e s t u a r i n e . and 

marine forms among i t s c o n s t i t u e n t s . 

I t i s a p p a r e n t t h a t som:e f a c t o r i s o p e r a t i n g a t o r 

about Km. 9 * 2 - 1 0 . 5 > w h i c h a f f e c t s t h e e p i l i t h i c communites. 

I n t h i s r e g i o n , a t a p p r o x i m a t e l y Km. 1 0 , i s t h e newly 

c o n s t r u c t e d cement works, t h e o p e r a t i o n o f w h i c h r e s u l t s 

i n p e r i o d i c a l i n c r e a s e s i n tlae amounts o f p a r t i c u l a t e 

m a t e r i a l i n t h e r i v e r . I t ;is p o s s i b l e t h a t t h e r e may be 

some c o r r e l a t i o n between t h e s i t i n g o f t h e cement works, 

and t h e observed change i n t h e e p i l i t h i c d i a t o m f l o r a . 

6 . 4 Eurhynchium S u b s t r a t e s . 

Eurhynchiu'm rjjj^arJL^idejs :was chosen as., a s u b s t r a t e 

because i t i s . t h e most common moss i n t h e R. Wear. I t i s 
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f o u n d i n a l m o s t a l l p a r t s o f t h e r i v e r , b u t d i d n o t occur 

a t some o f t h e s i t e s sampled. 

T h i s group o f communities i s r e l a t i v e l y homogeneous, 

_i»_e.;each community shows some a f f i n i t y t o most o f t h e 

o t h e r comraunites. 

The s u b s t r a t e i s n o t s6 d e e p l y a f f e c t e d by t h e presence 

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

e p i l i t h i c c o m m u n i t i e s . Some o r g a n i c m a t e r i a l i s always 

p r e s e n t i n t h e i n t e r s t i c e s o f t h e p l a n t , and t h e q u a n t i t y 

does n o t appear t o change s i g n i f i c a n t l y . Any tendency t o 

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

by t h e m e c h a n i c a l e f f e c t o f t h e s t r e a m flow.. T h i s s i t u a t i o n 

r e s x i l t s i n a s u b s t r a t e w h i c h remains e s s e n t i a l l y t h e same 

whereever i t i s f o u n d i n t h e r i v e r . 

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

i s r e f l e c t e d i n t h e o r d i n a t i o n ( F i g u r e 1 8 ) , on w h i c h i s 

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

W h i l s t r e c o g n i z i n g t h i s homogeneity, c e r t a i n 

a f f i l i a t i o n s may y e t be seen w i t h i n t h e group. There i s 

one main group, t h o s e communities sampled a t Km. 9•2; 10.5; 

1 3 « 7 j - l 6 . 2 ; 2 4 . 3 j 3 5 . 2 , w h i c h have v e r y s t r o n g a f f i n i t i e s 

w i t h , each o t h e r . 

Besides the main group, t h e r e are two s a t e l l i t e g r o u p s , 

a t Km. 0.0-1.0, and 2.7-4»4« B o t h these groups have 

a f f i n i t i e s w i t h t h e main g r o u p , b u t n o t t o each o t h e r . 
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The r e l a t i o n s h i p s o f the s o l i t a r y community a t 

Km. 4 3 . 2 r e m a i n ' p r o b l e m a t i c a l , b u t i t does have h i g h i n d i c e s 

o f s i m i l a r i t y w i t h o t h e r communities on t h i s s u b s t r a t e , 

and s h o u l d n o t t h e r e f o r e , be termed " a t y p i c a l " . , 

Prom t h e o r d i n a t i o n , i t w o u l d appear, t h a t c o n d i t i o n s 

i n t h e r i v e r "from Km. 9 » 2 t o Km. 35*2 r e m a i n f a i r l y c o n s t a n t 

as f a r as t h e communities on Eurhynohium are concerned. 

Communities o u t s i d e t h i s range appear t o be s l i g h t l y more 

v a r i a b l e , b u t a r e , even so,' c l o s e t o t h e main group. 

6 . 5 Unbranched Green F i l a m e n t o u s A l g a l S u b s t r a t e • 

The main c o n s t i t u e n t s ,of t h i s . s u b s t r a t e a re 

f i l a m e n t o u s C h l o r o p h y t a . . The dominant genus e n c o u n t e r e d 

was U l o t h r i x , t h e species, o f w h i c h were i d e n t i f i e d as 

U. z o n a t a , U. a e ^ u a l i s , U. jt e n u i s s ^ m a , and U. s^ubtills» 

Other f i l a m e n t o u s a l g a e a s s o c i a t e d w i t h t h e U l o t h r i x spp 

were Oedogonium sp . , S t i ge o o 1 o n i urn sp., O s c i l l a t o r j i a . sp. , 

Lyngbya sp., and occas l o n a i l y Cladophora sp. 

The unbranched green f i l a m e n t o u s a l g a e s u b s t r a t e i s 

s e t as.ide f r o m t h e Cladophora s u b s t r a t e , s i n c e w h i l s t t h e 

t h a l l i o f t h e l a t t e r are h a r d and r i g i d , t h e t h a l l i o f -

U l o t h r i x and i t s a s s o c i a t e d f i l a m e n t s are b o t h s o f t and 

f l e x i b l e , more m u c i l a g i n o u s , and g e n e r a l l y o f a s m a l l e r 

d i a m e t e r . There i s an. e x c e p t i o n , i n t h a t Oedogonium 

resembles t h e Cladophora t h a i l u s . i n ' c e r t a i n c h a r a c t e r i s t i c s . 
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E p i p h y t e s were n o t u s u a l l y found, on O s c i l l a t o r i a and 

l y n g b y a . 

The d i s t i n c t i o n between t h e unbranched green filaraento.us 

a l g a l s u b s t r a t e and t h e e p i l ' i t h i c s u b s t r a t e I s o f t e n b l u r r e d , 
t 

s i n c e s h o r t f i l a m e n t s o f a l g a e , i n p a r t i c u l a r U l o t h r i x spp., 

may become e s t a b l i s h e d on s t p n e s and r o c k s . Every a t t e m p t • 

has been made t o sample.only t h o s e communities w h i c h can be 

s a i d t o be d e f i n a t e l y on o f t h e s e two s u b s t r a t e s . 

The unbranched f i l a m e n t o u s a'lgal s u b s t r a t e appears 

t o a c t as a s i e v e f o r s m a l l o r g a n i c p a r t i c l e s suspended i n 

th e r i v e r , and these f o r m a f i l m o f p o t e n t i a l l y n u t r i t i v e 

. m a t e r i a l around and between t h e f i l a m e n t s . The f l e x i b l e 

n a t u r e o f t h e t h a l l i enables t h e community p r e s e n t upon them 

to- be a e r a t e d by the movement o f the t h a l l i w i t h t he w a t e r 

moyem,ent. 

The communities on t h e unbranched f i l a m e n t o u s a l g a l 

s u b s t r a t e are a w e l l d e f i n e d * homogeneous group, ( F i g u r e 1 9 ) • 

The communities sampled f a l l i n t o one major group, t h o s e 

a t Km. 0 . 0 ; 1 . 0 ; 2 . 7 ; 4 « 4 > 1 0 . 5 , a s a t e l l i t e community a t 

Km. '44*2, w h i c h shows a l i m i t e d a f f i n i t y w i t h t h e main group, 

and -a s o l i t a r y .community a t Km. 1-6.2, T h i s s o l i t a r y .community 

was sampled on a f i l a m e n t o u s . s u b s t r a t e w h i c h c o n t a i n e d 

Oedogoniuin As t h e dominant f o r m . The m o r p h o l o g i c a l 
s i m i l a r i t y o f t h e Oedogonium . t h a l i u s t o t h a t o f Cladorahora 
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has r e s u l t e d i n an e p i p h y t i c community w h i c h has few 

a f f i n i t i e s w i t h t h e o t h e r communities on t h e unbranched 

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

communities on Oedogonium s h o u l d be' r e f e r r e d t o CIadophora. 

6 . 6 The Cladoph o r a. _ ub s . t r site . 
From t h e d a t a i t i s e v i d e n t t h a t , t h e d i a t o m ~ 

communities a s s o c i a t e d w i t h Cladophora f o r m a d i s t i n c t 
t. .«. 

group w i t h i t s own c h a r a c t e r i s t i c s . • I n t h e R. Wear, t h e s e 

communities, are> . c h a r a c t e r is:e.d by h a v i n g a h i g h p r o p o r t i o n 

o f Cocconeis pediculus» and* C;' p l a c e n t u l a . I n many cases, 

the. Cladophora t h a l l i ai re a l m o s t -completely e n c r u s t e d w i t h 

t h e c e l l s o f -these two s p e c i e s . "_C. p e d i c u l u s i s t h e more 

numerous o f t h e two species'* and i t may be s i g n i f i c a n t t h a t 

th e m a r kedly a r c h e d f r u s t u l e i s b e t t e r a b l e t o accommodate 

i t s e l f t o t h e wide Cladophora t h a l l u s t h a n i s t h e moire f l a t 

f r u - s t u l e o f C". p l a c e n t u l a , w h i c h i s t h u s ' a t a ' t h e o r e t i c a l 

e c o l o g i c a l d i s a d v a n t a g e i n 'the c o l o n i z a t i o n o f t h i s s u b s t r a t e . 

The dominance o f Cocconeis spp.. does d i m i n i s h however, 

i n t h o s e Cladophora communities i n • r e l a t i v e l y • slow f l o w i n g 

w a t e r s . ' Here, t h e ericruatin.c?; Cocconeis 'spp. are o u s t e d by. 

o t h e r , none encr.u'sting s p e c i e s . Less t u r b u l e n t c o n d i t i o n s 

i n . t h e s e w a t e r s appear t o be more f a v o u r a b l e t o a t t a c h e d 

s p e c i e s , e,..g. H e l o s i r a v a r i a r i s , and R h o i o o s p h e n i a c u r v a t a . 

Free l i v i n g . f o r m s are" a l s o b e t t e r r e p r e s e n t e d i n these l e s s 
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t u r b u l e n t c o n d i t i o n s . 

The d i a t o m communities on Cladophora a r e , t h e r e f o r e 

c a p able o f a wide v a r i a t ' i o n ' j a l t h o u g h t h e s e same 

communities are d i f f e r e n t i n many- ways' t o communities on 

o t h e r s u b s t r a t e s . ' T h i s v a r i a t i o n i s ' shown i n t h e 

o r d i n a t i o n (Figu're . 2 0 ) , where h a l f o f l t h e comparisons made 

f a l l below t h e l e v e l o f 50$ s i m i l a r i t y . ' There are two 

major g r o u p s : - ' 

( i ) ' Those communities rsampie'd a t Km. 16 . 2 . 

( i i ) Those communities sampled a t Km. 3 5 * 2 ; 4 3 * 2 ; 

4 4 . 2 ; 7 0 . 6 . 

Ther e are l i m i t e d r e l a t ' i o n s h i p s ' between' these two 

•groups, b u t t h o s e cpmmunitie:s' saniplexL :at. Km. 1 6 . 2 appear 

t o be s i g n i f i c a n t l y d i s s i m i l a r t o t h e second-major group. 

Hp s a t i s f a c t o r y e x p l a n a t i o n can be o f f e r e d , b u t i t i s 

p o s s i b l e t h a t t h e i n f l o w o f t h e S h i - t t l e h o p e ; Burn a t t h i s 

• p o i n t may, be o f s i g n i f i c a n c e . . » 

; There is. a l s o a- s a t e l l i $ e community a t Km. 9 2 . 2 w i t h 

a f f ihit'ie:s. w i t h t h e s.'ecbnd. ;ma.j or group ( i i ) . 

6 . 7 R e l a t i o n s h i p s betwe'en t h e E p i l i t h i c and t h e Eurhynchium 

S u b s t r a t e s . 

A comparison, o f these two groups o f comvounities, shows 

th e s t r o n g a f f i n i t i e s between them ( F i g u r e 2 l ) . The 

communities i n e i t h e r group show as much r e l a t i o n t o t h e 
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communities i n t h e o t h e r group as t h e y do t o t h e 
communities w i t h i n i t s own g r o u p . On t h i s a n a l y s i s 
t h e r e f o r e , i t i s n o t p o s s i b l e " t o d i s t i n g u i s h t h e two. I n 
t h e s e two g r o u p s , the e f f e c t o f t h e s u b s t r a t e appears t o 
be e i t h e r n e g l i g a b l e , or s i m i l a r t o b o t h . 

The d i f f e r e n c e s between t h e two groups o f p o p u l a t i o n s , 

become p r o g r e s s i v e l y d i m i n i s h e d , w i t h passage downstream. 

I f t h e - i n d i c e s o f s i m i l a r i t y are computed and o r d i n a t e d as 

i n ( F i g u r e 2 2 ) , i t i s a p p a r e n t t h a t t h e r e i s a t r e n d t o a 

h i g h e r average v a l u e i n t h e l o w e r l e f t hand- c o r n e r 

( " r e p r e s e n t i n g t h e s t a t i o n s sampled i n t h e l o w e r p a r t s o f t h e 
•i 

r i v e r . ) L i k e w i s e , there' i s an o p p o s i t e t r e n d to- l o w e r average 

v a l u e i n t h e upper r i g h t hand corner,, ( w h i c h r e p r e s e n t s 

those, s t a t i o n s sampled i n the- upper p a r t s o f / t h e r i v e r . ) 

T h i s phenomenon may be due t o ' t h e more .uniform e c o l o g i c a l 

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

The l o g i c a l p r o g r e s s i o n o f . t h i s t h e o r y , a s i t u a t i o n where 

a l l p o s s i b l e s u b s t r a t e s are.; o c c u p i e d by t h e same community 

may never be r e a c h e d i n " t h e R.. Wear, due t o t h e e f f e c t o f 

f a r - r e a c h i n g changes b r o u g h t about, by t h e p r o g r e s s i o n i n t o 

b r a c k i s h , e s t u a r i n e w a t e r s . 

6 . 8 R e l a t i o n s h i p s between t h e Unbranched Gr.een F i l a m e n t o u s 

A l g a l and t h e Clado-phora S u b s t r a t e s . 

A comparison o f these two g r o u p s , ( F i g u r e 2-3) shows 
them-to be q u i t e d i s t i n c t f r o m each o t h e r . There i s l i t t l e 
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s i m i l a r i t y w i t h each o t h e r , w i t h t h e e x c e p t i o n o f one 
community. The e x c e p t e d community, sampled on Oedogonium 
a t Km. 4 4 . 2 , resembles those communities on'- Cladouhora 
more c l o s e l y t h a n t h o s e on t h e unbranched s u b s t r a t e . 

However, a community on Oedogonium a t Km. 1 6 . 2 appears 

t o be q.uite d i s s i m i l a r t o a l l o t h e r communities e x c e p t 

those Cladophdra communities a l s o o c c u r r i n g a t Km. 1 6 . 2 . 

Thi's group o f communities a t Km. 1 6 . 2 appear t o comprise 

a s e p a r a t e e n t i t y , and y e t show a TOfo s i m i l a r i t y w i t h a . 

community on U l b t h r i x t e n u i s s i m a a t Km. 0 . 0 . 
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TAXONOMY 

7 . 1 

As a r e s u l t o f t h e i n v e s t i g a t i o n , 168 d i a t o m s p e c i e s 

were i d e n t i f i e d i n t h e R i v e r Wear. An a c c o t i n t o f t h e s e 

diatoms a n d , t h e i r d i s t r i b u t i o n i n t h e R i v e r Wear i s s e t 

out i n Peabody and W h i t t o n ( 1 9 6 8 ) . 

An i n t e r e s t i n g p o i n t a r i s i n g f r o m t h i s account i s t h e 

p o s s i b i l i t y o f c o n f u s i o n between IT. g r e g a r i a and 

N. c r y p t o c e p h a l a i n i n v e s t i g a t i o n s on o t h e r r i v e r systems. 

F i g u r e 24 shows: t h e c h a r a c t e r i s t i c appearance o f 

H* j g ^ e g a r i a i n t h e R. Wear, i n p a r t i c u l a r t h e a s s y m e t r i c a l 

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

t o s e p a r a t e these two s p e c i e s . 



l O u 

I l a v i c u i a s r e s a r i a 

F i g u r e 24 
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DISCUSSION. 

8 . 1 

The d i f f i c u l t i e s involved i n the a n a l y s i s of diatom 

communities, and the need f o r a more s u i t a b l e method of 

comparison have been o u t l i n e d above. The pre s e n t author 

b e l i e v e s t h a t the ada p t a t i o n of the method suggested by 

Czekanowski ( ( 1 9 1 3 ) - i n Greig-Smith ( 1 9 6 4 ) ) , s a t i s f i e s t h i s 

need. Advantages of t h i s method are t h a t i t provides an 

o b j e c t i v e approach, w i t h an immediate v i s u a l assessment of 

the r e s u l t s . I t also, appears to be s u i t a b l e f o r use w i t h 

communities of micro-organdsrns. A disadvantage i s , t h a t 

to be t o t a l l y o b j e c t i v e , a l l the s p e c i e s occurring i n the 

two environments or communities should be taken i n t o 

c o n s i d e r a t i o n . However, when a l a r g e number of s p e c i e s i s 

inv o l v e d , the use of a punch card system becomes unwieldy, 

and the data would probably r e q u i r e a n a l y s i s by computer. 

The r e s u l t s have shown t h a t the communities on the 

e p i l i t h i c and Eurhynchium s u b s t r a t e s have much i n common wi t h 

each other, d e s p i t e c e r t a i n d i f f e r e n c e s i n the nature of the 

s u b s t r a t e s ( F i g u r e 2 1 ) . Any e x p l a n a t i o n of these phenomena 

must l a r g e l y be a matter of some c o n j e c t u r e , s i n c e 

d e t a i l e d s t u d i e s of environmental f a c t o r s were not c a r r i e d 
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out. 

However, s i n c e " gross" e c o l o g i c a l f a c t o r s (.e.g. l i g h t , 

temperature, n u t r i e n t s , e t c . , ) are operating.on a l l the 

s u b s t r a t e s e q u a l l y at the same s i t e , then one must conclude 

that some f a c t o r or f a c t o r s are o p e r a t i n g , i n the 

micro-environment immediately surrounding the community. 

Some f a c t o r s which may operate on the. 

micro-environment and which may a f f e c t the community through 

the s u b s t r a t e a r e : 

( a ) Microtopography. 

(b) Rate of water flow w i t h i n the system. 

( c ) Og/cOg balance w i t h i n the system. 

(d) Rate of n u t r i e n t removal by a l i v i n g s u b s t r a t e . 

The e f f e c t s of these f a c t o r s on the community are 

d i f f i c u l t to demonstrate. However, i t has been shown above, 

( F i g u r e 23 )> t h a t the major d i f f e r e n c e between the 

communities on Cladophora and those on unbranched green 

filamentous algae i s the g r e a t e r amount of Cocconeis 

p e d i c u l u s on Cladophora. T h i s s p e c i e s , w i t h i t s l a r g e , 

arched v a l v e s , appears to be b e t t e r adapted to the broad 

and r e l a t i v e l y r i g i d Cladophora t h a l l i , than to the s m a l l e r 

and more f l e x i b l e U l o t h r i x t h a l l i . 

The r a t e of water flow w i t h i n the system a f f e c t s a l l 

s u b s t r a t e s , i n p a r t i c u l a r those l i v i n g s u b s t r a t e s which are 
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j?\r( } c o n t i n u a l l y removing n u t r i e n t s e t c . , from, the 

micro-environment. Any e f f e c t due to t h i s f a c t o r should 

he most apparent i n a comparison between the communities 

on the e p i l i t h i c and on the Eurhynchium communities. I t i s 

indeed probable t h a t t h i s i s a c o n t r i b u t o r y f a c t o r to the 

d i f f e r e n c e between these two communities,- but i t s e f f e c t s 

would appear to be s l i g h t . 

Such d i f f e r e n c e s as there are between these two 

communities are probably b e t t e r e x p l a i n e d ih..terms of the 

mechanical a c t i o n of the water flow on the s u b s t r a t e s . The 

e p i l i t h i c s u b s t r a t e supports a l a r g e r number of motile 

c e l l s than does the Eurhynchium s u b s t r a t e , e s p e c i a l l y the 

more narrow s p e c i e s ( F i g u r e 3 - 7 ) • The s e t t l i n g of 

p a r t i c l e s onto the e p i l i t h i c s u b s t r a t e may encourage the 

g r e a t e r numbers of motile c e l l s , whereas the Surhynchium 

fronds, which are c o n t i n u a l l y a g i t a t e d by water flow 

p r e v e n t i n g e x c e s s i v e s i l t i n g , i s able to support higher 

numbers of non-motile c e l l s . 

The Eurhynchium a l s o supports more c e l l 3 w i t h a higher 

c e l l volume than does the e p i l i t h i c s u b s t r a t e ( F i g u r e l l ) . 

The reason f o r t h i s remains obscure, and f u r t h e r s t u d i e s 

o u t s i d e the scope of t h i s p r e s e n t work would need to be 

undertaken. 

I t i s evident t h a t g e ographical l o c a t i o n must be taken 
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i n t o c o n s i d e r a t i o n . Although, d i f f e r e n c e s "between the 

s u b s t r a t e s are s m a l l over s h o r t d i s t a n c e s , over l a r g e r 

d i s t a n c e s , the communities show marked changes ( F i g u r e 1 6 ) . 

An i n t e r e s t i n g point a r i s i n g from the comparison of the . 

Eurhynchium and e p i l i t h i c s u b s t r a t e s i s , t h a t the 

communities on these s u b s t r a t e s tend towards s i m i l a r i t y 

w i t h p r o g r e s s i o n downstream ( F i g u r e 2 2 ) . I t i s 

t e n t a t i v e l y suggested that t h i s Is at l e a s t p a r t l y due to 

more uniform environmental c o n d i t i o n s . 

The i n c r e a s e i n the numbers of l a r g e r c e l l e d s p e c i e s 

w i t h p r o g r e s s i o n downstream ( F i g u r e 1 0 ) , supports the view 

of Liebman ( ( 1 9 4 2 ) - i n F j e r d i n g s t a d ( 1 9 5 ° ) ) , and Johnson 

(1963) .? Munk and R i l e y ( ( 1 9 5 2 ) - i n Hutchinson ( 1 9 6 7 ) ) a l s o 

hold t h a t s m a l l s i z e i s m e t a b o l i c a l l y advantageous. The 

r e s i i t s of t h e i r work i n d i c a t e t h a t s p h e r i c a l and f l a t 

d i s c o i d a l forms are at a c o n s i d e r a b l e advantage over 

c y l i n d r i c a l forms, when uptake by an organism i n t u r b u l e n t 

water i s c o n s i d e r e d . Conversely, c e l l s w i t h l a r g e volumes 

are at l e s s of a disadvantage i n a n u t r i e n t r i c h environment. 

The i n d i v i d u a l diatom s p e c i e s which are the most 

important w i t h regards to volume a r e : 
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Cymbella d e l i c a t u l a 

C. v e n t r i c o s a 

l l i t z s c l i i a d i s s i p a t a 

H e l o s i r a v a r i a n s 

N i t z s c h i a p a l e a 

H a v i c u l a avenacea 

Rhoioosphenia c u r v a t a 

Peabody and Whitton ( 1 9 6 8 ) , 

the R. Wear w i t h those of the R. 

Km. 
1 . 0 

2 . 7 - 3 5 . 2 

2.7-13.7 

4 4 . 2 - 8 0 . 6 

5 4 . 2 

5 4 . 2 - 8 0 . 6 

6 5 . 6 

compare the diatoms of 

Tees. 
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ALGAE OF THE RIVER WEAR 1. DIATOMS 
A. J. PEABODY* AND B. A. WHXTTON 

{Department of Botany, University of Durham) 
The algal flora of British rivers has seldom been studied intensively, and the only 

fast flowing one for which there is a comprehensive account is the R. Tees. Butcher, 
in Butcher, Longwell and Pentelow (1937), concluded that diatoms accounted for 
70% of. the total micro-organisms in the R. Tees, and he dealt with this phylum in 
some detail. Recently the diatoms of the R. Tees have been surveyed again by Whitton 
and Dalpra (in press). They concluded that of 148 diatoms listed, there were only-
five detectable changes in abundance between the two surveys, none of them involving 
dominant species. As the floristic composition of the R. Tees appears to have changed 
little in over 30 years, i t was therefore decided to see how great is the difference 
between this river and the river immediately to its north, the R. Wear. Since Butcher's 
survey a considerable literature has been published on diatoms from rivers in other 
parts of Europe and North America, but little on attached diatoms of British rivers. 
The following introductory account of the epilithic and epiphytic diatoms of the 
R. Wear is presented for comparison with the previous literature, and as part of a 
general survey of this river. 

The data for each species is given under the following headings: 
(i) Morphological and taxonomic comments. 

(ii) Records made as part of an intensive survey carried out on 3rd September, 1966 
(3.IX.66). Diatom samples were taken from each of 19 sites. At each site material 
was collected from a range of habitats chosen subjectively to give a representative 
picture of the epitlithic and epiphytic diatoms present. The 19 sites are referred to 
in the text simply by their distance from the start of the river, and are as follows: 

km 0.0 Wearhead km 35.2 weir above Witton Bridge 
km 1.0 West Blackdene km 43.2 Newton Cap Bridge 
km 2.7 Broken Way Ford km 44.2 Jock's Bridge ' 
km 4.4 Bridge End km 54.2 Page Bank 
km 9.2 Cambo Keels km 65.6 downstream of Shincliffe Bridge 
km 10.5 above Rookhope Burn km 70.6 Kepier '• 
km 13.7 Briggen Winch km 80.6 Cocken Bridge 
km 16.2 Shittlehope Burn km 92.2 Lamb Bridge 
km 24.3 Wolsingham Bridge km 100.9 S. Hylton Ferry 
km 26.3 Scotch Isle 

600 cells were counted for each site and these are referred to as the 'total diatom 
population' for that site. Diatoms not recorded under this heading were not found 
on this date. 
(iii) Specific records for other dates (included only i f of particular interest). 
(iv) Tentative generalizations, where possible. 
(v) Interesting comparisons with the literature or other comments. 

CENTRALES 
Melosira nummuloides (Dillw.) Ag. (i) Chains of cells 12-20 |* diameter (ii) Furthest 

upstream record at km 80.6; formed the majority of cells at km 100.9 ( F I G . 1) 
(iii) Abundant on 26.v1.66 at Glasshouse Hi l l (km 104.2). Not recorded from 
R. Tees, although Butcher's lowest station was in the tidal reach. 

M. varians Ag. (i) 8-20 (i diameter (ii) Furthest upstream record at km 16.2, in 
very low numbers; gradually increased in relative abundance to maximum at 
km 70.6 (iv) M. varians appears largely to be replaced by M. nummuloides in 
the estuarine region. 

Sceletonema costatum (Grev.) Cleve (iii) A few cells on 27.v1.66 at Glasshouse Hi l l 
(km 104.2). 

Thalassiosira fluviatilis Hust. (i) 18-20 fz diameter (ii) A few cells seen at km 65.6, 
km 70.6, km 80.6. 

Cyclotella meneghiniana Kiitz. (i) 9-18 \i diameter; the smallest cells found are 
smaller than the lower limit of 10 y. given by Hustedt (1930b). C. kulzingiana 
Thwaites was not recorded from R. Wear (ii) Found in the lower part of the 
river, at and below km 65.6, forming 2-4% of the population. 

Actinoptychus splendens (Shadb.) Ralfs (iii) On 27.v1.66 at Glasshouse Hi l l (km 104.2) 
on Pilayella. 

Present address: Forensic Science Laboratory, Preston, Lancashire. 

http://26.v1.66
http://27.v1.66
http://27.v1.66


90 Algae of the River Wear 

PENNALES 

Tabellaria fenestrata (Lyng.) Kiitz. (i) 30-140 J J L x 3-9 | i (ii) five cells seen in samples 
from km 0.0. 

T.flocculosa (Roth) Kutz. (i) 16-25 V- l°nB> 6-10 |x wide in the centre and 3.5-4.0 y. 
at the poles (iv) Present throughout almost all the river, occurring as single cells, 
or in small numbers. 

Grammatophora serpentina (Ralfs) Ehr. (i) 25-180 y. x 12-18 y (ii) one cell noted 
at km 80.6 (iii) Common at Glasshouse Hi l l (km 104.2) on Pilayella on 27.v1.66. 

Licmophora ehrenbergii (Kutz.) Grun. (iii) At Glasshouse Hi l l (km 104.2) on Pilayella 
on 27.v1.66. 

Meridion circulare (Grev.) Ag. (i) 16-39 f- x 3 - 6 V-i somewhat narrower than the 
width range (4-8 y.) given by Hustedt (1930b). The var. conslricta (Ralfs) v. 
Heurck also present (ii) Formed 5% diatom population at km 0.0, decreased in 
relative abundance on passing downstream; solitary cells only found in the tidal 
reaches (iv) Possibly relatively more abundant in early spring, at least in the 
more polluted waters (v) Described by van der Werff (1957) as an 'oligohalobe' 
and rheophilous. Fjerdingstad (1964, 1965) places this species in his class of 
saproxenous organisms, i.e. those generally occurring in biotopes other than 
polluted ones, but which may also be found in the presence of moderate pollution. 

Diatoma vulgare Bory (i) 20-50 y. X 6-12 ( i ; ribs 7-8/10 (i. No attempt made to 
separate this variable species into its named varieties; at one extreme the forms 
approach D. elongatum (Lyng.) Ag. (ii) Throughout the river, but most abundant 
at km 1.0, where formed 6% diatom population (iii) A frequent organism 
throughout the river at all times of year (v) Fjerdingstad (1964, 1965) classed 
this species as saprophilous, but it does not show any such tendency in either 
the R. Wear or R. Tees. I t is frequent in some unpolluted tributaries of R. Wear, 
e.g. Burnhope Burn. 

D. elongatum (Lyng.) Ag. (ii) Two cells seen at km 43.2 and km 92.2. 
D. hiemale (Lyng.) Heiberg (i) As var. mesodon (Ehr.) Grun.: 12-20 y long and 

6-12 y, wide (ii)J Occurred sporadically, more common above km 35.2. 
Opephora martyi Heribaud (i) I f the hetcropolarity is not well pronounced some 

confusion may arise between this species and Fragilaria spp. (iii) At Glasshouse 
Hi l l on Pilayella.Qtm 104.2) on 27.v1.66. 

Ceratoneis arcus Kiitz. (i) shape very variable; includes var. amphioxys (Rabh.) Brun. 
2.5% of the diatom population at km 1.0 (iv) Frequent throughout the year 
though always more abundant in the upper reaches. 

Fragilaria intermedia Grun. (i) 24-34 | J L X 2.5-5.0 J A ; striae 11-12/10 y. This species 
is not readily determined from the girdle aspect, a problem with many Fragilaria 
spp. Petersen (1938) in fact considered that F. intermedia is identical with Synedra 
vaucheriae, and united the two under F. vaucheriae (Kutz.) Petersen (iv) One 
of the more important diatoms of the river, though more abundant in the upper 
reaches. 

F. construens (Ehr.) Grun. (i) As fo. binodis (Ehr.) Grun. (ii) A few cells seen at 
km 70.6 and km 80.6. 

F. pinnata Ehr. (i) As var. lancettula (Schumann) Hust. (ii) A few cells seen at 
km 70.6, km 80.6 and km 100.9. 

F. brevistriata Grun. (iii) Seen only once at Lumley Bridge (km 88.1) in September 
1965. 

Asterionella formosa Hass. (ii) One cell seen at km 0.0 (which is however below 
Burnhope Reservoir). 

Synedra ulna (Nitzsch) Ehr. (i) A range of forms occur; perhaps the most clearly 
delimited is var. oxyrhynchus (Kutz.) v. Heurck (ii) Present at almost all stations, 
though more common in the upstream ones; 2% diatom population at km 0.0 
and km 2.7. 

S. acus Kiitz. (ii) Single cells seen at km 1.0 and km 4.4. 
5. rumpens Kiitz. (sensu law) (i) This taxon is used here as a receptacle for the 

smaller Synedra species, where the shapes of the frustule and of the central 
area are both variable. Cells approaching typical S. minuscula Grun. and 
S. amphicephala Kiitz. were met. An objective separation into the various species 
could probably be obtained only by numerical methods (ii) Occurred throughout 
the river, but more abundant in the uppermost three kilometres (iv) The previous 
statement is probably applicable throughout the year. 
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S. affinis Kiitz. (ii) Occurred at various sites in very low numbers; more common 

below km 43.2. 
5. pulchella Kutz. (i) Both type and var. lanceolata O'Meara present. 
5. vaucheriae Kiitz. See F. intermedia above. 
Eunotia bigibba Kiitz. (i) As var. pumila Gran, (iii) Noted once, at Durham (km 67.6) 

on n.x.65. 
E. exigua (Breb.) Rabh. (ii) At various sites, but most frequent from km 9.2 to km 24.3. 
E. lunaris (Ehr.) Grun. (i) As var. subarcuata (Nag.) Grun. Typical cell: 32 p x 4 p; 

striae 16/10 n. (ii) A few cells noted from widely separated sites. 
I E. pectinalis (Kiitz.) Rabh. (i) Only cell: var. minor (Kiitz.) Rabh. fo. impressa (Ehr.) 

Hust.: 52 x 5 | i , striae 15/10 n (ii) km 16.2. 
E. polydentula Brun. (i) As var. perpitsilla Grun. (iii) A few cells seen at Lamb 

Bridge (km 92.2) on 23.111.66. 
E. tenella (Grun.) Hust. (ii) Single cells seen at km 2.7 and at km 10.5 (above the 

entry of Rookhope Burn). 
E. trinacria Krasske (ii) One cell at km 43.2. 
Cocconeis pediculus Ehr. (i) 19 -̂31 y- long, 10-23 V- wide (iv) An abundant epiphyte 

in the warmer months, in particular often smothering Cladophora glomerata 
(v) Due to the rapidity with which this organism can grow and the density of 
the covering it can form on Cladophora it seems likely that this species will 
prove one of the most ecologically important in the river. Although occasional 
cells of Cocconeis pediculus are found in other habitats, this is more restricted to 
the epiphytic habitat than any other species. 

C. placentula Ehr. (i) 16-22 (—35) n long, 8-11 (—20) n wide (iv) Usually associated 
with filamentous algae other than Cladophora. 

C. diminuta Pantocsek (i) The one valve noted was 12 x 8 (i and had striae 10/10 \L 
on the rapeless valve (iii) Valve found at Durham (km 67.6) on 17.1x.65. 

Achnanthes minutissima Kutz. (i) 8-20 p x 4-6 n; some forms approach var. 
cryptocephala Grun. (ii) Throughout the river, and an important constituent of 
the diatom population from km 0.0 to km 35.2, reaching 73% diatom population 

' at km 4.4. 
A. affinis Grun. (ii) One cell at km 0.0. 
'A. lanceolata Breb. (i) 8-20 (i x 4-6 p. The fo. ventricosa Hust. also occurs, a 

typical cell being 35 x 12 p, striae 13/10 ji (iv) The type occurs in small 
amounts throughout almost all the river; the fo. ventricosa is less common than 
the type. 

A. pyrenaica Hust. (i) 11-12 p x 4-5 J J L ; striae 23-26/10 p. The alga agrees with the 
description by Hustedt (1939), except he recorded the striae as 21-25/10 p 
(ii) Fairly common between km 4.4 and km 16.2; less common than elsewhere 
(v) This is apparently the first published record of this organism in the British 
Isles. Judging by recent European literature this may be a relatively common 
species which is usually included elsewhere. 

A. brevipes Ag. (i) var. intermedia (Kiitz.) Cleve. Typical cell from km 100.9: 
32 x 13 ( i ; striae 10/10 p. (ii) One cell at km 80.6, but quite common at km 100.9. 

Rhoicosphenia curvata (Kiitz.) Grun. (ii) A single cell at km 0.0, but otherwise not 
noted above km 43.2; most abundant at km 65.6 (iv) A frequent epiphyte, 
especially in the middle reaches of the river and on Cladophora. I t is perhaps 
especially abundant in spring before dense populations of Cocconeis pediculus 
have developed. 

Amphipleura pellucida Kutz. (ii) One cell noted at each of km 4.4, km 13.7, km 70.6. 
A. rutilans (Trentepohl) Cleve (ii) Present at km 80.6 and km 100.9. 
Frustulia vulgaris Thwaites (i) Typical cell: 47-55 p x 9-10 p. Cells from R. Wear 

are generally smaller than described by Hustedt (1930a; 1930b) (ii) At various 
stations from km 0.0 to km 100.9. 

Gyrosigma acuminatum (Kutz.) Rabh. (i) 150-175 p x 22 p (ii) A few cells noted 
from km 80.6 and km 100.9. 

Pleurosigma angulatum (Quekett) W. Sm. (iii) A few cells noted on Pilayella at 
Glasshouse Hi l l (km 104.2) on 27.v1.66. 

Caloneis alpestris (Grun.) Cleve (ii) Seen only at km 0.0. 
C. amphisbaena (Bory) Cleve (ii) A few cells noted at km 70.6 and km 92.2. 
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C. bacillum (Grun.) Mereschkowsky (i) This species is easily confused with C. silicula 
var. truncatula, which is equally common, and possibly also with certain Naricula 
spp. i f the parallel longitudinal striae are not seen clearly (iv) Widespread, but 
always present in only low numbers. 

C. silicula (Ehr.) Cleve (i) As var. truncatula Grun. The striae are faint and at least 
20/io |x (ii) At sites above and including km 26.3. 

Neidium iridis (Ehr.) Cleve (ii) One cell at km 70.6. 
N. dubium (Ehr.) Cleve (ii) One cell at km 70.6. 
Diploneis didyma (Ehr.) Cleve (i) Typical cell: 67.5 x 22.5 n, ribs 10/10 y. (iii) On 

Pilayella, Glasshouse Hi l l (km 104.2) on 27.v1.66. 
D. ovalis (Hilse) Cleve (i) 25-35 I* x 12-14 n (ii) In small amounts at four widely 

spaced stations. 
Stauroneis smithii Grun. (ii) One cell at km 2.7. 
Anomoeoneis exilis (Kiitz.) Cleve (i) 20-21 n x 5 [ A (ii) As with: (iv) Occurs sporadically, 

n 
1 \ 
/ \ 
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K M . F R O M W E A R H E A O 
F I G . 1. Distribution of eight diatom species in the River Wear on 3.IX.66. 
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either singly or in small amounts. 

A. zellensis (Grun.) Cleve (i) Occurs as fo. difficilis (Grun.-) Hust.; 24 x 4 | i , striae 
indistinct (ii) Single cells seen at km 4.5 and km 9.2 

Navicula accomoda Hust. (ii) One cell at km 24.3. 
N. anglica Ralfs (i) 26 x 10 n, striae 11/10 n (ii) Single cells at km 2.7 and 70.6. 
iV. atomus (Nag.) Grun. (ii) As with: (iv) Frequent occurrence, though only in small 

amounts. 
N. avenacea Breb. (i) Hustedt (1930a) included this as a variety of N. viridula Kiitz. 

and many subsequent authors have followed him. However by the criteria 
widely used for the separation of species within Navicula there seems no justifi­
cation for doing this (ii) See F I G . I (iv) Generally abundant, but less common 
in the upper reaches and also decreasing with increasing salinity. 

N. bryophila Petersen (ii) A few cells seen at km 0.0. 
N. certa Hust. (i) Single cell: 23 x 5 n, striae 12/10 |x; rather smaller than the 

form described by Foged (1964) (ii) One cell seen at km 0.0. 
N. cincta (Eta.) Kutz. (i) As var. heufleuri Grun. 18 X 4 n, striae 16/10 \L. Smaller 

than those forms described by Hustedt (1930a), and Van der Werff & Huls 
(1955)> and with closer striation than the 10/10 n limit of Hustedt (1930a) 
(ii) A few cells seen at km 0.0, km 24.3 and km 70.6. 

N. contenta Grun. (ii) A few cells seen at km 16.2 and km 44.2 (v) A very small cell, 
which in many surveys is probably overlooked or confused with certain forms 
of Achnanthes minutissima. 

N. cryptocephala Kii tz. (i) As var. intermedia Grun.: Typical cell: 35 x 6 n, striae 
16/10 \JL (ii) I n low numbers at km 2.7, 13.7, 16.2,43.2 (v) See N. gregaria below. 

N. cuspidala Kiitz. (iii) Seen once at Durham (km 67.6) on n.x.65. 
N. gracilis Ehr. (i) 38-50 (i X 7-9 \i; striae n-12/10 (/. (ii) Present at and below 

km 13.7 but more common below km 43.2, most abundant at km 80.6 and 
absent at km 100.9. 

N. graciloides A. Mayer (ii) A few cells seen at km 0.0. 
iV. gregaria Donkin (i) 15-27 n X 6-7 (i (ii) Throughout the river, but infrequent 

in the upper, reaches; most abundant at km 80.6 (v) I t is easy to confuse this 
species with N. cryptocephala unless a mountant of high refractive index is used. 
A .useful diagnostic feature is the distinct asymmetry of the central area in 
N. gregaria. Hustedt (1957) states that N. gregaria is the most common diatom 
species in the R. Weser, seldom missing in a single sample, and occurring in 
large numbers in many samples. This species has probably been included in 
N. cryptocephala in many previous surveys of river diatoms. I t has been found 
in large amounts in many other samples, including several from the R. Tees 
and several Lancashire rivers. 

N. hungarica Grun. (i) Occurs as var. capitata (Ehr.) Cleve (ii) A few cells seen 
between km 70.6 and km 100.9. 

N. integra (W. Sm.) Ralfs (i) Typical cell: 38 x 11 [i, striae 17-19 y.. Dimensions 
are rather larger than the forms described by Hustedt (1930a) (ii) A few cells 
seen at and between km 70.6 and km 100.9. 

N. lapidosa Krasske (i) Typical cell: 17 x 5.5 n, striae at 22-24/10 p as compared 
with 26/16 it in Hustedt (1930a). 

N. memsculus Schumann (i) 25-33 V- * 8.5-10 (1 striae 10-11 y. (ii) Occasional 
throughout the river, always in small amounts. 

N. minima Grun. (i) As var. atomoides (Gruri.) Cleve (ii) As with: (iv) Frequently 
recorded, but always in small numbers. 

N. minuscula Grun. (ii) Single cells at km 2.7, km 26.3, km 43.2, km 80.6. 
N. muralis Grun. (ii) Single cells at km 4.4 and km 65.6. 
N. mutica Kiitz. (i) As var. cohnii (Hilse) Grun. (ii) Single cells seen at km 80.6, 

km 92.2, km 100.9. 
N. pelliculosa (Br£b.) Hilse (i) 8-10 j i x 4-5.5 n (ii) Throughout almost all the 

river, but most abundant at km 54.2, reaching 10% population. 
N. pupula Kutz. (ii) One cell seen at km 24.3. 
N. pygmaea Kutz. (ii) Occurred only at km 80.6 and below. 
N. schonfeldlii Hust. (ii) A few cells seen at km 2.7 and km 16.2. 
N. subatomoides Hust. (ii) A few cells seen at six of the stations between km 4.4 and 

km 100.9. 
N. subhamulata Grun. (i) 15-19 |x x 6.5-7 t n e striae always indistinct (ii) Seen 

only at and below km 26.3, most frequent at km 100.9. 



94 Algae of the River Wear 

N. subocculta Hust. (i) One cell only: 16 x 6 p, striae 16/10 p (iii) One cell seen at 
1.IV.66 at Jack's Bridge (km 44.2). 

N. vitabunda Hust. (ii) One cell seen at km 0.0 and a few at km 70.6. 
Pinnularia braunii (Grun.) Cleve (i) Only cell: var. amphicephala (A. Mayer) Hust. 

65 x 9 p striae n/10 p (iii) In August 1966 at the Rookhope Burn inflow 
(km 10.5). 

P. divergentissima (Grun.) Cleve (ii) One cell seen at km 0.0. 
P. intermedia Lagerstedt (i) 16 x 5 | i ; striae 10/10 p (ii) One cell seen at each of 

km 9.2 and km 13.7. 
P. interrupta W. Sm. (i) One cell: 36 x 8 p, striae 13/10 p (ii) One cell seen at 

km 0.0. 
P. mesolepta (Ehr.) W. Sm. (i) 45 x 8 n, striae 13/10 p (iii) Seen only in August 

1966 at the Rookhope Burn inflow (km 10.5). 
P. microstauron (Ehr.) Cleve (i) Only cell: 48 x 11 | i , striae 11/10 p (ii) One cell 

seen at km 16.2. 
P. viridis (Nitzsch) Ehr. (ii) Although only a few cells at km 2.7, km 4.4 and km 35.2, 

nevertheless the most frequent Pinnularia. 
P. wijkensis Foged 1964 (i) One cell: 47 x 6 p, striae 12/10 p (ii) One cell seen at 

km 2.7 (iv) Probably the first British record. Before Foged's paper, such cells 
were possibly referred to P. gibba Ehr. 

Amphiprora paludosa W. Sm. (i) 24 x 10 p, striae indistinct. Hustedt's (1930a) 
limits are 40-130 p x 25-30 p (ii) At km 100.9. 

Amphora ovalis Kiitz. (i) 12 x 6 p; the small variety pediculus Kutz. also present 
(iv) Frequently present, though usually in low numbers; the var. pediculus may 
occur together with the type. 

A. veneta Kutz. (iii) On 27.v1.66 at Glasshouse Hi l l (km 104.2) on Pilayella. 
A. lineolatae Ehr. (iii) On 27.v1.66 at Glasshouse Hi l l (km 104.2) on Pilayella. 
Cymbella affinis Kutz. (ii) One cell seen at km 0.0. 
C. aspera (Ehr). Cleve (i) Typical cell: 58 x 17 p, striae 8/10 p, punctae 13/10 p. 

The R. Wear form is smaller than the forms described by Hustedt (1930a). 
C. angustata (W. Sm.) Cleve (iii) One cell seen in September 1965 at Lumley Bridge 

(km 87.8). 
C. cesati (Rabh.) Grun. (i) 35-48 p x 5-7 p, striae 18-20/10 p (ii) A few cells seen 

at km 2.7, km 16.2 and km 24.3. 
C. cymbiformis (Ag.) v. Heurck (i) 30-33 p X 8-10 p, striae 8-10/10 p (ii) A few 

cells seen at km 24.3 and km 43.2. 
C. delicatula Kutz. (i) 22-32 x 6-7 p, striae 17-19/10 p. The R. Wear cells are 

generally larger than the limits given by Hustedt (1930a) (ii) Occurs throughout 
almost all the river, but most common in the uppermost stations. 

C. helvetica Kiitz. (i) Typical cell: 48 x i i p; striae 15/10 p at the ends, 12/10 p 
on the ventral side. 

C. leptoceros (Ehr.) Grun. (i) 36-55 X 8.5-14 p, striae 9/10 p on the dorsal side, 
10/10 p on the ventral side. Cells relatively broader than those described by 
Hustedt (1930a) (ii) At km 1.0 and km 2.7. 

C. microcephala Grun. (i) 13-15 X 3.5-4.5 p (iv) Frequently present in small 
numbers. 

C. naviculiformis Auerswald (iii) One cell seen on 19.vm.65 at Wearhead (km 0.0). 
C.parva (W. Sm.) Cleve (i) Typical cell: 55 x 14 p; striae 9/10 p on the dorsal 

side, 10/10 p on the ventral side (ii) A few cells seen at each of km 1.0, km 13.7 
and km 16.2. 

C. prostrata (Berkeley) Cleve (i) 40-50 p X 15-17 p; striae 9-10/10 p (ii) One cell 
seen at each of six different stations at and below km 9.2. 

C. sinuata Greg, (i) 9-17 p x 4-6 p; smaller than the forms described by Hustedt 
(1930a) (ii) Occurred at almost all stations, but most abundant at km 44.2. 

C. tumida (Brdb.) v. Heurck (i) 50 x 15 p; striae 10/10 p, punctae 16/10 p (ii) One 
cell seen at km 43.2. 

C. ventricosa Kutz. (i) 16-28 p x 5-18 p; striae 12/10 p (ii) Throughout the river, 
but most common at km 35.2. 

Didymosphenia geminata (Lyng.) M . Schmidt (i) 100/130 p X 20-28 p (ii) A few 
cells seen at km 0.0 and km 1.0. 

Gomphonema abbreviatum (Ag.) Kutz. (ii) At most stations, but more common in the 
uppermost ones. 

G. acuminatum Ehr. (ii) One cell seen at km 2.7. 
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G. angustatum ( K i i t z . ) Rabh. ( i ) As var. producia G r u n . ( i i ) Throughout the r iver, 
but most common f r o m k m 43.2 to k m 54.2. 

G. gracile Ehr . ( i ) 30-40 [x x 5-8 y; striae 11-14/10 y ( i i ) A few cells seen at k m 16.2, 
k m 24.3 and k m 44.2. 

G. longiceps Ehr . (i) As var. subclavata G r u n . On ly cell noted: 30 X 5 n ; striae 
12/10 [i. ( i i ) A t k m 9.2. 

G. olivaceoides Hust . ( i i ) A few cells seen at k m 4.4, k m 16.2 and k m 26.3. 
G. olivaceum (Lyng . ) K t i t z . ( i i ) Throughout the river, but more common below 

k m 16.2. 
G. parvulum K i i t z . ( i i ) A few cells seen at five sties f r o m k m 0.0 to k m 65.6. 

)G. sphaerophorum Ehr . ( i i ) One cell seen at k m 0.0. 
\G. tergestinum (Grun . ) Fricke ( i i ) One cell seen at k m 26.3. 
Denticula tenuis K i i t z . ( i ) 10-16 y x 5-6 y ( iv) Frequently present i n samples, but 

usually i n low numbers. 
Rhopalodia parallela (Grun . ) O. M u l l , ( i i ) One cell seen at k m 4.4. 
Hantzschia amphioxys (Ehr.) G r u n . (i) On ly cell noted: 30 x 5 JJL; striae 19/10 y, 

carinal punctae 8/10 y ( i i ) A t k m 35.2. 
Nitzschia acicularis ( i i ) As w i t h : ( iv) A t all times o f year and throughout the river, 

though much more common i n the lower reaches. 
N. acuta Hantzsch ( i i ) A few cells seen at k m 16.2, k m 80.6 and k m 92.2. 
N. acuminata ( W . Sm.) G r u n . ( i i ) F r o m k m 80.6 to k m 100.9. 
N. amphibia G r u n . ( i i ) One cell seen at k m 0.0. 
N. apiculata (Greg.) G r u n . ( i i ) Three cells seen at k m 80.6 (v) Th i s species is 

usually found i n estuarine or saltwater habitats. 
N. communis Rabh. ( i i ) Common at k m 80.6 and k m 92.2, where i t fo rmed over 

1 % population. 
N. dissipata ( K i i t z . ) G r u n . (i) 27-37 V- x 6 - 1 0 carinal punctae 8-9/10 (A ( i i ) A t 

almost all stations, but most common f r o m k m 2.7 to k m 14.2. 
N. dubia W . Sm. ( i i ) A few cells at sites f r o m k m 70.6 to k m 100.9. 
N.filiformis ( W . Sm.) Hust . (i) Typ ica l cel l : 53 x 6 p; striae 35/10 y, carinal 

punctae 8/10 y ( i i ) A few cells seen at k m 80.6 and k m 100.9 ( ' " ) A t k m 67.5 
on 10.1x.65. 

N. frustulum G r u n . (i) 23-24 y X 3.5-4 y; striae 22/10 y, carinal punctae 10/10 y. 
Var. perpusilla (Rabh.) G r u n . also present: 9-10 y x 3-3.5 y> striae 21-22/10 y, 
varinal punctae 10-12/10 y ( i i ) A few cells seen at eight stations at and below 
k m 9.2; var. perpusilla relatively more frequent i n the lower reaches. 

N. fonticola G r u n . ( i ) 11-13 y. x 3.5-4 y; striae indist inct , carinal punctae 14/10 y 
( i i ) Occasional, more common i n the middle reaches, decreasing i n the t idal 
reaches. 

N. hantzschiana Rabh. ( i ) One cell noted: 23 x 3 11; striae 26/10 | i , carinal punctae 
7-10/10 y ( i i ) A t k m 1.0. 

N. hungarica G r u n . ( i i ) One cell seen at k m 92.2 ( i i i ) A t k m 67.5 on 11.X.65. 
IV. ignorata Krasske ( i i ) A t k m 0.0, k m 10.5 and k m 92.2. 
N. kiltzingiana Hilse ( i i ) A t k m 0.0 and k m 10.5. 
N. levidensis ( W . Sm.) G r u n . = N.- tryblionella Hantzsch var. levidensis ( W . Sm.) 

G r u n . ( i i ) A t k m 100.9. 
linearis W . Sm. ( i i ) Throughout almost all the r iver, but less frequent in the 

t ida l reaches. 
N.palea ( K i i t z . ) W . Sm. ( i ) 18-35 1̂  x 2.5-4 y; carinal punctae 13-14/10 y 

( i i ) As w i t h : ( iv) Throughout the river and usually frequent. 
V. romana G r u n . ( i i ) T w o cells seen at k m 54.2. 
V. sigtna ( K i i t z . ) W . Sm. ( i i ) One cell seen at each o f k m 80.6 and k m 100.9. 
V. sigmoidea (Ehr . ) W . Sm. ( i i ) Occasional, more common f r o m k m 80.6 to k m 100.9. 
V. stagnorum Rabh. ( i ) On ly cel l : 28 x 10 | i ; striae 22/10 y, carinal punctae 8/10 y. 
V. subtilis K i i t z . ( i i i ) A t k m 68.4 on 10.1x.65. 
V. thermalis K i i t z . (i) As var. minor Hi lse : 47 x 8 y; striae 43/10 y, carinal punctae 

11/10 y ( i i ) A t k m 80.6 and k m 100.9. 
V. tropica Hust . ( i ) Typ ica l cel l : 17 x 2.5 y; striae 24/10 y, carinal punctae 

I O - I I / I O y ( i i ) at k m 9.2 and k m 16.2. 
V. tryblionella Hantzsch ( i ) As var. debilis (Arno t t ) A . Mayer : 24-25 y x 8 y; 

striae 12-14/10 y, carinal punctae 7-9/10 y ( i i ) A t k m 80.6 and k m 100.9. 
V. vermicularis ( K i i t z . ) G r u n . ( i i i ) One cell seen at L a m b Bridge ( k m 92.2) on 

23.111.66. 
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Cymatopleura elliptica (Breb.) W . Sm. ( i i ) A t k m 80.6 and k m 100.9. 
C. solea (Breb.) W . Sm. ( i i ) at k m 70.6 and k m 100.9. 
Surirella angusiata K i i t z . ( i ) 20-35 p x 7-10 (xj valvar canals 8/10 y. ( i i ) Occasional, 

throughout the river. 
5 . biseriata Br6b. (i) As var. bifrons (Ehr.) Hust . punctata Meister ( i i ) T w o cells seen 

at k m 2.7. 
5. linearis W . Sm. ( i ) As var. helvetica (Brun.) Meister ( i i i ) A t in f low o f Rookhope 

B u m ( k m 10.5) i n August 1966. 
5. ovata K i i t z . (i) 12-54 I* x 10-30 y. ( i i ) Throughout the river and of ten frequent. 

• D I S C U S S I O N 
Comparison o f diatom floras f r o m different rivers is made d i f f icu l t by taxonomic 

problems, and by the fact that many species occur i n very small proportions and 
thus the total list is much influenced by the total number o f cells counted. However, 
i t does seem wor th making some comparisons. 168 species have now been recorded 
f r o m R. Wear, 148 fo r R. Tees and 402 fo r the whole o f the R. Danube (Szemes, 1967). 

78 species have been recorded f r o m R. Wear but not R. Tees. A t least 54 are 
probably not due to any taxonomic d i f f icu l ty . None o f these species are so frequent 
i n R. Wear that a real difference i n relative abundance would seem to be almost a 
certainty, but the fo l lowing are the most l ikely candidates: Anomoeoneis exilis, 
Navicula atomus, N. Integra, N. menisculus, N. subatomoides, Gomphonema abbreviation, 
Denticula tenuis (especially), Nitzschia frustulum. 

58 species have been recorded f r o m R. Tees but not R. Wear. A t least 51 are 
probably not due to any taxonomic d i f f icu l ty . O f these the fo l lowing are the species 
which seem the most likely to show a real difference between the two rivers: Eunotia 
arcus, Cymbella cistula, C. lanceolata, C. pusilla, Gomphonema lanceolatum, Nitzschia 
sublinearis. Cymbella pusilla was recorded as common by Butcher, and was found 
again by W h i t t o n and Dalpra, so this seems almost certain to d i f fer i n abundance 
i n the two rivers. 

I n conclusion i t may be stated that the .diatom floras o f the two rivers are rather 
similar. However, greater differences have been found between R. Wear and R. Tees 
than between R. Tees sampled at two t ime intervals separated by over t h i r t y years. 
Denticula tenuis especially appears to be characteristic o f R. Wear and Cymbella 
pusilla o f R. Tees. 
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