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ABSTRACT 

The h o l d f a s t fauna ecnsystem of Laminaria h\gsrborea was t e s t e d 

f o r use as a means of environmental m o n i t o r i n g . 5am|jlds of about 

three l i t r e s of h o l d f a s t space are d e s i r a b l e sample sizes although one 

l i t r e i s the absolute minimum. Several n a t u r a l environmental v a r i a b l e s , 

namely f r e s h water, rock type, depth, exposure and sedimentation were 

shown t o Iidve no s i g n i f i c a n t e f f e c t s on h o l d f a s t fauna composition. I n 

p o l l u t i o n m o n i t o r i n g t h e r e f o r e these can be disregarded as c o m p l i c a t i n g 

f a c t o r s . Gradients of heavy metals and water c l a r i t y around the U.K. 

were d e f i n e d . To these two v a r i a b l e s were added those of l a t i t u d e and 

l o n g i t u d e , and these four v a r i a b l e s have marked e f f e c t s on h o l d f a s t 

faunas. Changes i n h o l d f a s t composition a t the 35 main s i t e s sampled 

are i n t e r p r e t e d i n the l i g h t of these v a r i a b l e s . Along the North Sea 

and West coast sewage p o l l u t i o n and heavy metals r e s p e c t i v e l y have a 

marked e f f e c t on the fauna. Along the South coast u n i d e n t i f i e d v a r i a b l e 

c o r r e l a t i n g very c l o s B l y w i t h l o n g i t u d e are i m p o r t a n t . 

Emphasis i n i n t e r p r e t a t i o n must be placed on numbers of organisms, 

species richness and d i v e r s i t y i n known sample sizes of h o l d f a s t s , and 

on the community t r o p h i c s t r u c t u r e . Species presence / absence i n f o r m 

a t i o n has no meaning i n h o l d f a s t work. 

* ecustn, 
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INTRODUCTION 

I t was the p u b l i c a t i o n of Rachel Carson's S i l e n t Spring i n 1963 

t h a t engendered widespread concern over p o l l u t i o n o f the environments 

of the world i n c l u d i n g the sea. One of the ma n i f e s t a t i o n s of t h i s concern 

was a major i n t e r n a t i o n a l and m u l t i d i s c i p l i n a r y conference sponsored 

by the F.A.O. and held a t t h e i r headguarters i n Roma i n 1970. 

During the conference s e v e r a l conclusions were drawn and recommendations 

made (Ruivo 1972). One of these was t h a t although the conference recognised 

the d i f f i c u l t i e s i n h e r e n t i n marine e c o l o g i c a l research i t urged t h a t the 

establishment of u s e f u l baselines f o r the comparative study of marine 

ecosystems should continue. The need f o r such s t u d i e s was emphasised 

p a r t i c u l a r l y i n the l i g h t of possible chronic e f f e c t s of long term exposure 

t o p e r s i s t e n t p o l l u t a n t s . Further, i t was advised t h a t such s t u d i e s should 

not be l i m i t e d t o commercially important species o n l y , since i t i s i n the 

"unimportant" species, and most s p e c i a l l y a t the l e v e l o f whole ecosystems 

t h a t e a r l y r e c o g n i t i o n of harmful e f f e c t s might f i r s t become apparent. 

The F.A.O. conference f u r t h e r proposed t h a t p o l l u t i o n problems could 

be classed i n t o t h r e e broad groups: 

( 1 ) Those r e q u i r i n g l o c a l a c t i o n . These are the bulk of occurences, 

i n c l u d i n g as they do p o l l u t i o n of l o c a l i s e d c o a s t a l areas and e s t u r i e s . 

ThBse u s u a l l y f a l l w i t h i n the j u r i s d i c t i o n of a n a t i o n a l or even l o c a l 

government. 

2 9 JUU97& 
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2. 

(2) Those r e q u i r i n g r e g i o n a l cooperative a c t i o n . These in c l u d e 

the Mediterranean or the North Sea whose welfare i s the concern of 

s e v e r a l n a t i o n s . 

( 3 ) Those r e q u i r i n g g l o b a l i n t e r n a t i o n a l a c t i o n . O i l s p i l l a g e s 

and mid ocean dumping are the best example of t h i s category. 

The work r e p o r t e d i n t h i s t h e s i s concerns categories (1) and ( 2 ) , 

the l o c a l Bffects and r e g i o n a l trends of p o l l u t i o n . However i t must be 

accepted that any major changes i n thB b i o l o g y of the North Sea could 

havB g l o b a l repercussions as w e l l , through f o r example, both i n t e r n a t i o n a l 

f i s h e r y concerns and migratory b i r d s (Bellamy et a l 1973). 

I n the l a t e 1960's a comprehensive programme of research i n v o l v i n g 

personnel from s e v e r a l U n i v e r s i t i e s and Marine S t a t i o n s was i n i t i a t e d , 

c e n t e r i n g on the p o l l u t i o n g r a d i e n t s nf the East coast of B r i t a i n (Croombs 

1967). The aim of the programme was t o a s c e r t a i n the impact of a long 

h i s t o r y of p o t e n t i a l p o l l u t i o n of the inshore waters by heavy i n d u s t r y 

and l a r g e c o n c e n t r a t i o n s of p o p u l a t i o n . 

One aspect of the programme was concerned w i t h the ecology of the 

i n v e r t e b r a t e communities i n h a b i t i n g the h o l d f a s t of the alga Laminaria 

hyperborea. This t h e s i s r e p o r t s an extension of t h i s work. However, 

before d e s c r i b i n g the research i n d e t a i l i t i s i-Blevant t o consider ( a ) 

the p o s s i b i l i t y of studying marine p o l l u t i o n and the general methods which 

are used, and ( b ) the more s p e c i f i c r e s u l t s of the previous work i n t h i s 

programme. 
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ThG Approach 

I n any i n v e s t i g a t i o n o f marine p o l l u t i o n , whether of a sh o r t term 

p o l l u t i o n i n c i d e n t or a long term p o l l u t i o n s t a t e , the need i s t o i d e n t i f y 

both the p o l l u t a n t s and the e f f e c t s . 

Two opposite but complimentary approaches may be found i n the 

l i t e r a t u r e . 

( 1 ) l a b o r a t o r y based s t u d i e s , i n which the e f f e c t s of a supposed 

p o l l u t a n t or mixture o f p o l l u t a n t s are t e s t e d using standard L.C. 50 

procedures on t e s t organisms, backed by a n a l y s i s f o r the l e v e l s of the 

p o l l u t a n t s i n the marine environment (e.g. Skidmore 1964; Herbert and 

Sherben 1964; Herbert and Vandyke 1964; Brown e t a l 1969; Brown 1971), 

Such an approach may be u s e f u l a t l e a s t as f a r as l e g i s l a t i o n concerning 

p e r m i t t e d discharges i s concerned. 

(2 ) F i e l d based s t u d i e s , i n which e i t h e r ore- and post- p o l l u t i o n 

data r e l a t i n g t o an organism or ecosystem, or v a r i a t i o n s i n c e r t a i n 

a t t r i b u t e s of an organism or ecosystem along a supposed p o l l u t i o n g r a d i e n t 

are s t u d i e d (e.g. Bellamy et a l 1967a; Bellamy and W h i t t i c k 1968; Jones 

1970, 1971, 1972, 1973; Moore 1971, 1973a, 1973b; M a l a c h t a r i 1973; Genakos 

1975). 

The f i r s t approach i s l i m i t e d by the number of organisms which can 

be t e s t e d end the v a l i d i t y of e x t r a p o l a t i n g the r e s u l t s obtained to the 

f i e l d . 

The second approach i s l i m i t e d by the f a c t t h a t there i s enormous 

v a r i a t i o n of the n a t u r a l environment i n the sea over very small distances 
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which aggravates the problem of assessing cause and e f f e c t (Lewis, 1964, 

1972). 

There seems l i t t l e doubt t h a t a combination of both approaches might 

be best i n t h a t supposed " s e n s i t i v e " organisms ( i n d i c a t o r organisms) 

recognised from f i e l d s t u d i e s might then be t e s t e d w i t h i n the l a b o r a t o r y . 

I n d i c a t o r Organisms 

Several authors have attempted t o i d e n t i f y and make use of i n d i c a t o r 

species. Henriksson ( 1 9 6 9 ) s t a t e d t h a t an i n d i c a t o r species must bB a 

n a t u r a l component of an animal community, must be abundant, omnivorous, 

and able t o withstand low oxygen te n s i o n s . He found t h a t polychaBtes such 

as Nereis d i v e r s i c o l o r were most s u i t a b l e , f o l l o w e d by some Lamellibranchs. 

I n h i s study the abundance of these organisms c o r r e l a t e d w i t h thB con

c e n t r a t i o n of Esherichia c o l i i n the water and t h e r e f o r e presumably w i t h 

p o l l u t i o n by sewage. Mass ( 1 9 6 7 ) using nereids f o r m o n i t o r i n g thermal 

p o l l u t i o n came t o the conclusion t h a t small organisms of high b i o t i c 

p o t e n t i a l were most s u i t a b l e . Cairns and Dickson ( 1 9 7 1 ) used a v a r i e t y 

of macroinvertebrates, and H O W B I I S e t a l ( 1 9 7 0 ) found thB alga Cladophora 

t o bs a f a i r i n d i c a t o r of p o l l u t i o n . 

I t i s of i n t e r e s t t h a t a l l these are no more than s c i e n t i f i c 

a p p r a i s a l s of the fisherman's concept of "worms and weeds i n abundance" 

means p o l l u t i o n . 

S t i r n ( 1 9 7 0 ) discusses the u n r e l i a b i l i t y of such i n d i c a t o r s , c i t i n g 

s e v e r a l instances where supposed i n d i c a t o r s were found w i t h equal 

abundance i n p o l l u t e d and non-polluted s i t u a t i o n s . He s t a t e s t h a t i n d i c a t o r 
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species are of l i m i t e d value i f considered s i n g l y , and even Henriksson 

( l o c c i t ) stressed t h a t t h e i r usefulness comes mainly when they are 

regarded as p a r t of a community. S t i r n f u r t h e r suggests t h a t the use 

of i n d i c e s o f d i v e r s i t y are of more value i n i n t e r p r e t i n g the c o n d i t i o n 

of a s i t e and proposes t h a t measures of abundance can a i d such i n t e r 

p r e t a t i o n s , e s p e c i a l l y i f the problems of patch d i s t r i b u t i o n s can be 

overcome. 

D i v e r s i t y 

The l i t e r a t u r e i s f u l l of both methods f o r and attempts t o measure 

d i v e r s i t y . 

( 1 ) The s i m p l e s t measure of d i v e r s i t y i s t o count the number of 

species i n a given space. The problems w i t h t h i s are the l i m i t a t i o n s 

both of time and of adequate taxonomy, e s p e c i a l l y when dealing w i t h the 

smaller organisms. I n p r a c t i c e an a r b i t r a r y s i z e i s selected and once 

the data has been gathered a l l the c l a s s i c and new techniques of computer 

a n a l y s i s are a v a i l a b l e f o r i n t e r p r e t a t i o n of the data. Dohn (1968) cna 

Moore (1973b, 1974) have i n v e s t i g a t e d the use of some of these methods i n 

the f i e l d of marine ecology. The second major problem w i t h t h i s method 

of e s t i m a t i n g d i v e r s i t y i s t h a t i t takes no account of abundance, so t h a t 

a s i n g l e occurance of a b a c t e r i a would be given as much weight as the 

presence of a school of whales. 

( 2 ) To overcome the l a t t e r , Fisher, Corbett and Williams (1943) 

devised t h e i r o< index which was derived From the t o t a l number of species 

and the l o g . of the t o t a l number of organisms present. This r e l a t i o n s h i p 

was formulated because of the common community c h a r a c t e r i s t i c t h a t feu 

species are common and many species are scarce, a d i s t r i b u t i o n best f i t t e d 

by a l o g a r i t h m i c r e l a t i o n s h i p . Despite s e v e r a l m o d i f i c a t i o n s (e.g. Preston 
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1948) and the f a c t t h a t the l o g . normal r e l a t i o n s h i p i s not a t h e r o r e t i c a l 

c e r t a i n t y , the index has continued t o be of considerable use. 
i 

L a t e r attempts a t the d e s c r i p t i o n of communities were independant 

of assumed d i s t r i b u t i o n p a t t e r n s . 

( 3 ) Based on Margalef's (1958) i n f o r m a t i o n theory Shannon and 

Weiner's H value (Shannon and Weaver 1963) i s of i n t e r e s t . This was a 

measure of thB u n c e r t a i n l y o f p r e d i c t i n g which species w i l l be the nsxt 

t o be found i n a p o p u l a t i o n . The H value has two components; the number 

of species, and the evenness of the r e l a t i v e abundance of each. 'The two 

components are arranged such t h a t a greater number of species and a 

greate r evenness of t h e i r d i s t r i b u t i o n increases H. This today i s 

probably the most widely used index of d i v e r s i t y . 

( 4 ) Another apprach was t h a t of Simpson (1949). His index D i s 

derived from p r o b a b i l i t y , the p r o b a b i l i t y of two i n d i v i d u a l s picked a t 

random being the same species. This gives r e l a t i v e l y l e s s weight t o r a r e 

and more weight t o common species. 

A l l three approaches were used i n the p r e l i m i n a r y p a r t of the work 

(see f i g u r e 7 ) . As no important d i f f e r e n c e s were found between the three 

approaches the ot. index has been used throughout the bulk of t h i s work. 

Biomass 

An adjunct t o the use o f numbers i n the above i n d i c e s i s t o use 

biomass, e i t h e r as a f i x e d value ( s t a n d i n g crop) or as an increment 

•(performance measured agai n s t t i m e ) . 



7. 

Oglesby (1967) demonstrated t h a t c e r t a i n organisms increase i n s i z e 

by some f u n c t i o n of t h e i r distance from a source of p o l l u t i o n c o n t a i n i n g 

a high f r e e energy of o x i d a t i o n ( B . g . sewage). I n plankton work biomass 

st u d i e s have bean a favoured method (e.g. S t i r n 1970b; Ghilarov and 

Timonin 1972; Hopkins 1974). Bellamy e t a l (1967, 1970) have s i m i l a r l y 

used v a r i o u s measures of performance of macrophytes to assess water c l a r i t y . 

I t must also be remembered t h a t i n both aqua- and m a r i c u l t u r e f i s h are 

o f t e n d e l i b e r a t e l y " p o l l u t e d " t o f o s t e r growth ( L a r k i n and Northcote 1969). 

I t i s of relevance t h a t whatever the methods used many of the authors 

note d i f f e r e n c e s i n the t r o p h i c s t r u c t u r e of p o l l u t e d communities compared 

w i t h e q u i v a l e n t , non-polluted ones. 



B. 

THE HOLDFAST AS A SAMPLING UNIT 

The h o l d f a s t s of the large brown l a m i n a r l a l e s have long been 

recognised as being a r i c h source of marine animal l i f e . I n the e a r l y 

days of taxonomy, and i n the nineteenth century i n p a r t i c u l a r , a major 

p a r t of n a t u r a l h i s t o r y i n v o l v e d making c o l l e c t i o n s of specimens (some 

of which earned considerable fame). One very s i g n i f i c a n t source of specimens 

uas the kelp h o l d f a s t found on the s t r a n d - l i n e which provided animals from 

regions q u i t e i n a c c e s s i b l e t o the c o l l e c t o r . An a p p r e c i a t i o n of the 

possible rewards a w a i t i n g n a t u r a l i s t s i f they could reach the l i v i n g and 

growing kelp beds was made by Mrs. Gatty i n 1872. Amongst her pages of 

advice t o young l a d i e s - on what t o wear when c o l l e c t i n g specimens - she 

looked forward to the day when " d i v i n g f o r seaweeds has became a fashionable 

amusement and an indispensable p e r t of an a l g o l o g i s t s education". 

Following the advice of the experts, students of marine n a t u r a l h i s t o r y 

dissected jetsam h o l d f a s t s by the score, e x t r a c t i n g t h e i r wealth of l i t e . 

Their importance as a r i c h h a b i t a t i s demonstrated i n B a r r e t t and Yonge's 

w e l l known Guide t o the Sea Shore where there can be found very many 

comments to the e f f e c t "found also i n Laminaria h o l d f a s t s " . This i s 

p a r t i c u l a r l y t r u e i n the polychaete s e c t i o n . 

The a t t r a c t i o n of the h o l d f a s t t o the e a r l y marine b i o l o g i s t s was 

simple. They were u n i t s , or samples, from depths never uncovered by t i d e s , 

and contained animals presumably r e p r e s e n t a t i v e of those depths. Even 

today, decades a f t e r man f i r s t f r e e l y entered these r e g i o n s , the h o l d f a s t s 

s t i l l h old an a t t r a c t i o n f o r c o l l e c t o r s , taxonomists, and thoss wanting to 

compile species l i s t s o f s p e c i a l areas (e.g. Colman 1940; E a r l l 1974), 



The only basic d i f f e r e n c e i s t h a t today the researcher can dive i n t o 

the kBlp zone and c o l l e c t the l i v e h o l d f a s t w i t h i t s fauna i n t a c t , r a t h e r 

than r e l y on those washed up onto the beach which have been subjected to 

probable loss of fauna. 

The advantages of using h o l d f a s t s are obvious t o any d i v e r i n t e r e s t e d 

enough t o cut one open: they contain a f a r g r e a t e r c o n c e n t r a t i o n of 

animals than i s found on neighbouring patches of bare rock. Also the 

h o l d f a s t i s e a s i l y c o l l e c t e d . 

Despite t h i s , only three authors have performed important q u a n t i t a t i v e 

and q u a l i t a t i v e work on the fauna i n h a b i t i n g h o l d f a s t s . The work of these 

three are contained i n t h e i r Ph.D. theses ( S c a r r e t t 1960; Jones 197C; and 

Moore 1971) and i n s e v e r a l subsequent papers l a r g e l y a r i s i n g from them. 

S c a r r e t t (1960) was the f i r s t i n the f i e l d and began h i s study not 

long a f t e r the p o t e n t i a l s of f r e e d i v i n g i n marine b i o l o g y became recognised, 

a p o i n t which i s r e f l e c t e d by the f a c t t h a t he goes to some t r o u b l e d e s c r i b 

in g and e x p l a i n i n g the aqua-lung. His work concerned the h o l d f a s t 

communities of s e v e r a l species of l a r g e brown algae; Laminaria d i q i t a t a . 

L. hyperborea, L. ochroleuca and Saccorhiza polyschides. The work was 

c a r r i e d out along the South and West coasts of B r i t a i n and contains some 

valuable i n f o r m a t i o n on the h o l d f a s t communities. This was the f i r s t 

treatment of h o l d f a s t s as a community r a t h e r than as a mere provider o f 

species f o r a check l i s t . 

•ones (1970) and Moore (1971) worked simultaneously but independently 

( s h a r i n g dive time and taxonomic e x p e r t i s e o n l y ) along a s t r e t c h of the 
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East coast of B r i t a i n , p a r t s of which are p o l l u t e d by i n d u s t r i a l and 

domestic uiastes. They both r e s t r i c t e d t h e i r work t o L. hyperborea. 
* 

The o r i g i n a l work ur Hones was to determine the s u i t a b i l i t y of using 

the h o l d f a s t as a u n i t f o r monitoring p o l l u t i o n . The basic aim was t o 

compare the infaunas of h o l d f a s t s c o l l e c t e d along the suspected p o l l u t i o n 

g r a d i e n t , l i m i t i n g the species s t u d i e d t o those over approximately 2 mm. 

i n s i z e . F i r s t l y he s t u d i e d the growth of the h o l d f a s t , and a p p r e c i a t i n g 

t h a t the sampling u n i t was changing (growing) w i t h time, he s t u d i e d the 

changing composition of the fauna as the h a b i t a t enlarged. He concluded 

t h a t a process a k i n t o succession occurred, w i t h the h o l d f a s t community 

reaching i t s climax s t a t e a f t e r four years i n u n p o l l u t e d areas. I n 

p o l l u t e d areas i t was shown t h a t community development was a r r e s t e d a t 

what he c a l l e d a neotenous s t a t e . The "immature" communities were 

dominatod by suspension feeding species, u s u a l l y Wytilus or S a b e l l a r i a . 

whose l a r g e populations f l u c t u a t e d v i o l e n t l y . Generally the t r o p h i c s t a t e 

of the whole fauna seemed adapted t o optimum use of the increased organic 

load i n the water. Due l a r g e l y t o those increased numbers but also t o a 

r e d u c t i o n of other species the d i v e r s i t y of the p o l l u t e d communities f e l l 

below t h a t of the u n p o l l u t e d communities. Jones defined the North East 

p o l l u t i o n g r a d i e n t i n terms of d i v e r s i t y , and showed t h a t t h i s compared 

f a i r l y c l o s e l y t o g r a d i e n t s deduced from chemical data. F i n a l l y , Hones 

formulated four components i n h i s g r a d i e n t from the F i r t h of Forth t o 

South Y o r k s h i r e , which were from North t o South: e s t a r i n e - p o l l u t e d , 

u n p o l l u t e d , p o l l u t e d and n a t u r a l l y t u r b i d . 

Moore (1971) chose a smaller though e q u a l l y a r b i t r a r y minimum s i z e 

of organism which encompassed groups such as the nematoda (1971b) and 
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micro-crustacea (1973c) i n a d d i t i o n t o a l l those included by Clones. 

The increased d i f f i c u l t i e s of taxonomy and time brought about by t h i s 

however caused h i s samples t o be q u i t e s m a l l ; four t o s i x h o l d f a s t s per 

s i t e compared w i t h a t l e a s t ten i n the case of Jones. Moore's data was 

then subjected t o a range of m u l t i v a r i a t e s t a t i s t i c s based on presence/ 

absence i n f o r m a t i o n . 

The d i f f e r e n t approaches has l e d t o some controversy (Moore 1974) on 

the v a l i d i t y of using the h o l d f a s t fauna t o monitor the marine environment. 

However i t i s of i n t e r e s t t h a t Bven using a wider range of species i n 

smaller sample sizes s e v e r a l of t h e i r broad conclusions are s i m i l a r . 

PloorB also a l l u d e s t o g r a d i e n t s although one of the primary d i f f e r e n c e s 

between the two authors concerns whether the causes of the g r a d i e n t s are 

due t o p o l l u t i o n or t o n a t u r a l t u r b i d i t y . Several of the d i f f e r e n c e s of 

o p i n i o n can be resolved however when en understanding of t h e i r d i f f e r e n t 

approaches and sampling r a t i o n a l e s , and a greater understanding of the 

s t a t i s t i c s usBd by Woore, are gained. These d i f f e r e n c e s w i l l be discusspd 

i n more d e t a i l l a t e r i n the t h e s i s . 

The Question of organism s i z e 

I n any study such as t h i s some a r b i t r a r y l i m i t must be s e t on the 

s i z e of organism t o be i n c l u d e d . A t o t a l b i o t i c i n v e n t o r y of a s i n g l e 

h o l d f a s t would take many months and the taxonomic problems r e l a t i n g t o 

even a l l the e u k a r y o t i c organisms would be almost insurmountable w i t h o u t 

the a d d i t i o n a l problem of the prokaryotes. I n the l i g h t of the problems 

encountered by Moore i n t a k i n g h i s study dewn as f a r as the f r e e l i v i n g 

nematodes and microcrustacea, which severely l i m i t e d h i s sample s i z e and 

h i s numbs? of samples, i t was decided t o apply a minimum l i m i t of 
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approximately 2 mm. A l l organisms not l a r g e r than t h i s i n any dimension 

were excluded from the data treatment. This a l l e v i a t e d many of the more 

d i f f i c u l t taxonomic problems i n c l u d i n g the problems of l a r v a l i d e n t i f i c a t i o n . 

Another major d i f f i c u l t y avoided by t h i s s i z e l i m i t i s t h a t of p a r a s i t i c 

organisms; Moore in c l u d e d the nematode group i n h i s work but excluded the 

m u l t i t u d e o f species w i t h i n t h i s group t h a t are " p a r a s i t i c " on almost every 

l i v i n g animal. F i n a l l y i n a c c u r a c i e s of counting numbers of each species 

are a l l e v i a t e d by t h i s d e c i s i o n since although the numbers of l a r g e r species 

may a l l be counted w i t h some accuracy, those of the small e s t species 

cannot. Moore circumvented t h i s problem by c l a i m i n g t h a t the numbers of 

Bach species was not i m p o r t a n t , but u n t i l t h i s was proven or disproven i t 

was decided t h a t data on numbers of each species would be d e s i r a b l e . 

A second a r b i t r a r y d e c i s i o n was taken which was t o t r e a t c o l o n i a l 

a s c i d i a n s , bryozoans and hydroids as s i n g l e organisms. Likewise w^en 

S p i r o r b i s and Filoqrana WBre present t h B y were present i n enormous numbers 

and so thcce were t r e a t e d i n the same way. To do otherwise would swamp 

q u a n t i t a t i v e data treatments and could conceal much i n f o r m a t i o n . I n terms 

of biomass none of the groups t r e a t e d i n t h i s way would have c o n t r i b u t e d 

more than a very small p r o p o r t i o n t o t h B t o t a l . 

I t i s emphasised t h a t these decisions were taken i n order to al l o w 

( l ) sample s i z B S t o be adequate and (2) the number of samples t o be 

s u f f i c i e n t . 

O u t l i n e of research 

The design of the research of t h i s t h e s i s i s shown p i c t o r i a l l y i n f i g u r e 1. 

I t was decided that an i n depth study of the h o l d f a s t f a u n a l system, w i t h i n 
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the above l i m i t a t i o n s , around the whole of B r i t a i n was r e q u i r e d , combining 

observations of the ecosystem w i t h n u m e r i c a l l y described l e v e l s of 

p o l l u t i o n a r r i v e d a t by analyses. The main type of h o l d f a s t considered 

i s t h a t of L. hyperborea, w i t h those of L. ochroleuca considered i n one 

s e c t i o n . 

With t h B basis of previous work i t was possible t o plunge more d i r e c t l y 

i n t o t e s t i n g the use of t h i s sampling u n i t f o r p o l l u t i o n and environmental 

m o n i t o r i n g . Before the study could take place however two main questions 

needed t o be answered. The f i r s t was whether or not the h o l d f a s t i t s e l f 

has an e f f e c t on the community which i t contains and supports. The socond 

question r e l a t e s t o minimum sample s i z B , something s t r a n g e l y neglected by 

other workers. The way i n which sample s i z e should be measured, and what 

t h i s s i z e should be were both determined. 
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INERT SAMPLING SPACE PR BIOTIC UNIT? 

The f i r s t i m portant question t o be answered was; i s the h o l d f a s t 

p u r e l y an i n e r t sampling u n i t , p r o v i d i n g merely a p h y s i c a l r e c e p t a c l e f o r 

i t s i n h a b i t a n t s , or does i t i n any way i n f l u e n c e the infauna by being 

i t s e l f a l i v i n g u n i t w i t h i t s own chemical and t e x t u r a l c h a r a c t e r i s t i c s ? 

Would a h o l d f a s t made of a d i f f e r e n t m a t e r i a l c o n t a i n a d i f f e r e n t fauna? 

'in places along t h B South Western t i p of Cornwall Laminaria ochroleuca 

reduces the dominance of L. hyperborea i n the p h o t i c zone (John 1969). 

This a l g a , which i n Cornwall i s a t the northern l i m i t of i t s geographical 

range, i s very l i k e L. hyperborea. w i t h a h o l d f a s t of s i m i l a r appearance 

and s i z e . I t was t h e r e f o r e dscided t o make a comparison between the 

infaunas of the h o l d f a s t s of the two species growing i n a mixed stand. 

A s i t e was s e l e c t e d a t a promentory near Falmouth ( G r i d r e f e r e n c e : 

3W826315) where L. hyperborea alone e x i s t e d down t o about 5 metres depth 

a f t e r which both species c o - s x i s t e d i n approximately equal numbers. 

Twenty mature h o l d f a s t s of each species were c o l l e c t e d from the lower zone. 

The i n h a b i t a b l e volume of the h o l d f a s t s were determined by Archimedes* 

displacement p r i n c i p l e , (see Appendix A). The mean volumes of the two 

species are shown i n Table 1, from which i t i s obvious t h a t there i s no 

' s i g n i f i c a n t d i f f e r e n c e i n the i n t e r n a l volumes of the two croups of h o l d f a s t : 

Table 1 

L. hyperborea L. ochroleuca 

Mean 238 mis. 245 mis. 

S.D. 102 149 



16. 

Noore (1972) has suggested t h a t the degree of openness o f the 

hapteron branches might be important i n determining sedimentation and 

hence the fauna w i t h i n the h o l d f a s t . A measure of the " d e n s i t y " of the 

branches was t h e r e f o r e obtained by f i n d i n g the percentage of the t o t a l 

h o l d f a s t volume t h a t i s f i l l e d w i t h p l a n t t i s s u e . The mean percentage 

of each group was: 

Table 2 

L. hyperborer. L. ochroleuca 

Nean 21.2% 39.1$ 

S.D. 8.7 9.9 

The values obtained showed a small range. I t i s assumed from these 

r e s u l t s t h a t there i s a n e g l i g i b l e d i f f e r e n c e i n the morphology of the 

two species. 

D i f f e r e n c e s between the two p l a n t s do e x i s t . The s t i p e s and haptera 

of L. hyperborea have a rough t e x t u r e which provide a s u i t a b l e s u b t r a t e 

f o r a l a r g e e p i p h y t i c growth, w h i l e L. ochroleuca i s smooth and supports 

almost no e p i p h y t i c growth. Out of the water L. ochroleuca q u i c k l y becomes 

very s l i p p e r y while L. hypBrborea does so much more slowly suggesting t h a t 

the exudation of e x t r a c e l l u l a r m a t e r i a l i s much greater i n the farmer. A 

comparison of the infauna from each group should r e v e a l the e f f e c t s of 

h o l d f a s t t e x t u r e on the communities. 

Faunal d i f f e r e n c e s ( l ) Q u a n t i t a t i v e 

Figures 2(a) and (b) compare t h B numerical r e s u l t s of the f a u n a l 

compositions, as r e l a t e d t o the accumulated volumes of the h o l d f a s t s 
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sampled. Part ( a ) shows thB r e g r e s s i o n l i n e s of t h B number of 

species p l o t t e d against l o g . volume f o r both types, and p a r t ( b ) 

shows the increase of t o t a l numbers of animals w i t h volume. 

With each l i n e of best f i t , a n a l y s i s of variance showed t h a t 

the s c a t t e r of p o i n t s about the l i n e was 3 m a l l , each l i n e being 

s i g n i f i c a n t t o .Q01. ( S t a t i s t i c a l methods are o u t l i n e d i n Appendix 

A). Using the regression c o e f f i c i e n t s and t h e i r standard 

d e v i a t i o n s i t was found ( 1 ) t h a t the two slopes i n f i g u r e (a) 

are not s i g n i f i c a n t l y d i f f e r e n t , and ( 2 ) the two slopes i n f i g u r o 

( b ) are vary d i f f e r e n t ( p = . 0 0 l ) . Therefore i t can be concluded 

t h a t the increase i n the number of species w i t h l o g . volume i s very 

s i m i l a r i n the two types of h o l d f a s t , w h i l e t o t a l numbers increase 

a t very d i f f s r e n t r a t e s . The nature of the d i f f e r e n c a can bs 

e l u c i d a t e d by examining the species i n v o l v e d . 

Faunal D i f f e r e n c e s (2) Q u a l i t a t i v e 

(a) Species. Table 3 summarises the data of species found. 

I n terms of species i d e n t i t y l i t t l e d i f f e r e n c e i s seen between 

the two types of community, which have the high Sorrensen s i m i l a r i t y 

c o e f f i c i s n t of 76% (see Appendix A f o r f o r m u l a ) . 

( b ) Numbers. I t was immediately apparent t h a t l a r g e 

numbers of two species were present i n the L. hyperborea h o l d f a s t s . 

'This i s depicted i n f i g u r e 3 which i n c l u d e s separately a l l species 

" c o n t r i b u t i n g '\0% or ->iorB of the t o t a l numbers. Of the 771 

animals present i n the 20 L. hyperborea h o l d f a s t s 377 were the barnacle 

Chthamalus and another 150 were the saddle oyster Heteranomia. 



TABLE 3 
SP E C I E S L I S T S FROM HOLDFASTS OF 2 SPECIES OF 

LAMINARIA 

L. hyperborea L. o c h r o l e u c a 
Chthamalus s t e l l a t u s 
Heteranomia squamula 
H i a t e l l a a r c t i c a 
Barnea parva 
N e r e i s p e l a g i c a 
pomatoceros t r i q u e t e r 
S e r p u l a v e r m i c u l a r i s 
A m p h i p h o l i s squamata 
A u d o u i n i a t e n t a c u l a t a 
C a n c e r pagurus 
C o r y n a c t i s v i r i d i s 
E u n i c e h a r a s s i i 
G i b b u l a magus 
H a l i c h o n d r i a p a n i c e a 
Hydrobidae 
L e p i d o n o t u s squamatus 
L y s i d i c e n i n e t t a 
Macoma b a l t i c a 
Monia p a t e l l i f o r m i s 
M y t i l u s e d u l i s 
N a s s a r i u s i n c r a s s a t u s 
N e r e i s v i r e n s 
O r c h e s t i a gammareIla 
P a t i n a p e l l u c i d a 
P i n n o t h e r e s pisum 
P l a t y n e r e i s d u m e r i l i i 
P o l y n o i n a e 
P o r c e l l a n a l o n g i c o r n i s 
S p i r o r b i s b o r e a l i s 
T e l l i n a t e n u i s 
R i s s o a spp. 
Xantho i n c i s u s 
A c a n t h o c h i t o n a c r i n i t u s 
A c t i n i a e q u i n a 
Ampithoe r u b r i c a t a 
B a l a n u s c r e n a t u s 
B u c c i n a c e a 
Gammarus s p . 
Harmothoe impar 
Lacuna v i n c t a 
L i n e u s l o n g i s s i m u s 
L i n e u s r u b e r 
L i t t o r i n a n e r i t o i d e s 
Musculus d i s c o r s 
N a t i c a s p . 
S y l l i s s p . 
T e r e b e l l i d a e 
Acmaea t e s s u l a t a 
A s t e r i a s r u bens 
B a l a n u s p e r f o r a t u s 
Cucumaria l a c t e a 
Eunemertes n e e s i i 
H y d r o i d e s n o r v e g i c a 
Modiolus b a r b a t u s 
Musculus marmoratus 
O p h i o p h o l i s a c u l e a t a 
P h o l a d i d e a loscombiana 
P r o t u l a t u b u l a r i a 

3 
2 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

1 
1 
1 
1 
1 
2 
1 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
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With these deducted from the t o t a l some 244 animals are l e f t . I f 

the populations of these two species are deducted from the 304 

animals i n the 20 L. ochroleuca h o l d f a s t s , 266 ar.imals are l e f t . 

The d i f f e r e n c e i n t o t a l numbers between the two groups are explained 

almost e n t i r e l y by these two species. 

Both Chthamalus and Heteranomia are animals which l i v e 

f i r m l y attached t o a s u b s t r a t e throughout t h e i r a d u l t l i v e s , 

although t h e i r mode of attachment i s d i f f e r e n t . I t has been 

remarked upon t h a t L. ochroleuca produces copious amounts of viscous 

exudate, more so than L. hyperborea. I t may t h e r e f o r e be t h a t the 

slimy nature of the former i n h i b i t s attachment by these two species. 

D i r e c t observation of L. ochroleuca shows t h a t e p i p h y t i c macrophytes 

are unable to a t t a c h , and po s s i b l y animals are unable to a t t a c h i n 

the same way. 

One apparent c o n t r a d i c t i o n t o t h i s needs e x p l a i n i n g . 36% 

of the animals i n L. ochroleuca were the polychaete Pomatoceros 

t r i q u e t e r whose calcareous tubes are also cemented t o the s u b s t r a t e . 

However i t was very apparent t h a t whereas Pomatoceros on L. hyperborea 

or on rock were s t r o n g l y . r e s i s t a n t t o removal and could seldom be 

pr i s e d away i n one piece those on L. ochroleuca came away i n t a c t 

and w i t h l i t t l e r e s i s t a n c e . This observation lends support t o the 

b e l i e f t h a t attached animals are less l i k e l y t o gain a hold on the 

hapterons of t h B l a t t e r species. 



Conclusions. 

The d i s s i m i l a r i t i e s observed between the faunas of the two 

types of h o l d f a s t are a t t r i b u t a b l e t o d i f f e r e n c e s i n the numbers of 

two attached species. Any d i f f e r e n c e s i n the numbers and nature 

of the bulk of the species would seem t o be minimal and w e l l w i t h i n 

the range expected by sampling e r r o r . I t would t h e r e f o r e appear 

t h a t f o r the l a r g e m a j o r i t y of the animals the h o l d f a s t i s merely 

an " i n e r t " and convenient environment i n which t o l i v e . For a 

few sedentary species however the t e x t u i a l c h a r a c t e r i s t i c s of the 

h o l d f a s t s have a governing e f f e c t . Bearing t h i s f a c t i n mind 

i t would seem t o bB a s a t i s f a c t o r y sampling u n i t . 
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DEFINITION Of THE SAMPLE UNIT 

The second question r e q u i r i n g a t t e n t i o n before the main 

study could bt: undertaken was t h a t of sample s i z e . Sample s i z e i s 

as important a f a c t o r i n h o l d f a s t ecology as i t i s i n any other f i e l d 

o f comparative' ecology. Samples which are too small do not represent 

the t r u e s i t u a t i o n a c c u r a t e l y , and f o r a s i m i l a r reason, the use of 

samples o f d i f f e r e n t s izes i n comparative work must be approached w i t h 

c a u t i o n . 

There are two ways i n which sample s i z e i n h o l d f a s t s t u d i e s can be 

regarded. ( l ) A l l h o l d f a s t s can be regarded as equal, i n which case 

only the number taken i s i m p o r t a n t . Moore took t h i s approach, regarding 

each h o l d f a s t community as an ex c l u s i v e e n t i t y which could be compared t o 

others r e g a r d l e s s of s i z e . HB f e l t t h a t 11 the l o g i c a l sample u n i t 

i s the kel p h o l d f a s t per se" (1973a). ( 2 ) The ages or sizes of the 

h o l d f a s t s mic;ht be important so t h a t a l a r g e one might be "worth" two or 

more small ones. Jones (1970, 1973) thought t h a t age was important and 

r e l e v a n t t o the i n f a u n a l community; an idea which he elaborated on i n 

h i s "succession" t h e o r y . 

From t h i s l a t t e r wcrk i t would seem t h a t age i s important, but -since 

age and h o l d f a s t s i z e increase together the p o s s i b i l i t y e x i s t s t h a t s i z e 

might be the important c r i t e r i a . Therefore i t was decided t o examine 

both w i t h regard t o ccmriiunity s t r u c t u r e and sample s i z e . 

The age and volume of h o l d f a s t s 

The infauna was s t u d i e d from 50 h o l d f a s t s c o l l e c t e d from Loch 



24. 

Sunart, A r g y l l ( G r i d Ref. IMM4D5675). For c o l l e c t i o n and s o r t i n g 

procedures s e E Appendix A. The numbers of species from each of the 

common age groups, 5, 6 and 7 years, were p l o t t e d ( a ) against the number' 

of h o l d f a s t s , and ( b ) t h - i i r volume ( f i g u r e 4a, b ) . 

I t i s c l e a r from the f i r s t graph t h a t the increase i n species 

progresses f a r more r a p i d l y i n t h E older h o l d f a s t s than i n the younger 

ones. The second graph shews t h a t when the d i f f e r e n c e s i n s i z e are 

adjusted f o r by p l o t t i n g a g a i n s t volume instp.ad c f number of h o l d f a s t s 

a l l t h r e e age classes produce very s i m i l a r curves. This s t r o n g l y suggests 

t h a t volume of h o l d f a s t space, not j u s t t h e i r numbers i s important. 

When volume i s taken i n t o c o n s i d e r a t i o n the species response i s the same 

regard l e s s of the h o l d f a s t s age, a t l e a s t f o r the three age classes used. 

As the h o l d f a s t s i n the above study were taken from u n p o l l u t e d water 

and because much of the work described i n t h i s t h e s i s i s concerned w i t h 

h o l d f a s t s from p o l l u t e d water the i n v e s t i g a t i o n was repeated using h e l d f a s t s 

from a supposedly c h r o n i c a l l y p o l l u t e d s i t e a t Narsden, County Durham 

( G r i d Ref. NZ39765B). The r e s u l t s are presented i n f i g u r e 5a, b. Although 

fewer species were found here ( f o r the same sample s i z e ) e x a c t l y the same 

p a t t e r n emerges. 

The dangers of i g n o r i n g volume should be apparent i n a comparison c f 

the curves of 7 year o l d h o l d f a s t s from the p o l l u t e d s i t s w i t h 5 year o l d 

h o l d f a s t s from the clear, s i t e , both p l o t t e d a g a i n s t number of h o l d f a s t s . 

The curves are very s i m i l a r , not because the species response i s the same 

but because a f a r l a r g e r sample s i z e has i n Tact bean taken from the 

p o l l u t e d s i t e . 
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I t i s concluded t h a t the i n h a b i t a b l e h o l d f a s t volume must be the 
c r i t e r i a f o r sample s i z e . I t i s not s a t i s f a c t o r y to take a f i x e d number 
of h o l d f a s t s of any age. Nor would i t seem adequate t o regard each 
h c l d f a s t as an i n d i v i d u a l ' e n t i t y i n comparative s t u d i e s . 

Minimal Uolume 

Having shown t h a t sample s i z e should be measured i n terms of volume 

an attempt uiss made t o determine thB s i z e c f an adequate sample. 

Of the three authors who have been concerned w i t h h o l d f a s t ecology to 

date none have attempted t o f i n d out the minimum size of sample t h a t should 

be taken e i t h e r i n terms of volume or numbers of h o l d f a s t s . 

S c a r r e t t (1960) d i d t r y t o determine whether a h a l f or even a quarter 

of a h o l d f a s t was an adequate sample, the i n t e n t i o n then being t o M u l t i p l y 

the r e s u l t s obtained by two or four t o produce the expected composition 

o f t h a t h o l d f a s t . His i n v e s t i g a t i o n showed t h i s t o be q u i t e u n s a t i s f a c t o r 

as too wary species were missed i n 3uch a small sample. He then 

a r b i t r a r i l y decided on three h o l d f a s t s as h i s usual sample s i z e . 

The inadequacy of t h i s number i s w e l l i l l u s t r a t e d by h i s experiment 

on d i u r n a l v a r i a t i o n i n h o l d f a s t animals. To i l l u s t r a t e d i u r n a l m i g r a t i o n 

i n t o and from h o l d f a s t s he c o l l e c t e d t h r e e h o l d f a s t s during one day and 

another three from the same spct the f o ] l o w i n g n i g h t . A comparison of the 

faunas from each group revealed d i f f e r e n c e s i n the numbers of c e r t a i n 

groups, notably some Crustacea and palychaetes. The d i f f e r e n c e s were 

u s u a l l y t h r e e f o l d or more and he concluded t h a t the reason f o r t h i s was 
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due t o d i u r n a l m i g r a t i o n . However from a b r i e r study of h i s data e x a c t l y 

the same conclusions can be reached regarding the sponges and barnacles'. 

Since the sedentary organisms presumably do not migrate d i u r n a l l y the 

d i f f e r e n c e s must be due t o random, w i t h i n s i t e v a r i a t i o n . C l e a r l y three 

h o l d f a s t s are inadequate as a sample. 

S c a r r e t t went no f u r t h e r i n determining minimum s i z e . Despibe t h i s 

n e i t h e r Floore nor Dones t r i e d t o f i n d t h i s p r e l i m i n a r y requirement. Moore 

chose t o take between 4 and a h o l d f a s t s ( u s u a l l y 5) and Dones tcok 10 when 

determining h i s "succession" process and an undisclosed number f o r the r e s t 

of h i s work. These sample sizes were more a r e f l e c t i o n of uhat could be 

c o l l e c t e d on one dive, or what could be worked on i n the time a v a i l a b l e f o r 

d a r t i n g and i d e n t i f i c a t i o n , r athBr than of what was r e q u i r e d t o r e l i a b l y 

r e f l e c t the l o c a l h o l d f a s t fauna. Also the sample sizes taken by each 

authcr o f t e n d i f f e r e d s u b s t a n t i a l l y i n terms of volume from s i t e t o s i t e . 

The usual way t o determine minimal s i z e i s t o produce a spscies-crba 

curve and take the p o i n t on the graph which shows a marksd i n f l e c t i o n . 

The r e l e v a n t data from Loch Sunart and Plarsden are depicted i n Figure 

6. At the former s i t e ' there i s no i n f l e c t i o n marked enough to i n d i c a t e 

a minimal volume. There i s however a r e d u c t i o n of the slope around the 

one l i t r e mark such t h a t the r a t e of species increase above one l i t r < ? i s 

only h a l f t h a t below i t . I n c o n t r a s t a t i*larsdsn t h e re i s a marked 

i n f l e c t i o n o c c u r r i n g a t approximately one l i t r e r e s u l t i n g i n a near 

h o r i z o n t a l slope. This may be due t o the absence of r a r e or uncommon 

species, a s i t u a t i o n which has been r e p o r t e d to be t y p i c a l of p o l l u t e d 
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be-nthic communities i n the Mediterranean ( S t i r n , 1970). At Plarsden 75$ 

of the t o t a l species found were present i n the f i r s t l i t r e . At Loch 

Sunart only 35% were. C l e a r l y a f a s t r a t e o f species increase continu=s 

f o r longer i n the l a t t e r s i t e . This i l l u s t r a t e s t h a t the smaller the 

samples are the more a l i k e w i l l these two obviously d i f f e r e n t s i t e s appear 

i n terms of sppcies richness and probably i n terms of presence/absence 

i n f o r m a t i o n a l s o . I n any comparable study sample sizes of less than 

one l i t r e could c e r t a i n l y g i v e misleading r e s u l t s . 

Species number i s only'one c h a r a c t e r i s t i c of the h o l d f a s t fauna, 

and since i t was shown t o be r a t h e r i n c o n c l u s i v e i n designating a 

meaningful value f o r minimal volume an a l t e r n a t i v e approach appeared t o 

be worthy of i n v e s t i g a t i o n . To t h i s end i t was decided t o c a l c u l a t e ' 

t h r e e i n d i c e s of d i v e r s i t y f o r the Loch Sunart and Plarsden data and p l o t 

these a g a i n s t volume ( f i g u r e 7) (see I n t r o d u c t o r y chapter f o r an 

ex p l a n a t i o n of the i n d i c e s ) . 

The f i r s t index,o<» i s supposed t o be "independent of sample s i z e " 

( F i s h e r 1942), but below one l i t r e t h i s i s c l e a r l y not the case, and w i t h 

smaller samples t h i s index can have no meaning. The same p i c t u r e emerges 

w i t h the other two i n d i c e s as w e l l . The curves f o r a l l three i n d i c e s 

f l a t t e n out a t around ens l i t r e , although they may s t i l l r i s e s l i g h t l y 

a f t e r w a r d s . This suggests again t h a t one l i t r e of h o l d f a s t space should 

be the absolute minimum t h a t can be used as a sample, although more would 

be d e s i r a b l e e s p e c i a l l y i n Loch Sunart and s i m i l a r species r i c h areas, 

•ne l i t r e of volume i s u s u a l l y reached w i t h 6 t o 12 h o l d f a s t s of mature 

5 - 7 year o l d p l a n t s . 
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The data from samples t h a t arB smaller than three l i t r e s f a l l on 
those p a r t s of the curves where the faunal composition i s changing most 
w i t h l e a s t change i n sample s i z e . The inadequacy of the samples taken by 
previous workers can thus be seen. I t can also be sesn t h a t d i f f e r e n t 
s i z e d samples, i f they are s m a l l , must be compared only w i t h great c a u t i o n . 
As sample s i z e accumulates the change i n f a u n a l composition becomes less 
w i t h each a d d i t i o n a l h o l d f a s t , so t h a t by the time 20 h o l d f a s t s are 
obtained the a d d i t i o n of one morB makes l i t t l e d i f f e r e n c e t o the t o t a l . 
I n a sense the twenty h o l d f a s t s shculd be regarded as one sample, not as 20 
samples. I n t h i s respect Jones was probably c o r r e c t i n b e l i e v i n g t h a t 
a l a r g e h o l d f a s t was "worth" two or more smaller ones, but many of h i s 
and Moore's conclusions would seem to be i n v a l i d due t o t h e i r sample s i z e . 
The p o s s i b i l i t y e x i s t s however t h a t Moore's species/sample siz e curves, 
had he prepared them, would have been d i f f e r e n t due t o the smaller species 
he i n c l u d e d . Yet as he included the l a r g e r organisms recognised i n t h i s 
study h i s "minimal" sample s i z s could not have been much smaller. 

Throughout most of t h i s study 20 h o l d f a s t s , a l l being from 

p l a n t s aged 4, 5, 6 or 7 years, were taken from each s i t e . The volume 

of the sample was measured and numerical data were c o r r e c t e d t o three l i t r e 

volume as a standard f o r comparative work. 
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THE WAIN STUDY 

A f t e r e s t a b l i s h i n g the s u i t a b i l i t y of the h o l d f a s t as a sampling 

u n i t and reaching conclusions on sample s i z e , the sampling r a t i o n a l e f o r 

the main study was decided upon. 

During the summer pe r i o d i n 1974 and i n a few cases i n 1975 as w e l l , 

samples were c o l l e c t e d from 35 s i t e s i n the United Kingdom ( f i g u r e Q and 

Appendix F ) . I n a d d i t i o n t o these, three groups of c o l l e c t i o n s were made 

from Loch Sunart, the Shetland Islands and the Hebrides. These were used 

f o r the study of the responses of h o l d f a s t faunas t o s p e c i f i c n a t u r a l 

environmental v a r i a b l e s . 

From each s i t e approximately 20 la r g e p l a n t s of L. hyperborea wers 

c o l l e c t e d from a depth halfway between thB surface and the lower l i m i t of 

the k e l p , where l i g h t l i m i t e d growth. (See Appendix B). 

The h o l d f a s t s af these l a r g e mid-pcint p l a n t s were used f o r f s j n a l 

a n a l y s i s , and the bases of the s t i p s of the 5 year o l d p l a n t s were analysed 

f o r heavy metal content. 

The s i t e s were d i v i d e d f o r convenience i n t o f o u r s e c t o r s ; North Sea 

Scotland, North Sea England, West Coast and South Coast, l a b e l l e d sectors 

I , I I , I I I and IV r e s p e c t i v e l y (see f i g u r e 8 ) . 

I n the course of the study h o l d f a s t s c o l l e c t e d from s i t e s as f a r apart 

as 1500 km were s t u d i e d . This represents a considerable p r o p o r t i o n of t h B 
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whole ex t e n t of L. hyperhores i n Europe (3ohn 1967). Since i t has been 

shown above t h a t sample s i z e should ba expressed i n terms of volume a 

p r e l i m i n a r y requirement t o t h i s study was t o a s c e r t a i n whether tha 

r e l a t i o n s h i p of volume t o age v a r i e d across ths geographical range s t u d i e d . 

Age; Volume r e l a t i o n s h i p i n each Sectcr 

The r e l a t i o n s h i p of age t o volume was determined f o r each of the four 

sectors (see f i g u r e 8 ) . Although Dones d i d not consider the p o s s i b i l i t y 

o f s t a n d a r d i s i n g sample s i z e he d i d c o n s t r u c t a graph of age against volume 

using h o l d f a s t s taken from the North Sea (reproduced i n f i g u r e 9 ) . I t was 

decided ( 1 ) t o v e r i f y t h i s r e l a t i o n s h i p f o r the North Sea since Dones used 

a complex method of volume determination - one based on the c a l c u l a t i o n 

of the volume of a t r u n c a t e d cone - and ( 2 ) t o determine whether the 

r e l a t i o n s h i p i n other s e c t o r s d i f f e r e d . The comparison i s l i m i t e d t o the 

three age classes 5, 6 and 7 since h o l d f a s t s from these groups comprised 

over 95% of the t o t a l sample. 

A l l volumes were determined using the Archimedes displacement p r i n c i p l 

(see Appendix A). The r e s u l t s obtained f o r North Sea h o l d f a s t s are 

presented i n Table 4 ( l i n e a) w i t h the r e s u l t s from Jones' graph ( f i g u r e 9) 

presented as l i n e ( b ) . 

Table 4 
5 years 6 years 7 years 

( a ) 123 mls.sd=57 192 mls.sd=40 282 mls.sd=144 

( b ) 107 it "=74 175 " " =41 290 " " =155 
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The d i f f e r e n c e s are not s i g n i f i c a n t and the two methods used f o r 

e s t i m a t i n g volume from age would seem t o be interchangeable. Thus the 

curve i n f i g u r e 3 i s v e r i f i e d f o r t h B North Soa. 

Regional d i f f e r e n c e s 

The v e r i f i c a t i o n was then extended t o the West and South coast 

s e c t o r s . 

The most r a p i d way of datermining whether gross d i f f e r e n c e s 

e x i s t i n h o l d f a s t s of d i f f e r e n t s e ctors i s using weight data alone. 

Weight data from 40 h o l d f a s t s from each group are presented i n Table 5. 

Table 5 

Sector 5 years 6 years 7 ysars 

I 159 g sd=77 209 g sd=88 296 g sd=Q2 

I I 164 g sd=55 183 g sd=38 213 g sd=99 

I I I 150 g sd=91 213 g sd=52 293 g sd=97 

IV 120 g sd=50 166 g sd=57 225 g sd=C7 

No d i f f e r e n c e s w i t h i n each age class are s i g n i f i c a n t . 

Examination of t h e i r volumes d i r e c t l y gave the f o l l o w i n g comparison: 

Table 6 

Sector 5 years 6 years 7 years 

I 118 mis sd=27 195 mis sd=33 297 mis sd=107 

I I 128 " sd=B0 203 " sd=51 -
I I I 100 " sd=27 166 " sd=38 -
IV 129 " sd=44 180 " sd=40 292 mis sd=39 
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Again no d i f f e r e n c e s are s i g n i f i c a n t . I t i s judged t h a t the age: 
volume r e l a t i o n s h i p i s very s i m i l a r f o r every s e c t o r , and the curve i n 
f i g u r e 9 i s used f o r a l l f u r t h e r determinations of volume. 
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NATURAL ENVIRONMENTAL VARIABLES 

The number of environmental v a r i a b l e s t h a t could i n f l u e n c e the 

h o l d f a s t fauna i s l a r g e and incl u d e s f r e s h water, d i f f e r e n t g e o l o g i c a l 

s u b s t r a t e s , exposure, sedimentation, depth, heavy metals, p e s t i c i d e s , 

sewage p o l l u t i o n , water c l a r i t y and geography. A l l these w i t h the 

exception of p e s t i c i d e s are i n v e s t i g a t e d i n t h i s study. 

I d e a l l y each of these v a r i a b l e s should be examined i n i s o l a t i o n . 

The f a c t t h a t t h i s i s r a r e l y possible has l e d t o c o n t r o v e r s i e s , such as 

t h a t already discussed of whether the g r a d i e n t recognised by both Jones 

and Moore along the North Sea coast was a t t r i b u t a b l e t o p o l l u t i o n or t o 

n a t u r a l t u r b i d i t y . Where s e v e r a l v a r i a b l e s a ct simultaneously i t may 

o f t e n be d i f f i c u l t t o determine a cause and e f f e c t r e l a t i o n s h i p . 

I n s e v e r a l cases i n t h i s study i t appeared t o be possible t o study 

one environmental v a r i a b l e , or a small group of them, more or less i n 

i s o l a t i o n . The v a r i a b l e s considered are depicted i n f i g u r e 10 whir's 

those v a r i a b l e s t h a t were found t o a c t t o some degree i n i s o l a t i o n are 

w r i t t e n i n small p r i n t , and those which were completely co^acting are 

w r i t t e n i n l a r g e p r i n t . ' 

The former group are examined f i r s t . 
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1. FRESH WATER EFFECTS 

Loch Sunart i n A r g y l l , Western Scobland ( f i g u r e 11) i s w e l l placed ' 

f o r the e l u c i d a t i o n of the possible e f f e c t s of f r e s h water i n i s o l a t i o n . 

The l o c h c o l l e c t s r a i n water from a p a r t of the we t t e s t r e g i o n of B r i t a i n , 

and numerous streams flow i n t o i t along both banks. The loch i s t i d a l 

throughout i t s l e n g t h and enters the Sound of N u l l which i s continuous 

w i t h the A t l a n t i c Ocean. The r e g i o n has no i n d u s t r y . The po p u l a t i o n 

i s very sparse causing only a minimum and very l o c a l i s e d sewage o u t - f i o w . 

The a g r i c u l t u r e i s l i m i t e d t o sheep grazing so t h a t no complications a r i s e 

from a r t i f i c i a l f e r t i l i z e r s and p e s t i c i d e s . From West t o East there must 

be an exposure g r a d i e n t but t h i s i s prooably small due t o the p r o x i m i t y 

of the i s l a n d s of M u l l and C o l l . There has i n past years been some lead 

mining, so the possible existence of a heavy metal g r a d i e n t was 

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

From each of e i g h t s i t e c two t o fou r k i l o m e t r e s apart ( f i g u r e 11) 

twelve largB i n d i v i d u a l s of L. hyperhorea were taken from a depth of 10 

metres below Mean Low Water (PI.L.W.) except a t s i t e s 6 and 8 where only 

three and one p l a n t s r e s p e c t i v e l y were found. Sampling was c a r r i e d out 

i n September 1973 which corresponds t o the time of peak biomass of 

la m i n a r i a i n B r i t a i n ( W h i t t i c k 1969). 

Heavy Metal g r a d i e n t 

The p o s s i b l e existence of =a heavy metal g r a d i e n t , i n view of the 

l i m i t e d lead mining a t the eastern end of the l o c h , was ascertained by 
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a n a l y s i s of f i v e P a t e l l a vulqata from each o f the e i g h t s i t B S . Each 

was between 3 and 4 cms i n i t s longest diameter and c o l l e c t e d from mean 

low water. This organism was se l e c t e d here and i n other regions p a r t l y ' 

because o f i t s abundance and p a r t l y because i t s extensive use i n the 

l i t e r a t u r e makes wider comparisons possible (e.g. Mickless e t a l 1972 ; 

Peden e t a l 1973 ; M a l a c h t a r i 1973 ; Boyden 1974 ; Genakos 1975). 

Table 7 summarises thm data f o r each element assayed. 

Values ara p a r t s per m i l l i o n (p.p.m.) - standard e r r o r . 

Table 7 

S i t e P'o Cd Cu Ni Zn Mn 

1 2.9*,6 0.21.01 6.31.3 2.71.6 661.0 6.ol.05 

2 s.oi.i 0.151.01 5.7lo 2.21.4 solo 5.91.5 

4 3.ol.7 0.2-t01 6.21.1 5.41.1 75lo 6.8I1.O 

5 9,2^.1 0.25^01 4.7^ 9.71.1 70ll.0 6.51.9 

6 2.0l.1 0.21.02 5.21.2 1.ol.2 80l7. 5.91.8 

7 6.4-.2 0.151.01 7.ll.1 1.61.3 89la. 6.ll.1 

B 3.31.1 0.21.02 9.31.3 0.71.3 B4l3. 5.B1.7 

No g r a d i e n t i s shown f o r any element. The l e v e l s from these s i t e s 

are as low as and o f t e n s u b s t a n t i a l l y lower than any found i n the l i t e r a t u r e 

and are probably r e p r e s e n t a t i v e o f a t r u l y "clean" s i t e . 

S a l i n i t y Gradient 

Two s e r i e s of samples of sea water were taken f o r 3 a l i n i t y measurements 

At each s i t e samples were taken from (1) 12 metres depth and (2) the 
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surface, w i t h i n one hour of low water. Assay was by standard s i l v e r 

n i t r a t e t i t r a t i o n ( S t r i c k l a n d and Parsons 1968). The r e s u l t s ( f i g u r e 12) 

show a f a l l i n s a l i n i t y of the surface water of 4.2% from open sea i n t o 

the l o c h . No f a l l was seen i n the deep samples. This p a t t e r n i s what 

might be expected as f r e s h water flows over denser sea water ( H a i r and 

Bassett 1973)." A wedge of sea water thus penetrates the loch below the 

l a y e r of f r e s h watBr, up t o and beyond tho f i n a l sample s t a b i o n . 

The wedge B f f e c t i s r e f l e c t e d i n the v e r t i c a l d i s t r i b u t i o n of the 

kelp ( f i g u r e 1 3 ) . At s i t e s 1-4 the l a m i n a r i a fronds were exposed a t low 

water, but f u r t h e r i n l a n d i t s upper l i m i t of d i s t r i b u t i o n was p r o g r e s s i v e l y 

deeper. At a l l s i t e s where the lower l i m i t was reached ( a l l except 1 and 

4 where rock gave way t o sand at about 16m) the lower l i m i t of L. hypgrborea 

was around 21 metres below ri.L.U. The p o i n t s on f i g u r e 13 f o r s i t e s 6 and 

8 represent the depths a t which the few p l a n t s were found. 

The h o r i r n n t a l d i s t r i b u t i o n of kelp was also of i n t e r e s t ( f i g u r B 1 4 ) . 

L. hyperborea disappeared from the mainland shores of thB l o c h before 

disappearing from the shores of the i s l a n d s s i t u a t e d w i t h i n i t . Thus a t 

mainland s i t e 6 only t h r o e p l a n t s were found d u r i n g four hours of searching 

w h i l e f u r t h e r i n l a n d on the i s l a n d s i t e 7, t h i s species was abundant, and 

penetrated as f a r as site» E1 on the i s l a n d s . This U shaped p a t t e r n was 

also observed f o r L. d i g i t a t a s e v e r a l k i l o m e t r e s eastwards ( f i g u r e 14). 

The f a l l i n surface s a l i n i t y began a f t e r s i t e 4, as d i d the depression 

of the upper l i m i t of L. hyperborea. This c o r r s l a t i o n , togethsr w i t h the 

V shaped h o r i z o n t a l p a t t e r n a f t e r s i t e 5 s t r o n g l y suggests t h a t reduced 
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s a l i n i t y i s an important f a c t o r i n the e x t i n c t i o n of t h i s species i n 

the l o c h . 

i 

The Holdfast Fauna 

A summary of LhB species data i s presented i n Table 8. The three 

dominant classes are Lame]libranchia, Polychaeta and Ophiuroidea. About 

h a l f of the species were evenly d i s t r i b u t e d , w i t h the remainder o c c u r r i n g 

i n f r e q u e n t l y a t s i n g l e s i t e s g i v i n g thB appearance of a small species s h i f t 

along the t r a n s e c t . To help appreciate whether or not t h i s s h i f t was 

s i g n i f i c a n t Sorrensen's s i m i l a r i t y c o e f f i c i e n t was c a l c u l a t e d f o r each p a i r 

of s i t e s . 

Table 9 

Number 2 3 4 5 7 

1 59 57 63 66 63 

2 58 64 64 54 

3 58 47 52 

4 64 48 

5 62 

The c o e f f i c i e n t s ranged from 47 t o 66$ but there i s no d i f f e r e n c e 

between c o e f f i c i e n t s obtained from adjacent or widely separated s i t s s . 

TherB i s probably no s i g n i f i c a n t q u a l i t a t i v e change i n species along the 

s a l i n i t i y g r a d i e n t . The apparent s h i f t of species i n Table 8 i s simply the 

r e s u l t of the order i n which the species are l i s t e d . The s i t u a t i o n 

(discussed ftoru f u l l y i n a l a t e r chapter) i s caused because a t any s i t e 

a small p r o p o r t i o n of the species occur commonly and widely while the 

remainder occur r a r e l y . Thus the o r d o r i n g of species t o b r i n g together 

those o c c u r r i n g a t each s i t e could a u t o m a t i c a l l y give r i s e to t h i s k i n d 

of p a t t e r n . 



TABLE 8. 

LOCH SUNART SPECIES LIST. 
SPECIES SITE 

1 2 3 4 5 6 7 8 

Balanus balanoides 3 2 1 2 1 3 1 
Poraatoceros t r i q u e t e r + 2 2 2 2 1 2 2 
Myxicola sp? + + 1 1 2 
Nereis pelagica 1 1 + + + + -H i a t e l l a a r c t i c a 1 - 1 + 1 + + 
Porcellana l o n g i c o r n i s + + + + + - + + 
Heteranomia squaroula + + + + + + + 
Ampithoe r u b r i c a t a + + - + + + -Hydroides norvegica + + + + + + 
Lineus longissimus + + + + -Amphipholis squamata + + + + - -Ophiopholis aculeata - - + 1 
Ophiothrix f r a g i l i s - + - + 
A s t e r i a s rubens - - + + - + 
Tonice11a rubra - - + - - -Lepidonotus squamatus + + + + + + 1 
Modiolus modiolus - + - + -Lineus ruber + - + - - + 
Antedon b i f i d a + + + -Cancer pagurus - + -Chlamys t i g e r i n a + - + + 
Psammechinus m i l i a r i s + + + + 
Modiolus phaseolinus + + + + 
Patina p e l l u c i d a - + -Filograna implexa + + + + + 
Dasychone bombyx 
Verruca stroemia 
Eurynorae sp. 
Acanthochitona communis 
Nemert i n i 
A s c i d i a sp. 
Nassarius i n c r a s s a t u s 
Acanthochitona c r i n i t u s 
Halichondria panicea 
Harmothoe impar 
Eunice h a r a s s i i 
Lineus sp 
Acanthochitona discrepans 
Lepidochitona cinereus 
T e l U n a tenuis 
Eunemertes n e e s i i 
Balanus crenatus 
Halosydna g e l a t i n o s a 
Carcinus maenas 
L i t t o r i n a l i t t o r a l i s 
A c t i n i a equina 
Eunemertes g r a c i l e 
M y x i l l a sp 
P a t e l l a vulgata 
Lacuna vin c t a 
Tubulanus annulatus 
S p i r o r b i s b o r e a l i s 
Chlamys o p e r c u l a r i s 
Nereis d i v e r s i c o l o r 
Monia p a t e l l i f o r m i s 
Cucumaria l a c t e a 
Pecten maximus 
Nassarius r e t i c u l a t u s 
F l a b e l l i g e r a sp. 
Endeis sp. 
Buccinum undatum 
Galathea d i s p e r s a 
Musculus marmoratus 
Hyas araneus 
Ophiocomina nigra 

+ 
1 

+ 

- + 

+ 

+ 

+ 1 1 

+ + 

+ + + 

+ 

+ 

+ 
+ 
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I t i s known t h a t fauna associated w i t h mesohaline waters i s o f t e n poorer 

than t h a t of oceanic water (Remaine and Schlieper 1971). Therefore the 

numbers of species and animals per l i t r e of h o l d f a s t space were compared' 

f o r each s i t e (TablB 10). (Three l i t r e samples were not usBd since only 

between 1.2 and 2 l i t r e s were a c t u a l l y c o l l e c t e d from each s i t e . 

Everywhere else three l i t r e standard samples are used). 

Table 10 

S i t e Species 
l i t r e 

Numbers 
l i t r e D i v e r s i t y 

95% 
l i m i t s 

1 29 285 7.8 1.6 

2 25 217 7.0 1.7 

3 22 161 7.5 1.9 

4 27 .. 280 8.0 1.8 

5 26 201 7.0 1.7 

7 29 228 9.0 2.1 

No g r a d i e n t e x i s t s w i t h any of the numerical c h a r a c t e r i s t i c s . This 

i s perhaps expected since the l a m i n a r i a does not r e a l l y grow i n the low 

s a l i n i t y water. Thus the infaunas are always i n approximately the same 

s a l i n i t y and are not subjected t o a marked g r a d i e n t . 

There i s no evidence t o support thB proposal t h c t s a l i n i t y a f f e c t s tho 

-hodfast infauna of Loch Sunart. 

Discussion 

The environment i n the l o c h w i t h i t s reduced and probably f l u c t u a t i n g 

s a l i n i t y i s undoubtedly harsher f o r marine organisms than t h a t of the 

Sound of M u l l , i n i o n i c terms a t l e a s t . That an i n f l u x of freshwater 
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e v e n t u a l l y has a d r a s t i c e f f e c t on L. hyperborea i s demonstrated by the 

h o r i z o n t a l and v e r t i c a l d i s t r i b u t i o n of the alga. I n c o n t r a s t reduced 

s a l i n i t y over the range t o l e r a t e d by Laminaria hyperborea has no 

d i s c e r n i b l e e f f e c t on the h o l d f a s t i n f a u n a s . Presumably ecesis and/or 

growth of the s a l i n i t y s e n s i t i v e alga i s precluded before f a u n i s t i c 

changes can become l a r g e enough to be measured. 

This i s s i g n i f i c a n t from the p o i n t of view of using the h o l d f a s t 

u n i t f o r Environmental m o n i t o r i n g . I n h i s North Sea work Jones (1973) 

reccgnised a f a u n i s t i c group defined as " e s t u a r i n e - p o l l u t e d " . Ke 

d i s t i n g u i s h e d t h i s from h i s p o l l u t e d group, i m p l y i n g t h a t e s t u a r i n e 

c o n d i t i o n s had some e f f e c t on h i s h o l d f a s t infaunas, a f i n d i n g which 

c o n t r a d i c t s those discussed above. However the existence of Jones' 

B s t u a r i n e - p o l l u t e d grouping was based on the observation t h a t e i g h t species 

were e x r l u s i v E t o i t . Six of them have since been found i n t h i s study i n 

clean and non-estuarine s i t e s which places h i s grouping i n doubt, and 

throws f u r t h e r doubt on the v a l i d i t y of using i n d i c a t o r species f o r these 

purposes. 

I n view also of the f a c t t h a t the lowest s a l i n i t y t h a t can be 

t o l e r a t e d by L. hyperfcorea i s considerably higher than t h a t normally 

associated w i t h e s t u a r i n e c o n d i t i o n s , i t i s suggested t h a t h i s e s t u a r i n e -

p o l l u t e d grouping i s w i t h o u t f o u n d a t i o n , and t h a t f r e s h water can be 

disregarded as an i n f l u e n c i n g v a r i a b l e . 
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I I GEOLOGICAL EFFECTS 

i 

The p o s s i b i l i t y t h a t the g e o l o g i c a l nature of a s i t e e f f e c t s 

the h o l d f a s t ecosystem uids i n v e s t i g a t e d . Geological and other 

substrate c h a r a c t e r i s t i c s are of paramount importance i n t e r r e s t r i a l 

ecology, i n t h a t they determine the supply of both water and n u t r i e n t 

t o the p l a n t . 

I n c o n t r a s t , the l a r g e m a j o r i t y of benthic marine p l a n t s take t h e i r 

n u t r i e n t from the water r a t h e r than from the substrate, and any e f f e c t s 

on the b i o t a a t t r i b u t a b l e t o d i f f e r e n t rock types may be expected t o be 

smal l . However, because of the d i f f e r e n t chemical compositions of roc k s , 

and because of t h e i r d i f f e r e n t e r r o s i o n r a t e s and hardnesses, the 

p o s s i b i l i t y was examined t h a t the h o l d f a s t infauna might be i n f l u e n c e d 

by the rock t o which i t was f i x e d . 

S u i t a b l e l o c a t i o n s f o r the study of g e o l o g i c a l e f f e c t s were found i n 

the Shetland I s l a n d s ( f i g u r e 15). These i s l a n d s have w i t h i n a sma l l 

geographical compass a wide range o f rock types which outcrop i n t o the 

sea. Six of these were v i s i t e d (see f i g u r e 1 5 ) . 

The main chemical and g e o l o g i c a l c h a r a c t e r i s t i c s of the s i x s i t e s 

are l i s t e d , i n order of rock hardness, i n t a b l e 11. The order was 

a r r i v e d a t by combining a number of g e o l o g i c a l and p e t r o l o g i c a l 

c h a r a c t e r i s t i c s . (Genakos Y. PBrsonnal Communication). The hardness or 

sheering s t r e n g t h of a rock i s only a sma l l i n d i c a t i o n of i t s weathering 

r a t e and speed of e r o s i o n . 
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Table 11 

Granite I n t r u s i v B igneous rock. Weathered. Composed of f e l d s p a r , 
quartz and mica. Main elements of g r a n i t e are f i r s t l y 
s i l i c a and s i l i c a t e s w i t h aluminium second. 

Gneiss Mica - p l a g i o c l a s e gneiss. A metamorphosed rock w i t h 
i n j e c t i o n of magma along the p a r a l l e l cleavage planes. 
Composed mostly of f e l d s p a r f w i t h smaller amounts of qua r t z , 
mica, s e r i c i t e , and hornblende. Main components again are 
s i l i c a and aluninium, but has higher amounts of Ca, Mg, and 
Fe than has g r a n i t e . 

Serpentine I n t r u s i v e ignBous rock showing somB mineral and t e x t u r a l 
r e c o n s t r u c t i o n . Composed mainly of green magnesium s i l i c a t e . 
Noted also f o r a high content of some t o x i c elements, e.g. N i . 

Schist Calc s c h i s t , veined and penetrated by g r a n i t i c m a t e r i a l and 
a t t h i s s i t e layered i n s t r u c t u r e . Composed of qua r t z , b i o t i t e 
hornblende, c h o r i t e and t a l c . A l , Pig and Fe are t h e r e f o r e the 
main components a f t e r s i l i c a . 

Limestone C r y s t a l i n e limestone and c a l c - s i l i c a t e rock, sedenentary and 
r e g i o n a l l y metamorphosed. CaCQ^ i s the main component. 

Sandstone Old Fted Sandstone. Composed of quartz and other p a r t i c l e s 
bound w i t h calcium carbonate and i r o n oxides. 

( r e f e r e n c e s : - Ordinance survey ( g e o l o g i c a l survey) maps of Scotland, 

Maps 1 and 2, and F i e l d R.PI. 1952 (Geology). 

Feldspar 

Quartz 

S e r i c i t e 

B i o t i t e 

s i l i c a t e s of A l + smaller amounts of K, Fe and Ca. 

3 i 0 2 . Plica - S i l i c a + A l , K, Fa, Pig. 

K + mica. Hornblende - s i l i c a t e s o f Fe, Pig and Ca. 

r e , Pig + mica. C h l o r i t e - hydrous s i l i c a t e a o f A l , Fe and Pig. 
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Also marine weathering d i f f e r s from land weathering i n terms of chemical 

a t t a c k and the s e v e r i t y and type of abrasion, so t h a t t h i s s u b j e c t i v e 

ranked order may be i n e x a c t . A fo o t n o t e to t a b l e 11 gives the major 

c a t i o n i c components of each dominant m i n e r a l , although i n a d d i t i o n 

t o these a l l rocks except the more pure c r y s t a l types c o n t a i n a wide range 

of t r a c e elements. Of s p e c i a l i n t e r e s t here however i s serpentine 

which contains an unusually high load of supposedly t o x i c metals. This 

enabled a t t e n t i o n t o be focused on the possible e f f e c t s of heavy metals 

i n the absence of man-made p o l l u t i o n . 

S i t e d e s c r i p t i o n s 

The l o c a t i o n s of the s i t e s v a r i e d considerably w i t h respect t o 

exposure and steepness of slope, and the f o l l o w i n g s i t e c h a r a c t e r i s t i c s 

are r e l e v e n t (see f i g u r e 1 5). 

Granite Ronas voe HU274838. West f a c i n g on steep (45°) slope 

i n mouth of voe. Exposed only i n n o r t h w e s t e r l y 

weather. No strong c u r r e n t s . 

Gniess BurravoB HU534815. East f a c i n g 30 slope. Exposed 

i n e a s t e r l y weather and has d e f i n a t e but weak t i d a l 

c u r r e n t s . 

Serpentine Harold's wick HP665114. East f a c i n g and very steep 

slope. Very exposed i n e a s t e r l y weather but has no 

strong c u r r e n t s . 

S c h i s t • l l a b e r r y HU377798. 30° slope. Rarely subjected t o 

rough weather due t o sho r t fetches on most s i d e s . 

Currents stronger than a t other s i t e s but not exceeding 

4 knots. 
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Limestone Whiteness voe HU384425. GBntle slope; may be rough 

i n s trong s o u t h e r l y wind, otherwise very p r o t e c t e d . 

T i d a l movements o n l y . Substrate of boulders on sand. 

Shallow. 

Sandstone Gruting voe HU251462. Gentle slope i n voe and pro t e c t e d 

a t any angle of weather. T i d a l movements only and 

su b s t r a t e of boulders. Shallow. 

Heavy Metals 

I t i s be l i e v e d t h a t none of the s i t e s has ever been subjected t o 

i n d u s t r i a l or domestic p o l l u t i o n . Only ''natural" heavy metals are thus 

present and these only i n the serpentine t o any e x t e n t . 

Analysis of the rocks f o r trace elements was not undertaken because 

the t o t a l amount of heavy metals i s not an i n d i c a t i o n of t h e i r a v a i l a b i l i t y 

t o b i o t a . As a v a i l a b i l i t y i s more r e l e v e n t the co n c e n t r a t i o n of metal 

present i n two forms of b i o t a was estimated i n s t e a d . 

(1) Stipe t i s s u e of L. hyperborea was analysed f o r the se l e c t e d 

t r a c e elements. The r e s u l t s are shown i n Table 12: 

Table 12 
Metal content i n ppru - standard e r r o r s . 

Rock type Pb Cu Ni Zn Cd 

Granite 1 5 . 3 l l . 8 2. 9I1.8 12.213.8 4313.3 1.4l .02 

Gniess 10.2il.1 1. 61.16 Trace 30ll.4 0.6! .2 

Serpentine 12.gil.4 3. 2 l l . 1 2.al.7 60-6. 2.8l .4 

S c h i s t 2.31.4 3. 61.7 5 . 8 l l . 1 5B-B.0 3.0! .4 

Limestone 3.51.6 2. 81.2 5.gll.3 5.gls. 0.23 1.12 

Sandstone 6.4I1.O 2. l l . 3 8.7ll.3 7214.3 2.3l .63 



No p a r t i c u l a r l y low or high values are noted. With lead thmre 

appear t o be tuio groups of readings: from approximately 10 t o 15 p.p.m. 

i n the hardest rocks and 2 t o 5 p.p.m. i n the s o f t e r three r o c k s . No 

high values were recorded f o r the s t i p e t i s s u e on the t r a c e element 

r i c h s e r p e n t i n e . 

Gniess showed the lowest values f o r both n i c k e l and z i n c . 

(2) The second species chosen f o r t h i s study was P a t e l l a v u l q a f a . 

Five i a r g e i n d i v i d u a l s were taken from l*I.L.Iil. a t every s i t e except from 

sandstone where none were found. The mode of feeding of t h i s species 

i s worth n o t i n g as i t c o n s i s t s of scraping algae o f f rock, a method 

which probably causes considerable entrainment of rock p a r t i c l e s i n t o 

thB animal's d i g e s t i v e system. Table -13 presents the data: 

Table 13 

Rock Type Pletal content i n p.p.m. - S.B. 

Pb Cu Ni Zn Cd 

Granite 3.2^1.8 8.1±2.3 7.8i3.8 145^19 

Gniess 7.913.7 7.1±2.0 13.7i2.4 117^14 Not 
donB 

Serpentine 3.912.2 4.7l0.5 29.415.0 76^8 

Sc h i s t 6.1^1.5 B.9±2.8 5.3±1.8 132^27 

Limestone 5.7±1.9 4.710.6 5.9±1.8 111^8 

The l e v e l s of n i c k e l i n the l i m p e t s l i v i n g on the serpentine wars 

s i g n i f i c a n t l y higher than those from a l l other rock types. Between 

serpentine and gniess the l e v e l o f s i g n i f i c a n c e corresponded t o p = .05 

and between serpentine and a l l other rock types the s i g n i f i c a n c e was 
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higher (p = .01). With z i n c two d i f f e r e n c e s were noted; the zi n c 

c o n c e n t r a t i o n i n the serpentine l i m p e t s was s i g n i f i c a n t l y lower (p = .05) 

than those from g r a n i t e and limestone. The mean value of 76 p.p.m. 

was lower also than those of the other rock types, though not s i g n i f i c a n t l y 

so on account o f the greater range of concentrations of the l a t t e r . 

These r e s u l t s suggest t h a t serpentine i s d i f f e r e n t i n terms of 

n i c k e l and zinc from the other rock types s t u d i e d , a t l e a s t as r e f l e c t e d 

i n the' l a s t ' species. 

H o l d f a s t fauna 

Table 14 below presents a summary Df the numerical values of the 

fauna found a t each s i t e : 

Table 14 

Rock t y p e . Species/3 l i t r e s Numbers/3 l i t r e s D i v e r s i t y 

Granite 42 676 9.5 

Gniess 34 412 B.D 

Serpentine 38 437 8.5 

Sch i s t 36 397 9.0 

Limestone 31 382 8.5 

Sandstone 34 249 10.0 

Granite bias high i n both species numbers and numbers of organisms, 

w h i l e sandstone was low i n t o t a l numbers. The other four s i t e s were 

s i m i l a r t o each o t h e r , and a l l s i x had s i m i l a r d i v e r s i t y values. Due 

mainly t o the r a i s e d numbers on g r a n i t e and the low numbers on sandstone 
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there i s perhaps an impression of a decrease i n f a u n a l abundance from 

the hardest to the l e a s t hard rocks. 

A summary of the species found and t h B i r d i s t r i b u t i o n i s shown i n 

Table 15. The p a t t e r n seen i s s i m i l a r t o t h a t along the Loch Sunart 

progression of s i t e s ( t a b l e 8 ) , i n t h a t t h e re i s a s u b s t a n t i a l group of 

species which are evenly d i s t r i b u t e d and others which are i n f r e q u e n t and 

which occur at a few s i t e s o n l y . As w i t h Loch Sunart, the impression 

of a species s h i f t i s probably misleading and i s due t o the s c a t t e r e d 

d i s t r i b u t i o n of uncommon species t o which as much weight i s given v i s u a l l y 

as i s t o the common species. 

The f o l l o w i n g t a b l e of s i m i l a r i t y c o e f f i c i e n t s confirms t h a t no 

q u a l i t a t i v e g r a d i e n t s along a hard-s o f t a x i s i s proved: 

Table 16 

Gniess Serpentine Schist Limestone Sandstone 

Granite 56 55 52 46 50 

Gneiss 52 48 47 49 

Serpentine 43 47 57 

S c h i s t 48 48 

Limestone 58 

Values range from 43 t o 5B% w i t h no d i f f e r e n c e between c o e f f i c i e n t s 

f o r c l o s e l y and widely separated s i t e s . 

As thBre has however been shown t o be a po s s i b l e d e c l i n e i n t o t a l 

numbers along the h a r d - s o f t a x i s , a study of thB more common species i s 
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SPECIES 

© ° <bV </ S s s s 
Amphipholis squamata 2 3 2 1 1 1 
Pomatoceros t r i q u e t e r 1 2 1 2 2 2 
Porcellana l o n g i c o r n l s 1 1 + + 2 + 
H i a t e l l a a r c t i c a 1 + + 1 + + 
Nereis pelagica + + 1 + + 1 
Ophiothrix f r a g i l i s + 1 + + + 
A s t e r i a s rubens + + 1 + + + 
S p i r o r b i s b o r e a l i s + + + + + + 
T o n i c e l l a rubra + + - - + 
Nereidae + + - - + 
Mytilus e d u l i s + + + + + 
Harmothoe sp. - + + + + 
Acanthochitona discrepans + + - -
Psammechimis m i l i a r i s - - + -
Balanus balanoides + - - + 
Amphipoda - + - -
Modiolus modiolus + + - + 
Heteranomia squamula + + + -
Ophiocomina nigra - - - -
Lepidochitona cinereus - -
Lineus longissimus + + -
Halichondria panicea - -
Gibbula c i n e r a r i a - - + 
Antedon b i f i d a + + 
Ampithoe r u b r i c a t a + - -
Acmaea t e s s u l a t a + + + 
Henricia sanguinolenta - - + 
A c t i n i a equina + - + 
Modiolus barbatus + + + 
Patina pe Hue Ida + -
S a r g a r t i a troglodytes - + 
Carcinus maenas -
Xantho sp. -
Nymphon Bp. -
Eunemertes sp. -
Venerupis p u l l a s t r a -
Echinus esculentes + + 
Nemertine - -
Eunice sp. + 
Ophiopholis aculeata + 
Filograna implexa + 
Chlamys d i s t o r t a + 
T e l l i n a tenuis -
Acanthochitona sp. -
Acmaea virginea -
VenerupiB sp. -
A s c i d i a sp. + + 
Galathea d i s p e r s a + + 
Pinnotheres pisum -
Galathea intermedia -
Apllodlum proliferum + 
Anomia ephippium -
"Nereis d i v e r s i c o l o r 
Gammarid 1. 
EnsiB arcuatus 
Amphipholis sp. 
Chlamys sp. 
Cancer pagurus 
L i t t o r i n a sp. 
Ophiuroidea 
Anomiid 
P o r i f e r a 
Gammarid 2. 
Lacuna sp. 
Serpulida sp. 
Harmolhoe impar 
Lepidonotus sp. 
Nematoda 
LineuB ruber 
C i r r a t u l i d a e 
Polychaeta ( E u n i c i d a e ? ) 

+ 
+ 
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necessary t o show which of these are r e s p o n s i b l e . A l l species which 

c o n t r i b u t e more than 10% of the t o t a l numbers i n any s i t e are t a b u l a t e d 

below, w i t h t h e i r percentage abundance. 

Table 17 

Species _ Granite Gniess Serpentine S c h i 3 t Limestone Sandstone 

A. squamata 34 39 35 13 9 6 

P. l o n g i c c r n i s 11 6 5 3 5 2 

P. t r i q u e t e r 11 24 10 29 22 23 

H. a r c t i c a 5 2 4 18 2 4 

0. f r a g a l i s 0 2 7 0 2 1 

A. rubens 3 3 5 2 5 2 

The polychaete Pomatoceros t r i q u e t e r was s l i g h t l y more abundant 

i n h o l r i f a s t s from thB s o f t e r rocks, w h i l e the b r i t t l e s t a r Amphipholis 

squamata i s s u b s t a n t i a l l y more abundant on the harder rocks. ThB l a t t e r 

d i s t r i b u t i o n may have some s i g n i f i c a n c e . However the b r i t t l e s t a r i s 

w e l l known t o be migratory and patch/ i n i t s d i s t r i b u t i o n . Probably 

no one species i s r e s p o n s i b l e f o r the r a i s e d numbers i n the g r a n i t e 

samples. 

Discussion 

No conclusive evidence i s found t h a t the type of rock a f f e c t s the 

nature of the h o l d f a s t infaunas. Population d i f f e r e n c e s are judged t o 

f a l l w i t h i n the range of sampling v a r i a t i o n , a n d i t i s o f p a r t i c u l a r i n t e r e s t 

t h a t s e r p e n t i n e , which contained elevated c o n c e n t r a t i o n s of n i c k e l , d i d 

'not appear t o give r i s e t o abnormal p o p u l a t i o n s . 
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I l l DEPTH. EXPOSURE AND SEDIMENTATION EFFECTS 

l 

These three v a r i a b l e s were s t u d i e d t o g e t h e r . Their a c t i o n and 
e f f e c t s are d i f f i c u l t bo separate since a l l are c l o s e l y connected. For 
example depth i s i n v e r s e l y r e l a t e d t o exposure, and i n t u r n exposure 
a f f e c t s sedimentation. Turbulence and strong wave a c t i o n prevents 
sedimentation, w h i l e increased depth leads t o " q u i e t e r " water w i t h l e s s 
turhulence and morB sedimentation. The e f f e c t s o f exposure on marine 
fauna are however not l i m i t e d t o those of sedimentation; there are the 
p h y s i c a l e f f e c t s of exposure as w e l l , namely the sweeping away of non 
attached forms, the pre v e n t i o n o f s e t t l i n g , and the washing away of 
garnets before f e r t i l i z a t i o n . For a l l these reasons exposure has o f t e n 
been an important c o n s i d e r a t i o n i n d e s c r i p t i o n s of marine l i f e ( L i l l y 
a t a l 1953). 

To i n v e s t i g a t e the e f f e c t s of depth on h o l d f a s t infaunas three depth 

t r a n s e c t s ware s t u d i e d . I n a d d i t i o n h o l d f a s t s from two exposure gr a d i e n t s 

were also s t u d i e d . The depth t r a n s e c t s were from the Shetlands,the 

Hebrides where the deepest ranges were found i n t h i s i n v e s t i g a t i o n , and 

from the North coast of France a t Port L e v i , near Cherbourg. The slopes 

of the SBa bed i n t h c 3 ? r o g i o n s wars 45°, 20° and less than 5° respect

i v e l y . A l l three regions were considered t o be u n p o l l u t e d . The 

exposure g r a d i e n t s were those already used i n other connections, namely the 

s i t e s along Loch Sunart and from the Shetlands. 

(a) Depth Gradients 

The f o l l o w i n g t a b l e presents the numerical data f o r the three depth 

g r a d i e n t s . 
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Table 18 

Depth Shetland's Hebrides Pt. Levi 
HU495697 NG045815 49045'N. 1°2G'E 

WetrBS . Species/ Number/ Species/ Numbers/ Species/ Numbers/ 
Below 3 l i t r e s 3 l i t r e s 3 l i t r e s 3 l i t r e s 3 l i t r e s 3 l i t r e s 

PI.L.W. 

3 36.7 206 

6 27.6 333 32.0 270 

9 38.6 324 25.5 275 

12 32.2 322 31.0 335 

15 32.9 585 37.5 324 

18 28.0 384 

21 27.5 336 

The consistancy of t h B values i n these three widely separated regions 

and a t a l l the d i f f e r e n t depths w i t h i n them i s s t r i k i n g . One exception 

i s the numbers of animals i n the 15 metre Hebrides c o l l e c t i o n where the 

elevated numbers arB a t t r i b u t a b l e t o Pomatoceros t r i q u e t e r . 

No trends w i t h depth are revealed. The 18 metre c o l l e c t i o n from the 

Shetlands, was comprised mostly of young p l a n t s of agB 4 and so t h i s 

r e s u l t i s i n c l u d e d f o r completeness on l y , although i t compares c l o s e l y 

w i t h the other s i t e s . 

From the above values i t i s evident t h a t h o l d f a s t infaunas are not 

markedly a f f e c t e d by depth. 

The species concerned are l i s t e d i n t a b l e 19. Examination of t h e i r 

nature r e v e a l s t h a t the species found a t the differsnt depths are not 

unique t o t h a t depth and most have been found over a wide depth range. 
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HEBRIDES SPECIES LIST 

Hetcranomla aquamula 
Pomatoceros t r i q u o t e r 
A s c i d i a 
Ophiothrix f r a g i l i a 
C a p r e l l i d a e 
l l i a t e l l a a r c t i c a 
Nercldae 
Lagisca extenuata 
Nereis pelagica 
Acanlhochitona c r l n l t u s 
Jorunna tomentosa , 
Modiolus nodiolus 
Filograna laplexa 
Lacuna vi n c t a 
Bala mis bhlanoides 
llarnothoe laipar 
Jasaa fa l e a t * 
H y x i l l a sp. 
E u l a l l a sanguinea 
T e a l l a f e l i n a 
Serpullda 
S y l l i d a e 
Patina pe Hue Ida 
Porceliana longicornla 
N a ssanus lncrasaatus 
HusculuB marsoratus 
A c t i n i a equina 
OrchomenallB nana 
Lepldonotus squama tus 
Modiolus barbatua 
ABcldla Bp 
Amphlpholls squamata 
Elimnus modestus 
Hydroidea norveglca 
Nynphon sp. 
Pycnogonum sp. 
Antedon b i f i d a 
Ophiopholls aculeata 
T a l l t r u a s a l t a t o r 
K e l l l a s u b o r b l c u l a r l s 
Gamaarua sp. 
TonIce11a rubra 
CMaays d i d t o r l a 
Pllumnus h l r t e l l u s 
Chlaays v a r l a 
Calllostoma slzyphlnum 
Hyas araneua 
A s t e r l a a rubena 
Cucuaarla a a x l c o l a 

. MasaarluB r e t l c u l a t u s 
Pbylodoce aaculata 
Nereis vlrena 
Psamechlnus m i l i a r i a 
Clbbula sagus 
Potanopyrgus j e n k l n s l 
T r i v i a a r c t l c a 
Cancer pagurus 
AcBiea t e s s u l a t a 
C l r r a t u l l d a e 
Eunemerlea n e e a l l 
Area l a c t c a 

3n 9m ISm 21m 

1 + + + 

1 1 1 

1 1 3 

+ 
+ -

- • 
+ + 
+ 

SHETUNDS SPECIES LIST 

6m 12m 18m 
Pomatocoros t r i q u e t e r 2 2 2 
E u l a l l a v i r i d i s - + 
AmphiphollB squamata 2 2 2 
Ascldla Bp. + + 
Aaterlaa rubens + + + 
Ophiothrix f r a g i l i s + + + 
Nereis pelagica 1 + 1 
H l a t e l l a a r c t l c a 1 1 1 
Acanthochitona c r l r . l t u s + + + 
l l y t l l u a e d u l l a + -
Porcellana longlcornls + + + 
Leander sp. - -
Fllograiia lmplexa + 
Calathea diapersa 
R e n r l c l a sangulnolenta -
Hydroldes norveglca + + 
TonIce11a rubra - -
Gumma rue sp. + -
Barmothoe impar + + + 
Lineus ruber - -
Acmaea t e s s u l a t a 
Hetcranomla aquamula - - 1 
Idotea ep. + 
L l t t o r l n a n e r l t o l d e a + 
Ac t i n i a equina - -
Modiolus barbatua - -
Llneua longissiaua 
Glbbula c i n e r a r i a 
Serpula vermicularla + 
T e l l l n a sp. + 
Echinus esculentus + 
BalanuB balar.^ldes + + 
Psamechlnus m i l i a r i a + + 
OphiocoBina nigra 
Modiolus modiolus 
Patina p e l l u c l d a 
Rereldae 
Bpirorbla borealin + 
Llmacea c l a v l g e r a 

PORT LEVI SPECIES LIST 

6m 9m 12m tti 
Patina pelluclda + + + 
Balanua ba l a no Ides 2 
Hydroldca norveglca + 1 -
Porcellana l o n g i c o r n l s 1 1 1 
Cucumarla s a x l c o l a - -
Chthamalua s t e l l a t u a + + + 
Nereis pelagica 1 1 1 
K u u c r t l n i 
Sabellidae 1 1 + 
C a l l i o s t o s a zizyphinium- -
Pllumnua h l r t e l l u s + + 1 -
Diodora apertua 
Aaphipoda 
Clbbula c l n e r a r e a + -
T r l c o l l a pullua + 
L y s l d l c e n inetta + + 
Poaatoccros t r i q u e t e r + 
Myxllla sp. • 1 + 
Sphaeroma ruglcauda + 
Sp l r o r b l s b o r e a l i s + + 
Harmothoe impar 
Slpuncullda 
Cucumaria l a c t e a + + 
Fllpgrana lmplexa + 1 + 
Acanthochitona sp. 
Lacuna vincta - + 
Branchiomaa veslculosum+ 1 
P o r i f e r a 
H l a t e l l a a r c t l c a 
Bala mis pert ora tus 3 3 
P o r l f e r a ( 2 ) . . . 
Oecapoda 
Sabs 11a pavonina + 1 -
Chlamys v a r l a 
Nudlbraiichla 
FUSUB sp. 
T e r e b s l l l d a e 1 
Aapltboe r u b r i c a t e 
MUSCUIUB d l s c o r s + -
A x l n e l l a ap + 
Diaaoa v a r l a b l l a + + 
Aaterlna glbboaa + -
P l a t y n e r e l s d u m e r l l l l 3 
Orchonenalla nana + 
Ocenebra erlnacea 
T r i v i a a r c t i c a 
Bispera volutacornls + 
Ophiothrix f r a g l l l s 
B y l l l s sp. 
Lepidonotus squamatus 
E u l a l l a BP. 
8erpullda 
DlstomuB vari o l o s u s + 
Baseodiscus d e l i n e a t u s 
Hun Ida sp. 
Phylodoce maculata 
Plnnotherca pisum 
Sagartia elegans + 
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There arB no species i n the deeper ranges which do not occur elsewhere 

much shallower (see Appendix E) f w i t h the occasional exception such as 

Area l a c t e a whose only occurrence anywhere was a t 21 metrBS o f f ths 

Hebrides. 

( b ) Exposure- Gradients 

Inseparably mixed w i t h depth i s the f a c t o r of exposure. I n view of 

t h i s i t would seem l i k e l y t h a t the above depth g r a d i e n t s are e f f e c t i v e l y 

exposure g r a d i e n t s as w e l l . S i m i l a r l y i-hs s i t e s along Loch Sunart and 

around the Shetlands can also be ordered i n terms o f exposure. 

I n Loch Sunart (see f i g u r e 11) the exposure g r a d i e n t runs from s i t e 

1 (most Bxposed) t o s i t e 8. I n the Shetlands the s i t e s can also be 

ordered a c c o r d i n g l y t o r e l a t i v e exposure though w i t h l e s s c e r t a i n t y . The 

order i s Serpentine, Gneiss, S c h i s t , Limestone, GranitB and Sandstone (see 

f i g u r e 1 5). 

I t i s remembered t h a t no marked f a u n i s t i c g r a d i e n t s were seen along 

Loch Sunart. S i m i l a r l y no marked d i f f e r e n c e s were found between the 

Shetland u i t e s . 

( c ) Sedimentation 

Both exposure and depth are i n t r i n s i c a l l y mixed w i t h sedimentation. 

Where water i s calmest, sedimentation i s o f t e n highest since the scouring 

e f f e c t of even moderate water movement can keep rock surfaces c l e a r of 

sedimentation (Postma 1967). With a b u i l d up of sediment the h a b i t a t i s 

a l t e r e d , and w i t h t h i s a l t e r a t i o n should come a change i n the h o l d f a s t 

fauna. Where sedimentation i s highest there may be a greater d e n s i t y of 
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d e t r i t u s feeders, and where c u r r e n t s are s t r o n g e s t there i s o f t e n a 

greater number of suspension feeders ( L i l l y e t a l 1953; S c a r r e t t 1960). 

A t r e n d i n e i t h e r of these two t r o p h i c c ategories i n the h o l d f a s t faunas 

t h e r e f o r e could be i n t e r p r e t e d as evidence t h a t exposure or sedimentation 

i s having some e f f e c t . 

The f o l l o w i n g t a b l e presents the numbers of animals and numbers of 

species i n these two t r o p h i c categories as s t u d i e d along the Loch Sunart 

and the Shetland exposure g r a d i e n t s . 

Table 20 

Loch Sunart 

Numbers 1 2 3 4 5 7 

0 0 0 0 1 1 
236 1B2 140 224 177 198 

0 0 0 n 1 1 
13 13 9 13 14 15 

D e t r i t u s 
Suspension 

No. Species 

D e t r i t u s 
Suspension 

Shetlands 

Numbers Serpentine Gneiss Schist Limestone Granite Sandstone 

D e t r i t u s 0 0 0 0 0 4 
Suspension 36 68 86 99 89 53 

No. Species 

D e t r i t u s 0 0 0 0 0 1 
. Suspension 9 10 9 11 10 11 

L i t t l e evidence of sediment g r a d i e n t s i s obtained from thesB r e s u l t s 

although the presence of Nereis d i v e r s i c o l o r i n Loch Sunart a t s i t e s 5 

and 7, and nematodes ( l a r g e r than 2mm) i n the Shetland Sandstone s i t e 
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may be taken t o i n d i c a t e some sediment increase i n the more s h e l t e r e d 

s i t e s . 
* 

Discussion 

None o f the gr a d i e n t s considered abcve appear to s i g n i f i c a n t l y 

a f f e c t the h o l d f a s t faunas. A reason f o r these i n a sense negative r e s u l t s 

must be looked f o r i n the nature of the h o l d f a s t s . 

Located on the sea f l o o r the h o l d f a s t has above i t a dense f o r e s t of 

pl a n t s up t o 3 metres t a l l , which o f f e r s a r e s i s t a n c e t o water movement 

i n the same way t h a t a t e r r e s t r i a l f o r e s t r e s i s t s wind. The e f f e c t i s 

r e a d i l y n o t i c e d by ".divers, and i s also r e f l e c t e d i n the p r o g r e s s i v e l y 

reduced "streaming" shown by the s t i p e epiphytes as the sea f l o o r i s 

approached. This suggests t h a t the environment around the h o l d f a s t s i s 

less prone t o the e f f e c t s of current'; than i s bare rock. 

The presence of the h o l d f a s t t i s s u e s t i l l f u r t h e r increases t h i s 

p r o t e c t i o n . I t has been shown (Chapter 3) t h a t about 38% of the t o t a l 

h o l d f a s t i s occupied by p l a n t t i s s u e . Probably species l i v i n g i n h o l d f a s t s 

enjoy considerably s t a b i l i s e d c o n d i t i o n s w i t h respect t o exposure and are 

not subjected t o extremes, a p o i n t recognised by S c a r r e t t (1960), Jones (1970) 

and Hoore (1971). The u n i f o r m i t y of h o l d f a s t h a b i t a t w i t h respect t o 

exposure i s t h e r e f o r e comparatively h i g h , even between r e g i o n s . 

The r e l a t i o n s h i p between water v e l o c i t y and sediment b u i l d up i s 

r e c i p r o c a l but not l i n e a r (Postma 1967) and only i n very calm c o n d i t i o n s 

w i l l a b u i l d up of sediment be l a r g e . Laminaria hyperborea does not grow 

to normal or average s i z e i n very s h e l t e r e d c o n d i t i o n s , nor can i t grow 

w e l l i n c o n d i t i o n s of high sediment, but grows o p t i m a l l y i n c o n d i t i o n s of 
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moderate t o strong water movement (Dohn 1967). Thus extreme sediment 

c o n d i t i o n s are u n l i k e l y t o a f f e c t the h o l d f a s t . 
i 

The k e l p i t s e l f only occurs w i t h i n l i m i t s of exposure and sedimentation 

which are considerably i n s i d e the t o t a l spectrum o f sea c o n d i t i o n s . 

Extremes of sedimentation a t the bass of a kelp f o r e s t are u s u a l l y 

l e s s than those on bare rock deeper than i t (Bellamy et a l 1968). This 

was shown t o be the case i n Shetland. Here, twelve "sweeps" werB made 

to c o l l e c t or note a l l species t h a t occurred outside h o l d f a s t s i n a two 

metre uide swathe from 30 metres to the surface. No attempt was made t o 

count the numbers of each species on Bach sweep; only t h e i r presence was 

recorded. The data from each sweep was then d i v i d e d i n t o s e c t i o n s of 

3 metres depths and t a b u l a t e d ( t a b l e 21). The slope of the rock face was 

45° and the kelp d i d not grow below 15 metres. 

The key of t a b l e 21 i s modified from the usu a l , i n t h a t although f o r 

Example the number 5 s t i l l means B0% or more i t here means t h a t the species 

occurred i n BQ% or more of the twelve swathes. This i n t r o d u c e s an element 

o f q u a l i t a t i v e n e s s i n t o the r e s u l t s . 

I t was n o t i c e d t h a i sedimentation on the f l o o r of the kelp bed was 

minimal throughout i t s depth range while t h a t on the bare rock from 

18 t o 30 metres appeared to be g r e a t e r . The sediment was due t o a bed 

o f hydroids and other filamentous organisms l a r g e l y absent w i t h i n the 

k e l p bed, which trapped the s i l t farming a bed of s o f t m a t e r i a l 0.5 cms. 

t h i c k . TablB 21 shows a more or l e s s d i s t i n c t d i f f e r e n c e of fauna above 

and below 15 metres. Group A are species which occurred u n i v e r s a l l y , 



TABLE 21 DEPTHS IN METRES. 

A 
E c h i n u s e s c u l e n t u s 
A s t e r i a s rubens 
Pomatoceros t r i q u e t e r 
G ibbula c i n e r a r i a 
A c t i n i a equina 
Modiolus modiolus 
P a t e l l a sp. 
A s t e r i n a sp. 
Antedon b i f i d a 
Amphipholis squamata 
A s c i d i a sp. 
Macropipus d e p u r a t o r 
Balanus spp. 
C a l i o s t o m a z i z y p h i n u m 
H e n r i c i a s a n g u i n o l e n t a 
G a l a t h e a s t r i g o s a 

B 
Anemonia s u l c a t a 
P a t i n a p e l l u c i d a 
T e a l i a f e l i n a 
Cancer pagurus 
Alcyonium d i g i t u m 
L i t t o r i n a l i t t o r e a 
L i t t o r i n a l i t t o r a l i s 
P o r i f e r a 
Metridium s e n i l e 
S c y l i o r h i n u s c a n i c u l a 
Macropipus puber 

C 
Eupagurus bernhardus 
A s t r o p e c t e n s p . 
C a r y o p h y l l a s m i t h i i 
A s t e r i n a gibbosa 
O p h i o t h r i x f r a g i l i s 
P e c t e n maximus 
Buccinium undatum 
S o l a s t e r papposus 
A p h r o d i t e a c u l e a t a 
Chlamys o p e r c u l a r i s 
A p o r r h a i s p e s - p e l e c a n i 
P l e u r o n e c t e s p l a t e s s a 
Hyas a r a n e u s 
I d o t e a spp. 
L u i d a S o l a r i s 
G rant l a compressa 

3 -6 -9 -12 -15 -18 -21 -24 -27 -3C 

3 3 3 5 5 5 5 5 4 4 
2 2 3 2 3 3 3 3 3 3 
1 2 2 2 2 3 3 3 3 4 
2 2 3 2 2 1 1 + + + 
1 2 2 1 1 + + + + 
1 + + + + + + + 
1 + + 1 2 2 + + 

+ + + + + + 
+ + + + 3 3 2 2 + 

+ 2 2 3 2 2 3 2 
+ + + + + 1 1 + 

+ + 1 
+ + 
+ + + 

+ + 
+ + 

+ + 1 + + + 
+ + + 1 + 
+ 1 1 + 
2 1 + 1 
2 2 + + 
+ + + 
+ + + 
+ + 1 + 
+ + + + 

+ + 
+ + 

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

1 2 4 
+ + + 2 
+ 1 + 

+ 
+ 
+ 
1 
1 

+ 
+ + 1 

+ 
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group B are those mostly above 15 metres and group C are thosB predominantly 

below 15 metres. Such a d i v i s i o n .may be f o r t u i t o u s i n t h a t nonB of the 

species i n group C ars s p e c i f i c a l l y s o f t - b o t t o m or d e t r i t u s feeding forms, 

but nevertheless the d i v i s i o n e x i s t s and two blocks as d i s t i n c t and 

d i v i s i v e as t h i s cannot be formed using any other depth as a p i v o t . 

I t has been s t a t e d t h a t the kelp f o r e s t o f f e r s a r e s i s t a n c e t o water 

movement, and so when p a r t i c l e bearing water i s slowed down by the kelp, 

p a r t i c l e s would be expected t o f a l l ouu of suspension. This undoubtedly 

happens and some sediment i s always present i n and around h o l d f a s t s . 

Despite t h i s tne u n i f o r m i t y found i n a kBlp bed and experienced by h o l d f a s t s 

from d i f f e r e n t r egions i s much great e r w i t h respect t o exposure and 

sedimentation than i t i s t o most other v a r i a b l e s . 
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FOUR ENVIRONMENTAL VARIABLES POSSIBLY 
AFFECTING HOLDFAST FAUNAS 

1. Heavy Metals 

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

The terms heavy metals and t . j x i c metals have o f t e n been used 

interchangeably to denote a wide range of elements. Passow (1961) 

defined heavy metals as those having a s p e c i f i c g r a v i t y o f f i v e or more, 

which i s s a t i s f a c t o r y p r o v i d i n g i t i s accepted t h a t less dense metals can 

be t o x i c , e.g. Aluminium, a r s e n i c ; and t h a t not a l l the heavier metals 

are t o x i c , i n moderate c o n c e n t r a t i o n . E i t h e r term can be used provided 

i t i s c l e a r which elements are being r e f e r r e d t o and there i s a knowledge 

of t h e i r t o x i c i t y . 

Bryan (1971) suggested t h a t mercury, s i l v e r and copper are e x c e p t i o n a l l y 

t o x i c , w i t h cadmium, z i n c , lead, chromium, c o b a l t and n i c k e l f o l l o w i n g i n 

t h a t o rder. The exact order though must depend i n p a r t on the t e s t 

organism and on the s a l t or compound of the metal under c o n s i d e r a t i o n . I t 

was decided t o l i m i t the study t o the f o l l o w i n g heavy metals, cadmium, copper 

le a d , n i c k e l , and z i n c , thB e f f e c t s o f which have been s t u d i e d i n some 

d e t a i l on c e r t a i n organisms. 

The e f f e c t s of heavy metals both i n i s o l a t i o n and w i t h o t h e r s have 

•been i n v e s t i g a t e d , as have t h e i r e f f e c t s when a c t i n g i n c o n j u n c t i o n w i t h 

other parameters such as water hardness, reduced oxygen c o n c e n t r a t i o n and 
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temperature, pH and s a l i n i t y extremes. 

Of a wide range of marine animals Uurtz (1962) b e l i e v e d molluscs 

were the l e a s t r e s i s t a n t t o high l e v e l s of heavy metals and were the f i r s t 

t o be e r r a d i c a t e d . Skidmore (1964) found t h a t the t o x i c e f f e c t s of zinc 

and copper were s t r o n g l y s y n e r g i s t i c , as were zinc and n i c k e l . He 

bel i e v e d the e f f e c t s of z i n c and copper were closer to being a d d i t i v e . 

Lead-zinc m i x t u r e s , lead-mercury and copper-mercury mixtures have a l l been 

found t o have s y n e r g i s t i c a c t i o n s (Grey and V e n t i l l a 1971; 1973). ThBse 

authors also found t h a t any combination of copper, zinc and mercury would 

s y n e r g i s t i c a l l y i n h i b i t growth of copepods, although i n concentrations of 

l e s s than p a r t s per b i l l i o n some combinations had the opposite e f f e c t and 

growth was s t i m u l a t e d . 

I t i s g e n e r a l l y conceded (Wilson 1972) t h a t the most important v a r i a b l e 

i n the t o x i c i t y o f copper ( t o f i s h ) i s the m i t i g a t i n g e f f e c t of increased 

water hardness. The same a p p l i e d t o zi n c whose t o x i c i t y i s reduced by 

calcium, e s p e c i a l l y the carbonate s a l t (Skidmore 1964). I n t h i s 

connection pH i s i m p o r t a n t . A r a i s e d pH a l l e v i a t e s the t o x i c i t y of s e v e r a l 

elements by causing them t o p r e c i p i t a t e ( l i i u r t z 1962) while a lowered pH 

r a i s e s t h e i r t o x i c i t y by a l l o w i n g them t o d i s s o l v e and thus i n c r e a s i n g 

t h e i r a v a i l a b i l i t y . 

P o l l u t e d environments o f t e n s u f f e r from low oxygen l e v e l s which 

appears always t o increase the t o x i c i t y o f heavy metals (Herbert and 

Vandyke 1964; Skidmore l o c c i t ) . Likewise lowered s a l i n i t y and both 

lowered and r a i s e d temperature may increase t o x i c i t y (Vernberg and O'Hara 

1972; lilurtz l oc c i t ) . I t must be s a i d t h a t not a l l authors agree on which 

p a i r s of metals arid other environmental parameters are s y n e r g i s t i c or simply 
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a d d i t i v e . Broun (1971) f o r example b e l i e v e d t h a t any mixture of copper, 

z i n c , and n i c k e l are more nearly a d d i t i v e ( i n t h e i r harmful e f f e c t s on r a i n -
i 

bow t r o u t ) than s y n e r g i s t i c , but the m a j o r i t y of authors concur w i t h the 

above o u t l i n e . 

These authors s u b s t a n t i a t e the b e l i e f t h a t the elements chosen f o r 

a n a l y s i s i n t h i s study are t o x i c t o marine l i f e g e n e r a l l y and very o f t e n 

i n a more than a d d i t i v e f a s h i o n . Many of the elements are bound i n t r a 

c e l l u l a r ^ and once concentrated they may remain so even when the organism 

i s t r a n s f e r r e d t o clean water (Lockhart et a l 1972). The l i t e r a t u r e shows 

t h a t the e f f e c t s of heavy metals on marine organisms range through a l l the 

expected s u b - l e t h a l m a n i f e s t a t i o n s of poisoning such as growth i n h i b i t i o n 

(Grey and l / a n t i l l a 1971 ; Sheppard and Bellamy 1974),genetic damage 

(Beardmore 1975; Skerfwing e t a l 1970), cancer (Barada 1975), and 

t e r a t o g e n i c i t y ( E p s t e i n 1970)^ t o death. 

These gross e f f e c t s are merely .the m a n i f e s t a t i o n s o f biochemical 

d i s o r d e r s , but the reasons why, a t the biochemical l e v e l , these gross 

e f f e c t s occur are l e s s c l e a r , despite considerable work on s u b - c e l l u l a r 

and enzymic i n t e r a c t i o n s (Schutte 1964; Danielson 1970). LBad has probably 

been subjected t o more a t t e n t i o n than any other heavy metal. I t has long 

been known t h a t lead i m p a i r s the i n t e g r i t y of c e l l membranes a l l o w i n g 

major e s s e n t i a l c a t i o n s such as K + to leak out (Davson and D a n i e l l e 1938). 

I t i s also known t o i n h i b i t calcium metabolism such as t h a t a t n e u r a l 

j u n c t i o n s ( S i l b e r g e l d e t a l 1974) which emphasises why such small q u a n t i t i e s 

can be very t o x i c . blaldron and S t o f f e n (1974) review the metabolism of 

t h i s element, which although considerable, lags behind the more B a s i l y 

obtained knowledge of i t s e f f e c t s a t the whole animal I B V B I . 
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This a p p l i e s t o other elements as w e l l . Cadmium d i s r u p t s general 

enzyme systems such as the key o x i d a t i v e phosphorylation pathway (Jacobs 

et a l 1956). I t also accumulates i n and damages the d i g e s t i v e and r e n a l 

systems ( N u l l i n and R i l e y 1956). Copper binds w i t h p r o t e i n s on the 

animals' g i l l s r endering them n o n - f u n c t i o n a l (Wilson 1972). Zinc also 

accumulates i n ' g i l l s and by coag u l a t i n g t h e i r p r o t e i n s induces the g i l l 

e p i t h e l i u m t o slough o f f (Burton e t a l 1972). With zinc however evidence 

i s accumulating on some b e n e f i c i a l e f f e c t s o f r a i s e d z i n c c o n c e n t r a t i o n s , 

such as i n haemoglobin metabolism and h e a l i n g (Wright and Dormandy 1972; 

Underwood 1971; and Dash e t a l 1974). 

Because of these very v a r i e d e f f e c t s i t i s understandable t h a t metals 

o f t e n a c t s y n e r g i s t i c a l l y . S i m i l a r l y metals a c t i n g i n a l e s s than optimum 

environment (oxygen l a c k , temperature extremes e t c . ) m i l l have a more severe 

e f f e c t . S i t u a t i o n s of l e s s than optimum environment f o r c e r t a i n organisms 

commonly occur i n p o l l u t e d areas. 

Probably the only reason why thesa elements are t o x i c a t a l l i s 

because t i s s u e s concentrate them. There i s no evidence t o suggest t h a t 

t i s s u e c oncentrations as low as those found i n sea water could harm the 

organism. From the evidence of the damage caused t o organisms subjected 

t o metals i n l a b o r a t o r y experiments, the damage t h a t Mould bB caused by 

l e v e l s i n the p a r t s per b i l l i o n range would probably be "unnoticed" by 

the organism. Indeed s e v e r a l elements such as zinc and capper are e s s e n t i a l 

i n minute amounts and are only t o x i c when r a i s e d . Eacn t i s s u e concentrates 

d i f f e r e n t metals by d i f f e r i n g amounts (Pontreath 1973), and i t i s only the 

a b i l i t y of t i s s u e s t o concentrate them, t h e i r i n a b i l i t y t o prevent t h e i r 
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u n c o n t r o l l e d e n t r y i n t o the body, or t h e i r i n a b i l i t y t o excreta them 

once absorbed, t h a t leads to b i o l o g i c a l damage. 
i 

I n t e r e s t i n g l y , many of the f a c t o r s such as decreased oxygen, changes 

of pH or s a l i n i t y t h a t synergise w i t h the metals' t o x i c B f f e c t s , also 

increase the r a t e of accumulation of the metal (Bryan 1971 ; Coleman 

et a l 1971 ; O'Hara 1973). The s i t u a t i o n f o r the animal i n such c o n d i t i o n s 

i s thus p a r t of a v i c i o u s c i r c l e ; small changes i n , f o r example, oxygen 

l e v e l , coupled w i t h small l e v e l s of t o x i c elements leads t o an ever 

i n c r e a s i n g accumulation of the elements and enhanced damage by them. 

Experiments demonstrating the responses of whole animals t o heavy 

metals i n the l a b o r a t o r y are numerous though not very . r e p r e s e n t a t i v e of . . 

n a t u r a l c o n d i t i o n s . The l e v e l s usBd are o f t e n higher by s e v e r a l orders 

of magnitude than those found i n ever, the most p o l l u t e d marine s i t u a t i o n . 

The e f f e c t s of these elements i n lower, more n a t u r a l concentrations i s 

l e s s c l e a r . 

Analysis f o r hBavy metals 

A s u i t a b l e t i s s u e was sought f o r e s t i m a t i n g the r e l a t i v e heavy metal 

concentrations a t each s i t e sampled. Laminaria hyperborea t i s s u e was the 

only m a t e r i a l c o l l e c t e d i n q u a n t i t y a t every s i t e , but p r i o r t o p l a c i n g 

any r e l i a n c e on i t experiments were c a r r i e d out t o determine 1) t h a t the 

t i s s u e could absorb or adsorb dissolved heavy metals;2) t h a t the amount 

taken up was r e l a t e d t o the c o n c e n t r a t i o n i n the water; and 3) whether 

the time t h a t the p l a n t was i n the water a f f e c t e d the t i s s u e c o n c e n t r a t i o n . 
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A t o t a l of 80 soctions of s t i p e t i s s u e were placed i n normal ssa 
water or i n sea-water enriched w i t h n i c k e l , l ead, nadmium, z i n c , copper 
and manganese i n concentrations of 0.125, 0.25 or 0.5 p a r t s per m i l l i o n . 
A f t e r o v e r n i g h t a g i t a t i o n the t i s s u e s were analysed f o r t h e i r concentrat
ions of these metals. 

The r e s u l t s are shown g r a p h i c a l l y i n f i g u r e 16a. I n a l l cases except 

t h a t of manganese there was an uptake of the metal. Cadmium and lead 

showed the l a r g e s t (about e i g h t f o l d ) c o n c e n t r a t i o n between the normal and 

the 0.5 ppm enriched seawater. Copper, zinc and n i c k e l a l so showed 

progressive t i s s u e increases w i t h concentrations r e l a t e d t o the seawatsr 

c o n c e n t r a t i o n . Following t h i s experiment no f u r t h e r i n v e s t i g a t i o n s of 

manganese were undertaken since i t s usefulness i n mon i t o r i n g seemed 1 

d o u b t f u l . Possibly the p l a n t t i s s u e was able t o r e g u l a t e the uptake 

of t h i s element. With t h B other elercants some form of ab- or a d s o r p t i o n , 

i n t o the p l a n t m a t e r i a l took place. This has beBn r e p o r t e d f o r other 

phaeophytes (Bryan 1969; I.FI.E.R. 1975) and i s probably a t t i - i b u t i b l e to 

c o l l o i d s (Black and M i t c h e l l 1952). 

With the lower concentrations found i n the sea the time of exposure 

t o the heavy metals might be another parameter determining t h e i r l e v e l 

i n the t i s s u e . To t e s t t h i s , two s e r i e s of a n a l y s i s were c a r r i e d out 

on d i f f e r e n t aged sections of the kelp f r o n d . Base, centre and t i p 

s e c t i o n s of fronds c o l l e c t e d from the u n p o l l u t e d s i t e a t St Abbs ( g r i d 

r eference NT 908692) and from the p o l l u t e d s i t e a t Marsdan were analysed 

f o r a range of heavy metals. The sampling was c a r r i e d out i n October 

(1973) so the ages of the sec t i o n s were approximately one month, 'four 

or f i v e months and e i g h t months o l d r e s p e c t i v e l y . T I I B r e s u l t s are shown 
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i n f i g u r e 16b. I n a l l cases the concentrations were i n the order 

base<centre<tip. The o v e r a l l l e v e l s were higher a t the p o l l u t e d 

s i t e but the p a t t e r n a t both s i t e s was the same. 

The f i n d i n g s from these experiments show t h a t 1) L. h y p B r b o r e a 

s t i p e t i s s u B does take up a l l the heavy metals i n v e s t i g a t e d except 

manganese; 2) the uptake i s p o r p o r t i o n a l t o the media c o n c e n t r a t i o n 

and 3) w i t h i n v i v o uptake seawater where concentrations are low the time 

f a c t o r i s i m p o r t a n t . Laminaria s t i p e t i s s u e would t h e r e f o r e see«. t o be 

s u i t a b l e f o r the determination of the r e l a t i v e amounts of heavy metals 

a t the s i t e s sampled. Because of the importance of the time f a c t o r the 

standard s e c t i o n chosen f o r a n l y s i s was the base of the s t i p e s of f i v e 

year o l d p l a n t s . 

T o t a l Heavy Metal Index 

The r e s u l t s of thB a n a l y s i s f o r heavy metals a t each s i t e are 

contained i n Appendix C. An index e n t i t l e d T o t a l Heavy Metals (THFl) 

was then b u i l t up from thB readings obtained from each s i t e (Table 22), 

Each element was taken i n t u r n and the s i t e s were ranked from 1 t o 35 ( l e a s t 

t o most) of t h a t element. The f i v e l i s t s of rankings were then averaged to 

make a f i n a l average ranking of s i t e s . The p o s i t i o n of any onB s i t e i n 

the l i s t i s t h e r e f o r e i t s place, r e l a t i v e t o a l l the other s i t e s , according 

t o the average amounts of the f i v e " t o x i c " elements considered. ThB 

r a n k i n g approach was taken so t h a t each element would c o n t r i b u t e the same 

weighting t o the f i n a l order of s i t e s . Since the readings of Cd ranged 

from 0.35 - 3.4 ppm w h i l s t those of Zn were 11.0 t o 85.0 ppm the use of 

a c t u a l c o n centrations i n s t e a d of rankings would have given d i f f e r e n t and 

d i s p r o p o r t i o n a t e weightings t o the d i f f e r e n t elements. 



Table 22 

S i t e rankings f o r heavy metal concentrations 

S i t e Sector Pb Cu Ni Cd Zjn Ranked 

Cellardyke I 1 B 19 8 11 1 
Peterhead I 16 26 2 3 7 2 
Aberdeen I 30 11 9 1 5 3 
Caithness I 13 16 5 17 6 4 
Seaton IV 2 1 10 26 16 5 
Fraserburgh I 6 3 15 32 10 6 
St. Abbs I 23 6 1 2 29 6 
Montrose I 4 20 5 26 11 6 
Falmouth I I 3 9 24 17 16 9 
Portencross I I I 23 15 22 10 1 10 
Port E r i n I I I 14 17 7 10 24 11 
St. Agnes IV 29 28 4 5 a 12 
Kingsbarns I 5 14 19 21 15 12 
B a l l y c a s t l e I I I 12 4 29 30 3 14 
Plymouth I I I 31 1B 3 6 22 15 
Durdle Door IV 32 5 16 15 20 16 
Robin Hoods Bay I I 19 7 28 16 18 16 
Penzance IV 34 27 10 4 14 18 
Dunbar I 11 13 14 20 31 18 
Loch Sunart I I I 9 10 25 22 19 20 
Kimmeridge IV 22 2 22 33 13 21 
Lossiemouth I 17 1B 11 28 26 22 
Port Ysagden I I I 24 23 11 17 25 22 
Souter I I 35 24 11 7 23 22 
Bangor I I I 10 34 27 14 21 25 
Corseuiall I I I 26 21 30 23 9 26 
Darsey IV 19 12 25 29 26 27 
Scarborough I I B 29 35 10 28 27 
Oxwich I I I 20 32 8 25 30 29 
Whitby I I 15 25 34 10 31 29 
Sennen IV 25 31 31 31 4 31 
Marsden I I 33 29 17 9 35 32 
Redcar I I 7 33 21 34 33 33 
Neuibiggin I I 27 35 32 35 2 34 
Flamborough I I 21 22 33 24 33 35 

N.B. 1. No heavy metal data was obtained from the Hebrides. 
2. Peterhead ( r e f e r e n c e N3133457) was sampled f o r heavy 

metals only and these r e s u l t s are i n c l u d e d here. 
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I n f a c t the TUN order i s very close t o t h B orders of the i n d i v i d u a l 

elements; every element c o r r e l a t e d s i g n i f i c a n t l y ( a t l e a s t t o p = .05) 

w i t h the values of THM. The index thus r e f l e c t s c l o s e l y the values of 

each element, and smooths out some of the vagaries t h a t o c c a s i o n a l l y 

occurred w i t h some s i t e s , (e.g. see values f o r Newbiggin). 

I t can be shown t h a t each element c o n t r i b u t e s about e q u a l l y to 

b u i l d i n g the THM index. The equation p r e d i c t i n g THM from the f i v e elements 

i s : 

TriM = 5.25 Cd + 0.11 Ni + 0.46 Pb + 0.18 Zn+ 1.75 Cu - 9.B1 

The normalised v e r s i o n i s : 

THfl = 0.42 Cd + 0.35 Ni + 0.35' Pb+ 0.39 Zn+ 0.34 Cu 

The l a t t e r shows very s i m i l a r values f o r each element. Cd a t 0.42 

c o n t r i b u t e s the most t o THfl and Cu a t 0.34 the l e a s t , but the d i f f e r e n c e s 

are s m a l l . The index i s t h e r e f o r e probably a good i n d i c a t o r of t h e heavy 

metal loads found a t each s i t e . 

Trends and r e g i o n a l d i f f e r e n c e s i n T o t a l Heavy Metals 

Taking each sector i n t u r n (see Table 22) the highest l e v e l s of THN 

occurred i n sector I I where the mean value was 28.5, sd = 6.6. The lowest 

were found i n sector I whose mean was 8.0 sd = 7.1. This d i f f e r e n c e i s 

s i g n i f i c a n t (p = .05). Sectors I I I and IV were midway w i t h mean values 

of 19.6 * 7.2 and 17.1 * 8.0 r e s p e c t i v e l y . I t i s i n t e r e s t i n g t o note 

t h a t the highest and lowest means r e f e r t o adjacent regions both i n the 

North Sea. I t would seem u n l i k e l y t h e r e f o r e t h a t t h e re i s a d i s t i n c t 

North 5ea basin or zone w i t h respect t o heavy metals. The average l e v e l 

i n the North Sea i.s no more than t h a t i n the A t l a n t i c or South coast sectors 

The d i f f e r e n t i a l w i t h i n the North Sea however i s steep. 
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FigurB 17 shows the general trends of THFI around the whole study 

area. The arrows progress from lowest value t o highest and are only 

drawn where a c o r r e l a t i o n of THM w i t h l a t i t u d e or l o n g i t u d e was 

s i g n i f i c a n t . The s t a t i s t i c a l method used i s described i n Appendix A. . 

The c o r r e l a t i o n and i t s s i g n i f i c a n c e showing the degree of the 

r e l a t i o n s h i p i s w r i t t e n above the arrows, and the r e g r e s s i o n , showing 

the steepness o f the slope i s w r i t t e n below the arrows. 

Taking a l l the s i t e s together f i r s t , THI*I c o r r e l a t e s s i g n i f i c a n t l y 

w i t h l o n g i t u d e , the l e v e l s i n c r e a s i n g eastwards ( c e n t r a l a r r o w ). The 

steepness of the g r a d i e n t i s i n the order of one THM u n i t per degree 

l o n g i t u d e . There was no o v e r a l l North-South t r e n d . 

Taking each sector i n t u r n the only c o r r e l a t i o n found w i t h i n a 

s i n g l e sector was the s l i g h t one i n s e c t i o n I I I , where there was a 

tendency f o r THPl t o increase southwards. Neither the c o r r e l a t i o n nor 

the steepness of the s l o p B were l a r g e . 

Taking the North Sea as a whole strong r e l a t i o n s h i p s were seen w i t h 

both l a t i t u d e and l o n g i t u d e . I t should be noted t h a t l a t i t u d e and 

l o n g i t u d e values are c l o s e l y c o r r e l a t e d i n the North Sea s i t e s ( r = .859 

p = .001). BBcausg of t h i s the heavy metal increase eastwards may only 

be a consequence of i t s increase southwards, or v i c e versa. The value 

depicted i n Figure 17 i s t h a t w i t h l a t i t u d e and i t shows a steep slope 

f o r THM which increases southward a t n e a r l y 7 u n i t s per degree l a t i t u d e . 

(The slope was 7.B u n i t s per degree l o n g i t u d e ) . 
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The broad conclusions of the p a t t e r n o f THPI are: 

( 1 ) That the English coast sector of the North Sea i s the 

most ' p o l l u t e d " of a l l the sectors i n terms of the heavy 

metals s t u d i e d . 

( 2 ) The l e a s t l e v e l s uiere found i n the S c o t t i s h North Sea r e g i o n 

such t h a t a steep g r a d i e n t i s formed down the B r i t i s h North 

Sea c o a s t l i n e . 

( 3 ) A s l i g h t t r e n d i s seen i n sector I I I . 

( 4 ) Over B r i t a i n as a whole t h e r e i s an increase eastwards. 

The p o s s i D i l i t y t h a t T o t a l Heavy Metals a f f e c t s the h o l d f a s t 

infaunas i s i n v e s t i g a t e d l a t e r i n t h i s study. 
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2. Water C l a r i t y 

The c l a r i t y of a body of water i s one of i t s most d i s t i n c t i v e 

and i n b i o l o g i c a l terms important c h a r a c t e r i s t i c s . The transmission of 

l i g h t through water has been st u d i e d i n d e t a i l by Clerlav (1951) and the 

more s p e c i f i c b i o l o g i c a l e f f e c t s of l i g h t on Laminari-a has been 

inv/estigated by Kain (1966). 

I t has been shown e a r l i e r i n t h i s t h e s i s t h a t l i g h t i t s e l f i s of 

l i t t l e apparent importance t o the fauna; a t threB s i t e s t h e r e was no 

s i g n i f i c a n t change i n h o l d f a s t composition w i t h i n c r e a s i n g depth or w i t h 

decreasing l i g h t . The Factors which are of importance t o the fauna are 

suspended and d i s s o l v e d compounds i n the water, which may be measured i n 

sever a l ways, one of which i s the r e d u c t i o n i n l i g h t p e n e t r a t i o n . 

L i g h t t r a n s m i s s i o n i s geometric and i s described f a i r l y w e l l by the 

equation eft _ 
dt 

where I = i n t e n s i t y of the i n c i d e n t l i g h t , t = depth and k = the water 

e x t i n c t i o n c o e f f i c i e n t . The value k i s thus the main f a c t o r which 

determines l i g h t p e n e t r a t i o n and water c l a r i t y . Very c l e a r water has a 

k value of 0.03 and absorbs 50% of the i n c i d e n t l i g h t i n the f i r s t metre 

and 90% i n the f i r s t 20 metres. Open ocean water remote from land or r e e f 

masses may have a k value of . 1 , and c o a s t a l water a value of .3 upwards 

(Krebs 1972). 
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The main f a c t o r s a f f e c t i n g k are summarised below. 

t 
Water e x t i n c t i o n c o e f f i c i e n t 

i 1 1 
Dissolved Suspended 

i • 1 i 1 , 
I n o r g a n i c Organic Organic I n o r g a n i c 

H 1 
L i v i n g Non L i v i n g 

I n d i f f e r e n t bodies- of water the components may assume d i f f e r e n t 

degrees of importance, but a l l the components are interdependant. 

Methods of measuring the components 

(a) O v e r a l l C l a r i t y 

Spot checks on water c l a r i t y can be made using a number of m o d i f i c a t i o n s 

of the Secchi disk method. Longer term measurements using i n s i t u 

apparatus s u f f e r from the problems of sediment and b i o t a on the sensors. 

(b ) Dissolved M a t e r i a l s 

T e c h n i c a l l y i t i s p o s s i b l e t o analyse sea water f o r almost a l l 

d i s s o l v e d substances and a n a l y s i s f o r many i s now r o u t i n e ( S t r i c k l a n d 

and Parsons 1968). The problems i n h e r e n t i n t h i s are many however and 

are summarised as f o l l o w s . 

1 , The very low concentrations of many of the compounds leads t o high 

- a n a l y t i c a l standard e r r o r . 

2. C e r t a i n of the compounds, such as n i t r o g e n , phosphorous and s i l i c a 

compounds have such r a p i d turnover r a t e s and are b u f f e r e d so s t r o n g l y by 

sediments ( B u l t e r and T i b b i t s 1972) t h a t the r e s u l t s obtained have 

l i m i t e d value. Compounded w i t h t h i s i s the problem of f o r m a t i o n and 

s e c r e t i o n of organic m a t e r i a l s by marine l i f e . 
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3. I n recant years the Fact t h a t double carbon bonds absorb u l t r a 
v i o l e t wavelengths has been used f o r e s t i m a t i n g d i s s o l v e d carbon. At 
the beginning of t h i s study the method was used along the North East 
England coast. Early i n the work houever, several l a r g e and a t present 
u n c o r r e c t i b l e i n t e r f e r e n c e s WBre revealed making the method unusable. 
I n view of i t s continued use by many authors the study i s recorded i n 
d e t a i l i n appendix E, although i t was discarded as a means of a n a l y s i s 
here. 

( c ) Suspended M a t e r i a l s (Organic and i n o r g a n i c ) 

Single readings of suspended matter can be simply obtained using 

a v a r i e t y of f i l t r a t i o n techniques. Moore (1972) has attempted t o gain 

a more continuous or i n t e g r a t e d p a t t e r n by using i n s i t u sediment t r a p s , 

but encountered d i f f i c u l t i e s due t o disturbance by storm c o n d i t i o n s . 

I n the study of p o l l u t i o n by sewage the assessment of suspended 

c o l i f o r m b a c t e r i a has been e x t e n s i v a l y and s u c c e s s f u l l y used (lilatson 

and Watson 1968 ; Henriksson 1969). The main problems here r e l a t e to the 

s h o r t l i f e of f a e c a l organisms when exposed to sea water. 

O v e r a l l Problems 

I n a d d i t i o n t o the above s p e c i f i c d i f f i c u l t i e s , any method f o r 

assessing o v e r a l l water c l a r i t y or a component of i t i s s u b j e c t to the 

f o l l o w i n g l i m i t a t i o n s : 

( 1 ) Owing t o the enormous he t e r o g e n i t y of i n p u t , c u r r e n t s and 

mixing, c o l l e c t i o n s should be taken a t each s i t e a t r e g u l a r s h o r t i n t e r v a l s 

i f a meaningful e x t r a p o l a t i o n i s t o be allowed. 
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( 2 ) Even i f a mean value i s obtained i t may have l i m i t e d value 

unless the extremes of the v a r i a t i o n have also been noted since the 
i 

l a t t e r may be of f a r greater s i g n i f i c a n c e . For example the mean dis s o l v e d 

oxygen i s of l i t t l e importance i f the lowest value i s i e r o , and readings 

of mean di s s o l v e d phosphate may be of l e s s importance than pulses high 

enough t o s t i m u l a t e a l g a l blooms. Likewise Laminaria may s u r v i v e periods 

of no l i g h t i n t e r s p e r s e d w i t h periods of good water c l a r i t y , but not a 

sustained c l a r i t y below t h e i r compensation p o i n t . -

Thera i s c e r t a i n l y a need t h e r e f o r e f o r some i n t e g r a t e d assessment 

of water c l a r i t y when attempting t o study the ecology of marine ecosystems. 

Kelp ."jghy tometer" 

One s a t i s f a c t o r y way of o b t a i n i n g an i n t e g r a t e d year-round index of 

" p o l l u t i o n " by suspended m a t e r i a l can be achieved using the "phytometer" 

method of Bellamy e t a l (1967, 1970, 1973) who showed t h a t the depth 

range o f the kelp v a r i e d w i t h the amount of suspended matter i n the water. 

I t was shown t h a t a r e d u c t i o n i n the depth range of L. hyperborea could 

be a t t r i b u t e d t o reduced l i g h t p e n e t r a t i o n . This r e d u c t i o n i n depth 

range i s brought about by a l l forms of suspended m a t e r i a l both from 

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

Although the depth range or s i t e performance c o r r e l a t e d c l o s e l y w i t h 

suspended m a t e r i a l Bellamy e t a l ( l a c c i t ) found t h a t the i n d i v i d u a l 

performance of the p l a n t s was l i t t l e a f f e c t e d except a t the extreme lower 

edge of i t s depth range. Where l i g h t appears t o be "barely s u f f i c i e n t " 

the growth of each p l a n t was not reduced. A complete set of data on the 
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performance of the kelp over i t s depth range a t one s i t e i s presenbed 

i n Appendix 8. This i l l u s t r a t e s the e f f e c b o f a marked r e d u c t i o n of 

i n d i v i d u a l performance a t the extreme lower l i m i t of thB depth range. 

ThBse observations f i n d support from the work of Drew (1969, 1971) 

on the p h o t o s y n t h e t i c e f f i c i e n c y of algae. He showed t h a t e f f i c i e n c y of 

carbohydrate synthesis increased w i t h depth u n b i l i t approached the 

maximum t h e r o r s t i c a l l y p o ssible a f t e r which growth ended a b r u p t l y . 

The depth t o which k e l p grow3 a t each s i t e i s t h e r e f o r e used as an 

i n t e g r a t e d index of water c l a r i t y . The f o l l o w i n g t a b l e gives the values 

found i n t h i s study (depths i n metres). 

Table 23 

Sector Sector I I Sector I I I Sector IV 
Caithness 23 Newbiggin 2,5 Hebrides 25 St,Agnes 14.7 
Lossiemouth 11 Marsden 2 L. Sunart 25 Sennen 21.2 
Fraserburgh 23 Souter 3 Portencross 7.6 PenxancB 15 
Aberdeen 10 Redcar 4 S a l l y c a s t l e 15 Falmouth 17 
Montrose 10 Whitby 9.5 Corsewall 7.6 Plymouth 12 
Kingsbarns 7 R.Hoods Bay 6.5 Bangor 15 Seaton 6 
Cellardyke 7 Scarborough 6.8 P. E r i n 16 Durdle Door -
Dunbar 10 Flamborough 9.5 P. Ysagden 12 Jersey 18 
St. Abbs 16.4 Oxwich 9.5 Kimmeridge 12.1 

Mean 13.4 5.5 14.5 15.1 

Of a l l the s i t e s s t u d i e d o nly a t Durdla Door i n Dorsst d i d the 

s u b s t r a t e give way t o sand before l i g h t became l i m i t i n g t o the growth of 

k e l p . S i m i l a r mean values were found f o r a l l sectors except Sector I I 

which showed a much r e s t r i c t e d mean depth range. 
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The trends are shown i n f i g u r e 18. Over B r i t a i n as a whole ( c e n t r a l 

arrow), t h ere i s i n c r e a s i n g c l a r i t y from East t o West. I n t e r e s t i n g l y along 

the only sector o r i e n t a t e d East-west, i . e . along the South coast, no 

s i m i l a r g r a d i e n t was revealed. This w i l l be discussed l a t e r . 

I n the North Sea the c l a r i t y increases northwards o v e r a l l , but the 

r e s u l t s from sectors I and I I show a p i v o t around the coast of Durham 

where very poor water c l a r i t y c o n d i t i o n s appear t o e x i s t . Water c l a r i t y 

increases both northwards and southwards from t h i s p o i n t . 

I n sector I I I t h e r e i s a s i g n i f i c a n t but less steep g r a d i e n t , such 

t h a t the waters of the S c o t t i s h West coast, appear on average t o be 

c l e a r e r than those of the I r i s h Sea. 

The causes f o r a r e d u c t i o n i n water c l a r i t y are discussed l a t e r when 

i t i s shown t h a t i n d u s t r i a l and domestic p o l l u t i o n i n the N.E. England 

s i t e s must be a t l e a s t a major cause of the l o s s of c l a r i t y t h e r e , and 

evidence i s presented which l a r g e l y discounts n a t u r a l t u r b i d i t y as being 

a prime cause i n t h i s r e g i o n . 

" C l a r i t y " i s regarded as a second v a r i a b l e which p o s s i b l y a f f e c t s the 

h o l d f a s t fauna* Pleasured by the depth range of the k e l p i t encompasses a l l 

parameters which have an a f f e c t on l i g h t t r a n s m i s s i o n through the water. 
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3, 4. Latitude and Longitude 

In addition to the two variables Total Heavy Metals and C l a r i t y the 

effects of geographical location were examined on the assumption that t h i s 

also has a uearing on holdfast'fauna. Since a l l species have a geographical 

range of some sort i t seBmed probable that s i g n i f i c a n t patterns would 

emerge over the 1000 x 500 kilometer range of t h i s survey. Latitude and 

longtitude were therefore included as variables, making a t o t a l of four 

to be considered. 

The four variables 

I t i s possible that these four variables i n fa c t measure more or less 

than the four actual dimensions. For example, possibly geographical 

location might be only one r e a l dimension although i t requires two apparent 

variabj.es to locate i t . In contrast r e l a t i v e heavy metal load and water 

c l a r i t y need only onB measurement pach for t h e i r location. 

Conversely one variable might measure more than one theor e t i c a l 

dimension, or one variable might be more or less completely accounted for 

by, or contained w i t h i n another. As an i l l u s t r a t i o n , Total Heavy Metals 

might simply be a component of C l a r i t y . 

-Therefore the degree of complication and duplication shown by thB 

four variables was determined, and the j u s t i f i c a t i o n was assessed of-

regarding them as being entire i n themselves or whether they were measuring 

more or less than the four theoretical dimensions claimed far them. 

http://variabj.es
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This was most suitably dona with p r i n c i p l e component analysis, a 

branch of factor analysis. This i s a straightforward way of transforming 

the four variables i n t o another hypothetical set of variables, called factors. 

The factors are constructed from the variables so that each variable 

contributes a varying amount towards the factors. Factor 1 i s the best 

sunmary of linear relationships exhibited i n the data and accounts for 

more of the variance i n the data as a whole than do any other combinations 

of variables or parts of variables. Factor 2 accounts for the largest 

part of the remaining variance, and so on u n t i l the number of factors equals 

the number of variables when a l l the variance i s used up. In the method 

chosen, although not necessarily, each factor i s orthogonal (uncorrelated) 

to the others. 

Two implications of t h i s are as follows. 1) I f a variable loads 

substantially on to more than one factor i t means that the variable measures 

more than one theo r e t i c a l dimension (Nie et a l 1970; Comrey 1973). 

2) I f two variables load on to the same factors i n the same way than those 

variables are measuring the samB thing. In t h i s way the structure of the 

data can be seen and the v a l i d i t y of the variables can be assessed. 

The four variables, THM, C l a r i t y , Latitude and Longitude, were subjected 

to t h i s form of p r i n c i p l e component analysis. The following structure emerged: 

Latitude 
THN 
Longitude 
C l a r i t y 

Factor 1 
.9858 

-.1443 
-.1020 
.0181 

Table 24 
Factor 2 
-.1407 
.9978 

-.0697 
-.1508 

Factor 3 
-.0904 
-.0670 
.9488 
.2959 

Factor 4 
.0139 

-.0137 
.2906 
.9431 
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I t i s clear that one variable loads very substantially onto one 

factor each and onto other factors by only a minimal amount. Also one 
* 

factor represents only one variable. The correspondance between each 

variable and i t s factor i s high. The square of the values, x 100, i s 

the percentage of the variables variance accounted for by that factor. 

Thus i t can be' seen that each factor i s very similar indeed to one variable. 

I t can be concluded that the variables are uncomplicated and measure only 

one t h e o r e t i c a l dimension each. Also there i s no duplication of variables, 

so t h a t , i n the e a r l i e r example, THM i s not merely a component of C l a r i t y . 

The variables are a l l approximately orthogonal to each other as w e l l . 

For the purpose of t h i s study i t i s perfectly adequate to leave the 

variables as they are. Had the loadings been r a d i c a l l y d i f f e r e n t the 

factors would have to have been substituted for the variables. 
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THE FAUNA 
i 

The Faunistic Patterns 

The numbers of species, the t o t a l numbers of animals and the 

d i v e r s i t y of a three l i t r e sample at Bach s i t e are l i s t e d i n table 25 

together with the averaged value f o r each sector. The English North Sea 

region, sector I I , has the highest number of individuals but the 

fewest species, which together produces the lowest d i v e r s i t y . The Scottish 

North Sea region, sector I , shows the highest d i v e r s i t y , but i s l i t t l e 

d i f f e r e n t from the West and South coast sectors. In the l a t t e r region 

one s i t e at Seaton was exceptional and had a very large s p a t f a l l of 

Wytilus on svery holdfast collected. This s i t e i s the only one that 

f a l l s out of the ove r a l l South coast pattern and was situated close to 

a sewage o u t f a l l . 

The gradients of these values, correlated with l a t i t u d e and longtitude 

are shown i n figure 19. The corre l a t i o n coefficient, r, of either number 

of species (Sp) number of animals (N) or d i v e r s i t y (e<) with l a t i t u d e 

or longitude i s w r i t t e n above the arrows, and the "steepness" of the 

gradient i s indicated below the arrows i n the form of i t s regression 

equation. As i n the two previous figures only s i g n i f i c a n t relationships 

are depicted. 

With a l l the si t e s combined (ce n t r a l arrow) there i s a gradient of 

increasing species richness and d i v e r s i t y i n a westward d i r e c t i o n . No 

general North-South gradient appeared from the data to hand. 
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Sites Sectors 

N Nsp 
Caithness 458 42.2 11.5 
Lossiemouth 503 27.7 6.2 
Fraserburgh 342 44.1 13.5 
Aberdeen 300 31.6 8.5 
Montrose 186G 23.3 3.6 
Kingsbarns 253 31.8 9.5 
Cellardyke 436 30. 7.1 
Dunbar 776 39.1 8.7 
St. Abbs 1151 43 8.5 
Neubiggin 3150 24 3.5 
Marsden 778 24.'9 4.8 
Souter 1475 25.3 4.0 
Redear 6630 21.9 2.9 
Whitby 421 36.4 9.0 
Scarborough 248 31.6 9.5 
Robin Hoods Bay 282 22. 5.5 
Siliuick 556 33.5 7.5 
Hebrides 558 35.5 8.6 
Loch Sunart 767 43.3 10.8 
Portencroec 613 49.7 13.0 
Ballycastie 102 23 9.3 
Cor3euiall 874 20.9 3.9 
Bangor 338 32. 8.7 
Port Erin 225 22.7 8.2 
Port Ysadgan 343 21.3 5.6 
Oxuich 1234 21.3 3.8 
St. Agnes 563 47.4 12.2 
Sennen 539 47.7 12.5 
Penzance 340 43.9 13.5 
Falmouth 808 41.4 9.3 
Plymouth 700 44. 10.5 
Seaton 24.7 3.5 
Durdle Door 112 20.1 7.5 
Kimineridge 124 27. 10.0 
Jersey 131 18 5.2 

Nsp 

676 34.7 8.0 

,1692 27.5 4.5 

562 30.0 6.9 

1164 34.9 6.8 
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Sector I showed no f a u n i s t i c gradient with l a t i t u d e or longitude. 

I n sector I I t o t a l numbers increased steeply northwards from the 

Yorkshire to the Durham coast. Simultaneously, species richness 

declined,and with i t , d i v e r s i t y . The southernmost s i t e s i n t h i s sector 

such as Whitby and Scarborough are similar i n numerical composition to 

some of the least polluted s i t e s elsewhere i n B r i t a i n , so that the 

gradients of species and numbers along t h i s coast appears to be caused 

by the inclusion of the more northerly sites of sector I I , namely those 

between Redcar and Newbiggin. This i s i n agreement with t h B r e s u l t s of 

Bellamy et a l (1967) and 3ones (1970). 

Elsewhere other trends are apparent. Along the West coast, sector I I I , 

a North-South gradient of species richness and d i v e r s i t y appeared. I t 

would have been desirable to divide t h i s sector i n t o two parts, an I r i s h 

Sea/Bristol Channel region and a hlBst Scotland region. However, i.oo 

few samples prevent t h i s . There i s t h B p o s s i b i l i t y however that an I r i s h 

Sea/Bristol Channel "basin" exists which i s low i n species compared to 

the Scottish liiest coast. 

Sector IV showed three clear trends. The number of species, numbers 

of animals and d i v e r s i t y a l l increased westwards. This finding compares 

wel l with the work of Crisp and Southward (1958) on rocky i n t e r t i d a l 

animals i n the English Channel, which were found to decrease i n both 

richness and abundance as the eastern Channel basin was approached. 

Exactly the same s i t u a t i o n obtained with the holdfast faunas along the 

South coast. However due to the absence of L. hyperborea East of the 

I s l e of Wight, only the Western half of the South coast i s involved i n 
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t h i s study compared to Lhe whole South coast region i n the study of 

Crisp and Southward. 

A l l the gradients seen i n figure 19 may have several causes. ThB 

trends may be due i n some cases to zongeographical trends, other natural 

factors, or- may r e f l e c t gradients of i n d u s t r i a l and domestic p o l l u t i o n . 

The reasons for the trends i n each sector can be elucidated at least i n 

part by examining the s t a t i s t i c a l relationships of the fauna to the four 

environmental variables. 

Relationships of fauna with Total Heavy Metals and C l a r i t y 

The following table presents a l l the s i g n i f i c a n t correlations that 

existed between t o t a l numbers, number of species and d i v e r s i t y with either 

THM and C l a r i t y . 
Table 26 

Sector Variable pair r P 
I Sp C l a r i t y .599 .•5 

I I N C l a r i t y -.623 .•5 

Sp C l a r i t y .635 .05 

C l a r i t y .743 .02 

I I I Sp THN -.659 .05 

THN -.796 .0-1 

IV None 

North Sea Sp C l a r i t y .753 .001 

I + I I THN -.393 .05 

C l a r i t y .663 .002 

A l l s i t e s Sp THN -.27D .05 

Sp C l a r i t y .459 .005 
THN -.294 .05 

C l a r i t y .606 .001 
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In every instance uihBre there i s a corre l a t i o n between a f a u n i s t i c 

a t t r i b u t e and THN or C l a r i t y , a "deterioration" of the environment 
i 

(increase i n THM or decrease of C l a r i t y ) correlates with a f a l l i n species 

richness and a f a l l i n d i v e r s i t y . I n sector I I a f a l l i n C l a r i t y also 

correlates with a r i s e i n the t o t a l number of organisms. No exception 

to t h i s occurred. 

These relationships are perhaps the " l o g i c a l " effects of a deterioration 

of the marine environment, whether by p o l l u t i o n or by natural t u r b i d i t y . 

However there were as many co e f f i c i e n t s that were not s i g n i f i c a n t as those 

that were,For example on the South coast neither of the environmental 

variables correlated s i g n i f i c a n t l y with any of thB three f a u n i s t i c 

a t t r i b u t e s . In certain of the sectors however, the above correlations 

speak strongly of a meaningful relationship between the environmental 

variable and the holdfast fauna. In sector I I C l a r i t y appeared to have 

some importance, while i n sector I I I THP1 showed s i g n i f i c a n t correlations. 

The r e l a t i v e importances of these two variables, and t h e i r importance 

r e l a t i v e to the geographical variables l a t i t u d e and longitude, were 

elucidated further with the help of multiple regression analysis. 

The Relative Importances of the Four Variables 

The four variables were regressed onto 1) number of species, 2) t o t a l 

numbers of.animals and 3) d i v e r s i t y (Tables 27,28 and 29). ThB independant 

variables i n each equation are wr i t t e n i n order of t h e i r importance. The 

one which accounted for the largest part of the variance of the dependant 

variable i s w r i t t e n f i r s t , the one which accounted for the second largest 

part i s w r i t t e n second and so on. Only those variables accounting for 

2% or more of the variance are included. Only the f i n a l step of each 
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Table 27 

Species numbers 

1) A l l sites -
Species = .76 C l a r i t y -.12 THN + 24.6 

^variance accounted for by : C l a r i t y = 30$ 
+THN = 32$ 
A l l 4 = 32.3$ 

2) North Sea sites 
Species =1.0 C l a r i t y + 21.5 

variance : C l a r i t y = 72. $ 
A l l 4 = 75.9$ 

3) Sector I 
Sp = 1.09 C l a r i t y - 2.12 l a t - 2.17 long + 146 

variance - : C l a r i t y = 63$ 
+ Lat. = 70$ 
+ Long. = 72.5$ 

4) Sector I I 
Sp = 1.34 C l a r i t y - 0.25 THN + 12.7 

variance : C l a r i t y = 65.5$ 
+THN = 74.5$ 
A l l 4 = 75.5$ 

5) Sector I I I 
Sp = 2.92 Lat - .27 THN - 125 

variance = Lat. = 35.0$ 
+THN = 38$ 
A l l 4 = 50$ 

6) Sector IV 
Sp = 6.91 long + 7.29 (.001) 

variance : Long = 06$ 
A l l 4 = 91$ 



Table 28 

N 

A l l s i t e s 
N = -37.1 C l a r i t y + 2079 

^variance accounted for by : C l a r i t y = 13j£ 
A l l 4 = 13.4# 

North Sea sites 
N = -42.0 C l a r i t y + 33.47 THN + 911 

variance ~ • C l a r i t y = M% 

+ THN = 18JS 
A l l 4 = 19.4% 

Sector I N5 

Sector I I NS 

Sector I I I 
N s NS 

Sector IV NS 



Table 29 

Diversity 

A l l sites 
<K = .27 C l a r i t y - ,Q5 THP1 + 5.4 

% variance accounted for by : C l a r i t y = 37% 
+ THM = 39% 
A l l 4 = 40% 

Nortn Sea si t e s 
e* = .375 C l a r i t y -0.29 Long +4.1 

variance : C l a r i t y = 58.7% 
+ Long = 59.5% 
A l l 4 = 60% 

Sector 1 
oi = .305 C l a r i t y < 4.5 

variance : C l a r i t y = 44% 
A l l 4 48% 

Sector I I 
o< = .395 C l a r i t y - 2.31 l a t + 130 

variance : C l a r i t y = 66% 
+ Lat = 68.7% 
A l l 4 = 68.7% 

Sector I I I 
OC = -.26 THN + .52 Lat - 15.3 

variance : THN = 56.1% 
+Lat =- 64.5% 
A l l 4 = 68% 

Sector IV 
tf> = 1.492 long + 3.3 

variance : Long = 54% 
A l l 4 = 74% 
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equation i s w r i t t e n i n the tables, although several steps had to be 

computed to arrive at t h i s part, using f i r s t l y a l l the variables 

i s the percentage of the dependant variable's variance which i s accounted 

for as each independant variable i s added to the equation. 

Thus an impression can be gained of 1) which variables a f f e c t the 

holdfast fauna appreciably, 2) the r e l a t i v e "importance" of each 

variable to the fauna compared to the other variables and 3) the d i f f e r e n t 

degrees of importance of each variable i n the d i f f e r e n t sectors. 

Examining species number, (Table 27) f i r s t , i t can be seen that 

water c l a r i t y has the overwhelming e f f e c t , both i n the North Sea as 

a whole and i n .sectors I and I I separately. After c l a r i t y , l a t i t u d e has 

some significance along the Scottish coast and heavy metals are implicated 

along the English section. However with about two t h i r d s of the variance 

of species numbers being accounted for by c l a r i t y , t h i s variable can be 

assumed to be of paramount importance i n the North Sea. 

Along the West coast l a t i t u d e i s implicated as being the most 

important of these four variables. Heavy metals are implicated s l i g h t l y . 

A l l four variables together account for about half of t r i e species number 

variance. 

Along the South coast the most important of the four variables 

considered i s c l e a r l y longitude which accounts for the very high figure 

of 90% of the variance. None of the other three variables contribute 

s i g n i f i c a n t l y , and the remaining 10% of the variance could easily be due 

together and thfen selectively omitting each. Written after each equation 

976 ) 2 -9 JUL 1976 
•canon t/BRAR< 
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to sampling error alone. 

A very similar pattern emerges whBn d i v e r s i t y i s the dependant 

variable, (Table 28) the only r e a l difference being that i n sector I I I 

t o t a l heavy metals assumes more importance, moving from second to f i r s t 

place. In a l l cases where C l a r i t y i s e f f e c t i v e i t s e f f e c t on species 

numbers and d i v e r s i t y i s to increase them. When THN i s e f f e c t i v e i t 

tends to decrease s p e c i B S numbers, and d i v e r s i t y . In the table for 

t o t a l numbers however (Table 29) t h i s s i t u a t i o n i s seen to be reversed 

a f a l l i n c l a r i t y and a r i s e i n THN lead to greater t o t a l numbers of 

animals. 

I t needs to be BmphasisBd that variables not measured may c e r t a i n l y 

be very important. For example, i n sectors I I I and IV where l a t i t u d e 

and longitude arB implicated respectively, the important factors may 

be l a t i t u d e or longitude per se but are very l i k e l y to be unmeasured 

parameters which correlate very highly with them. S a l i n i t y , temperature 

and current are possible examples. Crisp and Southward (1958) described 

s a l i n i t y and sediment gradients along the South coast (although these 

were only marked East of the sites which form the basis of t h i s study), 

and similar physical gradients ex i s t dawn the West coast (Lewis 1964). 

Thus l a t i t u d e and longitude are both general and comprehensive 

variables i n the same way that C l a r i t y and THN arB comprehensive variables 

C l a r i t y encompasses both p o l l u t i o n by sewage and natural t u r b i d i t y 

(cf. the controversy between Dones and Noore) ; THN encompasses 

i n d u s t r i a l p o l l u t i o n and a variety of weathering and natural environ

mental parameters. Likewise l a t i t u d e and longitude represent a 

range of unmeasured physical a t t r i b u t e s . The broad nature of these four 
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variables have been an advantage i n that they have enabled the 

factors which influence the holdfast fauna to be greatly narrowed down, 
i 

and the study ha& shown that i n the d i f f e r e n t sectors d i f f e r e n t variables 

assume most importance. Further analysis of the faunal communities 

c l a r i f i e s same of these variables, and throws l i g h t on the changes of 

the ecology of holdfasts under d i f f e r e n t conditions. 
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TROPHIC ANALYSIS 

The regressions i n d i c a t e the gross e f f e c t s each v a r i a b l e has on the 

h o l d f a s t fauna. I t was Pel t t h a t more i n f o r m a t i o n about the nature 

and the e f f e c t s of the variables may be obtained by examining the nature 

o f the species t h a t appear or disappear along the va r i o u s g r a d i e n t s . 

To t h i s e n d , a l l species were categorised i n t o one of the f o l l o w i n g 

t r o p h i c groups; c a r n i v o r e , h e r b i v o r s , omnivore, d e t r i t u s feeder and 

suspension feeder. I t i s r e a l i s e d t h a t the l a s t two categories describe 

hoiii the animal feeds r a t h e r than what i t feeds on. I t i s because of 

t h i s t h a t they are valuable categories d e s c r i p t i v e l y . The animals 

i n the suspension feeder category f o r example are almost a l l p l a n k t o n i c 

omnivores which w i l l u t i l i z e suspended d e t r i t u s and n o n - l i v i n g organic 

m a t e r i a l when present. D e t r i t u s feeders are also l a r g e l y omnivorous 

but both categories are considered as being d i s t i n c t here because of 

t h e i r unique p o s i t i o n s i n the food web. The b i b l i o g r a p h y used i n 

determining the t r o p h i c category of each species i s l i s t e d w i t h i n the 

refer e n c e s . The l i s t s compiled by Dones (1970) proved e s p e c i a l l y 

v a l u a b l e . 

The numbers of each species and the t o t a l numbers of animals i n 

each category were c a l c u l a t e d f o r each s i t e , using t h r e e l i t r e s of 

h o l d f a s t space as the sample. This provided the " d e n s i t y " of each category 

a t each s i t e . The d e n s i t y v a r i a b l e i s not a transformed one, as f o r 

example percentage presence of each category would be, and can be used 

d i r e c t l y . By showing d i r e c t l y the number of each feeding type a t each s i t e , 

per u n i t sample s i z e , i t d i s t i n g u i s h e s between two s i t e s which may have 
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the same percentage of one category but d i f f e r e n t numbers of them. 

i 

1) North Sea ; Sectors I and I I . 

Table 30 shows an array of a l l the more common species ( t h a t i s those 

which occurred a t t h r e e or more of the s i t e s ) i n the North Sea. The 

s i t e s are ordered along the g r a d i e n t of " C l a r i t y " which was i n d i c a t e d 

above t o be the most important of the variables s t u d i e d i n t h i s r e g i o n . 

ThB species have been s u b j e c t i v e l y ordered i n t o t h r e e groups, A, those 

which occur r i g h t across the g r a d i e n t , B, those which are present mainly 

i n the c l e a r e r s i t e s and C, those which are present i n l a r g e s t numbers 

i n the l e s s c l e a r waters. 

Group B i s very heterogenous, c o n t a i n i n g r e p r e s e n t a t i v e s from many 

phyla and from a l l the t r o p h i c c a t e g o r i e s e s p e c i a l l y h e r b i v o r e s , 

c a r n i v o r e s and omnivores. I n c o n t r a s t , a l l thB species of group C except 

one are suspension feeders. 

To t B s t the s i g n i f i c a n c e o f thBse observations c o r r e l a t i o n s were 

c a l c u l a t e d of water c l a r i t y w i t h both the t o t a l numbers of animals and 

numbers o f species i n each t r o p h i c category. The c o r r e l a t i o n s are pre-

eented i n the f o l l o w i n g t a b l e . 

Table 31 

Species T o t a l numbers 

omnivores 
d e t r i t u s feeders 

herbivores 
c a r n i v o r e s 

suspension feeders .385 (p= .1) 
.523 (p=.02) 
N.S.(+value) 
.540 (p=.02) 
N.S.(+value) 

-.402 (p = .05) 
.533 (p = .02) 
N.S.(+value) 
.672 (p =.002) 
.382 (p = .1) 



TABLE 30 
NORTH SEA SPECIES DISTRIBUTION 

Clearest water y Least clear 

a 
H bo 

a i t f f i 3 5 s < o n : * o a a * a <» z 2 

• 1 1 l + l * * - * * — • • • « 4 
• 1 • 1 1 < 1 2 1 1 « 2 4 « 2 1 

NEfct PELA • • 1 I 4 4 1 4 4 1 1 4 4 4 1 
AMPH SQUA • 1 1 1 4 1 4 4 4 4 - 4 4 4 4 4 
HETE SOU* 4 1 4 1 1 « 1 2 1 1 4 2 4 4 2 ] 
ASTE RUBE 1 4 4 4 4 1 4 4 4 4 4 - 4 4 - 4 
FCMA TRIQ 1 1 3 4 4 1 1 2 4 4 4 4 4 4 
FATI FELL 4 - 4 - 4 - 4 4 4 
HI AT ARCT 2 1 4 4 1 4 1 1 1 1 - 1 2 4 1 4 
E ALA BALA 2 • 4 4 4 4 2 4 4 1 - I 4 
OPHI FRAG 4 - 4 1 4 4 4 4 4 -4 4 4 4 4 
LEPI SOU A 4 4 4 4 4 4 4 4 - 4 
MODI BARB 1 4 4 4 4 • 4 4 1 -VERA STRO 4 4 4 4 - - - 4 4 
EULA VIRI - 4 4 - - 4 4 - -NEMA 1 1 4 4 4 - 4 
HARM INPA 4 - 4 4 4 - 4 4 4 
HE NR SANG 4 4 4 4 - - 4 4 4 
ACT I ECUI 4 4 - 4 - 4 4 4 
AMFH RUBR 4 4 4 4 4 1 4 -
PINN PISU - 4 4 - • 4 4 -
TON I RUCR - 4 - - 4 4 4 -
CIRR CIRR - 4 - 4 4 -
ACAN CONN • - - - -
OPHI NIGR 4 4 1 - -
PYCN LITT - - - 4 
GAMH SPEC • - 4 
EUNE NEES 4 - 4 4 
LINE LONG - - - 4 
TEAL FELI - 4 4 
LITT LITT 4 - 4 
NENE 4 

PORC LONG 4 4 1 4 4 + 1 4 4 4 
CANC PAGU 4 - 4 - - 4 - -HON I PA1E 4 - 4 1 4 1 4 4 
FILO IMPL 4 4 4 4 4 4 4 
NERE VIRE - - 4 4 - - -
OPHI ACUL 4 4 1 4 1 -
AC AN CRIN - 4 - - -
S1R0 OR OB 4 4 - - -L INE RUBE - • 4 -NASS I NCR 4 - - -
PERI CULT - - - -
PSAN NI L I 4 4 4 4 
TELL TEMJ 4 - - -
SERP VERM 4 - -
ACMA TESS - 4 -
Giee CINE - - -
SAGA ELEG 4 4 -NYPP SPE2 

" 

NODI MOO I 4 • 4 4 1 4 4 4 1 4 2 1 5 2 2 1 
SABE SPIN 1 4 2 2 2 - 4 1 2 4 4 
NYT I ECUL 4 - 4 1 4 4 4 ] - 4 1 4 
NEPE DIVE - - 4 4 -
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I t i s thus obvious t h a t a d e c l i n e i n water c l a r i t y c o r r e l a t e s 

w i t h an increase i n the t o t a l numbers of suspension feeding organisms, 

but w i t h a decrease o f the numbers found i n a l l o t h s r t r o p h i c c a t e g o r i e s 

and u i t h a decrease i n the number of species of a l l t r o p h i c c a t e g o r i e s . 

I n s p e c t i o n of the e a r l i e r t a b l e 30 c l a r i f i e s the s i t u a t i o n , showing 

t h a t the increase i n suspension feeders i s accounted f o r i n l a r g e p a r t 

by the increase i n the numbers of Modiolus modiolus and S a b e l l a r i a 

spinulosa alone. I t i s of i n t e r e s t t o speculate on the p o s s i b i l i t y t h a t 

the massive increase i n the numbers of these two suspension feeders might 

bB responsible f o r the decrease found i n the numbers o f a l l other 

organisms simply by p h y s i c a l l y excluding them. These two species are 

amongst those described by Dones (1970) as being adventive i n o r g a n i c a l l y 

enriched water. 

2) South Coast 

Table 32 summarises the South coast data. Longitude, which was 

i n d i c a t e d t o be the most important o f the considered v a r i a b l e s i n t h i s 

s e c t o r , was c o r r e l a t e d w i t h both t o t a l numbers of organisms and numbers 

of species i n Bach t r o p h i c category. 

Table 32 

Speciss 
.595 (p 

T o t a l numbers 

.herbivores 

omnivores 

suspension feeders 

c a r n i v o r e s .952 (p 
.929 (p 

N.S. 
.001) 
.001) 

.1) .54B (p = .1) 
-.671 (p =.05) 
.810 (p =.01) 
.610 (p =.01) 

d e t r i t u s feeders N.S. N.S. 
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I n a l l cases where the c o r r e l a t i o n s were s i g n i f i c a n t a l l a t t r i b u t e s 

increased from East t o West, i n c l u d i n g the t o t a l numbers of suspension 

feeders. Thus i t would seem t h a t along a g r a d i e n t caused by f a c t o r s 

other than p o l l u t i o n ; by n a t u r a l t u r b i d i t y , sedimentation and s a l i n i t y , 

( C r i s p and Southward- 1958) there i s no increase i n the numbers of 

suspension feeders. Of i n t e r e s t here i s Seaton, which showed a very 

l a r g e number of M y t i l u s and which was s i t u a t e d close t o a sewage 

o u t f a l l . 

3) West Coast 

As both THI*I and l a t i t u d e appeared t o be important i n sector I I I 

c o r r e l a t i o n s of t r o p h i c s t r u c t u r e were c a l c u l a t e d against both o f these 

v a r i a b l e s . The r e s u l t s are presented i n Tables 33 and 34. 

Table 33 ( w i t h THH) 

Species T o t a l numbers 
suspension feeders N.'S. .750 (p = .01) 
herbivores -.683 (p = .02) N.S. 
carnivores • -.567 (p = .05) N.S. 
d e t r i t u s feeders -.677 (p = .05) N.S. 
omnivores -.500 (p = .1) N.S. 

Table 34 ( w i t h l a t i t u d e ) 

Species -Total numbers 
suspension feeders N.S. N.S. 

- h e r b i v o r e s N.S. «592 (.1) 
d e t r i t u s feeders N.S. N.S. 
omnivores N.S, N.S. 

Taking the c o r r e l a t i o n s w i t h THIt ( t a b l e 33) f i r s t ; i n c r e a s i n g 

THFI c o r r e l a t e s w i t h a decreasing species r i c h n e s s o f a l l c a t e g o r i e s 

except suspension feeders. The t o t a l numbers p a t t e r n i s e x a c t l y the 
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r e v e r s e ; suspension feeders numbers was the only group t o show an 

increase w i t h i n c r e a s i n g THH. 
i 

I n c o n t r a s t there are no h i g h l y s i g n i f i c a n t c o r r e l a t i o n s w i t h 

l a t i t u d e (Table 34). 

Again i t would seem t h a t THFI,a parameter l i n k e d t o p o l l u t i o n , 

c o r r e l a t e s w i t h a decreasing richness of a l l t r o p h i c c a t e g o r i e s except 

the suspension feeders. 

Discussion 

Although the s i t u a t i o n i s complex a number o f d e f i n a t B l i n e s worthy 

o f f u r t h e r c o n s i d e r a t i o n emerge from t h i s study. 

I t would appear safe t o conclude t h a t both a decrease i n water c l a r i t y 

and an increase i n THM c o r r e l a t e w i t h a decrease i n t r o p h i c d i v e r s i t y 

coupled w i t h an increase i n the number o f suspension feeders. I t i s 

t h e r e f o r e of i n t e r e s t t h a t along the South coast g r a d i e n t , where the 

marked d i f f e r e n c e s between the fauna and f l o r a of the eastern and 

western basins of the Channel have been a t t r i b u t e d t o n a t u r a l causes, 

no such r e c i p r o c a l r e l a t i o n s h i p was recorded. 

. I t . would seem not unreasonable t o conclude t h a t i n the absence of 

enrichment of the marine environment by organic m a t e r i a l (N.B. there 

are no l a r g e i n d u s t r i a l complexes discharging i n t o the s e c t i o n o f the 

Channel studied,and many of the c o a s t a l towns adequately t r e a t t h B i r 

sewage);with decreasing species r i c h n e s s and t r o p h i c d i v e r s i t y t h e r e ' i s 

no concomittant increase o f suspension feeders. I t must be accepted 
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t h a t t h i s could be due t o zoogeographical reasons alone, although the 

presence of an anomalous s i t e a t Beaton mediates against t h a t argument. 
< 

I t i s of i n t e r e s t t o speculate t h a t i n the eastern h a l f of the South 

coast sector the h o l d f a s t space i s u n d e r u t i l i s e d (see Table 25 which 

showed t h a t these s i t e s were low i n both t o t a l numbers and species 

numbers). Only where there i s organic matter present, as a t Seaton, 

does the space become f i l l e d by the aduentive suspension feeders. 

I t would t h e r e f o r e appear t o be very d i f f i c u l t to argue t h a t the 

h o l d f a s t f a u n i s t i c g r a d i e n t s shown along the East cost sectors have 

nothing t o do w i t h organic p o l l u t i o n . 
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DISTRIBUTION OF SELECTED GROUPS 

The d i s t r i b u t i o n o f c e r t a i n groups of organisms proved to be of 

i n t e r e s t and of relevance here. F i r s t l y the d i s t r i b u t i o n o f the mollusca, 

the l a r g e s t phylum present i s b r i e f l y discussed. Following t h i s , some 

aspects of the geographical d i s t r i b u t i o n of the species as a whole are 

examined. 

1) The Molluscs 

Of the 252 macroscopic species found, 75 or about Z0% were molluscs. 

Of these , three were ophistobranchs, s i x were c h i t o n s , and the remainder 

were d i v i d e d about e q u a l l y between the prosobranchs and the b i v a l v e s . 

The species found are shown i n t a b l e 35, wherB thB order o f s i t e s 

f o l l o w s the water c l a r i t y g r a d i e n t . I t can be seen t h a t t h a re i s 1) a 

r e d u c t i o n i n the numbers of prosobranchs i n the l e s s c l e a r water, and 

2) t h a t the d i s t r i b u t i o n of b i v a l v e s i s more evenly spaced although there 

are high d e n s i t i e s of some of them i n the l e s s c l e a r s i t e s . 

To help determine the cause of the d e c l i n e of prosobranch species 

numbers the same m u l t i p l e r e g r e s s i o n approach used f o r a l l species e a r l i e r 

— was -adopted. The r e s u l t s ( t a b l e 36a) show c l e a r l y t h a t water c l a r i t y i s 

the most important v a r i a b l e i n t h i s survey i n determining prosobranch 

species r i c h n e s s . Heavy metals are i m p l i c a t e d s i g n i f i c a n t l y , but the 

geographical parameters were not s i g n i f i c a n t . 

Table 36(b) shows the a n a l y s i s repeated f a r the b i v a l v e s . None of 

the f o u r v a r i a b l e s showed the same amount o f importance i n determining 



TABLE 3$ 

MOLLUSC D I S T R I B U T I O N 

Clearest water ! ^ Least clear 

l l i t i i f l l^W^ii i l l^ l l f i l f l s i i i 
illll^niflillilillililJiSiillillJi 

LOR IC ATA 
L i : P I 1.1 ' J E 
r C M C I J l i P • • - » - - • - - • » -
A C AN n i s c - -
A t A l l C R I N + • - • - • 
AC AN C C H M • - - • - -
A C A M O P A C 

PROSOBRANCHIA 
UIUO A P E R • • 
P A T I P i L L - • • t - * t - - * I 1 * - - • t t * t - • • • 
P A T F l > S P L 
P A T F V U L G • 
P A T E I N T C 
AC MA l E S b - • - - t t 

A C M A V I k C 
C A L I Z l i V • -
C l h H C I M E - » -
G l h B H A G U • 
r , l H B S P f c C 
T P K P U L L - • 

L I T T L 1 T T * 
L I T T N E i - I -
L ! T T S A X A • 
I A C U V I . ' l C • - . » _ _ - • i f 
H V D P S O 1 - • 
K I S S n i i t u 
R 1 S S S P t C * 
n v o r S P 2 • -
T U P F C Q h l l 
C L A T C L A T 
N A T I S P t C 
T P I V AR C T - • 
T k I V MCNA 
N L C E I A P I • 
M A S S I N C * • • • - - • • - -
N A S < P F T I - • 
B l C C U N U A - • 
H U C r S P 1 
N F P T A N T I 

OPISTHOBRANCHIA 
1 1 " A ( L » V 
j r i k u T i j u i 
M i n i 

LAMELLIBRANCHIA 
MCD! MOD I • » • » f * 1 ! » » • • ! i t * - 2 1 5 2 2 1 
r.riLM HAWn • ! * » - • - • • # • • - - - • • 1 -

• C C 1 P H A S • 
I ' L S C C U S 1 - * J 
' • U S r D I S C • • - • • 

Husr »a*h * * -
" Y T I f n u L • - • • • • • • i i t . t i • 
" I C T ' - A n l 
C H A I1IS1 
( H A T I o F . + -
O L A r i ' £ H • 
L H L A V A r f l » 
H F T h S U ' I A • - * 1 1 4 2 I 1 * + - 1 1 » * t t ? \ 
•'"MI P A T L * • - * t - • • + ] • 1 - f 

r A i - n i r t U L 

n r s i S P • 

V ; M P nvrtT • 
V r M I S P L C • 
V'-Nt f H U * -
V T N F S A X I 
O C N A V I T T 
G A R I D b P R 
G A R I F f c K V - -
G A R I S P £ L 
T E L L C P A S • -
T F L l T C I . U » • - - t t t -
T F L L S P 1 - • HAfn H U L T * 

L L T * l u l l - • 
L U T f c " > P L L + 
» V A T-\l\ * 
P A W " L n l - • 
P i t ' - l»AKV • - • 1 » -
M I A T I 1 « I ? + 1 • 1 • - 1 • 1 • • 1 1 1 1 • - • 1 1 * l « 



113. 

Table 36a 

Prosobranch species numbers = .217 C l a r i t y -.069 THfl - 2.0 (p=.Q0l) 

C l a r i t y accounts f o r 35.5% of v/ariancB 
C l a r i t y + THN accounts f o r 43.5% of variance 
C l a r i t y + THM + Lat + Long accounts f o r 47.0% of variance 

Table 36b 

Bivalve speciBs numbers = .204 C l a r i t y + 3.35 ( p = . 0 l ) 

C l a r i t y accounts f o r 20.?% of variance 
C l a r i t y + THN + Lat + Long accounts f o r 21.5% of variance 



114 

b i v a l v e species richness as they had i n the prosobranch case, and 

only C l a r i t y was s i g n i f i c a n t . 

• f the fou r v a r i a b l e s considered, water c l a r i t y , or l a c k of i t due 

to suspended p a r t i c l e s , i s the o v e r r i d i n g determinant of molluscan 

species r i c h n e s s . Neither l a t i t u d e nor l o n g i t u d e appeared t o be 

important i n determining species r i c h n e s s . The English North Sea ccast 

has the l e a s t clBar water and i s also the most E a s t e r l y s e c t o r , but 

i t appears t o be the former v a r i a b l e t h a t c o r r e l a t e s w i t h species 

r i c h n e s s , not the l a t t e r . The S c o t t i s h North Sea i s considerably 

r i c h e r . 

B i v alve species numbers are l e s s a f f e c t e d than those of prosobranchs. 

A more marked e f f e c t shown by some b i v a l v e s i n water of low c l a r i t y i s 

t h a t t h e i r t o t a l numbers increase. 

The d i e t r y behaviour of the molluscs i s r e l e v a n t here. Bivalve? 

are almost a l l suspension feeders, and t h e i r g reater numbers i n the 

l B a s t c l e a r waters r e f l e c t s the greater food supply t o these organisms. 

Prosobranches are u s u a l l y h e r b i v o r s , carnivores,or b oth, and p o s s i b l y 

t h e i r d e c l i n e i n areas'of low water c l a r i t y shows a l a s s of t h e i r food 

base. 

2) Geographical d i s t r i b u t i o n o f selected species 

Of the 252 species c o l l e c t e d from the 35 main s i t e s only a few 

showed any marked p a t t e r n of d i s t r i b u t i o n . Table 37 presents those 

species which had such a d i s t r i b u t i o n . They i n c l u d e those which occurred 

i n only one or some of the s e c t o r s , and others which occurred more 
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TABLE 37 

GEOGRAPHICAL DISTRIBUTION OF SELECTED SPECIES 
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g e n e r a l l y but which had a heavy weighting towards one r e g i o n . The 

species are s e l e c t e d from the t o t a l l i s t , compiled i n Appendix D. 

Group A contains e i g h t species which occured e i t h e r mostly i n 

the North Sea but w i t h occurences on the West coast, or which occured 

mostly on-the West coast but w i t h occurences i n the North Sea. This 

group i s the l e a s t d i s t i n c t of the f i v e but contains perhaps the more 

n o r t h e r l y species. 

Group B con t a i n s those species which were absent from the West 

coast, occuring i n t h i s study i n the North Sea and South coasts o n l y . 

Group C are those which were found only i n the North Sea. I t contains 

t h r e e species of which two, the echinodarms StrongylocBntrotus and 

He n r i c i a are known to be confined t o thB North Sea. Group D are those 

which were absent from the North Sea but which occured elsewhere. 

Two spcnges have,however, been i n c l u d e d i n t h i s grouping which d i d hava occur 

ences i n the North Sea. Group E contains the southernmost species. These 

occured l a r g e l y i n sector IV but i n some instances were found f u r t h e r 

North as w e l l . This group i n c l u d s d the polychaete L y s i d i c e n i n e t t a and 

the pheasant s h e l l T r i c o l i a p u l l u s , both A t l a n t i c species of lower l a t i t u d e . 

- A l l thesB groups might e x i s t f o r geographical reasons o n l y . The 

North Sea basin i s most marked i n t h i s r espect having s e v e r a l species 

e x c l u s i v e to i t or from i t . However t h i s basin contains some of both 

the most and l e a s t p o l l u t e d water, but t h i s f a c t o r has l i t t l e a f f e c t 

on s e v e r a l of the species of groups A, B or C which are found i n both 

the c l e a r e r and more p o l l u t e d s i t e s e q u a l l y . The North Sea / r e s t of 

B r i t a i n d i v i s i o n i s probably the l a r g e s t s i n g l e geographical d i v i s i o n 
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t h a t occurs around B r i t a i n and would seem to be more de f i n e d than a 

North / South d i v i s i o n . 

i 

The southern group E i s also f a i r l y d e f i n a t e . The South coast 

of B r i t a i n i s the northernmost • extreme f o r L y s i d i c e and T r i c o l i a . 

both of which were commonly found i n h o l d f a s t s on the Normandy and 

B r i t t a n y coasts of France (unpublished d a t a ) . Perhaps the s t r a n g e s t 

group i s B, the species found everywhere except on the West coast. A l l 

three species have a r e p o r t e d d i s t r i b u t i o n which i n c l u d e s other reginns 

so although t h i s d i v i s i o n seems c l e a r i t i s perhaps a chance r e s u l t . 

Species whose frequency was l e s s than three s i t e s were ignored i n 

t h i s t a b l e . 

3) S i m i l a r i t y Matrices 

The question of species d i s t r i b u t i o n can be elaborated on w i t h 

the help of s i m i l a r i t y c o e f f i c i e n t s . 

Sorrenson c o e f f i c i e n t s (see Appendix A) were computed f o r every 

p a i r o f s i t e s , which y i e l d e d over 600 values i n a l l . This c o e f f i c i e n t , 

i t i s emphasised, depends upon species presence only and ignores numbers 

of each organism. 

Table d i s p l a y s of a l l the c o e f f i c i e n t s are presented i n two ways 

( f i g u r e 20a and b ) . The key of the values i n the t a b l e s are such t h a t 

percentage s i m i l a r i t i e s are s i m p l i f i e d t o classes of 10 percentage 

p o i n t s , e.g. 5 = 50 - 59%. The exceptions are t h a t - = 20 - 29% and 

+ = 30 - 39%. The l a t t e r two symbols were chosen because they are l e s s 
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dense v i s u a l l y making the p a t t e r n s which e x i s t i n t h i s l a r g e body 

of data easier t o see. 

I n the f i r s t array ( f i g u r e 20a) the c o e f f i c i e n t s are arranged such 

t h a t the highest values c l u s t e r i n the centre of the m a t r i x . When t h i s 

i s done, the s i t e p a i r s i n the centre of the m a t r i x are found, w i t h o u t 

exception,to be those of s i t e s s i t u a t e d i n the North Sea. 

The s i m i l a r i t i e s between s i t e s i n the North Sea are thus higher than 

those between any other s i t e s , and higher than those between a North 

Sea s i t e and any othe r . The f a c t t h a t the North Sea contains both the 

cleanest and most p o l l u t e d , t u r b i d , o r heavy metal laden s i t e s seBms t o 

be of l i t t l e importance here. The North Sea s i t e s c l e a r l y have a 

greate r common pool of species amongst them, despite a range of 

environmental c o n d i t i o n s , than s i t e s from other r e g i o n s . 

The l a c k of an e f f e c t by c l a r i t y , the v a r i a b l e w i t h the l a r g e s t 

e f f e c t on species numbers both i n tho North Sea and g e n e r a l l y i s 

i l l u s t r a t e d i n the second array ( f i g u r e 20b). Here the axes were 

arranged such t h a t the c e n t r a l s i t e s a r B those which have the l e a s t 

water c l a r i t y , and the s i t e s a t both ends are those w i t h the g r e a t e s t 

c l a r i t y . I t can be seen t h a t the c e n t r a l c l u s t e r of high values has 

-been spread o u t . Geography i s c l e a r l y the most important f a c t o r i n 

determining the s i m i l a r i t y of species between s i t e s . Species presence 

or absence would seem not t o be determined or a f f e c t e d much by 

environmental c o n d i t i o n s , a p o i n t which i s of i n t e r e s t and which w i l l 

be r e t u r n e d t o l a t e r i n the d i s c u s s i o n . 
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DISCUSSION 

Two of thB most important a t t r i b u t e s which determine the 

characteristics of a s i t e are 1) Numbers of species i n a given sample 

sizB together -with measurements of t h e i r abundance and d i s t r i b u t i o n and 

2) the trophic state of the community, (Reish 1972). Both of these 

a t t r i b u t e s are given f u l l a t t e ntion i n t h i s study of holdfast infauna. 

Several f&unistic and trophic gradients have- been i d e n t i f i e d , as have 

some of the environmental parameters influencing them, 

In contrast feu of the sections ot t h i s thesis are concerned with 

species presence / absence data alone and none with the associative 

techniques as used for example by floors (1973b, 1974). The reasons for 

t h i s w i l l become apparent. 

Dones'approach to the pioblem of i n t e r p r e t i n g holdfast data bias 

to establish groups of species which seemed to form associations and 

rela t e these to -environmental conditions such as "polluted" "estuarine-

polluted" or "clean". He also discussed trophic differences to support 

t h i s and surveyed the species which were present i n , or which disappeared 

from d i f f e r e n t groups of s i t e s . Moores1approach was to regard each holdfast 

as a single sample, of which approximately 5 were collected from each 

s i t e , and subject the epecies data to multivariate analysis. Jones 

formulated groups of species which appeared to be formed by gradients of 

p o l l u t i o n , while Floors a t t r i b u t e d the divisions observed by him to 

natural t u r b i d i t y f i r s t l y and to p o l l u t i o n to a lesser extent. The results 

contained i n the present work for the coast with which the above authors 

were concerned, namely the North Sea, show that f a u n i s t i c differences are 
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closely related to and probably largely affected by the variable 

termed C l a r i t y . ThB question should be asked therefore what the 

causes are for a decrease i n water c l a r i t y along the North Sea coast: 

p o l l u t i o n or natural t u r b i d i t y ? 

Clones (1970, 1973) and Bellamy (1970) have maintained that large 

inputs of sewage and i n d u s t r i a l effluents on the Durham and North 

Yorkshire coast are the main causes of the reduced water c l a r i t y and 

quote, amongst other things, the very high coliform counts along t h i s 

stretch to ̂ substantiate t h e i r b e l i e f that sewage i s a very important 

factor i n the s u b - l i t t o r a l environment of this region. Moore (1972, 

1973a) on the other hand favours the b e l i e f that the loss of water 

c l a r i t y i s due to exposure, r i v e r outflows (even i f not ladBn with 

sewage) and to the erodible rock along the Durham and North Yorkshire 

coast. The following reasons would suggest that the l a t t e r causes are 

u n l i k e l y . 

1) The Durham coast where the effects i n t h i s study are most evident 

i s comprised mainly of magnesium limestone. This rock i s much less 

erodible than the North Yorkshire boulder clay whose holdfast faunas were 

very l i k e those of clear water. 

2) There i s Brodible rock outcropping at other s i t e s i n B r i t a i n such 

as Dorset which i s f a i r l y exposed but which despite i t s s o f t rock supports 

r i c h kelp growth to depths considerably greater than those found at any 

of the English North Sea- s i t e s , and which therefore has clearer water. 

3) River outflows i n t o the North Sea not laden with sewage have no 

discernable effects on coastal c l a r i t y or holdfast fauna outside a very 

small radius from t h B i r estuaries. For example the Tweed which i s 

larger than the Tees, Tyne and Wear and which flows through similar t e r r a i n 
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before reaching t h e sea. The si t e s at Dunbar and St. Abbs are closer 

to the Tweed Bstuary than seuBral sector I I s i t e s are to the other 

three r i v e r s and yet do not show the same sort of holdfast community 

structure or r e s t r i c t e d depth range of the kelp. Only polluted r i v e r s 

flow i n t o the grossly affected region. 

4) There i s however no s i g n i f i c a n t difference i n weather conditions 

between the English and Scottish sectors of the North Sea. Tidal 

currents i n the two sectors arB almost i d e n t i c a l (Eisma 1973) and extreme 

sea conditions and highest waves are more common i n the Scottish sector 

(Stride 1973). Also the d i s t r i b u t i o n of mud and sandy mud beds offshore 

i n the North Sea are concentrated more o f f the Scottish than English 

coat (NcCave 1973). Thus a marked increase i n natural t u r b i d i t y o f f the 

English coast compared to the Scottish North Sea coast would seem to be 

un l i k e l y . -

5) I n figures IB and 19 i t was shown that both water c l a r i t y and 

fa u n i s t i c characteristics of the holdfast pivoted around the more northerly 

s i t B S of the English North Sea sector. C l a r i t y increased both North and 

South of t h i s point, as did species richness and d i v e r s i t y . This 

d i s t r i b u t i o n c e r t a i n l y eliminates weather e f f e c t s . 

I t i s probable that-the loss of water c l a r i t y seen i n sector I I i s 

-attributable i n large part t o p o l l u t i o n . Moore (1972) found that the 

environmental parameters of sea state, t i d a l range and r i v e r flow 

accounted for only 28% of the v a r i a n c B of suspended s o l i d s . This i s not 

a high value and leaves room for other factors t o be important. I t i s 

suggested that sewage i s one s i g n i f i c a n t one. Certainly sewage discharges 

i n t o t h i s region are high (Watson and Watson 1968), and i t remains that 

a large r i s e i n the number o f suspension feeding organisms i s found here 
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which presumably require large quantities of suspended organic matter 

as a food source. In the North Sea i t i s suggested that " C l a r i t y " can 

be interchanged with "Sewage Poll u t i o n " with l i t t l e loss of accuracy. 

Elsewhere around B r i t a i n the causes of loss of c l a r i t y are less clear, 

but elsewhere i t i s not a very important variable, determining the 

make-up of the infauna. 

Woore does not i n fact exclude sewage p o l l u t i o n as being a contribut

ing f a c t o r . In his paper (1973b) he asserts a minimum of four times that 

p o l l u t i o n i s one s i g n i f i c a n t factor which influences his f a u n i s t i c 

groupings. Despite t h i s he claims that t h i s i s ".....further evidence 

for either the lack of a uniform widescale p o l l u t i o n e f f e c t or at l B a s t 

i t s low effectivenss i f any such d i s t r i b u t i o n e x i s t s " . He believed that 

p o l l u t i o n was only associated with his animal groupings by implication, 

because* his clear water grouping was unpolluted ( l ) and because he did 

not f i n d any indicators with which to divide t u r b i d s i t e s i n t o t u r b i d / 

polluted and t u r b i d / unpolluted groups. This would bB natural i f the 

t u r b i d i t y was caused even i n part by p o l l u t i o n . 

I t i s of i n t e r e s t to note that otherwise the conclusions of Moore 

and Gones are not r a d i c a l l y d i f f e r e n t . 

Wethods of Data Analysis 

Both of the above authors placed emphasis on species presence / absence 

information, floore p a r t i c u l a r l y approached his data i n t h i s way and b u i l t 

elaborate s t a t i s t i c a l treatments on i t . The appropriateness of t h i s 

form of approach i n holdfast work i s therefore examined. 
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The Holdfast Fauna Community 

The sea contains far fewer species than does the land although i t 

occupies a far l a r g e r p r o p o r t i o n of the Earth's surface. There are 

for example 13,500 species of marine plant (Halstead 1972) whereas there 

are over 200,000 recorded t e r r e s t r i a l AngiospBrms and Pteridophytes 

alone (Preston 1962). The animal kingdom i s more diverse at the species 

l e v e l than the plant kingdom and 500,000 species of animals are found 

i n the sea. On land however, there are many times t h i s number of 

invertebrates, and twice t h i s number of insects alone. The most common 

explanation of t h i s i s that t e r r e s t r i a l environments arB more varied, 

and variable,and the great range of species have evolved i n r e l a t i o n to 

t h i s d i v e r s i t y . There are apparent contradictions to t h i s however, such 

as Sander's (1968) findings that deep water samples have shown species 

richnesses equalling those of shallow t r o p i c a l waters although the 

former environment i s assumed to be more stable than the l a t t e r . 

Preston (1962, 1962b) discusses species / area relationships i n Lwo 

types of t e r r e s t r i a l s i t u a t i o n , island and continents. He took islands 

to be "iso l a t e s " while areas of mainland he designated "samples". An 

island generally has fewer species on i t than does an area of mainland 

the same size, but the rats of species increase with area i s greater 

on islands. 

The two rates of species increase are as follows. I n the equation 

Species = C. Area 2, where Cis a constant measuring the number of species 

i n a u n i t area and z i s a constant r e l a t i n g species increase with area 

increase, for a wide range of island s i t u a t i o n z = 0.3 while for mainland 

situations z f a l l s between 0.15 and 0.24 (KrBbs 1972). Krebs (loc c i t ) 
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and Preston (1962, 1962b) i l l u s t r a t e d t h i s with a wide range of examples. 

The slope (z value) was therefore calculated for the marine 

fauna collected i n the course of t h i s study using both the two largest 

groups collected and the fauna as a whole ( f i g u r e 21). The values of 

z were higher than any found i n t e r r e s t r i a l s i t u a t i o n s . That for 

Molluscs i s 0.57, for Polychaetes 0.52 and for t o t a l invertebrates i t 

was 0.60. The rate of species increase i n holdfasts i s thus double 

that i n t e r r e s t r i a l examples, a finding which may disagree with Krebs 

suggestion that the z values of 0.15 - 0.3 may r e f l e c t an unknown 

ecological law. 

The question arises of whether the sample size of t h i s marine 

s i t u a t i o n i s at a l l comparabla to those of the ci t e d t e r r e s t r i a l 

s i t u a t i o n s . The sizes of the l a t t e r are the areas of islands and 

continents,which are obviously larger i n terms of space by many orders 

of magnitude. However i n terms of species richness they are not 

necessarily larger. There are more mollusc species i n 137 l i t r e s 

of holdfast space than there arB amphibians and r e p t i l e s i n 

the West Indes (PlacArthur and Wilson 1967), ants i n the West Indes 

(Fischer 1960), snakes i n the U.S.A. or mammals i n Canada (Simpson 1969). 

There are about as many molluscs i n t h i s number of holdfasts as there 

are f i s h i n Europe or i n . the North American Great Lakes (Lowe -

NcConnell 1969) and about as many Polychasts as there are Canalid copepods 

i n the upper 50 metres of the whole Pacific Ocean! (Fischer 1960). 

In terms of species richness therefore the holdfast's sample size i s f a i r l y 

comparable. 



FIGURE 21 

GRAPHS OF LOG. INCREASE OF SPECIES WITH 
LOG. VOLUME, FOR MOLLUSCS, POLYCHAETES, 
AND TOTAL INVERTEBRATES, ACCORDING TO 

EQUATION: S=cA Z 
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Bantry Bay. 
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The explanation for the richness of the holdfast fauna must i n 

part be because i n some of the t e r r e s t r i a l examples considered the 

species concerned are large. However other groups c i t e d such as 

ants and copepods are not and an explanation must l i e i n the nature of 

the holdfast. 

Rough estimations show that there i s approximately one l i t r e of 

holdfast space per square metre of rock, involving from 5 - 1 0 

holdfasts, which occupy only about 5% of the rock surface. This small 

percentage however,contains the bulk of the species i n that square 

metre. The holdfasts act as a sink or a pool for the region's fauna. 

Perhaps the obvious a t t r a c t i o n of the holdfast i s the shelter i t 

affords. Shelter i s however not the same as protection since the 

holdPast a t t r a c t s predator and prey a l i k e . Many species are attracted 

to shelter though t h i s does not apply to a l l species, especially 

suspension feeders (Foster 1958; L i l l y et a l 1953). 

A second reason for the a t t r a c t i o n of holdfast i s that they contain 

a large surface area for t h e i r size, and the surface of the hapteron 

branches i s very suitable for species attachment (seB chapter three). 

A t h i r d reason may be due to a s i t u a t i o n i n which the presence of 
i 

a few animals w i l l a t t r a c t others, or more of the same species u n t i l 

saturation i s reached. The presence of prey may for example a t t r a c t 

predators, and there are numerous short food chains amongst the 

holdfast infauna (Scarratt 1960; Denes 1970). 
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Whatever the reasons are, the rate of species increase with sample 

size i s rapid and more so than for the cit e d t e r r e s t r i a l and pelagic 

examples. The i n d i c a t i o n i s that t h i s rate of species increase i s 

as rapid at any one s i t e as i t i s for the pooled wide range of s i t e s 

used i n Figure 21, since the calculated slope for a l l species at 

Loch Sunart, the most extensively sampled single s i t e , i s also about 0.5. 

Quite c l e a r l y therefore the number of holdfasts which i t i s 

possible to c o l l e c t at any one s i t e w i l l contain nowhere near the majority of 

animal species which actually occur at that s i t e i n holdfasts. A c o l l e c t i o n 

of 20 holdfasts should contain those species which arB common or abundant, 

( f i v e or ten holdfasts w i l l with much less c e r t a i n t y ^ but w i l l not include 

many of those species whose d i s t r i b u t i o n i s sparse. 

This reveals a l i m i t a t i o n with the method, or more accurately a 

l i m i t a t i o n on ways of i n t e r p r e t i n g the r e s u l t s . F i r s t l y i t i s clear 

that a n a l y t i c a l methods which r e l y on species presence / absence data 

can have no meaning i f absent species have a good chance of becoming 

present with an increase of sample s i z B , or with a second sample of the 

same size. Secondly when d i f f e r e n t areas arB being compared the 

same sample size should be used i n a l l cases. This l i m i t a t i o n however 

should be observed i n a l l ecological studies and i s not unique to 

holdfast work. TIIB i d e n t i t y of i n d i v i d u a l species making up the 

community i s , i n the context of p o l l u t i o n monitoring, of less importance 

than the nature of the community as a whole. I f the nature of the 

community i s studied the holdfast remains a perfe c t l y acceptable 

and useful sample u n i t . Species numbers per u n i t volume, 
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the density of thB common species, and p a r t i c u l a r l y the trophic 

structure of the community should be the prime factors to be 

investigated. Although i t should not be said that any species i s 

"unimportant", perhaps the fa c t of whether a herbivore i s of t h i s 

species or that i s of less importance than thB fact of i t being a 

herbivore, especially i f , had the holdfast been collected an hour l a t e r 

i t might have moved away to be replaced by another species. 

The i n t r i n s i c structure of many animal population i s often 

logarithmic (Fisher, Corbett and Williams 1943) with most species 

•ccuring singly or with a few occurences and a few species occuring 

abundantly. This i s also the s i t u a t i o n i n holdfast populations ( f i g u r e 22) 

where the frequency d i s t r i b u t i o n i s a near perfect log curve; (The apparent 

mode to the r i g h t of t h i s curve i s caused by the shortening of the 

horizontal a x i s ) . I n f a c t , out of the 252 species found i n the survey 65 

occured only once. Only eight occurBd more than 1,000 times and these, 

with the exception of Nereis pelaqica. were a l l suspension feeders, most of 

which were those which appear to be "adventivss" i n polluted water 

(•ones 1970). 

The f a c t that a large number of uncommon species w i l l not be 

collected i s perhaps not as important i n the p o l l u t i o n monitoring context 

as the f a c t that the abundant species are. ThB proportion of the l a t t e r 

to the t o t a l fauna w i l l not change whatever the sample size i s . In 

conclusion i t may be stated that i f the nature of the whole community, 

and p a r t i c u l a r l y i t s trophic state i s studied, the holdfast community 

remains an e f f e c t i v e monitoring u n i t . 
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INTELLIGENT NATURAL HISTORY 

Elton (1966) said; " I believe that even i n t h i s elaborately 

technical age reconaisspnce at the l e v e l of i n t e l l i g e n t natural history 

i s a necessary precursor of a l l successful ecological research i n the 

f i e l d , because i t defi-ies the natural context of habitat .i ntersporsion 

and the communities occurring there, as well as suggesting uhat i s 

p r a c t i c a l l y possible to study and measure with a given-amount of labour 

and time". 

Today more and more elaborate and complex methods are being t r i e d 

i n the pursuit of solutions to ecological problems. The use of ever more 

complex mathematics has been progressing at what must be almost an 

exponential r a t e . ThiB rate cannot slow down either for at least a decade, 

fo r new s t a t i s t i c s are continually being devised and there i s a time lag 

of several years between th e i r inception and widespread use, so t h a t , l i k e 

the DOT story, even i f no mare were produced they w i l l s t i l l incroass 

u n t i l 1990. 

One f i e l d of mathematical ecology undergoing t h i s popularity i s that 

concerned with models. Another i s " s t r a i g h t " multivariate s t a t i s t i c s . 

Howevar mors than one caution has been sounded about over-enthusiastic 

use of many of these new s t a t i s t i c s . Krebs (1972) has said t h a t he fears 

that the computational techniques now available far o u t s t r i p the available 

ecological data and understanding, and that ecological insights cannot 

be gained from combining complex mathematics with p r i m i t i v e information. 

Models, which are an aid to understanding the r e a l thing should not be 

mistaken for being the r e a l thing. 
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The reason f o r such disproportionate steps forward i n modelling 

and s t a t i s t i c s i s mostly due to the increasing a v a i l a b i l i t y of 

computers. Although there i s no doubt of the usefulness of t h i s i t 

does mean that many s t a t i s t i c s ere performed simply because they can 

be performed and with l i t t l e e f f o r t . The d i f f i c u l t y when using these 

s t a t i s t i c s -comes not from computing them but i n j u s t i f y i n g t h e i r use 

afterwards; a point which i s evident from many published papers 

including somo on topics with which t h i s thesis i s concerned. The 

ease with which computers can produce " r e s u l t s " haE given r i s e to the 

adage that one can "make as many mistakes i n a few microseconds as you 

would i n 800 years with a pencil and paper" (Bevan 1973). Put more 

succinctly : Garbage i n - garbage out. S t a t i s t i c s designed for one 

job may j u s t not be v a l i d i f used for another. 

For example, a commonly used treatment now i s that revolving around 

d i v i s i v e techniques, or dendograms. Sites are s p l i t i n t o two groups on 

the basis of the presence or absence of that species which leads to 

more heterogenity i n the whole data set than any other species. The 

outcome i s that the two groups of sites r e s u l t i n g from the d i v i s i o n are 

each considerably more homogenous then was the whole. This process 

continues, to defined l i m i t s , u n t i l several groups' are l e f t , each 

containing a r e l a t i v e l y homogenous group of species. This treatment of 

resu l t s has been widely used by phytosociologists (Shimwell 1968), but 

has been used and advocated for holdfast work as well (l"locre 1973b). 

The method however ignores the numerical composition of s i t e s . Whether 

the holdfast i s jammed with thousands of mussels or whether i t s fauna 

i s very diverse i s not considered. In the context of t h i s work i t has 

been shown that t h i s l a t t e r d e t a i l i s of the greatest importance, and 

i s possibly more important than the i d e n t i t y of the non-dominant species. 
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This method should be used with extreme caution i n any study, but 

especially when dealing with mobile species. I t r e l i e s on species presence/ 
• 

absence, but a very common reason for a species not being present i s simply 

that i t j u s t had not got there, or that i t was not i n that c o l l e c t i o n 

because i t had wandered away, or because the sample was too small. I t 

i s unreasonable to always suppose that an animal's absence from a sample 

i s because there i s something i n the environment that has prevented i t 

permanently from being there. Dones (1970) defined a rare species ( i n 

a holdfast) as one t h a t was present only once i n a c o l l e c t i o n . Thus 

rare speciBs need larger samples to f i n d them. Thus to divide s i t e s 

i n t o groups on the basis of presence / absence data w i l l give d i f f e r e n t 

answers with d i f f e r e n t sizes of sample, and even with duplicate samples 

the same size. Increasing the holdfast samplB size w i l l tend to make 

uncommon species common, and absent species present. Presence or absence 

IOSBS i t s meaning i n the context. To i l l u s t r a t e t h i s i t was mentioned 

th a t Danes had a d i v i s i o n of polluted/esturine organisms, based on his 

observation t h a t eight species occured i n the F i r t h of Forth that were 

absent elsewhere. I t was shown that larger samples revealed six of them 

i n clean and non-esturine conditions, which c l e a r l y invalidates t h i s 

group. I t i s quite easy, with the data presented i n preceding chapters, 

to set up another group of species as being found only i n esturine 

polluted conditions instead of Hones' group, except that larger samples 

s t i l l would perhaps i n v a l i d a t e t h i s group and substitute another group 

i n i t s place, and so on. The same can be said of Moore's r e s u l t s . His 

dsndograms were drawn with s p l i t s based on species which showed the 

required behaviour f o r that sample sizB only. With increasing size of 

sample and increasing recruitment of species the dynamics of the t o t a l 

sampled faura change continuously. Heteranomia could be the basis of a 
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d i v i s i o n i f the samples were small enough and i t was the commonest species 

present. This method, and others l i k e i t , should only be used i f there 

i s reason to believe that the absent species are absent because they ' 

should be absent f o r d e f i n a t B reasons, and should not appear at a l l i n 

that s i t e . I t seems clear t h a t the methods used i n i n t e r p r e t i n g fauna! 

r e s u l t s mus*t be subjected to scrutiny f i r s t . This author i s un

q u a l i f i e d to judge on the s u i t a b i l i t y of t h i s method i n the study of 

vegetation patterns, but the method was devised with the study of large 

t r a c t s of vegetation i n mind where many samples are taken and most of 

the plants species under study with i n them w i l l be recorded. Most of 

the species occurring at any one s i t e are not recorded with a small 

c o l l e c t i o n of holdfasts. Recourse to Elton's " i n t e l l i g e n t natural 

h i s t o r y " would have shoiu'n the u n s u i t a b i l i t y of t h i s method for manipulat

ing the data fron holdfast work. Scrutiny of the chosen method i s all 

the more important when i t i s realised that a complex association 

analysis f o r example, giving a t t r a c t i v e r e s u l t s , could bB obtained with 

data obtained i n t h i s study with the use of 6 punched cards and twenty 

minutes labour, which makes i t s use very tempting indeed. 

Host large oomputer i n s t a l l a t i o n s have many programs pub l i c l y 

available. I n t h i s thesis frequent use was made of the computer. Host 

regressions and correlations were done using a public program, as was 

the extraction of factors i n the single example of p r i n c i p l e component 

analysis. Elsewhere use was made of i t as a typewriter, to p r i n t out 

tables of species at d i f f e r e n t s i t e s with the orders of species and s i t e s 

being dictated. THB same program was used to p r i n t out the s i m i l a r i t y 

c o e f f i c i e n t matrices. These uses are not inconsistent with t h i s authors' 

emphasis on "natural h i s t o r y " b B i n g of paramount importance i n primary 

survey work, and the b e l i e f that ecological data and understanding needs 

tinrn to catch up with computational techniques (Krebs loc c i t ) . Although 
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i t would be of i n t e r e s t to construct a model of the holdfasb system, 

with a l l the variables that have been shown to have an e f f e c t on the 

ecosystem being included, simple multiple regressions are j u s t as 

ef f e c t i v e i n problems of t h i s order of complexity (Stein 1968), and are 

a l o t simpler to use. Against t h i s however, i t has been stated (Paulik 

1968) that models are less l i k e l y to mislead i n cause - e f f e c t s i t u a t i o n s . 

Doubtless a l l approaches w i l l continue to f l o u r i s h . 

This study i s currently being extended and expanded. Eight further 

s i t e s have since been sampled along the Channel and A t l a n t i c coasts of 

France where Laminaria hypBrborsa grows. The sampling rationale here 

uas i d e n t i c a l to that adopted for t h i s preliminary but central survey, 

and i t i s hoped that t h i s system of sampling and monitoring w i l l be 

extended along a large section of the European coastline. I n the more 

southerly regions L. ochroleuca replaces L. hyperborea as t h B dominant 

macrophyte, but i n thB l i g h t of the findings on thB comparison of the 

two i t would seem that t h i s species can be used with equal success. 

As has bean discussed elsewhere (Bellamy 1972 ; Sheppard 1975) t h B 

large scale use of amateur divers has been shown to be both En t i r e l y 

r e l i a b l e and successful as the means by which extensive surveys can be 

completed, and t h i s resourse w i l l continue to make extensions of t h i s 

survey possible. 
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SUMMARY 

To determine whether the h o l d f a s t ' a texbure had any e f f e c t s on 

the i n f a u n a , t h e fauna from two s i m i l a r s p e c i e s of kBlp a r e 

compared. Some sedentary s p e c i e s were found to be a f f e c t e d , but 

no n o t i c a b l e e f f e c t was found f o r the m a j o r i t y of thB s p e c i e s . 

Sample s i z e should be measured i n terms of volume of h o l d f a s t 

space, not as number of h o l d f a s t s . The a b s o l u t e minimum sample 

s i z e i s one l i t r e , although t h r e e l i t r e s i s a " s a f e r " minimum 

sample e s p e c i a l l y i n s p e c i e s r i c h a r e a s . 

F r e s h water i n f l o w s were not shown to have any s i g n i f i c a n t a f f e c t 

on h o l d f a s t faunas. The k e l p d i e s before the s a l i n i t y f a l l 

becomes marked enough to induce changes. 

G e o l o g i c a l s u b s t r a t e has no d i s c e r n a b l e a f f e c t s on the fauna. 

ThB heavy metal r i c h s e r p e n t i n e rock had no n o t i c a b l e e f f e c t . 

Depth, exposure and s e d i mentation had no marked e f f e c t s on the 

h o l d f a s t fauna. The nature of the h o l d f a s t and the environment 

a t the f o o t of the kBlp f o r e s t account f o r t h i s . 

Heavy Metal g r a d i e n t s were d e f i n e d around the U.K. The l e v e l s 

-were measured u s i n g a ranked index which gave e q u a l weight to 

f i v e heavy m e t a l s . 

Water c l a r i t y g r a d i e n t s were d e f i n e d around the U.K. I t was 

measured using a kelp "phytometer" method. 
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The v a l i d i t y of using the heavy metal index, the water c l a r i t y 
index, and the v a r i a b l e s l a t i t u d e and l o n g i t u d e were a s s e s s e d . 
Each i s a c c e p t a b l y unique and independent. 

The f a u n i s t i c g r a d i e n t s around the U.K. were determined. S p e c i e s 

poor r e g i o n s were d e f i n e d along the Durham c o a s t and the e a s t e r n 

end of the South c o a s t . 

The i n f l u e n c e of the four v a r i a b l e s i n (b) on the fauna were 

a s s e s s e d . I n the North S e a , C l a r i t y was shown to be s i g n i f i c a n t . 

Heavy Metals were important along the West c o a s t and a " g e o g r a p h i c a l " 

g r a d i e n t was r e v e a l e d along the south c o a s t . 

The t r o p h i c s t r u c t u r e s of the h o l d f a s t faunas of Bach s i t e were 

s t u d i e d i n the l i g h t of the f a u n i s t i c g r a d i e n t s shown to e x i s t . 

B r i e f l y , i n s e c t o r s I , I I and I I I where .pollution can be marked, 

numbers of s u s p e n s i o n f e e d e r s has a r e c i p r o c a l r e l a t i o n s h i p w i t h 

numbers and d i v e r s i t y of other t y p e s . Where p o l l u t i o n i s high 

or water c l a r i t y low, s u s p e n s i o n f e e d e r s a r e most numerous and 

s p e c i e s a r e f e w e s t . Along the South c o a s t (where t h e r e i s no 

heavy metal or c l a r i t y g r a d i e n t ) t h e r e i s a d e c l i n e i n a l l t r o p h i c 

c a t e g o r i e s a t t r i b u t a b l e here to " l o n g i t u d e " , but which i s probably 

due to other unmeasured v a r i a b l e s such as temperature, s a l i n i t y , 

sediment. 

Mollusc d i s t r i b u t i o n , being the l a r g e s t phylum p r e s e n t , was 

s t u d i e d . The f i n d i n g s support thos9 found above. 

Sorrenson s i m i l a r i t y c o e f f i c i e n t s which depend on presence / 

absBncB i n f o r m a t i o n , showed t h a t s i m i l a r i t y between s i t e s i s a 

f u n c t i o n of t h e i r g e o g r a p h i c a l l o c a t i o n and d i s t a n c e between 
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s i t 8 s . (The North Sea i s p a r t i c u l a r l y homogenous.) P o l l u t i o n 
has no e f f e c b on the s i m i l a r i t y c o e f f i c i e n t . 

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

The r e a s o n s f o r the " d i s t o r t i o n s " of the fauna on the Durham 

c o a s t a r e shown to be probably a t t r i b u t i b l B to p o l l u t i o n r a t h e r 

than to n a t u r a l t u r b i d i t y . 

The nature of the h o l d f a s t a s a sample u n i t i s d i s c u s s e d . 

S p e c i e s i n c r e a s e with space i n t h i s h a b i t a t i s very r a p i d , 

Although the popul a t i o n ' s d i s t r i b u t i o n m a i n t a i n s a good log. 

normal f i t . Even with very l a r g e sample s i z e s the presence or 

absence of many s p e c i e s seems to be s u b j e c t to almost complete 

randomness. 

The v a l i d i t y of using presence / absence data i s d i s c u s s e d . 

I t i s shown to be q u i t e i n a p p r o p r i a t e i n h o l d f a s t work. Numerical 

a t t r i b u t e s of the fauna, i . e . Number of animals, number of s p e c i e s , 

d i v e r s i t y , i n a f i x e d sample s i z e , and i t s t r o p h i c s t r u c t u r e , 

a r e meaningful. By using t h e s e the h o l d f a s t proves to be a good 

environmental monitoring u n i t . 
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Appendix A 

The C o l l e c t i o n s ' 

The h o l d f a s t s were c o l l e c t e d with the a i d of d i v i n g equipment from 

a depth midway-between the s u r f a c e and lower l i m i t of the k e l p . At t h i s 

p o int l a r g e p l a n t s c o u l d always be f ;ound. The depth v a r i e d with the s i t e s 

and ranged from 14 metres i n West S c o t l a n d to 2.5 metres on thB Durham 

c o a s t . 

The h o l d f a s t s were removed by s l i d i n g a k n i f e between the haptera 

and the rock and l e v e r i n g upwards. Only those having a r e g u l a r c o n i c a l 

shape were s e l e c t e d i n the i n t e r e s t s of u n i f o r m i t y i n samples. Any t h a t 

were not removed i n t a c t were d i s c a r d e d . Immediately a f t e r removal each 

was placed i n a polythene bag whose neck was s e a l e d with bands to prevent 

the l o s s of s p e c i e s . 

P r e l i m i n a r y L a b o r a t o r y Work. 

Each h o l d f a s t was aged a c c o r d i n g to K a i n ( 1 9 6 3 ) . Each hapteron was 

then c u t o f f and every animal of Zmm or mare i n any dimension was removed 

f o r i d e n t i f i c a t i o n . The taxonomic keys used a r e l i s t s d i n the r e f e r e n c e s , 

but e x p e r t help was sought f o r s e v e r a l groups, notably the m o l l u s c s and 

p o l y c h a e t e s . Even so a s m a l l proportion of the animals could only be 

i d e n t i f i e d to genus, and some, notably some polychaetes, only to f a m i l y . 

Determination of h o l d f a s t volume. 

Volumes were f i r s t determined by u s i n g the Archimedes p r i n c i p l e of 
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water displacement. The h o l d f a s t was e n c l o s e d i n a f l i m s y polythene bag 

and immersed i n water i n such a way t h a t i t hugged the h o l d f a s t s ' c o n t o u r s . 

From t h i s volume was deducted the volume d i s p l a c e d by the hapteron t i s s u e 

a f t e r the h o l d f a s t had been d i s s e c t e d . L a t e r the volumes were determined 

by r e a d i n g them o f f the l i n e i n f i g u r e 9 a f t e r ageing them. 

Data treatment 

Once i d e n t i f i e d and counted the numbers of s p e c i e s and the t o t a l 

numbers of animals werB determined i n a f i x e d volume, f o r each s i t e . 

Sample s i z e was s t a n d a r d i s e d a t 3 l i t r e s of h o l d f a s t space. U s u a l l y the 

h o l d f a s t s c o l l e c t e d from each s i t e t o t a l l e d between 2 and 4 l i t r e s . 

To determine the numbers of animals i n t h r e e l i t r e s , t h e i r cumulative 

numbers as each h o l d f a s t was added, was r e g r e s s e d onto t h B i r cumulative 

volume. (Only those of 4 y e a r s o l d or more were used.) The r e g r e s s i o n 

l i n e was computed by the method of l e a s t s q u a r e s , and the numbers i n t h r e e 

l i t r e s was c a l c u l a t e d from the r e g r e s s i o n equation. 

The number of d i f f e r e n t s p e c i e s was determined i n a s i m i l a r way. 

U n l i k e t o t a l numbers, which i n c r e a s e d l i n e a r l y w i t h volume,species numbers 

i n c r e a s e d i n n o n - l i n e a r f a s h i o n ( s e e f i g u r e s 2a, 4 and 5 ) . The c u r v e s 

were always vary c l o s e to l o g a r i t h m i c c u r v e s , a t l e a s t up to the t h r e e or 

four l i t r e samples used i n t h i s s t u dy. T h e r e f o r e s p e c i e s i n c r e a s e was 

r e g r e s s e d onto l o g , volume and the number i n t h r e e l i t r e s was c a l c u l a t e d 

from the r e g r e s s i o n e q u a t i o n . I t i s s t r e s s e d t h a t t h e r e was always 

approximately t h r e e l i t r e s of h o l d f a s t space on which to perform the 

r e g r e s s i o n s . The v a l u e s f o r t h r e e l i t r e s were not i n other words, 

obtained from e x t r a p o l a t i n g from a much s m a l l e r volume. 
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The s i g n i f i c a n c e of every r e g r e s s i o n was checked by a n a l y s i s of 

v a r i a n c e . I f the F value was s i g n i f i c a n t i t i n f e r r e d t h a t the s c a t t e r 

of p o i n t s about tne r e g r e s s e d l i n e was s m a l l . Always the l i n e s of b e s t ' 

f i t proved to be very c l o s e f i t s ; the s i g n i f i c a n c e of F being always a t 

l e a s t .D5 and u s u a l l y much l e s s . 

Where r e g r e s s e d l i n e s were compared (eg Chapter 3) the s t a n d a r d 

d e v i a t i o n of t h B r e g r e s s i o n c o e f f i c i e n t was a l s o computed. I t i s r e a l i s e d 

t h a t when two s p e c i e s / l o g . volume l i n e s were compared the s t a t i s t i c s were 

c a r r i e d out on transformed (logged) data, so t h a t what was a c t u a l l y 

compared was the i n c r e a s e with log. volume, not the i n c r e a s e with volume. 

Ther e f o r e although c o n c l u s i o n s concerning the i n c r e a s e w i t h volume may 

bB l o g i c a l l y i n f e r r e d they have not i n f a c t bBen proved. 

Emphasis i s pl a c e d on d i v e r s i t y only where i t i s used to help determine 

minimal sample s i z e . Here ( c h a p t e r 4 ) t h r e e i n d i c e s were used. Elsewhere 

the indBX used i s always F i s h e r s ' a l p h a . T h i s was chosen because i t s 

mathematical c o n s t r u c t i o n i s p a r t i c u l a r l y r e l e v e n t . I t was found by 

W i l l i a m s ( F i s h e r , Corbett and W i l l i a m s 1943} t h a t "with high number of N 

the r e l a t i o n s h i p betwean the number of s p e c i e s and the log number of 

i n d i v i d u a l s becomes p r a c t i c a l l y a s t r a i g h t l i n e . " T h i s e x a c t s i t u a t i o n 

i s found fo r h o l d f a s t communities and the uss of alpha i s t h e r e f o r e 

a p p r o p r i a t e . 

Heavy Metal A n a l y s i s 

Heavy metal a n a l y s i s formed an important p a r t of t h B work. Those 

s e l e c t e d f o r a n a l y s i s included?.the base of the l a m i n a r i a s t i p B , P a t e l l a 
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v/ulqata o c c a s i o n a l l y , and where found A s t e r i a 9 rubsns and E c h i n u s 

e s c u l e n t u s . 

• 

A n a l y s i s i n a l l c a s e s was by atomic a b s o r p t i o n spectrophotometry, 

on a P e r k i n Elmer 403 i n s t r u m e n t . Elements assayed WBre copper, l e a d , 

cadmiumj z i n c ; n i c k e l and manganese. 

Strong i n t e r f e r e n c e s e x i s t however f o r most of these elements. 

These a r e caused by the high c o n c e n t r a t i o n s of c a l c i u m , sodium, magnesium 

and potassium i n the s o l u t i o n s which a r t i f i c i a l l y r a i s e the heavy metal 

r e a d i n g s . These t h e r e f o r e were a l s o e s t i m a t e d , so t h a t the n e c e s s a r y 

c o r r e c t i o n s could bB a p p l i e d to the heavy metal r e s u l t s . These 

i n t e r f e r e n c e s (idaughman and B r e t t p e r s o n a l communication) a r e l i n e a r i n 

the ranges found here, and the i n c r e a s e d r e a d i n g s caused by each of these 

four major c a t i o n s a r e a d d i t i v e to each o t h e r . The f o l l o w i n g equations 

d e s c r i b e the i n t e r f e r e n c e s from t h e s e four elements an B a c h of the heavy 

m e t a l s : 

Cu i n t e r f e r e n c e = 1.5 x 1D~ 5Ca + .38 x 1 0 - 5 K + .49 x 10" 5Na + .74 x 10~5l»lg 

Pb i n t e r f e r e n c e = 14.9 x 1u" 5Ca + 2.1 x 1u" 5K + 2.1 x 1u" 5Na + 10.5 x 1u" 5Flg 

Ni i n t e r f e r e n c e = 14.2 x 10" 5Ca + 1.7 x 1Q _ 5K + 3.8 x 10~ 5Na + 1.5 x 10~5l»lc, 

Zn I n t e r f e r s n c s = 1.9 x 1C-"5Ca + 0.33 x 10" 5K + 0.2 x 1 0 _ 5 N a 4 7.5 x 10" 5flg 

Cd i n t e r f e r e n c e = 2.4 x 10" 5Ca + 0.2B x 10* 5K + 0.9 x 1 0 - 5 N a + 0.33 x l O ' ^ g 

Nn i n t e r f e r e n c e = 1.72 x 10" 5Ca + 0.25 x 10~ 5K + 0.23 x 1 0 _ 5Na + 4.9 x 10"5l»!g 

These amounts a r e deducted from the r e a d i n g obtained f o r the heavy 

metal to g i v e thn " t r u e " value of the heavy m e t a l . 
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The t i s s u e s were prepared f o r a n a l y s i s by a wet d i g e s t i o n procedure. 
Between one and two grams dry weight of m a t e r i a l was l e f t o v e r n i g h t i n 
20 ir.ls. n i t r i c a c i d and 5 mis. p e r c h l o r i c a c i d (both "Analar" g r a d e ) . 
Then the mixture was b o i l e d almost to dryness u n t i l i t became c l e a r . 
A f t e r t h i s the s o l u t i o n was made up to about 50 mis. f i l t e r e d , and 
a d j u s t e d a c c u r a t e l y to 100 mis. The s o l u t i o n was then ready f o r a n a l y s i s . 

S t a t i s t i c a l a n a l y s i s 

Many of the v a r i a b l e s obtained i n the course of t h i s work were not 

normally d i s t r i b u t e d , f o r example the l a t i t u d e and lon g i t u d e of the s i t e s . 

T h e r e f o r e when c o r r e l a t i o n s were used i n the data treatment a ranked 

c c r r e l a t i o n c o e f f i c i e n t was employed. ThB one chosen was the f r e q u e n t l y 

used one by Spearman. I t was always computed using the "SPSS S t a t i s t i c a l 

Package" of Nie e t a l ( 1 9 7 0 ) , as were a l l r e g r e s s i o n s and the F a c t o r 

a n a l y s i s . 

I n the q u a l i t a t i v e assesment of s i t e s a c o e f f i c i e n t of s p e c i e s 

s i m i l a r i t y was employed ( S o r r e n s e n s * ) . T h i s c o e f f i c i e n t , which i g n o r e s 

the numbers of animals and depends on s p e c i e s presence alone has the 

formula: 

2 x no. s p e c i e s common to both s i t e s 
no. s p e c i e s i n A + no. s p e c i e s i n B 

T h i s i s m u l t i p l i e d by 100 to e x p r e s s i t as a percentage. S i n c e the 

c a l c u l a t i o n of s i m i l a r i t y between every p a i r of s i t e s i n v o l v e d over 600 

c a l c u l a t i o n s a f o r t r a n program was w r i t t e n f o r t h i s . 

I n t e r p r e t a t i o n was a l s o helped by the use of a program developed f o r 

p h y t o s o c i o l o g i c a l use (liiheeler 1 9 7 4 ) . T h i s program p r i n t s out t a b l e s of 
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s p e c i e s r i c h n e s s w i t h s i t e s ordered h o r i z o n t a l l y and s p e c i e s l i s t e d 

v e r t i c a l l y i n any d i c t a t e d o r d e r s . Thus v i s u a l i m p r e s s i o n s can be 

gained of the s p e c i e s d i s t r i b u t i o n . The complete t a b l e , from which 

other t a b l e s were drawn, i s i n Appendix 0, where the s i t e s a r e ordered 

a c c o r d i n g to s e c t o r and the s p e c i e s a r e l i s t e d from most to l e a s t 

f r e q u e n t . The abundance of each s p e c i e s i s r e p r e s e n t e d on a seven p o i n t 

s c a l e . - i n d i c a t e s t h a t one animal of t h a t s p B c i e s occured a t t h a t s i t e ; 

+ i n d i c a t e s morB than one was found but t h a t they comprised l e s s than 

5% c f the animals a t t h a t s i t e ; 1 means 5 - 20% and 2 - 5 means 20 -

100JC i n i n t e r v a l s of 20%. 
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APPENDIX B 

Kelp Performance. 

A v a l u e f o r year round, i n t e g r a t e d water c l a r i t y was d e r i v e d from 

the depth to which the L. hyperborea grew. Bellamy e t a l (1967; 1970) 

have shown t h a t as depth i n c r e a s e s k e l p performance a l t e r s very l i t t l e 

u n t i l the extreme lower edge of t h e i r depth range i s reached, when 

i n d i v i d u a l performance f a l l s r a p i d l y to e x t i n c t i o n . F i g u r e s 23a, c 

and ./Figures 24a, c, i l l u s t r a t e t h i s . G e n e r a l l y t h e r e i s no s i g n i f i c a n t 

d i f f e r e n c e between the performance c u r v e s f o r k e l p c o l l e c t e d from 

6 - 1 5 metres below M.L.W. At 18 metres however the performance i s 

s i g n i f i c a n t l y lower and no k e l p e x i s t e d a t 19 metres. Though t y p i c a l 

of a l l s i t e s t h e s e r e s u l t s were obtained from P o r t L e v i , F r a n c e , Here 

L. o c h r o l e u c a was only s l i g h t l y I B S S abundant than the L. hyperborea, 

and a d i r e c t comparison of the two s p e c i e s was made p o s s i b l e . I n t e r e s t 

i n g l y the same response to depth i s seen w i t h L. o c h r o l e u c a ( F i g u r e s 

23b, d and 24b, d) and i s , i f anything, more marked. Below the 

L a m i n a r i a bed a t t h i s s i t e rock a p p a r e n t l y s u i t a b l e f o r kelp growth 

p e r s i s t e d to a t l B a s t 30 metres, i n d i c a t i n g t h a t l i g h t , or wa.tBr c l a r i t y , 

become l i m i t i n g . 

These comparisons a r e a l s o of i n t e r a s t i n the context of chapter 3 

i n which the h o l d f a s t faunas of the two s p e c i e s a r e compared. 
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APPENDIX C 

Heavy Metal C o n c e n t r a t i o n s i n L. hyperborea s t i p e - standard e r r o r s 

S i t e 

C a i t h n e s s 8.3^.93 2.60i.23 5 .2 -+.22 1.0li.20 21.oil.2 
Lossiemouth 9 . 5 i l . 3 D 2.67i.20 7 .0 i i . i o i.aoi.50 26.7il . 3 
PeterhBad 9.5- .90 3.22i . 1 B 4.0 - .80 ,39i . 0B 21.7il . 1 
F r a s e r b u r g h 7 . 0 - .41 0.75i.17 9.7 i .80 2.60i.30 25.2i6.0 
Aberdeen 20.0^4.6 2.42i.81 6.4 i .50 0.35i.08 20.5il.7 
Montrose 5.4- .82 2.90i.45 4.6 i . 3 5 1.54i.11 48.6i3.4 
C e l l a r d y k e 5.0* .33 1.43i.18 10.6 -1.91 0.80i.23 30.0i4.7 
Kingsbarns 6.oi .41 2.53i.57 10.6 i2.04 1.10i .2B 3l.5i5 . 0 
Dunbar 8.1^.97 2.50i.13 7 .3 i .38 1.06i .1Q 70.li7.6 
S t . Abbs 15.8-5.52 1.36i.15 1.0 i .92 0.56i.06 ss.oie.s 
Neuibiggin 14.0-1.01 8.Q0il.20 28.0 i s . 01 3.41i.90 14.lil.2 
Marsden 24.4^2.87 3.50i.70 10.0 i i . 2 1 0.9li.06 85.0il0.3 
Souter 42.6^3.91 3.00i.29 9.0 i i . 1 8 1.00i.07 35.oi2.2 
Redcar 7.0-1.92 7.40i.81 11.1 il.49 2.40i.40 74.0i5.0 
Whitby 9.3^ .72 3.15i.57 113. i37. 0 . 9 li . 1 2 61.5il1.0 
Robin Hoods Bay 10.0- .59 1.30i .22 1 5 . 0 i , 0 B 1.00i.O6 3 3.li4.5 
Scarborough 7 . 5 J l . 0 8 3.50i.22 155. i48.0 0.90i.14 57.7i5.0 
Flamborough 10.2^1.6 3 . 0 0 i . 2 l 104. i36 . 0 1.40i.11 81.3il4.0 
Loch Sunart 7.9- .74 2.20i.19 13.0 i i . 1 0 0.20i.0B 58.Qio.5 
P o r t e n c r o s s 12.9^ .41 2.54i.26 12.0 i3.90 0.90i.07 14.0i2.4 
B a l l y c a s t l e 8.li.20 0.80i.01 16.0 i 3 . 0 0 2.00i.15 16.4i3.1 
C o r s e w a l l 14.6^2.70 2.96i.34 16.4 i3.70 1.20i.25 24.2i5.6 
Bangor 7.9^2.10 8.60i.92 14.0 il.80 0.37i .0B 96.8i4.7 
Port E r i n 8.5^ .71 2.92i.23 5 . 8 i .81 0.90i.22 46.6i5.0 
P o r t Ysagden 13.2^2.50 3.06i.55 8.4 i .52 1.Q0i.16 52 . B i 5.3 
Oxwich 1 0 . 1 - .93 5.56i.34 6.0 i . 2 1 1.50i.30 58.4i4.4 
S t . Agnes 18.0^3.10 3.28i.60 4 . 5 i.52 0.52i.15 24.Oil.8 
Sennen 14.3^1.60 5.33i.44 24 .0 i i o . 0 1 2 . 1 0 i.2l 18.li3.4 
Penzance 27.ai7.52 3.25i.14 6.8 i . 9 0 0.45i.08 3o.ai6.o 
Falmouth 5.3il . 2 1 2.0li.23 1 2 . 5 i3.80 1.0li.20 32.4i6.0 
Plymouth 20 .Bi8.11 2.66i.22 4.2 i . 5 0 0.56i.08 42.6^6.5 
Seaton 5 . l i .30 0.04i.01 10.1 i.35 1.54i.20 32.5i4.7 
Durdle Door 21.5i .20 0.93i.12 10.0 ii.oo 0.92i.Q6 37.fli3.6 
3 e r s e y 9.5il.03 2.48i.15 13.9 i l . B 9 1.70i.10 54.3i5.6 
Kimmeridge 11-1- .11 0.52i.00 12.0 i2.11 3.10i.45 30.4i4.6 

http://27.ai7.52
http://20.Bi8.11
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APPENDIX C 

Heavy Metal C o n c e n t r a t i o n s i n E c h i n u s B s c u l e n t u s gonads * stan d a r d e r r o r s 

S i t e Pb Cu Ni Cd Zn 

F r a s e r b u r g h 11.0 + 2.7 4.3 + 1.3 9.3 + 1.9 3.3 + 1.0 146. + 88. 
C e l l a r d y k e 6.6 + 0.9 2.1 + 0.2 5.5 + 0.6 1.2 + 0.2 63. + 9. 
Kingsbarns - 4.0 + 0.7 2.2 + 0.2 8.3 + 1.7 1.4 + 0.2 226. + 58. 
Neuibiggin 14.6 V.1 9.0 2.3 55. 
Whitby 15.3 + 3.9 6.8 + 1.6 8.3 + 29. 1.0 + 0.3 113. + 44. 
Scarborough 4.5 + 0.6 4.5 + 0.6 145. + 106. 0.8 + 0.4 179. + 60. 
Robin Hoods Bay 6.2 + 1.2 6.2 + 1.2 25. + 17.4 0.9 + 0.5 331. + 36. 
P o r t e n c r o s s 6.3 + 1.1 6.3 + 

mm 1.1 7.4 + 0.9 0.8 + 0.1 163. + 50. 
C o r s e u i a l l 5.0 + 1.0 5.0 + 1.0 10.5 + 1.1 2.1 + 0.5 248. + 77. 
Plymouth 3.5 + 0.4 3.5 + 0.4 18.0 * 3.5 2.3 + 0.6 264. + 95. 

Heavy Metal C o n c e n t r a t i o n s of A s t e r i a s - s t a n d a r d e r r o r s 

S i t e Pb Cu Ni Cd Zn 

Aberdeen 12.8 2.3 48.6 0.7 129. 

C e l l a r d y k e 29.3 + 7. 5.3 + .2 62.2 + 3.0 0.9 + .17 142. + 32. 

Neuibiggin 20.0 8.9 31.0 5.0 19. 

Whitby 9.7 + 1.1 10.5 + .8 109. ^13.9 .4 + .01 174. + 9.4 

Scarborough 23.0 + 3.5 8.8 + .5 100. i 2 0 . 0 0.0 152. + 9.1 
Robin Hoods Bay 13.0 + 2.1 7.6 + 2.3 6B.0 + 5.4 1.4 + .02 161. + 4.3 

Flamborough 18.1 + 3.1 8.4 + 1.3 30.9 + 2.0 0.5 + .08 182. + 5.9 

P o r t e n c r o s s 17.9 + .6 10.4 + .5 16.1 + 1.8 0.6 + .03 174. + 13.1 

C o r s e u i a l l 10.4 + 1.4 18.4 + 4.0 73.2 + 3.0 1.8 + .21 139. + 8.7 

Falmouth 12.8 + 2.3 12.4 + .7 11.5 + 
mm 8.2 1.5 + .12 74. + 5.2 

Plymouth 13.3 + 2.2 9.6 + .8 54.2 + 0.8 2.0 + .05 121. + 28. 

KimmeridgB 14.2 + .7 5.3 + 1.6 53.4 + 3.7 3.2 + .10 143. + 42. 

Seaton 7.0 + .a 2.8 + .3 36.7 + 0.9 1.6 + .69 92. + 21. 



LIST OF TOTAL FAUNA 

APPENDIX D 

c i o u . 

6 HFT SOUA + • -72 NEPE PELA 1 + 1 
90 POMA TO IU 1 2 1 
43 HI AT A»CT 1 1 1 
11 PDPr Lt'NCi 1 + +• 

11 HALA HAL A 1 1 1 
«3 CATI PFLL - + 4 
61 MOP I • • 4-
4 A M PH SQUA 1 + 1 

41 H1RM IMPA • 4- t 
i n AS T E RllilF • • f 
48 LEPI SOUA • • 
6b MYTI EIVJL • 
77 PPHI FRAG - t 
60 MOO I PAUB * -3 ACTI FOUI + + 
•5 AMPI4 PUB» • • 
16 C A W PAT.IJ - f 
63 MQM PATF + -73 MERE VIP.E -Rb PINN PISH 
35 FILO IMPL • 

101 TON! RUBK t -200 SABE SPIN 
30 b i l l A V1RI -111 VCPR STBD + 

157 HAL I PANI • 4-
36 fl AM" SPFL 
46 L ACU VINC • 1 
71 NEPE L«IVfc + 
74 nPHl NIGF. • + 
75 flPWI ACUL - • 

217 NFMA + 
2 AC AN CR IN • * 

4? HFN° SANG 
68 NASI INCP + + 
<)3 PSAM MILI • + 
«»ri SERP VERM 

103 T E U TtNU + 
1 ACAN r n r n + 

3? EIINE NEE S + 
51 L I N r LONG • • 

140 CIRP- CIRR -13 B APN PARV -5? L1NF RUBE 4 
NEMF X 4 -84 PFF r CULT 

1 16 AC MA TFSS - + • 
161 HYPP MOP V + 
20 CHTH STEL * 
23 c u r u 1. ACT -156 OIHB f INF. 

16? H VfF 
180 »-usr n i SC 
1 PI MUSt MAkM • • -

2 2 

» • + 
• 

• * _ 1 1 + 4- I " 4 1 1 1 4 1 ? 4 7 1 4 4 1 ? 4 I 
4 I 4 • 4 4 1 1 4 + 4 4 4 4 1 4 1 4 *• 1 1 1 1 
i I ? + + • 4 4 1 3 1 4 2 4 I 1 4 4 • 4 4 4 1 
1 2 1 • * 4 4 ? • 1 1 4 1 - 1 4 1 • 4 1 2 1 1 

+ + - 1 4* * 1 • I 4 • • • * 4 4 1 1 - - 4 
3 • 2 ? 4- • 2 4 4 4 4 • 1 - 4 I 4 

t + - 4- 4 4 * - 4 4 - - 4 4 + — 
1 4 • • • 4 4 • • 2 1 ? S 1 1 2 1 

+ • - • 1 1 4- 1 • - 4 1 4 4 4 4 4 4 + 
+ • t 4 4 * - 4 - 4 4 4 • + 4 -4 1 1 4 4 4 4 • - 4 4 4 4 - *• 4 
• • - • - 4 4 • 4- • • 4 - 4 4- 4 

t • 5 + + + - 4 1 • 4 4 1 1 4 - 4 
• - 4 1 - 4 + 4 4 4 4 4 4 4 4 • 

- • * - - 1 • • • 4- 1 - 4 4- 4-
• * - - - 4- 4 - 4 4- 4 4 -
• - 1 - - - 4 4 4 - • 4 1 4 

* - • 4- 4- - - 4 - - 4 -
• • - • 4 - 1 • • • 4 1 

- 4 - - - - • - - - - • 

- - • • * - - • - 4- • - 4 • 
• I 1 4 • * 4 4 4. 

_ - - - - - • - 4 4 
4 4- 1 4 2 - 2 4 4 2 1 1 4 2 

- - - - - - - 4 4 • 
+ - • • 4 - - * • - 4 

+ 1 • 

• - *• 
4 + 

+ - 4 
4 

* - • 
- • • • 

- + 1 • 4 

- 1 4 3 3 
- • - 4 

• - 4 
4 
4-

• 1 

4 4 4 4 

• • I 

+ • 
• - + * 
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Appendix E. 

The use of u l t r a - v i o l e t a b s o r p t i o n f o r measuring the o r i g i n s , 

behaviour and f a t e of dis s o l v e d organic compounds i n an estuary. 

A prolonged attempt was made t o use the technique of u l t r a - v i o l e t 

a b s o r p t i o n f o r measuring the amount of di s s o l v e d organic compounds 

i n seau/ater. The method has been used by a wide range of authors, but 

whi l e using the method, and i n p a r t i c u l a r w h i l e attempting t o concentrate 

the d i s s o l v e d substances i n order t o r e l a t e a b s o r p t i o n t o m i l l i g r a m s of 

carbon, i n t e r f e r e n c e s came t o l i g h t which make the method l a r g e l y 

unusable. 

Because of the numerous d i f f e r e n t sources of dis s o l v e d carbon compounds 

a r i v e r system was s t u d i e d from i t s source t o a p o i n t on the coast several 

miles away from i t s mouth. ThB U-V t r a c e s f o r compounds of d i f f e r e n t 

o r i g i n s were compared, and t h e i r b e h a v i o r , w i t h respect t o time f o r example, 

was s t u d i e d . Two main cate g o r i e s of sources were shown t o e x i s t . 

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

On the North Ease coast of England the r i v e r Tyne dr a i n s a catchment 

area of about 1750 square m i l e s , a l a r g e p a r t of which i s covered w i t h 

e r r o d i n g b l a n k e t peat which i s a r i c h source of humic m a t e r i a l s . On the 

estuary of the Tyne the Newcastle conurbation discharges large q u a n t i t i e s 

o f u n t r e a t e d sewage i n t o the t i d a l waters. Both the upper catchment area ai 

the c i t y are l a r g e sources of organic carbon, which enter the sea tog e t h e r . 
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An attempt bias made t o d i s t i n g u i s h sewage from the n a t u r a l "background" 

carbon, and t o estimate the r e l a t i v e c o n t r i b u t i o n s o f each to the t o t a l 

organic m a t e r i a l passing through the estuary. 

U-V a b s o r p t i o n i n the range 200-350 nm. i s a t t r i b u t i b l e i n p a r t 

t o unshared e l e c t r o n p a i r s , eg. C=C and C=0 l i n k a g e s (SchnitzBr and Khan 

1972). Humic acids such as those from the peat catchment are phenolic 

and t h e r e f o r e absorb s t r o n g l y . As an estimate of d i s s o l v e d carbon the 

method of U-V a b s o r p t i o n i s thought t o be s u p e r i o r t o Chemical Oxygen 

Demand (Banoub 1973), and has been used i n c r e a s i n g l y f r e q u e n t l y as a 

s u b s t i t u t e f o r t h i s and s i m i l a r t e s t s . The main i n t e r f e r i n g compound 

i n f r e s h water i s n i t r a t e which absorbs s t r o n g l y a t around 210 nm. I n 

marine and e s t u r i n e systems bromide i n t e r f e r e n c e has also been r e p o r t e d 

(Ogura and Hanya 1967), but these only i n t e r f e r e a t the lower end of the 

spectrum and can be ignored a t wavelengths above 230 nm. 

U-V a b s o r p t i o n has seldom been s t u d i e d i n f r e s h water, although 

Banoub (1973) used the technique w i t h success i n la k e water. I n e s t u r i n e 

systems B u t l e r and T i b b i t s (1972) e s t a b l i s h e d t h a t i n the Tamar estuary 

d i s s o l v e d c o l l o i d s a f f e c t e d the U-V a b s o r p t i o n of the water, and t h a t 

a b s o r p t i o n was i n v e r s e l y p r o p o r t i o n a l t o s a l i n i t y . I n marine systems a 

l a r g e r amount of work has been done. Ogura and Hanya (1967, 1968) 

i d e n t i f i e d the v a r i o u s absorbing components, and found t h a t c o a s t a l water 

had a higher a b s o r p t i o n than ocean water, which was a t t r i b u t e d t o p o l l u t i o n . 

Foster and M o r r i s (1971) however, i n attempting t o r e l a t e p o l l u t i o n and 

a b s o r p t i o n i n sea water concluded t h a t t h i s method was l i m i t e d i n i t s use. 



156. 

Due mainly t o the supposed extreme hoirogenity of the absorbing 

compounds a wide rangB of wavelengths have been employed. Banoub 

( l o c c i t ) measured a t 260 nm; Foster and Plorris (1972) used an i n t e g r a t e d 

value of 250-350 nm; while Ogura and Hanya (1967, 196B) usod 220 nm and 

l a t e r 230:220 and 250:220 r a t i o s . The strong emission l i n e of the mercury 

lamp a t 254 nm has been used f o r work on sewage e f f l u e n t (Dobbs, liiise 

and Dean 1972), I n the sea however, i t was found t h a t the absorbing 

compounds were not homogenous and thB choice o f wavelength t h e r e f o r e became 

im p o r t a n t . The d i f f e r e n c e s i n the wavelength selected may thus have been 

a cause of the d i f f e r e n t degrees of success obtained by d i f f e r e n t workers 

w i t h t h i s method. 

Method 

Sampling was c a r r i e d out i n A p r i l to June 1974. Absorption readings 

were measured on a Parkin Elmer r e c o r d i n g spectrophotometer w i t h a p a i r 

of matched 4 cm c o l l s . Traces between 190 and 350 nm UBre obtained, but 

because o f the i n t e r f e r e n c e s from n i t r a t e and bromide u s u a l l y only the 

s e c t i o n above 230 nm was used. With sea water samples i n which the 

c o n c e n t r a t i o n of d i s s o l v e d organic m a t e r i a l s was low i t was convenient t o 

use an instrument a m p l i f i c a t i o n of x 5. For the f r e s h and e s t u r i n e samples 

the normal x 1 s e t t i n g was used. 

Samples were f i l t e r e d i n the f i e l d and placed i n i c e u n t i l reading 

w i t h i n s i x hours. Whatman 42 papers were used throughout which had been 

p r e v i o u s l y f l u s h e d through w i t h 200 mis. d i s t i l l e d water and l e f t i n t h e i r 

f i l t e r f u n n e l s . Such papers do not c o n t r i b u t e absorbing or s c a t t e r i n g 
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m a t e r i a l s t o the samples, u n l i k e GF/C papers, whether pre-combusted or 

not, which have been favoured by other workers. 

S a l i n i t y measurements were made by a r g e n t i m e t r y , using the conversions 

o f c h l o r i n i t y i n t o s a l i n i t y given by S t r i c k l a n d and Parsons (1968). 

Results. 

Figure 25 shows a b s o r p t i o n t r a c e s of water samples taken from four 

p o i n t s along the r i v e r system. Trace ( a ) i s t h a t of f r e s h s p r i n g water, 

which i s not s t r i c t l y p a r t of the r i v e r a t t h i s e a r l y p o i n t . The 

n e g l i g i b l e a b s o r p t i o n above 230 nm shows t h a t almost no organic m a t e r i a l 

was present. Trace ( b ) i s t h a t of a sample of water taken from the moors 

i n t o which the s p r i n g water f l o w s , and from which the r i v e r Tyne o r i g i n a t e s . 

A l a r g e i n p u t of organic m a t e r i a l occurs a t t h i s p o i n t (and a t the same 

time the n i t r a t e which i s the 205 nm. peak, has been removed by the 

v e g e t a t i o n ) . Traces c and d are absorption curves of the young and mature 

r i v e r r e s p e c t i v e l y , and show a progressive d e c l i n e i n c o n c e n t r a t i o n of 

organic m a t e r i a l downstream from the source. The whole r i v e r system i s 

shown i n f i g u r e 26a, which i l l u s t r a t e s the d e c l i n e i n a l l t r i b u t a r i e s and 

i n the main r i v e r as the sea i s approached. Figure 26b shows the r e l a t i v e 

volume of water f l o w =»t the same p o i n t s on the r i v e r . The f i g u r e s are the 

a c t u a l volumes ( i n m x 1000 per hour) on one day i n A p r i l 1974. Experimonb 

w i t h s t o r e d samples of water from these regions showed thab the dis s o l v e d 

compounds were s t a h l e f o r s e v e r a l days w i t h regard t o a b s o r p t i o n , so i t i s 

concluded t h a t the d e c l i n e i n absorp t i o n i s accounted f o r by simple d i l u t i o n 

of the i n i t i a l l oad from the upland catchment. The d i l u t i n g water, or land 

r u n o f f had l i t t l e absorbing water of i t s own. 

•n e n t e r i n g i t s estuary t h e r e f o r e the Tyne contained a s u b s t a n t i a l and 
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measurable amount of s t a b l e organic carbon. This can be regarded as 

the n a t u r a l background l e v e l , onto which i s superimposed the organic 

compounds int r o d u c e d from the b u i l t up areas around the estuary. 

A drop i n a b s o r p t i o n a t a l l wavelengths occurred as soon as the 

r i v e r mixed w i t h sea water. Two f a c t o r s were i n v e s t i g a t e d as p o s s i b l e 

causes of t h i s ( 1 ) a p r e c i p i t a t i o n of the absorbing compounds by s a l t s 

and ( 2 ) simple d i l u t i o n . S a l i n i t y measurements were used t o e s t a b l i s h 

the r a t i o of f r e s h water t o s a l t water i n the e s t u i n e samples. 

River water of known absorbance was mixed w i t h sea water i n nine 

r a t i o s between 1:9 and 9:1 and l e f t f o r 5 days. Reading f o r abso r p t i o n 

a f t e r t h i s period showed t h a t the f a l l i n readings were accounted f o r 

e n t i r e l y by d i l u t i o n . F i l t e r i n g the samples and re-reading them d i d not 

a f f e c t the reading, and i t was concluded t h a t a t a l l wavelengths between 

230 and 350 nm only d i l u t i o n reduced the readings. 

I n view of the s t a b i l i t y of these humic substances over time and i n 

the presence of sea water i t i s presumed t h a t they f l o w out unchanged i n t o 

the sea almost i n t h e i r e n t i r e t y . 

I n the estuary i t i s necessary t o compensate f o r d i l u t i o n caused by 

t i d e changes. This i s best achieved by e l i m i n a t i n g the d i l u t i o n f a c t o r and 

o b t a i n i n g a c o r r e c t e d a b s o r p t i o n reading which gave the absorption of the 

r i v e r water had i t not been d i l u t e d by sea water. The f o l l o w i n g equation 

was used: 



160. 

Corrected E = (E)mixture x (S)sea - (S)mixture x (E)sea 

(S)sea - (S)mixture 

where E i s absorption and S i s s a l i n i t y . (E)sea was taken as .01 and (S) 

sea was taken as 32 ppt i n a l l cases. 

Following the course of the r i v e r using the c o r r e c t e d readings a 

s u b s t a n t i a l increase i n the U-V absor p t i o n was detected along an e i g h t mile 

s t r e t c h i n the middle of the Newcastle conurbation. I n t h i s r e g i o n 180 

o u t f a l l s discharge untreated sewage, and t h i s r e g i o n f r e q u e n t l y becomes 

anoxic i n warm weather (James 1973). Random samples taken from near some 

of the o u t f a l l s showed g r e a t l y increased readings, and i t was estimated t h a t 

such o u t f a l l s were s u f f i c i e n t t o r a i s e the absor p t i o n by the amount seen. 

From t h i s maximum value i n Newcastle the c o r r e c t e d values declined as 

the mouth of the r i v e r was approached, despitB the f a c t t h a t there i s no 

d e c l i n e i n i n d u s t r y or p o p u l a t i o n . Sy the time the mouth of the r i v e r was 

reached the c o r r e c t e d readings were s l i g h t l y I B S S than they WBre a t the head 

of the estuary. 

To e x p l a i n t h i s samples werB c o l l e c t e d from thrBe p o i n t s along the 

est u a r y ; from the t o p , the most p o l l u t e d p a r t i n the middle and from the 

mouth of the r i v e r . A f t e r s t o r i n g f o r 24 hours a t room temperature and a t 

4° C the c o r r e c t e d values from the c e n t r a l p o l l u t e d r e g i o n had converged w i t h 

and met those of the mouth of the r i v e r , and both were p r o g r e s s i v e l y l e s s than 

those from the top of the estuary. This i n d i c a t e s t h a t the sewage i s being 

r a p i d l y " t r e a t e d " w i t h respect t o i t s U-U absorption p r o p e r t i e s , l e a v i n g 

o n l y the o r i g i n a l r e s i s t a n t humic compounds from the upper catchment area. 

That t r e a t e d sewage does not have any s i g n i f i c a n t a b s o r p t i o n p r o p e r t i e s was 
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corroborated by the f a c t t h a t downstream from an e f f i c i e n t treatment p l a n t 

(t h e Durham C i t y p l a n t on the r i v e r Wear) t h e r e was no increase i n absorp t i o n 
i 

although a 50% increase i n t o t a l phosphorus was detected. 

Therefore i t would seem t h a t t h i s method i s of l i t t l e value i n the 

d e t e c t i o n of sewage a t sea. 

Immediately the humic substances were f o l l o w e d out t o sea a change 

i n the t r a c e s became apparent. Instead of the smoothly decending l i n e 

t y p i c a l of the r i v e r t r a c e s a d i p was n o t i c e d a t around 230 nm, r i s i n g t o 

a small peak a t 260 nm, a f t e r which i t continued i n a normal u n i n t e r r u p t e d 

f a l l (see f i g u r e 2 7 ) . This peak and d i p have been recorded before 

(Armstrong and Boalch 1961) although not explained. I t was f u r t h e r found 

t h a t i n over 40% of the sea water t r a c e s the d i p a t 240 nm. extended t o 

below the zero reference l i n e . This was a t f i r s t thought t o be an a r t i f a c t 

or t o on absorbing contaminant i n the reference c e l l of the t w i n beam 

inst r u m e n t . Both these p o s s i b i l i t i e s were e l i m i n a t e d . Neither changing 

the c e l l s about nor reading against a i r , both w i t h and w i t h o u t the reference 

cuvette i n p o s i t i o n e l i m i n a t e d the e f f e c t . 

To concentrate the c o n s t i t u e n t s of sea water and t o e l u c i d a t e t h i s 

e f f e c t , r i v e r and sea water samples were passed through a column packed w i t h 

nylon a f t e r the method o f Si e b u r t h and Jensen (1968). River water l o s t 

about 50% of i t s a b s o r p t i o n on passing through the nylon. When sea water 

was t r e a t e d however, the column e f f l u e n t showed a higher a b s o r p t i o n than 

t h a t of the i n i t i a l sea water, (Figure 27). With both r i v e r and sea water, 

as the nylon became spent the readings of the column e f f l u e n t s approached 

t h a t of t h e i r r e s p e c t i v e untreated samples, i . e . the f r e s h water rose and 
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the sea water f e l l . I t would thus appear t h a t some substance i s present 

i n sea water which has the property of reducing i t s a b s o r p t i o n , and which , 

i s nylon e x t r a c t a b l e . The substance can be e l u t e d from the column w i t h 

10% NaOH, (and comes o f f a f t e r a f r a c t i o n c o n t a i n i n g s t r o n g l y absorbing 

m a t e r i a l . ) A f t e r n e u t r a l i s i n g , the e l u a t e was found to produce a t r a c e 

t y p i f i e d by a very deep trough a t 240 nm and a r i s e a t 260 noi, w i t h the 

whole t r a c e being w e l l below the d i s t i l l e d water reference l i n e . The 

f r a c t i o n thus contained a " n e g a t i v e l y absorbing" compound. 

I t has been observed t h a t r i v e r samples showed very l i t t l e change i n 

absorption ' j i t h t i m e . I n c o n t r a s t s t o r e d samples of sea water showed t h a t 

w h i l e a b s o r p t i o n a t 260 nm stayed much the same over a two week p e r i o d , 

t h a t a t 240 nm showed a marked increase during the f i r s t f o u r days which 

l a r g e l y e l i m i n a t e d the d i p a t 240 nm. (Figure 28). With storage a t two 

temperatures t h i s increase was found t o be dependent on temperature w i t h 

a of 2.0. Exposure t o l i g h t had no e f f e c t . The same ageing experiments 

done on the nylon column e l u a t e f r a c t i o n s showed t h a t the absorbance o f the 

second " n e g a t i v e l y a b s o r b i n g " f r a c t i o n rose w i t h time i n a manner i d e n t i c a l 

t o the 240 t r a c e of Figure 28. The f i r s t , s t r o n g l y absorbing f r a c t i o n of 

the e l u a t e d i d not change w i t h time. 

The f i n d i n g s i n d i c a t e the presence of two groups of compounds i n the 

sea water, one absorbing l i g h t i n the normal way over the B n t i r e U-V band, 

and one which has i t s a f f e c t mainly a t 240 nm. The l a t t e r has a depressing 

e f f e c t which superimposes on the normal curve, though t h i s e f f e c t i s l o s t 

i n time. I n a l l p r o b a b i l i t y the substance i s the f l u o r e s c i n g and phenol 

s t a i n i n g substance found by S i e b u r t h and Jensen (1960) jihen i n v e s t i g a t i n g 

chromatograms of t h e i r nylon e l u a t e s . 
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Because of the nature of the c o n s t r u c t i o n of spectrophotometers, 

fluorescence on being i r r a d i a t e d by U-V w i l l be detected by the sensor 

and recorded as reduced a b s o r p t i o n . 

I n sea mater the depression caused by t h i s i n t e r f e r e n c e extends 

across a band of up t o 70 nm, although the main e f f e c t i s a t 240mn. 

I t mould ssem t h a t i n sea water t h e r e f o r e t h i s method should not be 

used f o r the e s t i m a t i o n of t o t a l carbon. 

I n summary i t has been shown t h a t ( 1 ) This method i s of no U 3 e i n 

d e t e c t i n g the presence of sewage since the l a t t e r q u i c k l y looses i t s 

abso r p t i o n p r o p e r t i e s , and (2) I n sea water i t cannot be used f o r the 

e s t i m a t i o n of other carbon compounds e i t h e r , due t o the i n t e r f e r e n c e s 

described. 
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APPENDIX F 

D e s c r i p t i o n pf S i t e s 

Aberdeen 

B a l l y c a s t l e 

Bangor 

Caithness 

Cellardyke 

Corseuiall 

Dunbar 

N3955D06. Facing East, steep slope t o 40 metres 
then s i l t . Moderate exposure. No major r i v e r s . Consider
able p o p u l a t i o n and i n d u s t r y , e s p e c i a l l y s h i p p i n g , p e t r o 
chemical. 

55° 12* N. 6° 15' ul . Facing North. Steep slope i n kelp 
zone. Moderate exposure. No major r i v e r s . Moderate 
i n d u s t r y and p o p u l a t i o n . 

54' 40* N. 5° Id. Facing North on East coast. Gentle slope. 
S l i g h t exposure. I n B e l f a s t lough-estuary of r i v e r Lurgan 
Heavy i n d u s t r y and p o p u l a t i o n e s p e c i a l l y i n B e l f a s t a t head 
of lough. 

ND385665. Facing East. Very exposed. Steep slope. No 
r i v e r s . Population sparse and no i n d u s t r y . 

N0579038. Facing South on F i f e Peninsular. Gentle slope. 
S l i g h t l y exposed. I n F i r t h of F o r t h . Moderate p o p u l a t i o n 
and l i t t l e i n d u s t r y . 

NUI979725. North West t i p of Wigtown "peninsular. Gentle 
slope. Moderate', exposure. No r i v e r s . L i t t l e i n d u s t r y 
and p o p u l a t i o n . 

NT752752. GentlB slope. Possibly severs exposure. Near 
small r i v e r . L i t t l e i n d u s t r y and p o p u l a t i o n . 

Durdle Door 

Falmouth 

SY8D5B02. South f a c i n g slope t o 15 metres, then sand. 
F a i r l y exposed from south. L i t t l e i n d u s t r y or p o p u l a t i o n . 

5UB26315. Facing South East. Gentle slope. Exposure 
s l i g h t . No major r i v e r s nearby. At the c o l l e c t i o n p o i n t 
p o p u l a t i o n was moderate and i n d u s t r y almost n i l . 
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Flamborough 

Fraserburgh 

Hebrides 

Jersey 

Kimmeridge 

Kingsbarns 

TA255710. East Facing. Slope moderate t o 20 metres. 
Exposed i n e a s t e r l y weather. No nearby r i v e r s . 
P o p u l a t i o n : s l i g h t and i n d u s t r y minimal. 

i 

N3955680. North Facing. Steep Slope. Very exposed i n 
No r t h e r l y weather. No r i v e r s . Population and i n d u s t r y 
minimal i n immediate surroundings. 

NG045815. South East Facing. Moderate slope. F a i r l y 
s h e l t e r e d due t o i s l a n d s . No r i v e r s of importance and 
almost no p o p u l t a t i o n or i n d u s t r y . 

49° 10' N. 2°i0' li i . Strong c u r r e n t s a t t h i s s i t e . 
Moderate slope and f a i r l y exposed. Moderate p o p u l a t i o n 
but l i t t l e i n d u s t r y , 

SY907788. South f a c i n g . Moderate slope t o 15 metres, 
then g e n t l e u n t i l sand. No s i g n i f i c a n t r i v s r s l o c a l l y 
and l i t t l e p o p u l a t i o n or i n d u s t r y . 

N0577150. North East f a c i n g by Tay estuary. Gentle 
slope and f a i r l y p r o t e c t e d . River Tay may be i m p o r t a n t . 
Population and I n d u s t r y : sparse around c o l l e c t i o n s i t e 
but l a r g s 20km f u r t h e r West. 

Loch Sunart 

Lossiemouth 

Plarsden 

Montrose 

NM405675. West f a c i n g . Steep slope and f a i r l y p r o t e c t e d 
No detectable f r e s h water e f f e c t s . Minimal p o p u l a t i o n 
and no i n d u s t r y . 

ND176708. North f a c i n g . Steep slope. Moderate exposure 
Small r i v e r s Lossie and Spey nearby. Population and 
i n d u s t r y s m a l l . 

NZ397658. East f a c i n g . Gentle slope. Moderate exposure 
UBry near Tyne estuary. Very l a r g e p o p u l a t i o n and heavy 
i n d u s t r y . 

N0713534. East f a c i n g . Moderate exposure. Gentle slope 
River Esk nearby. Population and i n d u s t r y moderate. 
Petrochemical i n d u s t r y e s t a b l i s h e d . 
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Neubiggin NZ316878. East f a c i n g . Very gradual slope. Moderate 
exposure. Near r i v e r Tyne estuary. Population and 
i n d u s t r y very l a r g e . 

•xuiich 55512350. South f a c i n g . Very gradual s l o p s . Moderate 
exposure. I n Seven estuary. Probably under i n f l u e n c e 
of Swansea, Port Talbot i n d u s t r i a l complexes. 

Penzance SU479295. S o u t h : f a c i n g . Gradual slope. Very protected 
s i t e . No r i v e r s nearby. Moderate p o p u l a t i o n and 
i n d u s t r y . 

Plymouth ST478502. Off Plymouth breakwater. South f a c i n g . 
Moderate exposure. Gentle slope. Probably too f a r out 
to be a f f e c t e d by i-lver Tamar. Some i n d u s t r y . Population 
l a r g e . 

Portencross NS1764B8. West f a c i n g . Gentle slope. Moderately 
exposed. No nearby r i v e r s and l i t t l e p o p u l a t i o n and 
i n d u s t r y . Nuclear power s t a t i o n nearby. 

Port E r i n SC183698. West f a c i n g . Moderate slope and exposure. 
L i t t l e i n d u s t r y and p o p u l a t i o n near c o l l e c t i o n s i t e . 

Port Ysagden SH376220. 'Jest f a c i n g . Gentle slope and moderate 
exposure. L i t t l e i n d u s t r y or p o p u l a t i o n . 

Redcar NZ615255. East f a c i n g . Very g e n t l e slope. Moderate 
exposure. Very l a r g e p o p u l a t i o n and i n d u s t r y North and 
South of t h i s s i t e , p a r t i c u l a r l y from Tees estuary. 

Robin Hoods Bay SE960065. East f a c i n g . Moderate exposura, g e n t l e slope. 
L i m i t e d p o p u l a t i o n or i n d u s t r y . 

St. Abbs 

St. Agnes 

NT908692. East f a c i n g . Moderate slops, f a i r l y s h e l t e r e d 
s i t e ( P e t t i c o e Wick Bay). Minimal p o p u l a t i o n and no 
nearby i n d u s t r y . 

SU875077. 'Jest f a c i n g . Very steep slope and f a i r l y 
exposed s i t e . No r i v e r s or i n d u s t r y , minimal p o p u l a t i o n . 



168. 

Scarborough TAD49864. East f a c i n g . Gentle slope, moderate 
exposure. Rivers probably too d i s t a n t or small t o be 
of importance. Large p o p u l a t i o n w i t h some i n d u s t r y . 

i 

Seaton SY2268B0. South f a c i n g . Protected s i t e i n bay. Under 
i n f l u e n c e of considerable p o p u l a t i o n l o c a l l y and r i v e r 
Axe, but l i t t l e i n d u s t r y . 

Sennen SU346265. West f a c i n g . Very steep slope t o 20 metres 
then more g e n t l e . Very exposed i n we s t e r l y weather. 
Minimal p o p u l a t i o n , no i n d u s t r y . 

Souter NZ411642. East f a c i n g . Very g e n t l e slope. Moderate 
exposure. Near to Tyne and Wear e s t u a r i e s . Very l a r g e 
p o p u l a t i o n and i n d u s t r y . 

Whitby NZ91Q113. East f a c i n g . Gentle slope. Moderate 
exposure. Some i n d u s t r y and f a i r l y l a r g e p o p u l a t i o n 
nearby. 
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