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Abstract 

i 

The v a r i a b i l i t y i n d i s t r i b u t i o n and behaviour o f the Edible winkle , 

L i t t o r i na l i t t o r e a L . i n rock pools has been examined on an unpolluted 

shore. The inf luence o f physio-chemical f l uc tua t ions i n the pool 

environment i s discussed. 

Two stretches o f po l lu t ed coast were then invest igated to discover 

any differences i n d i s t r i b u t i o n and behaviour which might be a t t r i b u t a b l e 

to p o l l u t i o n . 

A number o f experiments were conducted on the shore to observe the 

response o f winkles i n pools to the in t roduc t ion o f various noxious 

chemicals. 
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1.0 I n t roduc t ion 

The precarious environment o f the l i t t o r a l zone i s inhabi ted by a biota 

var iously adapted to physical extremes. The length of subaereal exposure 

increases along a transect from extreme low water to the l eve l o f the highest 

spring t i d e . For shore-dwelling animals, most of whom are essent ia l ly 

marine i n evolutionary o r i g i n , physical conditions become increasingly 

d i f f i c u l t to to le ra te up the t ransect . 

The v e r t i c a l zone inhabited by a l i t t o r a l species i s o f t e n constrained 

by environmental f a c to r s , be they extremes o f temperature or perhaps s a l i n i t y , 

which tend to vary with the duration o f subaereal exposure and hence pos i t ion 

on the shore. 

That the l i t t o r a l i s mainly colonized by marine groups, many o f which 

s t i l l r e t a i n pelagic l a r v a l phases, i s suggested by the f a l l i n species 

richness as the high water mark i s approached from the sea:( Colman 1933 ) • 

This i s rather more true o f rocky coastlines than sandy where stranded 

weed houses a diverse fauna. The f a l l i n numbers of species i s perhaps 

pa ra l l e l ed by a general lessening i n species i n t e r a c t i o n . The v e r t i c a l 

range o f a species i s f o r thi3 reason more l i k e l y to be cu r t a i l ed on the 

seaward side by the b io log i ca l constraints o f predation and competition 

rather than by purely physical ones. This idea i s supported by the work 

o f Connelly 1961) on competition i n barnacles. I t also seems to hold f o r 

the winkle L i t t o r i n a l i t t o r e a L . . This animal would seem to be r e s t r i c t e d 

by physical extremes a t the top o f the shore but by competition wi th limpets 

f o r space and food , and predation by various crabs towards the Mid-Tide 

Level . 

The presence and abundance o f a species a t a given l o c a l i t y depends 

upon the inf luence of three types o f f ac to r ; Physical , ^ f o r instance see 

Lewis 1964, Bal lant ine 1961), B i o l o g i c a l , { Connell 1961, Paine 1966) and 

Geographic. This las t r e f e r s to the proximity o f a population capable o f 

colonizing the area o f shore i n question. 
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One might term t h i s a ' d i s t a l ' f a c to r c o n t r o l l i n g the d i s t r i b u t i o n o f 

a shore-dwelling species. Other d i s t a l fac tors may include the physical 

and b io log i c a l environment experienced by the l a r v a l forms. 

. I t i s upon the complex system o f the shore that Man's p o l l u t i o n o f 

the seas i s most evident. Not only i s marine p o l l u t i o n most of fens ive a t 

the seaside where i t intrudes on many aspects o f human recreat ion, i t i s 

also very dangerous. The shore i s o f r e l a t i v e l y small extent when compared 

with the area o f sea and land. Par t ly f o r t h i s reason i t i s most vulnerable 

to wholesale destruction as a v iable hab i t a t . Systems that depend on the shore, 

and here one can include some types o f human indus t ry , are thus r ap id ly 

a f f ec t ed by l i t t o r a l p o l l u t i o n . Human consumers a t the top o f the ' food 

chain' are d i r e c t l y l inked through inshore f i she r i e s to changes i n the q u a l i t y 

o f coastal waters. 

destruct ion o f the shore ecosystem may take place i n overt physical forms 

such as land reclamation or by the more ins id ious enhancement of the environ­

ment wi th organic compounds and inorganic ions to a point when the water 

becomes t o x i c . 

A d e f i n i t i o n o f p o l l u t i o n found use fu l i n the course o f the present study 

f o l l o w s . I t i s any change i n the environment brought about by Man which can 

be generally assessed as being f o r the worse. This worsening may be expressed 

i n terms of a reduction i n species richness, i n d i v e r s i t y o f l i f e and h a b i t a t , 

aesthetic qua l i t i e s and o f t e n economic p o t e n t i a l , and an increase i n m o r t a l i t y , 

ex t inc t ion and i n d i v i d u a l d e b i l i t y . I t should be recognized that the various 

components o f p o l l u t i o n , ^e.g. i n d u s t r i a l and domestic e f f l u e n t ) , may not 

only act synergis t !ca l ly but an t agon i s t i ca l ly . Thus the e f f e c t of a t o x i n 

may be counteracted by the increased growth o f animals l i v i n g i n an a r t i f i c i a l l y 

enriched environment^ Genakos 1975) • 

The dangers o f marine p o l l u t i o n have been described i n the large numbers 

of papers dealing wi th heavy metal poisoning by f i s h foods, ( e.g. Ui and 

Kitamara 1971), the high concentrations o f faecal bacteria i n s h e l l f i s h , 

( Metcalf , Vaughn and s t i l e s 1972), destruct ion o f f i s h e r i e s , ( Dewling, 
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walker and Brezenski 1972), the slaughter o f sea-birds i n o i l s p i l l s and 
the e f f e c t o f o i l p o l l u t i o n on l i t t o r a l communities,( Goldacre, Carthy and 
Ar thur 1968) . 

I t i s obvious that i n the expanse o f the sea i t i s o f t e n d i f f i c u l t to 

l i n k cause and e f f e c t . Indeed the e f f e c t i s f requent ly most read i ly noticeable 

on the sea-shore i n the form o f corpses o f pelagic animals. I t i s thus wel l 

removed i n space and time from the cause which may be a tanker spi l lage we l l 

out to sea. 

The l i t t o r a l biota i s eas i ly observable and f requent ly i n close proximity 

to r i v e r discharges from populated areas, perhaps the most important source 

o f marine p o l l u t i o n . The outcome o f p o l l u t i o n can here be observed i n s i t u , 

a process which i s much more complicated f o r pelagic ecosystems. 
• 

I t i s h igh ly probable that pollutan,ts a f f e c t the fauna and f l o r a o f the shore 

i n many ways. I f such e f f e c t s o f p o l l u t i o n could be recognized and quan t i f i ed 

then t h i s would provide a u se fu l t o o l f o r monitoring the impact of i n d u s t r i a l 

Man on the environment. A precise descript ion of the e f f e c t i s a most necessary 

requ i s i t e f o r the eventual recogni t ion o f the cause, unfortunately ecologists 

have had great d i f f i c u l t y i n de f in ing the changes caused by p o l l u t i o n super­

imposed on the complex of phys ica l , chemical and b i o l o g i c a l fac tors already 

infuencing the shore ecosystem. 

Perhaps the most common method of assessing p o l l u t i o n i s to record the 

presence or absence o f cer ta in ' i nd i ca to r species ' . Such c r i t e r i a may indeed 

mean that the area i s po l lu ted but t h i s i s only one o f a va r ie ty o f hypothesis 

which might explain the geography o f a species:( see paragraph 4 above). 

The l a b e l l i n g of an animal as an ' i n d i c a t o r ' tends to cause other explanations 

to be neglected. One i s generally l e f t wi th a number o f untestable a l t e rna t ives 

from which a prosecuting ecologist i s l i k e l y to select p o l l u t i o n using 

Occam's Razor i n a rather prejudiced manner. 

more recently ecologists have concentrated on character is t ics of the 

community such as ' d i v e r s i t y ' i n attempts to f i n d parameters sensi t ive to 

p o l l u t i o n : ( Bellamy, John and Whi t t ick 1960, aheppard 1976). Although f a i r l y 



successful f o r the s u b - l i t t o r a l community o f the Kelp ho ldfas t , the measurement 

of community parameters on the shore, although i t can wel l be imagined that 

they respond to p o l l u t i o n stresses, stretches sampling methods and o f t en the 

taxonomic a b i l i t y o f the ecologist to a degree when the error i n the estimate 

of the parameter i s so great that i t cannot be convincingly correlated with 

environmental var iables . This i s especial ly so amid the topographical var ie ty 

o f the rocky shore. 

An a l t e rna t ive experimental approach has been adopted by some workers, 

notably a t the Or i e l ton F i e l d S ta t ion . The e f f e c t s of cer ta in possible po l lu tan t 

are determined by f i e l d app l i ca t i on ; ( Baker 1971). 

Considerable energy has been expended on the determination o f LC 50's, 

( Ottway 19Y1)» a technique commonly used f o r deciding the ' s a f e ty ' o f various 

substances released i n to freshwater bodies. 

Such qua s i - a n a l y t i c a l approaches f i g h t a los ing ba t t l e against the ever 

increasing l i s t o f po l lu tan ts and t e l l l i t t l e o f the e f f e c t s on the system 

as a whole where sub-lethal doses may have far-reaching consequences: 

( Wildish 1974) . 

Thus a simple and e f f e c t i v e t o o l f o r measuring the impact o f l i t t o r a l 

p o l l u t i o n remains undeveloped. This i s exceedingly g a l l i n g f o r the q u a l i t a t i v e 

e f f ec t s o f p o l l u t i o n are f requent ly only too apparent. 

I n the present study only one o f the many habi ta ts on the shore has been 

considered - shallow rock pools between Mid-Tide Level and Mean High Water 

o f Spring Tides. L i t t o r i n a l i t t o r e a L . , a very common animal around the 

B r i t i s h I s l e s , TCLS observed i n t h i s habi ta t i n an attempt to discover 

consistent behavioural reactions to vater p o l l u t i o n r e s u l t i n g i n recognizable 

patterns o f d i s t r i b u t i o n . / 

The Edible Winkle, L . l i t t o r e a , i s happy both above and below water although 

feeding and movement ceases on a dry surface. Below the water l eve l i n 

rock pools feeding may continue throughout the i n t e r t i d a l per iod. A l t e r n a t i v e l y 

the animals may emerge from the water, withdraw in to t h e i r shells and await 
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the re turn o f the t i d e . Newell i n h i s book 'Biology o f I n t e r t i d a l Animals' 
remarks that 

' L . l i t t o r e a does not crawl and browse during the whole o f the i n t e r t i d a l 
per iod , although there i s no apparent external f ac to r which prevents i t 
from doing so. ' 

I t . was hoped to discover i f the time and duration of feeding varies i n 

response to any measureable physio-chemical changes i n the rock pool 

or to other fac tors external to the pool . The pos i t ion i n which the 

animal chooses to r e s t , the ' r e f u g e ' , be i t above or below water, under 

stones and so f o r t h , may also give indica t ions o f the q u a l i t y o f the water 

i n the pool and the condit ion o f the substrate. 

During the course o f t h i s pro jec t a number o f experimental manipulations 

o f the rock pool environment were performed i n an attempt to tes t two 

c o n f l i c t i n g hypotheses: 

1) that L . l i t t o r e a i n a po l lu t ed environment are under physiological 

stress to a degree that they are unable to to le ra te the ' n a t u r a l ' extremes 

o f , f o r instance, s a l i n i t y i n the pools or high concentrations o f t ox ins . 

2) /That winkles i n a po l lu t ed environment are able to to le ra te such 

unpleasantness better- than those l i v i n g i n a ' c lean ' area because o f 

acc l imat iza t ion o f the i n d i v i d u a l and adaption by the populat ion. 

The s tructure o f the study may be summarized as f o l l o w s : -

The physio-chemical v a r i a t i o n o f rock pools i n the zone between Mid-Tide 

Level and Mean High Water Spring was invest igated a t Boulmer i n Northumberland, 

a s i t e regarded as r e l a t i v e l y unpol luted:( see page 9)• A baseline study o f 

the behaviour o f L . l i t t o r e a was then conducted i n these pools. Various 

experiments were performed to determine tolerances and avoidance behaviour. 

Rock pools at Marsden Bay,^ Durham), and Hart lepools ' Point ,^Cleveland), 

were invest igated f o r comparison. These two s i tes are s i tua ted close to 

the mouths o f the Tyne and Tees respect ively and are considerably po l lu t ed . 
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I t was hoped a t the steart o f the 

on the behaviour o f a single common 

an accessible habi ta t might provide 

i n e f f e c t to ca l ibra te the winkles ' 

environment. 

p ro jec t that quant i ta t ive observations 

and eas i ly recognizable animal i n 

a simple means o f measuring p o l l u t i o n : 

expression o f distaste f o r the po l lu ted 
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2.0 General Si te Description 

2.1 Boulmer, Northumberland: O.S. Sheet 81 , NU 266 145 

The coast a t Boulmer i s low and backed by s t ab i l i z ed dunes. Below a 

patchy sand and shingle beach i s a very large area o f rock, several square 

kilometres o f which are exposed a t low t i d e . 

The rock i s sandstone o f the Carboniferous Mi l l s tone G r i t Series. I n 

places i t becomes very coarse and studded with quartz pebbles. The southward-

dipping axes o f gentle fo lds p a r a l l e l the shore. Cross-bedding i s wel l 

developed and contributes to the uneven r e l i e f o f the rock surface. 

V/ater accumulates i n the many concavities to form large numbers o f pools 

a t low t i d e . The sandstone i s f r i a b l e and f a i r l y easy to erode. Thus 

the t e r r a i n i s smoothly rounded rather than rugged. 

There i s a great va r i e ty o f habi ta ts w i t h i n the i n t e r t i d a l area. The 

scarp and dip faces o f the rock ledges provide a choice o f aspect and 

drainage, large boulders are common, weed i s p l e n t i f u l and pools range 

from the small and ephemeral found on the upper shore to large expanses 

o f water about MTL.** 

The d i v e r s i t y o f the f l o r a and fauna r e f l e c t s both the va r i e ty o f habi ta ts 

and the extent o f the i n t e r t i d a l area which ensures the maintenance o f 

considerable populations o f many species, une o f the more spectacular 

denizens i s the b r i t t l e star Ophiothrix f r a g i l i s which i s very common i n 

the m i d - t i d a l pools where i t may reach 0.16 m i n diameter. 

Boulmer does not s u f f e r to a great extent from the physical presence 

o f Man. Although throughout the year considerable numbers o f people 

* Sheet numbers r e f e r to the urdnance Survey 1:50,000, second series 

** Henceforth the f o l l o w i n g abbreviations w i l l be used:-

MHWS: Mean High Water a t Spring Tides MLWN: Mean Low V/ater a t Neap Tides 

MHWN: Mean High Water at Neap Tides MLWS: Mean Low Water a t Spring Tides 

MTL: Mid-Tide Level 
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a r r i v e wi th buckets to ' p i ck winkies', t h e i r o v e r a l l e f f e c t on the 

environment and the winkle population appears to be s l i g h t . 

2.2 Marsden Bay, Durham: O.S. Sheet 88, riZ 598 663 

xhe beach a t the north end o f Marsden Bay i s sandy above the high 

t i de mark but becomes increasingly rocky down-shore. The loose rocks 

present are of variable s ize , ranging from small pebbles through cobbles 

to boulders. The nodular Magnesian Limestone rocks which form the low 

c l i f f s that surround the Bay protrude a t the northern corner i n t o a low 

headland. The hollows i n the weathered limestone outcrops read i ly r e t a i n 

water to form pools. 

As at Boulmer the range o f habi ta ts i s large; the v e r t i c a l and h o r i z ­

on ta l surfaces o f the bedrock, the numerous pools, loose rock as we l l as 

the va r i e ty o f f i n e r c l a s t i c sediments. However, the areal extent o f 

the i n t e r t i d a l zone i s much less and the gradient o f the shore considerably 

greater . 

The younger v i s i t o r s who f l o c k to Mars&en i n the summer o f t e n prove 

to be keen invest igators o f the l i t t o r a l fauna. I t seems l i k e l y that most 

o f the larger stones on the shore are up-ended a t least once a season, 

and considerable numbers o f animals removed. 

2.5 Hart lepools 1 Poin t , Cleveland: O.S. Sheet 95, NZ 553 558 

The study area selected a t Hart lepool was on the windward side o f 

the point ju s t beneath the v a i l o f the promenade. 

Here the Magnesian Limestone i s predominantly o o l i t i c . The bedding i s 

o f s l i gh t and variable d i p , a s t ructure which has given r i s e to a 

series o f f l a t - topped ledges. At lov; t i de about 100 m o f rock are 

exposed below the promenade. The Neap Tides r i s e to w i t h i n 0.5 m o f the 

base o f the sea wal l covering a l l but a small f r a c t i o n o f the natural 

outcrop. 
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The rock surface i s generally smooth and swept clean o f boulders and 

other coarse e l a s t i c s . 

The range o f habi tats i s r e s t r i c t e d to the v e r t i c a l and hor izonta l 

surfaces o f the ledges and the numerous small pools found on the weathered 

bedding planes. Weed cover, l a rge ly Fucus serratus, does not extend much 

above MTL. 

The somewhat l i m i t e d fauna i n t h i s area i s probably f a i r l y undisturbed 

by the ac tual preence o f Man: the occasional people wi th buckets are there 

to pick sea coal rather than s h e l l f i s h . 

2.4 Comparing the three s i tes 

. The Tyne and Tees estuaries are major inf luences on the o v e r a l l environ­

ment a t Marsden and Hart lepools ' Point i n terms o f s a l i n i t y , sediment 

input and p o l l u t i o n . I n nei ther of these s i t e s , however, i s there any 

faunal element peculiar to the estuarine environment and i t i s on t h i s 

c r i t e r i o n tha t they are c l a s s i f i e d as 'normal marine* together with Boulmer 

which i s f a r from the mouth o f any major r i v e r . 

A number of authors have examined the evidence f o r p o l l u t i o n both o f 

the l i t t o r a l and s u b - l i t t o r a l on the north-eastern coast: (Bellamy, Bellamy, 

John and Whi t t ick 1967, John 1968, Jones 1970, Starkie 1970, Genakos 1975 

and sheppard 1976). Table( l ) summarizes the types of p o l l u t i o n which appear 

to be most i n f l u e n t i a l a t the three s i t e s . 

There i s a s t r i k i n g contrast between the coasts of Northumberland and 

Durham. The l a t t e r su f fe r s a high sediment load o f coal-washings, ' f l y - a s h ' 

and other r i v e r borne pa r t i cu la t e matter, high concentrations o f domestic 

sewerage and i n d u s t r i a l e f f l u e n t of great v a r i e t y . The presence o f a 

southward residual movement i n the offshore currents ensures that most of 

the mater ia l entering the sea from the i'yne, Wear and Tees i s swept towards 

the south and away from the Northumberland poast. 

Transparency i s a use fu l measure o f water qua l i ty i n the marine environment. 

Although i n some parts a h ighly t u r b i d sea occurs na tu ra l ly through erosion 

o f a so f t coastl ine t h i s can hardly be said to be true o f the east coast 
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u n t i l one moves south in to Yorkshire . Thus the murk o f the Durham coastal 

waters may be la rge ly a t t r i b u t a b l e to p o l l u t i o n . On t h i s basis the sea o f f 

Hart lepool would appear to be more pol lu ted than that o f f Boulmer or Marsden. 

At most times o f the year i t i s v i r t u a l l y black and, indeed, a frequent 

sight less than two kilometres of fshore i s the modified tanker 'Cleveland 

County' discharging sludge i n to the sea. 

The transparency o f the water at Marsden, although not exceeding 5.0 m, 

i s much greater. Boulmer i s by f a r the 'c leanest- looking ' o f the s i t e s . 

I t would appear that t u r b i d i t y i s the major f ac to r i n the impoverishment 

o f seaweeds on the Durham coast: (Bellamy 1968). For instance a t Boulmer 

the Brown Seaweeds,(Phaeophyceae), are represented by Laminaria d i g i t a t a , 

L.hyperborea and Saccorhiza polyschides around the upper l i m i t o f the 

s u b - l i t t o r a l . Ascophyllum nodosum, Fucus vesiculosus and F.serratus 

dominate the middle shore while F . s p i r a l i s and more especial ly Pelvetia 

canalieulata extend upwards to MHWN. 

P. cana l i e u la ta i s the only common Brown Seaweed found on the upper shore 

a t Marsden which gives the impression o f being rather bare of p lan ts . 

F.serratus and F.vesiculosus are p l e n t i f u l below MTL. The waving fronds 

o f a dense kelp f o r e s t , predominantly the two species o f Laminaria, can 

be seen a t low water. 

The lower shore a t Hart lepools ' Point i s mainly covered wi th F.serratus. 

A d i s t i n c t l i ne jus t above MTL marks the upward l i m i t o f dense weed growth. 

A somewhat subdued fores t o f kelp exists i n the s u b - l i t t o r a l . 

I n terms o f exposure a l l three s i tes face towards the north-east quarter. 

However, Boulmer i s protected by an extensive area o f of fshore shoals. 

The L i t t o r i n i d s have been used as ind ica tors o f exposure: (Evans 1947)* 

L i t t o r i n a ner i to ides occurs over a larger v e r t i c a l range on a more exposed 

shore. On the sea wa l l a t Hart lepool t h i s animal i s found up to 3 m above 

MHVVS, a maximum of 2 m a t Marsden but less than 0.5 m a t Boulmer where i t i s 

uncommon. Lewis 1964 suggests that L i t t o r i n i d s are not found below MHWN 
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on very exposed shores. This seems to almost he the case a t Hart lepool 

but not a t Marsden. 

When a cross-section of the fauna and f l o r a are compared using the 

methods o f 'Bal lant ine 19-61 Boulmer i s best described as ' s he l t e r ed ' , 

Hartlepool's' Point as .'semi-exposed' and Marsden as ' f a i r l y she l te red ' . 

The s i tes were c l a s s i f i e d using i n p a r t i c u l a r Pucoids, Barnacles and 

Nucella l a p i l l u s i n an attempt to assesss exposure independent o f the v e r t i c a l 

range o f L i t t o r i n i d s . "* 

I t should be remembered that the degree o f exposure i n the micro-environ­

ment o f the refuges suitable f o r winkles may not p a r a l l e l that experienced 

by other organisms such as Fucoids unable to a v a i l themselves o f t h i s type 

o f p ro tec t ion . The a v a i l a b i l i t y of refuges a t Marsden may be an important 

reason f o r the r e l a t i v e l y larger numbers o f L . l i t t o r e a found here than a t 

Hart lepools ' Po in t . 

F i g . ( l ) i l l u s t r a t e s the zonation o f some o f the commoner plants and 

animals. 



1.2 

BOULKER* MARSDEN* HAHTLEPOOLS1 

POINT 

SUSPENDED 

SOLIDS m g l " 1 

18 58 70 

FAECAL 

BACTERIA l " 1 

9,000 100,000 160 ,000 

' FHOSPHaTE 1 

, - 1 

1.74 2.78 71.9 

'NITRATE' 10.5 19.0 140 

VISIBILITY m 6 - 1 5 0 - 5 0 - 5 

HATUKsVL SOLIDS 

I N SUSPENSION 

LITTLE MODERATE MODERATE 

Pb i.iEAN CON C.IN 
/ i g l " 1 FOR 
L i y t i l u s e d u l i s 

125 t 20.6 343 t 99 289 ! 39 

QUALITATIVE 

POLLUTION 

SLIGHT MODERATE V. HEAVY 

Table ^1 ) : Some comparative f i g u r e s f o r p o l l u t i o n a t the th ree s i t e s , 

(compi led f rom Bel lamy,Bel lamy,John and W h i t t i c k ( 6 7 ) , John (68 ) , 

Jones(70) and S t a r k i e ( 7 0 ) ) . 

* Measurements a c t u a l l y made a t Beadnel l Bay , ( 6 Km n o r t h o f Bou lmer ) , 

and Souter P o i n t , ( a t the south end o f Marsden B a y ) . 
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3.0 The Rock Pool Environment 

The e a s i l y recognizab le and d e f i n a b l e h a b i t a t o f the i n t e r t i d a l rock p o o l 

has l o n g a t t r a c t e d the a t t e n t i o n o f b i o l o g i s t s . Reviews o f the c l a s s i f i c -

a t o r y stage i n t h e i r s tudy can be found i n N e w e l l ' s ' B i o l o g y o f I n t e r t i d a l 

An ima l s ' and i n Clark 19&8. Perhaps the most commonly used c l a s s i f i c a t i o n 

i s t h a t o f Levander 1900 who recognized f o u r d i f f e r e n t types o f p o o l 

i n a ' b r a c k i s h water zone' between the sea and f r e s h w a t e r ; Sub - sa l i ne , 

Splash , I n t e r t i d a l o r Seawater and A l g a l . The f i r s t t h r e e r e f l e c t the 

p o s i t i o n o f the pool on the shore . I n t e r t i d a l poo l s a re inunda ted by the sea 

a t some stage o f the t i d a l c y c l e : Splash p o o l s , as the name suggests , a re 

o n l y reached by splashes a t h i g h water w h i l e Sub-sa l ine pools occupy an 

i n t e r m e d i a t e p o s i t i o n between Splash pools and f r e s h w a t e r . E s s e n t i a l l y the 

th ree types l i e a l o n g a g r a d i e n t i n s a l i n i t y . A l g a l pools a re formed when 

water i s clammed behind r a f t s o f seaweed th r rown up onto the shore . 

I t . i s the range o f v a r i a t i o n i n phys io rchemica l parameters , the speed 

w i t h which such extremes develop and the f requency o f occurrence t h a t a re 

perhaps most s i g n i f i c a n t f o r the b i o t a o f rock p o o l s . These c h a r a c t e r i s t i c s 

o f a p o o l should a l l o c a t e i t i n a r i g o r o u s c l a s s i f i c a t i o n . The many 

i n t e r m e d i a t e types o f poo l which d e f y cursory l a b e l l i n g make Levander ' s 

system somewhat u n s a t i s f a c t o r y . Despi te t h i s Cla rk 1968 found i t a u s e f u l 

bas i s f o r her work and f u r t h e r d e f i n e d each type o f p o o l w i t h curves showing 

the f requency o f occurrence o f v a r i o u s s a l i n i t i e s . 

The present study was c o n f i n e d t o I n t e r t i d a l o r Seav-ater pools i n the 

upper p a r t o f the e u l i t t o r a l zone. Such pools a r e sub jec t t o i n u n d a t i o n a t 

l e a s t once d u r i n g a l u n a r c y c l e , o r , a t the o t h e r extreme, connected t o 

the sea f o r v a r y i n g pe r iods a t every h i g h t i d e . The occurrence and d u r a t i o n 

o f connect ion w i t h the open sea i s the prime f a c t o r i n f l u e n c i n g the 

environment o f the rock p o o l : (Ganning 1971 > Pye f inch 1945, Stephenson, 

Zioond and Eyre 1954) - Each poo l i s unique i n t h i s r e s p e c t . 

S a l i n i t y , pH, oxygen s a t u r a t i o n and temperature are v a r i a b l e s t h a t have 
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been measured and moni to red i n rock pools by a number o f researchers 

i n c l u d i n g those mentioned i n t h e preceeding paragraph. 

S a l i n i t y , i s g e n e r a l l y g r ea t e r but l e s s v a r i a b l e i n I n t e r t i d a l than i n 

Splash o r Sub-sa l ine p o o l s , a l t hough evapoura t ion may r e s u l t i n super-

s a t u r a t i o n w i t h s a l t s o r r a i n f a l l i n cons iderable d i l u t i o n : ( C l a r k 1968) . 

The water temperature i n pools depends on a i r temperature and movement, 

the temperature o f the bedrock, the thermal p r o p e r t i e s o f the rock w i t h 

r ega rd t o conduct ion and r a d i a t i o n , the t ransparency o f the water i n the 

p o o l and , perhaps most i m p o r t a n t l y , upon the volume and sur face area o f 

the water body i t s e l f . The great d i u r n a l f l u c t u a t i o n s i n water temperature 

were f i r s t remarked on by Klugh 1924 who came t o b e l i e v e t h a t temperature 

i s t h e o v e r r i d i n g f a c t o r c o n t r o l l i n g the b i o t a o f rock p o o l s . I n n o r t h 

temperate r e g i o n s , f o r i n s t a n c e , i n t e r t i d a l rock pools may be the o n l y 

h a b i t a t i n which marine organisms a re sub jec t t o f r e e z i n g . 

Prom concurrent records o f oxygen s a t u r a t i o n and pH i t has become evident 

t h a t the two are s t r o n g l y connected: (see e s p e c i a l l y P y e f i n c h 1943 and 

Ganning 1971)• The depar ture f rom a normal seawater pH o f about 8 , 2 . 

(Emery 1969)» depends upon an imbalance between the r a t e o f a l g a l pho to­

syn thes i s and t o t a l r e s p i r a t i o n . Dur ing photosynthes i s oxygen i s evo lved 

w h i l e carbon d i o x i d e i s removed f rom the m t e r and the pH r i s e s . Dur ing the 

n i g h t photosynthes i s ceases and the amount o f carbon d i o x i d e i n the water 

increases as r e s p i r a t i o n con t inues . The pH lowers as the l e v e l o f d i s s o l v e d 

carbon d i o x i d e r i s e s . 

Pools w i t h l a r g e q u a n t i t i e s o f a lgae e x h i b i t a much l a r g e r d i u r n a l 

f l u c t u a t i o n i n oxygen concen t r a t i on and pH than those i n which the biomass 

i s main ly a n i m a l . T y p i c a l l y the h ighes t va lues o f both parameters a re 

reached d u r i n g m i d - a f t e r n o o n . I n con t r a s t the lowest occur i n the e a r l y 

hours o f the morning be fo r e t h e r e i s enough l i g h t t o begin pho tosyn thes i s . 

Ganning 1971 concluded t h a t t h e r e was g e n e r a l l y no shortage o f oxygen 
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i n the pools which he s t u d i e d . However, he d i d r e c o r d a d i e l movement 

o f the Gastropod Limnaea peregra out o f t he pools i n the e a r l y hours 

and back d u r i n g l a t e morning which he suggested might be inresponse t o 

f l u c t u a t i o n s i n oxygen p a r t i a l pressure and pH. 

I n the marine environment where the i n o r g a n i c a l l y induced pH i s r e l a t i v e l y 

constant i t i s p o s s i b l e to measure^ e i t h e r oxygen concen t r a t i on o r pH and 

es t imate the unknown parameter g r a p h i c a l l y ; see Appendix ( 1 ) . I t may be 

more convenient t o measure pu and es t imate oxygen s a t u r a t i o n because o f 

the problems o f s u p e r s a t u r a t i o n causing oxygen bubbles t o fo rm on the 

su r face o f p l a n t s and be t rapped beneath the su r face f i l m . 

I n a l a rge p o o l organisms w i l l experience an environment cons ide rab ly 

b u f f e r e d f rom extremes o f temperature and s a l i n i t y . Thus even a t the same 

l e v e l on the shore the smal le r poo ls w i l l show more extreme f l u c t u a t i o n s 

than the l a r g e r . A s imple zona t ion o f pools on p u r e l y phys io -chemica l 

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

rhe e f f e c t s o f p o l l u t i o n on c o n d i t i o n s i n rock pools a re descr ibed i n 

the most genera l terms i n v^arthy and A r t h u r I 9 6 8 . Al so r e l e v a n t i s the paper 

by C a i m s , Heath and Parker 1975 on the e f f e c t s o f temperature upon the 

t o x i c i t y o f chemicals t o a q u a t i c organisms. Kontog iann i s and J iarnet t 1975 

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

i n rock p o o l s . They concluded t h a t the death o f the copepod was p a r t l y 

due to the t o x i c e f f e c t s o f t h e o i l but a l s o t o oxygen s t a r v a t i o n , t h e o i l 

a c t i n g as a b a r r i e r t o oxygen d i f f u s i o n ac ross the sur face o f the p o o l . 

I n genera l i t seems t h a t rock poo l p o l l u t i o n causes an a l r e a d y extreme 

environment to become even more extreme, o f t e n t o the p o i n t when c o n d i t i o n s 

become i n t o l e r a b l e f o r the o r i g i n a l i n h a b i t a n t s . 
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3.1 Rock pools a t Boulmer 

Most o f the poo l s i n v e s t i g a t e d a re s i t u a t e d i n a zone between MHWN 

and MHWS and were se lec ted t o represent the grea t v a r i a t i o n i n depth 

and volume. The l a r g e s t p o o l , (12), had an es t imated volume o f 250 1, 

a depth o f 0.5 m and an area o f 1.2 m , i n con t r a s t the s m a l l e s t , (11), 

was i n i t i a l l y 0.025 m deep w i t h a volume o f 2.9 1 and a su r face area 

2 

o f 0.09 n» . The dimensions o f a l l t he pools which were s t u d i e d i n d e t a i l 

a re g iven i n Appendix (2 ) . 

Of the pools examined i n t h i s zone o n l y 12 and 15 had a reasonable 

d i v e r s i t y o f macro-organisms; occas iona l Fucus s p i r a l i s , Ca tene l la repens 

and Enteromorpha ( i n t e s t i n a l i s ) among the l a r g e r a l g a e , the animals 

represented by P a t e l l a v u l g a t a , Balanus ba lano ides , L . l i t t o r e a , L . s a x a t a l i s 

a few anenomes and gobies , r o o l s 1, 3» 6-11 were impoverished by comparison 

Only the two species o f L i t t o r i n i d were reasonably common. A f r i n g e o f 

Enteromorpha.was present around the margins o f some o f the p o o l s . 

By mid-June i t had become apparent t h a t the sha l lower pools a l l d r i e d up 

i n the p e r i o d between Spr ing t i d e s , weather p e r m i t t i n g . Of those mentioned 

above o n l y 12 and 15 remained f i l l e d throughout t h e i r p e r i o d o f severence 

f rom the sea. 

The r a t e a t which the volume o f a poo l d imin ishes through su r face 

evapoura t ion increases e x p o n e n t i a l l y as the r a t i o . . o f sur face area to 

volume inc reases . Thus i f the depth o f the p o o l i s i n i t i a l l y w i t h i n a 

c e r t a i n c r i t i c a l range, (assuming a s i m i l a r poo l morphology) , then the 

l i k e l i h o o d o f d r y i n g up i s ve ry g r e a t . Outs ide t h i s range the decrease i n 

water depth due t o evapoura t ion i s slow and pools a re l i k e l y t o remain 

u n t i l the next t i d e s . A t Boulmer t h i s range was 0.10 - 0.15 m d u r i n g June 

but increased t o 0.25 m i n the course o f the ve ry ho t J u l y . 

By the end o f J u l y most o f the p l a n t s and animals t h a t had d i s t i n g u i s h e d 

the deeper pools had disappeared l e a v i n g o n l y the L i t t o r i n i d s . 
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F i g . ( 3 ) : Pool depth p l o t t e d a g a i n s t maximum recorded t e m p e r a t u r e , ( a ) , 

and range o f v a r i a t i o n , ( b ) , i n poo l s a t Uoulmer f o r a 

t w e n t y - f o u r hour p e r i o d ; 8 -9 /5 /76 
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3.11 Temperature v a r i a t i o n 

A l l temperatures were measured u s i n g a standard mercury thermometer 

c a l i b r a t e d f r o m 0 t o 60° C. 

The changes i n water temperature i n pools 2 and 12 over a p e r i o d o f 

t w e n t y - f o u r hours a re i l l u s t r a t e d i n P i g . ( 2 ) . Not on ly i s the v a r i a t i o n 

i n temperature grea ter , i n the sha l lower p o o l 2 but the maximum va lue i s ' 

reached e a r l i e r i n the day. Pool 12 i s slower to warm up i n the morning 

but r e t a i n s the heat o f the day much f u r t h e r i n t o the n i g h t . The h i g h e s t 

temperatures a r e reached when the sun i s s h i n i n g : a t o t h e r t imes the 

shal low pools f o l l o w q u i t e c l o s e l y the v a r i a t i o n i n a i r t empera tu re . 

Pig.(3a) graphs the r e l a t i o n s h i p between depth o f poo l and maximum 

temperature: a t t a i n e d d u r i n g one t w e n t y - f o u r hour p e r i o d . As. might be. expected 

they a r e i n v e r s e l y p r o p o r t i o n a l . A s i m i l a r r e s u l t i s ob ta ined f o r depth 

o f poo l p l o t t e d aga ins t range o f v a r i a t i o n : ( F i g . ( 3 b ) ) . 

Water temperature was measured 0.02 m above the f l o o r o f the p o o l and 

the a i r temperature a t the same d is tance above the s u r f a c e . I t was thought 

t h a t a measure o f water temperature i n t h i s p o s i t i o n would perhaps be 

one most r e l e v a n t t o w i n k l e s . The neces s i ty f o r t a k i n g the water temperature 

i n a s tandard p o s i t i o n i s demonstrated i n F i g . ( 4 ) where the temperature 

p r o f i l e s a t d i f f e r e n t t imes o f day a re i l l u s t r a t e d f o r poo l 12. U n t i l 

m i d - a f t e r n o o n the bottom warms f a s t e r than the sur face wa te r s . (Th i s 

i s o n l y the case when the p o o l i s be ing i n s o l a t e d . ) The temperature 

near the su r face reaches and s l i g h t l y surpasses t h a t o f the bottom i n 

the l a t e a f t e r n o o n . A t n i g h t the su r face waters coo l r a p i d l y w h i l e the 

bottom remains r e l a t i v e l y warm u n t i l the e a r l y hours o f the morn ing . 

The maximum temperature recorded i n poo l 12 was 33°C i n l a t e June. 
i 

A t t h i s t ime the v a t e r d i d no t cool below 16°C a t n i g h t . 
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3.12 ' S a l i n i t y ' 

T h i s was es t imated i n d i r e c t l y by de t e rmin ing the c o n c e n t r a t i o n o f Sodium 

ions i n the samples by f lame photometry . Water was withdrawn f rom the 

pools u s i n g a 10 ml p i p e t t e , p laced i n a smal l p l a s t i c sample tube and 

t r a n s p o r t e d back t o the l a b o r a t o r y . 1 ml o f the sample was then d i spersed 

i n 250 ml o f d i s t i l l e d water and a sma l l beaker o f the r e s u l t i n g s o l u t i o n 

p laced beneath the s u c t i o n tube o f the photometer . T h i s machine had 

p r e v i o u s l y been c a l i b r a t e d w i t h a 100 ppm N a + s o l u t i o n . The c o r r e c t N a + 

c o n c e n t r a t i o n i n the o r i g i n a l sample could then be c a l c u l a t e d by m u l t i p l y i n g 

the r ead ing on the galvanometer by any scale c o r r e c t i o n f o r e r r o r s i n the 

zero and span, and then by 250. 

Repeated de te rmina t ions on a s i n g l e sample r evea l ed an e r r o r o f 1 100 ppm 

f o r t h i s method p f a n a l y s i s . 

An average f i g u r e f o r N a + concen t ra t ions i n t h e ocean o f 9,580 ppm 

i s g iven i n Sverdrup, Johnson and Fleming 1942. I t i s t h e r e f o r e p o s s i b l e 

t o es t imate the c h l o r i d e c o n c e n t r a t i o n i n the samples by m u l t i p l y i n g by 

the r a t i o 

Average Cl"conc . i n seawater(ppm) 17,200 

= <= 1.795 

Average Na^conc. i n seawater^ppm) 9,580 

As has been noted above a number o f poo ls d r i e d up d u r i n g the course 

o f o b s e r v a t i o n s . I t seemed l i k e l y t h a t the i o n i c concen t ra t ions might 

reach h i g h va lues d u r i n g t h i s process . I n F i g . ( 5 ) Na + conc. i s p l o t t e d 

a g a i n s t the depth o f water r emain ing i n poo l 10. No increase i n ' s a l i n i t y ' 

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

I n f a c t the d r y i n g out o f the poo l a c t u a l l y occur red i n the l a t e evening 

when evapoura t ion r a t e s a r e l o w . Probably the water l e v e l i n the pools 

a t Boulmer depends no t o n l y upon r a i n f a l l and evapoura t ion but a l s o on 

the h e i g h t o f the water t a b l e i n the permeable sandstone t h a t conta ins 

them. I f t he disappearance o f water f rom p o o l 10 i s s imply because o f 
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movement down through the i n t e r s t i c e s o f t h e rock then no increase i n 

i o n i c concen t r a t i on could be expected . 

The movement o f water through the rock a t Boulmer must cons iderab ly 

mod i fy the extremes o f s a l i n i t y which might o the rwise develop i n the p o o l s . 

Indeed the water l e v e l i n poo l 15 was observed t o move up and down s l i g h t l y , 

presumably i n response t o t i d a l rhythms, desp i t e be ing a p p a r e n t l y unconnected 

w i t h the sea. T h i s movement i s ou t o f phase w i t h the t i d e s and probably 

depends on the movement o f sma l l ampl i tude waves i n l a n d a l o n g the water 

t a b l e by a c a p i l l i a r y mechanism. 

The h ighes t Na + conc. recorded i n any o f the pools a t Boulmer was 10,450 ppm 

and the lowest 8,000 ppm. Most o f the pools f e l l i n the range 8,500 t o 

9,600 ppm which i s somewhat lower than the concen t r a t i on measured i n the 

open sea d u r i n g May;(9,800 ppm). F ig . (6 ) r ecords the f requency o f occurrence 

o f v a r i o u s concen t ra t ions i n the pools du ing the month o f May. 

3.1?. pH 

M o n i t o r i n g the pH i n p o o l 15 over a t w e n t y - f o u r hour p e r i o d r evea led 

no marked d i f f e r e n c e f r o m t h a t o f the sea:(see F i g . ( 7 ) ) . 

A p o r t a b l e pH meter was used . I t was c a l i b r a t e d w i t h s tandard s o l u t i o n s 

made up t o pH4.2 and pH9.6 and checked w i t h narrow range pH paper . These 

ins t ruments a r e n o t o r i o u s l y temperamental , however, and the e r r o r i n v o l v e d 

i n t a k i n g a pH r ead ing may be as g rea t as t 0.1 5 u n i t s . 

The meter recorded a range o f readings between 7*9 and 8.3 f o r the 

open sea measured on v a r i o u s days and the pH i n the poo l d i d not s t r a y o u t s i d e 

these l i m i t s . The l a c k o f f l u c t u a t i o n i n pH may be expected because o f the 

low a l g a l biomass i n p o o l s a t t h i s l e v e l on the s h o r e : ( P y e f i n c h 1943). 

A p p a r e n t l y r e s p i r a t i o n does no t increase t h e c o n c e n t r a t i o n o f carbon d i o x i d e 

a t n i g h t t o a p o i n t where the pH i s measureably a f f e c t e d . 



26 

3.20 Kock poo l s a t Marsden Bay 

A number o f pools were se l ec ted f o r s tudy about and above the l e v e l o f 

MHWN. Pool 21A , j u s t below MHWS, was bare o f macro-algae throughout the 

p e r i o d o f obse rva t ion and the o n l y l a r g e f a u n a l elements seen were t h e 

wink le s L . l i t t o r e a and L . s a x a t a l i s . L . n e r i t o i d e s , though present on the 

rocks j u s t above t h i s l e v e l , was absent f r o m the poo l i t s e l f . 

.pools 18, 20 , 21 and 22 a re a t the l e v e l o f MHWN and a re t h e r e f o r e 

r e f r e s h e d by the f l o o d t i d e on a lmost every day o f the y e a r . L . l i t t o r e a , 

Balanus ba l ano ides , an occas iona l i ^a t e l l a vu lga t a and numbers o f t i n y 

worms w i t h e n d o l i t h i c tubes were present t oge the r w i t h Ulva l a c t u c a , 

Enteromorpha and some Rhodophyceae. 

Fu r the r down the shore the poo l s become i n c r e a s i n g l y weedy. Fucus s e r r a tu s 

and Ascophyl lum nodosum a re common. Enteromorpha growth i s f r e q u e n t l y 

excess ive . The exposed rock i n the m i d - t i d a l area i s g e n e r a l l y ba r ren o f 

weed, perhaps kept i n t h i s c o n d i t i o n by the numerous l i m p e t s . 

3.21 Temperature 

I t seems reasonable t o assume t h a t poo ls o f depth and volume comparable 

t o those a t Boulmer w i l l show s i m i l a r temperature c h a r a c t e r i s t i c s . A 

r i g o r o u s comparison would r e q u i r e the p r o d u c t i o n o f Temperature/Frequency 

o f Occurrence curves f o r the pools a t bo th s i t e s . 

3.22 ' S a l i n i t y * 

The Na + conc. i n the waters o f f Marsden was measured as 7 t890 ppm on 

t h e 2nd. o f June. The concen t ra t ions i n the pools around MHWN v a r i e d f r o m 

7,320 t o 7»630 ppm on t h i s da t e , a d i l u t i o n which may be exp la ined by r a i n 

e a r l y on the morning o f the 2 n d . . 

Samples were taken f r o m poo l 21A on a number o f occasions d u r i n g June. 

The Na + conc. ranged f r o m a minimum o f 6,890 ppm on the 8 t h . t o 9»900 ppm 
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a t the end o f the month, a f t e r the s t a r t o f the heat wave which presumably 

a c c e l e r a t e d the evapoura t ion o f water f r o m the p o o l s , ' i t would seem t h a t 

the ex ten t o f v a r i a t i o n i n i o n i c concen t r a t i on i n the h ighes t poo ls a t 

Marsden i s g r ea t e r than t h a t a t Boulmer. A l i k e l y e x p l a n a t i o n f o r t h i s 

d i f f e r e n c e i s the c o n t r a s t i n the p e r m e a b i l i t i e s o f the rock s u b s t r a t e s . 

The l imestone m a t r i x i s a l t o g e t h e r much ' t i g h t e r ' . 

3.23 pH 

Th i s was no t measured a t Marsden. 
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5. JO Rock p o o l s a t H a r t l e p o o l s ' P o i n t 

From MTL t o raWHN t h e p o o l s a t H a r t l e p o o l t e n d t o be q u i t e l a r g e r e a c h i n g 

d e p t h s o f 0.5 m. The b o t t o m i s f r e q u e n t l y i n v i s i b l e because o f t h e ex t r eme ly -

murky w a t e r . F u c o i d s , a l m o s t e n t i r e l y Fucus s e r r a t u s , do n o t g row i n t h e s e 

p o o l s e x c e p t a s a f r i n g e a r o u n d t h e m a r g i n s : ( s e e *' ig . (9)). I t i s common t o 

see t h e s i d e s o f t h e p o o l r e l a t i v e l y c l e a r o f s ed imen t t o a d e p t h ' o f , 

0.1 - 0.2 m. B e l o w t h i s d e p t h t h e r o c k s u r f a c e i s c o v e r e d w i t h a s l i m e y 

g r e y d e p o s i t w h i c h i n p l a c e s r e a c h e s a t h i c k n e s s 0.015 m . x h i s f i l m i s ' 

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

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

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

s h e a t h e s . 

O n l y two a n i m a l s were o b s e r v e d t o l i v e i n t h i s m a t e r i a l ; a s p e c i e s o f 

H a r p a c t i c o i d a n d a n O s t r a c o d e . P a t e l l a v u l g a t a i s e x t r e m e l y common on "; 

t h e exposed r o c k s u r f a c e w h e r e , a t l o w t i d e , t h e y a r e t o be f o u n d r e s t i n g 

i n s e l f - w r o u g h t h o l l o w s i n t h e l i m e s t o n e . 

Few l i m p e t s o r w i n k l e s were seen r e s t i n g o r f e e d i n g b e l o w t h e s u r f a c e 

o f t h e s e r o c k p o o l s d u r i n g t h e i n t e r t i d a l p e r i o d . Howeve r , i t i s most 

p r o b a b l y t h e downward e x c u r s i o n s o f l i m p e t s a t h i g h t i d e t h a t keep t h e u p p e r 

p a r t s o f t h e p o o l s f r e e f r o m s i l t a n d a l g a l g r o w t h , i t may be t h a t b e l o w 

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

t r a p p e d i n t h e p o o l a t l o w t i d e becomes t o o g r e a t f o r t h e l i m p e t s t o 

c o n t i n u a l l y r e m o v e . P . v u l g a t a seems u n a b l e o r d i s i n c l i n e d t o c r a w l a n d 

browse o v e r t h e s u r f a c e o f s e d i m e n t bound by t h e s e s l i m e y a l g a l m a t s . 

S h a l l o w p o o l s a t a b o u t t h e l e v e l o f MHWN a r e t o be f o u n d on t h e l e d g e s 

j u s t b e l o w t h e promenade . Those l e s s t h a n 0.15 ni deep a r e c l e a n o f b o t t o m 

sed imen t a n d t h e t r a n s p a r e n c y o f t h e v a t e r i s such a s n o t t o o b s c u r e 

t h e p o o l f l o o r t o a n y d i s c e r n i b l e d e g r e e . L i m p e t s , L . l i t t o r e a a n d L . s a x a t a l i s 

a r e common r e s t i n g a n d f e e d i n g b o t h above a n d b e l o w t h e s u r f a c e . Some 

Khodophyceae a n d En te romorpha a r e p r e s e n t b u t t h e r e a r e no Brown Seaweeds 
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a t t h i s l e v e l . I n some p o o l s anenomes a r e common. 

A s n o t e d a t Bou lmer t h e m a c r o - a l g a e a n d t h e anenomes were o n l y f o u n d 

i n p o o l s w h i c h were n o t o b s e r v e d t o d r y u p d u r i n g t h e p e r i o d s o f e x p o s u r e . 

P o o l s 29 a n d 30 were t h e h i g h e s t examined a t H a r t l e p o o l . They a r e s i t u a t e d 

be tween iiHWN a n d KHWS a n d i n such a p o s i t i o n a s t o be s e v e r e d f r o m t h e sea 

f o r u p t o f o u r days d u r i n g Neap t i d e s . A spa r se f r i n g e o f E n t e r o m o r p h a 

was p r e s e n t i n p o o l 29 when o b s e r v a t i o n s began i n iVay b u t became b l e a c h e d 

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

were spec imens o f L . l i t t o r e a . S e d i m e n t a c c u m u l a t i o n d i d n o t a p p e a r t o be 

g r e a t a t t h i s l e v e l on t h e s h o r e . 

3.31 T e m p e r a t u r e 

A t e m p e r a t u r e p r o f i l e f o r t h e deep p o o l 31 i s g i v e n i n F i g . ( 8 ) . U n l i k e 

B o u l m e r t h e w a t e r does n o t h e a t f r o m t h e b o t t o m : t h e t u r b i d w a t e r p r e v e n t s 

r a d i a t i o n p e n e t r a t i n g more t h a n a f r a c t i o n o f a m e t r e . The t e m p e r a t u r e 

i n t h e p o o l r a p i d l y dec reases w i t h d e p t h . 

The t e m p e r a t u r e i n t h e s h a l l o w e r p o o l s behaves s i m i l a r l y t o t h a t o f 

p o o l 2 a t B o u l m e r i n c l o s e l y f o l l o w i n g t h e f l u c t u a t i o n s i n a i r t e m p e r a t u r e . 

3.32 ' S a l i n i t y ' 

The N a + c o n c . i n p o o l 31 d i d n o t d i f f e r f r o m t h a t o f t h e sea ; (7,300 ppm 

on t h e 25th. o f J u n e ) . D u r i n g t h e a f t e r n o o n o f t h i s day t h e w a t e r i n p o o l 

22 was sampled as i t d r i e d o u t . The i o n i c c o n c e n t r a t i o n can be seen t o 

i n c r e a s e as t h e w a t e r d e p t h d e c r e a s e s , r e a c h i n g a measured e x t r e m e o f 

15*000 ppm N a + : ( s e e F i g . ( 1 0 ) ) . T h e r e was no s u g g e s t i o n o f p e r c o l a t i o n 

t h r o u g h t h e r o c k a s a t B o u l m e r a n d a n e n c r u s t a t i o n o f s a l t was l e f t a f t e r 

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

The v a r i a t i o n i n ' s a l i n i t y ' o f p o o l 29 d u r i n g June was f r o m 7>150 t o 

7»350 ppm, a r a t h e r s m a l l r a n g e when compared w i t h t h a t i n p o o l 21A a t 

h i a r s d e n . T h i s r a y r e f l e c t i t s somewhat l o w e r p o s i t i o n on t h e s h o r e . 
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3.33 pH 

An a v e r a g e f i g u r e f o r t h e pH o f t h e open w a t e r o f f H a r t l e p o o l i s 

7 .8 t 0 . 2 . The t w e n t y - f o u r h o u r m o n i t o r i n g o f pH i n p o o l 31 r e v e a l s t h a t 

i n d a y l i g h t h o u r s i t does n o t r i s e much above 8 .0 b u t may d r o p a s l o w a s 

7 .0 a t n i g h t : ( s e e F i g . ( 7 ) ) • T h i s i s d o u b t l e s s due t o t h e r e s p i r a t i o n o f 

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

o f t h e w a t e r i n h i b i t i n g d a y t i m e p h o t o s y n t h e s i s . One may t h e r e f o r e deduce 

t h a t a n i m a l s i n t h i s p o o l e x p e r i e n c e q u i t e l o w o x y g e n c o n c e n t r a t i o n s t o w a r d s 

e a r l y m o r n i n g . I t may be t h a t such c o n d i t i o n s d i s c o u r a g e l i m p e t s f r o m 

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

I n c o n t r a s t t h e p o o l s h i g h e r on t h e s h o r e , ( e . g . p o o l 29), do n o t d i s p l a y 

f l u c t u a t i o n s o f t h i s k i n d ; Pe rhaps t h e a n i m a l s g r a z i n g o n t h e a l g a e 

keep t h e v e g e t a b l e b iomass down t o a l e v e l where i t s m e t a b o l i s m does n o t 

s i g n i f i c a n t l y , o r m e a s u r e a b l y , a f f e c t t h e p H . 
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4.00 L i t t o r i n a l i t t o r e a a s a n o b j e c t f o r i n v e s t i g a t i o n 

The L i t t o r i n i d a e a r e common i n t e r t i d a l o r g a n i s m s t h r o u g h o u t t h e w o r l d . 

They a r e , a s t h e i r name s u g g e s t s , one o f t h e f e w g r o u p s o f a n i m a l s l i m i t e d 

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

L i t t o r i n a l i t t o r e a , r e t a i n a p l a n k t o n i c l a r v a l p h a s e . O t h e r s , such a s 

L . s a x a t a l i s , a r e v i v i p a r o u s . I t i s pe rhaps s t r a n g e t h a t t h e s m a l l e s t 

B r i t i s h w i n k l e L . n e r i t o i d e s i s f o u n d h i g h e s t on t h e s h o r e y e t s t i l l h a s 

a p l a n k t o n i c l a r v a . A g e n e r a l d e s c r i p t i o n o f t h e B r i t i s h L i t t o r i n i d s 

may be f o u n d i n 'The Sea S h o r e ' by C . M . Y o n g e . 

L . l i t t o r e a i s a common a n i m a l o n t h e n o r t h - e a s t c o a s t r e a c h i n g a maximum 

l e n g t h o f 30 mm a t B o u l m e r . P r o b a b l y f o r t h e r e a s o n o f l a r g e s i z e i t i s 

p o p u l a r l y known a s t h e ' E d i b l e w i n k l e ' a n d i s s u b j e c t t o h a r v e s t i n g on 

some s e c t i o n s o f c o a s t . 

U s u a l l y f o u n d b e t w e e n MTL a n d MHWS on a v a r i e t y o f s h o r e t y p e s f r o m 

muddy t o r o c k y , L . l i t t o r e a i s most l i k e l y t o be c o n f u s e d w i t h t h e 'Rough 

P e r i w i n k l e , L . s a x a t a l i s , a s p e c i e s o f s i m i l a r h a b i t s a n d g e n e r a l a p p e a r a n c e . 

The f o r m e r i s most e a s i l y r e c o g n i z e d by t h e - f o l l o w i n g c h a r a c t e r i s t i c s : -

^ i ) The c o l o u r , w h i c h i s a u n i f o r m g r e y - g r e e n . 

( i i ) The s t r i k i n g s e t o f d a r k r a y s on t h e i n n e r U p o f t h e a p e r t u r e . 

( i i i ) The l e s s r o u n d e d a p e r t u r e . The g r o w i n g edge o f t h e s h e l l j o i n s t h e 

f i n a l w h o r l a t a n a c u t e a n g l e . 

( i v ) The marked s u r f a c e s c u l p t u r i n g . 

W i t h some p r a c t i c e i t becomes p o s s i b l e t o r a p i d l y d i s t i n g u i s h t h e t w o 

s p e c i e s . 

Spawning i n t h e E d i b l e W i n k l e o c c u r s i n e a r l y S p r i n g . A f e w weeks l a t e r 

t h e y o u n g w i n k l e s r e t u r n f r o m a s h o r t l i f e i n t h e p l a n k t o n t o s e t t l e o n 

t h e s h o r e . They g row r a p i d l y t o become s e x u a l l y m a t u r e a f t e r a b o u t e i g h t e e n 

m o n t h s . I t i s f r e q u e n t l y p o s s i b l e t o r e c o g n i z e s e v e r a l g e n e r a t i o n s i n a 

sho re p o p u l a t i o n b u t i t seems u n l i k e l y t h a t i n d i v i d u a l w i n k l e s l i v e f o r 

more t h a n a b o u t f i v e y e a r s . 
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W i n k l e s have a t t r a c t e d t h e a t t e n t i o n 6f many z o o l o g i s t s o v e r t h e l a s t 

f i f t y y e a r s . Most o f t h e s t u d i e s p e r f o r m e d u p o n t h e g r o u p have e i t h e r 

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

o f e x t r e m e e n v i r o n m e n t s ; ( Crapp 1971 > R .G.Evans 1948, F r a e n k e l 1961, 

G . E . N e w e l l 1964, R . C . N e w e l l 1969, R . C . N e w e l l a n d Pye 197191973, R . C . N e w e l l , 

Pye a n d A h s a n u l l a h 1971 > S a n d i s o n 1966 a n d Todd 1963), o r b e h a v i o u r a l ; 

(Bock a n d Johnson 1967, P .Evans 1961,1966, Hayes 1929. J a n s s o n 1960, 

G . E . N e w e l l 1958a,b, E . E . W i l l i a m s , I . C . W i l l i a m s a n d E l l i s 1975). 

O f t h e p h y s i o l o g i c a l l y o r i e n t a t e d e x p e r i m e n t s t h e most r e l e v a n t t o t h e 

c u r r e n t s t u d y a r e : -

( i ) The work o f F r a e n k e l who d e t e r m i n e d t h e l e t h a l h i g h t e m p e r a t u r e f o r 
1 

t h r e e m a r i n e i n v e r t e b r a t e s i n c l u d i n g L . l i t t o r e a . D u r i n g t h e c o u r s e o f h i s 

e x p e r i m n e t s he i d e n t i f i e d f o u r r e s p o n s e s t o h i g h w a t e r t e m p e r a t u r e s i n t h e 

w i n k l e s l i s t e d b e l o w i n o r d e r o f i n c r e a s i n g s e v e r i t y . 

( a ) S n a i l s c r a w l o u t o f t h e w a t e r . 

( b ) They become f i x e d , t o t h e w a l l " o f t h e v e s s e l u n d e r w a t e r b u t u s u a l l y 

show l i t t l e a c t i v i t y . 

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

( d ) The o p e r c u l u m i s f i r m l y c l o s e d . 

B e h a v i o u r o f . t y p e s ( a ) a n d ( b ) was o b s e r v e d t o be f r e q u e n t u n d e r n a t u r a l 

c o n d i t i o n s d u r i n g t h e p r e s e n t s t u d y . 

( i i ) R . C . N e w e l l a n d Pye s t u d i e d t h e e f f e c t o f t e m p e r a t u r e a n d body w e i g h t 

on o x y g e n c o n s u m p t i o n by L . l i t t o r e a . I t seems t h a t l a r g e r w i n k l e s have 

a l o w e r o x y g e n c o n s u m p t i o n p e r mg t h a n s m a l l e r . I n c r e a s i n g t h e t e m p e r a t u r e 

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

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

( i i i ) R . C . N e w e l l , Pye a n d A h s a n u l l a h examined t h e d i f f e r e n c e s i n f e e d i n g 

r a t e , a s e x p r e s s e d by r a d u l a r movement , o f w i n k l e s k e p t i n a l a b o r a t o r y 

t a n k i n w h i c h t h e c o n d i t i o n s a n d r h y t h m s o f t h e s h o r e were c a r e f u l l y 
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s i m u l a t e d . They f o u n d t h a t s m a l l e r a n i m a l s r a d u l a t e d f a s t e r t h a n l a r g e r . 

I n c r e a s e s i n w a t e r t e m p e r a t u r e u p t o 2 5 ° C r a i s e d t h e number o f r a d u l a r 

movements i n a n a p p r o x i m a t e l y l i n e a r f a s h i o n b u t ohere was some deg ree 

o f a c c l i m a t i o n above t h i s t e m p e r a t u r e e x p r e s s e d by a g r a d u a l r e d u c t i o n 

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

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

W i n k l e s f r o m h i g h u p o n t h e s h o r e e x h i b i t e d h i g h r a t e s o f r a d u l a t i o n 

w h i c h r e f l e c t t h e n e e d t o make u p f o r l o s t f e e d i n g t i m e d u r i n g t h e p r o ­

l o n g e d p e r i o d s o f s u b a e r e a l e x p o s u r e . 

I t s h o u l d be n o t e d t h a t p o o l - d w e l l i n g a n i m a l s a r e n o t cons t r a ined t o f e e d 

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

( i v ) I n h i s work o n o x y g e n c o n s u m p t i o n S a n d i s o n d e m o n s t r a t e d t h a t t i m e 

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

( v ) T o d d d e t e r m i n e d a s u r v i v a l t i m e o f l e s s t h a n t w e l v e days f o r 

L . l i t t o r e a l i v i n g u n d e r c o n d i t i o n s o f r e d u c e d s a l i n i t y ; ( 1 1 , 2 0 0 ppm C l ~ ) . 

B e h a v i o u r a l s t u d i e s o n w i n k l e s have c o n c e n t r a t e d on d e s c r i b i n g t h e i r 

movement on t h e s h o r e i n t e r m s o f a l i m i t e d number o f ' t a x e s ' . The c h i e f 

g o a l o f t h e s e i n v e s t i g a t i o n s seems t o ahve been t o d i s c o v e r a s i m p l e 

b e h a v i o u r a l mechanism b y w h i c h w i n k l e s m a i n t a i n t h e i r l i t t o r a l z o n a t i o n . 

I n i t i a l o b s e r v a t i o n s s u g g e s t e d a s i m p l e sun-compass r e a c t i o n w h i c h w o u l d 

e n a b l e t h e w i n k l e s t o o r i e n t a t e t h e m s e l v e s a n d so p r o d u c e t h e i r t y p i c a l l y 

• U » - s h a p e d f e e d i n g t r a i l s . H o w e v e r , a c c u m u l a t e d e v i d e n c e now s u g g e s t s t h a t 

r e v e r s a l s i n b e h a v i o u r can o c c u r ; a n i m a l s may commence f e e d i n g a s p h o t o -

p o s i t i v e b u t l a t e r become p h o t o n e g a t i v e . They may e x h i b i t p o s i t i v e a n d 

n e g a t i v e g e o t a x e s a s w e l l . N e w e l l summar izes h i s r e s e a r c h e s up t o 1972 

i n t h e f o l l o w i n g manner : 

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

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

may be e x p e c t e d t o o c c u r i n spec imens c o l l e c t e d f r o m s h o r e s where a g r e a t 

v a r i e t y o f s l o p e s a r e c o l o n i z e d . ' ( B i o l o g y o f I n t e r t i d a l A n i m a l s , p 1 4 0 . ) 
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I t a l s o seems t h a t L . p u n c t a t a n a v i g a t e s by r e c o g n i z i n g t h e d i s t a n t 

image o f t h e s h o r e l i n e : ( F . E v a n s 1961). 

Perhaps t h e complex o f c l u e s t o w h i c h w i n k l e s r e s p o n d i n a g i v e n s i t u a t i o n 

i s n o t p a r t i c u l a r l y amenab le t o t h i s k i n d o f a n a l y s i s . 

4.10 The a d v a n t a g e s o f c h o o s i n g r o c k p o o l s i n w h i c h t o s t u d y t h e 

b e h a v i o u r o f L . l i t t o r e a 

( i ) The r o c k p o o l be tween MHWN a n d MHWS w h i c h may be s e p a r a t e d f r o m 

t h e sea f o r p e r i o d s o f s e v e r a l d a y s , p r o v i d e s a n a r e n a f o r o b s e r v i n g t h e 

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

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

be a n y i n c r e a s e i n f e e d i n g r a t e t o compensate f o r p e r i o d s o f e n f o r c e d 

n o n - f e e d i n g . 

( i i i ) The e n v i r o n m e n t o f t h e p o o l can be e a s i l y m a n i p u l a t e d f o r e x p e r i m e n t s . 

( i v ) I t i s easy t o keep t r a c k o f i n d i v i d u a l w i n k l e s . 

( v ) The p o o l p r o v i d e s a s i m p l e c h o i c e f o r t h e a n i m a l s ; t o s t a y b e l o w 

t h e s u r f a c e a n d f e e d , o r t o h a u l o u t above w a t e r t o r e s t . 

( v i ) The w i n k l e s a r e i n t h e i r n a t u r a l e n v i r o n m e n t . Mos t o f t h e work on 

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

i n t h e l a b o r a t o r y . The p r e s e n t a u t h o r a t t e m p t e d t o pe r suade a g r o u p o f 

a n i m a l s t o behave ' n o r m a l l y ' i n a l a b o r a t o r y t a n k f i l l e d w i t h w a t e r 

c o l l e c t e d a t t h e same s i t e , ^ B o u l m e r ) , a s t h e w i n k l e s . The t a n k was b r i g h t l y 

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

t h e same number o f d a y l i g h t h o u r s i n s i d e a s t h e r e were o u t s i d e . Changes 

i n w a t e r l e v e l were n o t s i m u l a t e d s i n c e t h e spec imens were c o l l e c t e d 

f r o m u p p e r p o o l s above t h e c u r r e n t h i g h t i d e m a r k . The w a t e r was c i r c u l a t e d 

t h r o u g h a U . V . s t e r i l i z e r t o p r e v e n t e x c e s s i v e a l g a l a n d b a c t e r i a l g r o w t h . 

.Despi te t h e s e a r r a n g e m e n t s a n A A I , ( s ee page 39) , o f more t h a n 5.0 

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

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



F i g . ( 1 1 ) . Schema t i c r o c k p o o l s h o w i n g t h e s i x t y p e s o f W i n k l e 
p o s i t i o n a n d a c t i v i t y r e c o g n i s e d i n t h i s s t u d y . 

S c o r e . 
1 A n i m a l b e l o w w a t e r s u r f a c e , m o v i n g w i t h t e n t a c l e s e x t e n d e d . 
2 " . " " " , s t a t i o n a r y w i t h t e n t a c l e s r e t r a c t e d . 
3 " " " " , c lumped v / i t h t e n t a c l e s r e t r a c t e d . 
4 " above ." " , m o v i n g w i t h t e n t a c l e s e x t e n d e d . 
5 " " " " , i s o l a t e d w i t h t e n t a c l e s r e t r a c t e d . 
6 " " " " , c lumped w i t h t e n t a c l e s r e t r a c t e d . 
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a b n o r m a l f a s h i o n . I n most cases w i n k l e s i n t r o d u c e d t o t h e t a n k r a p i d l y 

c l i m b e d t h e s i d e s a n d r e n a i n e d u n m o v i n g j u s t above t h e - w a t e r ' s e d g e . The 

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

seen i n t h e sand on t h e f l o o r o f t h e t a n k . I n most cases w i n k l e s seen 

u n d e r w a t e r h a d j u s t f a l l e n f r o m t h e s i d e s o f t h e t a n k a n d were a t t e m p t i n g 

t o r e g a i n t h e i r f o r m e r p o s i t i o n s . 

The g r e a t ^ d i f f e r e n c e i n b e h a v i o u r betv/een c a p t i v e a n d w i l d s u g g e s t s t h a t 

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

c a p t u r e , t r a n s p o r t a n d subsequen t r e l e a s e i n t o t h e t a n k was s u f f i c i e n t 

t o cause b e w i l d e r m e n t a n d ' a b n o r m a l ' b e h a v i o u r . A n e s t a b l i s h e d l a b o r a t o r y 

p o p u l a t i o n w o u l d have p r o v i d e d a u s e f u l c o n t r o l f o r some o f t h e e x p e r i m e n t s 

p e r f o r m e d i n t h i s s t u d y . F o r i n s t a n c e , t h e a n i m a l s c o u l d have been s u b j e c t e d 

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

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

t h a t e x p e r i m e n t s o f t h i s k i n d w o u l d have been, s u s p e c t , x h e l a b o r a t o r y 

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

4 . 20 M e t h o d u s e d f o r r e c o r d i n g w i n k l e b e h a v i o u r 

A n a r b i t r a r y d e c i s i o n ras made t o e x c l u d e f r o m c o n s i d e r a t i o n a n y w i n k l e s 

more t h a n 0 . 2 m above t h e s u r f a c e o f t h e p o o l o r i n such a p o s i t i o n a s t o 

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

J 

S i x c a t e g o r i e s o f b e h a v i o u r were r e c o g n i z e d f o r i n d i v i d u a l s l i v i n g i n 

o r a b o u t t h e r o c k p o o l s . These a r e l i s t e d b e l o w a n d summar ized i n F i g . ( 1 1 ) . 

S c o r e : ( 1 ) A n i m a l s m o v i n g a n d f e e d i n g b e n e a t h t h e w a t e r s u r f a c e ; t h e most 

a c t i v e c a t e g o r y . 

( 2 ) I s o l a t e d i n d i v i d u a l s b e l o w t h e s u r f a c e b u t s t a t i o n a r y w i t h 

t e n t a c l e s r e t r a c t e d . 

( 3 ) A n i m a l s i n c lumps b e l o w t h e s u r f a c e , s t a t i o n a r y w i t h t e n t a c l e s 

r e t r a c t e d . Clumps a r e composed o f t h r e e o r more w i n k l e s s e p a r a t e d 

b y n o t more t h a n t h e w i d t h o f a s h e l l : ( i n p r a c t i c e a b o u t 0 . 0 1 m ) . 
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(4) M o v i n g a n d f e e d i n g above t h e s u r f a c e o f t h e w a t e r . T h i s o n l y 

o c c u r s when t h e s u r f a c e o f t h e r o c k i s m o i s t . 

(5) A n i m a l s s t a t i o n a r y , t y p i c a l l y 0.01-0.05 m a b o v e t h e w a t e r s u r f a c e 

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

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

s u p p o r t e d by d r i e d mucus a r o u n d t h e r i m . o f t h e a p e r t u r e . 

(6) Clumped i n d i v i d u a l s i n t h e same i m m o b i l e c o n d i t i o n d e s c r i b e d 

under . (5) . These ' c l u m p s ' a r e o f t e n l i n e a r a r r a n g e m e n t s o f 

w i n k l e s a t a s i m i l a r h e i g h t above t h e w a t e r . 

I t i s q u i t e common t o see w i n k l e s f a l l o f f t h e s u r f a c e o f t h e r o c k a n d 

r o l l back i n t o t h e p o o l . T h i s t e n d s t o happen i f a g r o u p o f q u i e s c e n t 

w i n k l e s i s a p p r o a c h e d n o i s i l y o r i f n o t enough a t t e n t i o n i s g i v e n t o t h e 

p o s i t i o n o f t h e o b s e r v e r ' s shadow. I n some cases t h i s d i s l o d g e m e n t may be 

done i n o r d e r t o recommence f e e d i n g b e l o w t h e s u r f a c e . U s u a l l y a w i n k l e t h a t 

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

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

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

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

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

c a t e g o r i e s (2) a n d (3) b y t h e o r i e n t a t i o n o f t h e s h e l l . A ' h a p p y V w i n k l e 

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

t h e s u b s t r a t e . Such d i s l o d g e d a n i m a l s were s c o r e d a s (6) . 

The s i x c a t e g o r i e s a r e r a n k e d p a r t l y i n o r d e r o f d e c r e a s i n g a c t i v i t y 

a n d a l s o so a s t o e a s i l y d i s t i n g u i s h be tween w i n k l e s above a n d b e l o w t h e 

w a t e r s u r f a c e . A s i n g l e o b s e r v a t i o n on a w i n k l e c o n s i s t e d o f s c o r i n g i t s 

b e h a v i o u r on t h e s c a l e (1) t o ( 6 ) . The sum o f t h e s c o r e s may be d i v i d e d by 

t h e number o f w i n k l e s o b s e r v e d t o g i v e a n ' A v e r a g e A c t i v i t y I n d e x * o r ' A A I 1 . 

O b v i o u s l y such a n i n d e x can r e f e r e i t h e r t o o b s e r v a t i o n s on a s i n g l e a n i m a l 

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

o f a l l t h e w i n k l e s ' i n t h e p o o l . 
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4.30 S t a t i s t i c a l a n a l y s i s o f r e s u l t s 

I t s h o u l d be n o t e d t h a t . n o t h i n g can be assumed a b o u t t h e d i s t r i b u t i o n 

o f w i n k l e o b s e r v a t i o n s be tween t h e s i x c a t e g o r i e s . The A A I i s n o t t h e mean 

o f a n o r m a l d i s t r i b u t i o n ; i t i s s i m p l y one way o f s u m m a r i z i n g t h e r e s u l t s . 

The me thod o f o b s e r v a t i o n o u t l i n e d aDove p r o d u c e s a c l a s s i f i c a t i o n o f 

a c t i v i t i e s . A s such t h e r e s u l t s s h o u l d be c o n s i d e r e d ' d i s t r i b u t i o n f r e e ' 

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

s t a t i s t i c s . 

Compar isons made be tween s e t s o f r e s u l t s a r e b e s t s u p p o r t e d w i t h t h e 

X t e s t . One d i s a d v a n t a g e o f t h e X . i s t h a t i t i s n o t n e c e s s a r i l y v a l i d 

i f e x p e c t e d v a l u e s a r e l o w . I f i t p r o v e d a d v i s a b l e t h e r e s u l t s were 

m a n i p u l a t e d t o en su re e x p e c t e d v a l u e s g r e a t e r t h a n f i v e . T h i s was done b y 

f i r s t a d d i n g t h e number o f s c o r e s u n d e r c a t e g o r y (6) t o t h o s e i n (5) a n d 

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

number u n d e r (5) "to (4) a n d so o n . F o r s p e c i f i c pu rposes , i t was1 p o s s i b l e 

t o r e d u c e t h e r e s u l t s t o a 2X2 c o n t i n g e n c y t a b l e . 

The r e v e a l s t h e deg ree o f h o m o g e n e i t y be tween co lumns o f f i g u r e s . 

The p r o b a b i l t i y q u o t e d i n s t a n d a r d t a b l e s i s t h a t o f o b t a i n i n g a X a s 

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

columns a r e homogeneous. I f t h e p r o b a b i l t S y was less t h a n 0.01 t h e n f o r t h e ••' 

p u r p o s e s o f t h i s s t u d y t h e n u l l h y p o t h e s i s was r e j e c t e d a n d a r e a l d i f f e r e n c e 

i n o b s e r v e d b e h a v i o u r e s t a b l i s h e d . 

One u s e f u l r e s u l t o f p r o v i n g s e t s o f s c o r e f r e q u e n c i e s t o be i n s i g n i f i c a n t l y 

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

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

w h i c h c o u l d t h e n be t e s t e d w i t h x \ 
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4.40 M e t h o d u s e d f o r t h e e x p e r i m e n t a l m a n i p u l a t i o n o f t h e p o o l e n v i r o n m e n t 

. S m a l l p o o l s o f n o t more t h a n a f e w l i t r e s vo lume were s e l e c t e d f o r 

e x p e r i m e n t a t i o n . The e x a c t vo lume was d e t e r m i n e d by s i p h o n i n g t h e c o n t e n t s 

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

I d e a l l y t h e w i n k l e s a l r e a d y i n t h e p o o l were u s e d b u t i f t h e s e were i n ­

s u f f i c i e n t i n number spec imens i n n e a r b y p o o l s were c o l l e c t e d a n d q u i c k l y 

p l a c e d i n t h e e x p e r i m e n t a l p o o l . ( T h e w i n k l e s d i d n o t seem t o be much a f f e c t e d 

by such r a p i d d i s p l a c e m e n t . ) U s u a l l y a b o u t t w e n t y - f i v e a n i m a l s were o b s e r v e d 

p e r e x p e r i m e n t . 

The s a l i n i t y o f t h e p o o l s was g r a d u a l l y r e d u c e d by a d d i n g s m a l l i n c r e m e n t s 

o f t a p w a t e r . A s t anda rd" minimum o f t h i r t y m i n u t e s was a l l o w e d a f t e r each 

e n v i r o n m e n t a l change . S i n c e on one o c c a s i o n s e v e r a l w i n k l e s were o b s e r v e d 

- 1 

m a i n t a i n i n g a speed o f 0 . 1 m m i n i t seemed t h a t t h i r t y m i n u t e s was a d e q u a t e 

t i m e f o r t h e a n i m a l s t o r e s p o n d . A f t e r t h i s t i m e h a d e l a p s e d t h e p o o l was 

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

f u r t h e r r e d u c e d . 

U s i n g a s i m i l a r method v a r i o u s c h e m i c a l s were a l s o i n t r o d u c e d t o p o o l s 

a n d t h e e f f e c t s o f e v e r l a r g e r c o n c e n t r a t i o n s o b s e r e v e d . The s m a l l e s t vo lume 

u s e d was 0 . 0 1 m l a n d was a d d e d t o t h e w a t e r w i t h a s y r i n g e f o l l o w e d by a 

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

E x p e r i m e n t s o f t h i s k i n d can t a k e s e v e r a l h o u r s so c a r e was t a k e n t o 

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

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

4.50 A d d i t i v e s 

The r e a c t i o n s o f w i n k l e s t o v a r y i n g c o n c e n t r a t i o n s o f t h e f o l l o w i n g 

• p o l l u t a n t s ' were r e c o r d e d : -

( i ) Durham t a p w a t e r ( i v ) B . P . L u b r i c a t i n g O i l 

; i i ) A c e t i c A c i d ; 99.5$ + CH3C00H ( v ) Benzene 

( i i i ) U r i n e ( v i ) ' C i t r o n V e r t ' d e t e r g e n t 
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P e r c e n t a g e o f T o t a l 

P o p u l a t i o n 

BOUUffiR I."AKSIti2T HARTLUPOOL 

P e r c e n t a g e o f T o t a l 

P o p u l a t i o n 

84 {w 16 # 100 i/o 83 efi 17 i° 

Liean L e n g t h ( mm ) 14.8 5.7 12.5 8.5 1.0 

S t a n d a r d D e v i a t i o n 2.30 2.45 2.30 1.75 -

S t a n d a r d l i r r o r 0.23 0.26 0.9 0.22 -

T a b l e (2 ) : D e s c r i p t i o n o f t h e s u b - p o p u l a t i o n s o f L . l i t t o r e a 

f o u n d a t t h e t h r e e s i t e s d u r i n g J u n e , 1976 
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5.00 N o t e s on t h e demography o f L . l i t t o r e a a t t h e t h r e e s i t e s 

W i n k l e s f r o m t h e s t u d y p o o l s were c o l l e c t e d a n d measured a c r o s s t h e i r 

maximum l i n e a r d i m e n s i o n ; t h e a x i s w h i c h r u n s f r o m apex t o a p e r t u r e . 

The c u m u l a t i v e p e r c e n t a g e s o f w i n k l e s i n t h e v a r i o u s s i z e c l a s s e s were 

t h e n p l o t t e d on p r o b a b i l i t y p a p e r . 

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

f r o m t h e s e c u r v e s : ( s e e Sou thwood 1968). A n o r m a l d i s t r i b u t i o n a p p r o x i m a t e s 

t o a s t r a i g h t l i n e when p l o t t e d on t h i s k i n d o f p a p e r . I f two age c l a s s e s 

a r e p r e s e n t i n t h e p o p u l a t i o n t h e n two s t r a i g h t l i n e segments a r e l i k e l y t o 

a p p e a r s e p a r a t e d by a k i n k . 

i n t h i s s t u d y t h e s u b - p o p u l a t i o n s o r age c l a s s e s were i d e n t i f i e d a n d t h e 

g r a p h i c mean a n d s t a n d a r d d e v i a t i o n d e t e r m i n e d f o r e a c h . Table (2) summarizes 

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

V / i n k l e s s m a l l e r t h a n 0.002 m were i g n o r e d d u r i n g t h e o b s e r v a t i o n a l w o r k 

because 'tfhey a r e easy t o l o s e a n d more d i f f i c u l t t o i d e n t i f y t o s p e c i e s . 

The l a r g e r age c l a s s e s a t t h e s i t e s may be compared u s i n g S t u d e n t ' s ' t ' . 

The m a j o r i t y age c l a s s a t B o u l m e r i s s i g n i f i c a n t l y l a r g e r t h a n t h a t a t ' 

m a r s d e n , ( ' t ' = 2.16, p < 0 . 0 5 » d . f . = © 0 ) , a n d a t H a r t l e p o o l s ' P o i n t , 

( ' t ' = 9«4» p<0.001, d . f . = 0 0 ) . S i m i l a r l y t h e mean a t H a r t l e p o o l i s s i g n i f i c a n t l y 

l e s s t h a n a t M a r s d e n ; ^ » t ' = 3*8, p < 0 . 0 0 1 , d . f . - ° o ) . 

I t seems r e a s o n a b l e , t h o u g h now i m p o s s i b l e t o p r o v e , t h a t t h e s e t h r e e 

s u b - p o p u l a t i o n s a r e o f a p p r o x i m a t e l y t h e same a g e . They a r e l i k e l y t o 

have, s e t t l e d on t h e s h o r e i n e a r l y 1974- The s m a l l e r age c l a s s a t B o u l m e r 

i s p r o b a b l y l a s t yearfe s e t t l e m e n t w h i c h f o r some r e a s o n seems t o have m i s s e d 

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

l e s s t h a n 0.002 m i n J u n e . 



ACTIVITY 

SCORE 

Group A 

No. 

.Group B' 

No. 5t 

1 

2 

5 

4 

5 

6 

33 

13 

4 

1 

7 

2 

55 

22 

7 

2 

12 

3 

30 

13 

• y y 

4 

6 

4 

50 

22 

5 

7 

12 

7 

Table(3 ) : A c t i v i t y o f Group A , ( mean l e n g t h = 5«7 mm) » and 

Group B , ( meah l e n g t h 14.8 mm), i n poo l 15;- 24/5/76. 

ACTIVITY 

SCORE 

8/5 9/5 10/5 11/5 ACTIVITY 

SCORE No. 1o No. of 7° No. No. 

1 126 14 30 15 25 17 31 15 

2 373 41 91 45 61 42 99 48 

3 335 57 80 40 58 40 . 78 37 

4 0 0 0 0 0 . 0 0 0 

.5 0 . 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 •0 

T a t > l e ( 4 ) : A f t e r n o o n a c t i v i t y i n p o o l 12 f r o m 8/5 t o 11/5/76 
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6*00 Some aspects o f v a r i a t i o n i n the behaviour o f p o o l w ink l e s 

a t a s i n g l e s i t e ; ( B o u l m e r ) . 

6.10 V a r i a t i o n due t o s ize d i f f e r e n c e s between i n d i v i d u a l s 

U i x t y w ink l e s o f v a r i o u s s i zes were c o l l e c t e d f r o m the upper pools a t 

Boulmer. iJach was d r i e d w i t h t i s s u e paper, p a i n t e d w i t h a number, measured 

and , a f t e r about f o r t y minu tes , re leased i n t o p o o l 4. The p a i n t used was 

a qu ick d r y i n g enamel but neve r the le s s tended t o f l a k e o f f the s h e l l s , 

e s p e c i a l l y when one w i n k l e c rawled , r a d u l a t i n g , over the back o f ano the r . 

The behaviour o f the re leased w i n k l e s was scored a t i n t e r v a l s f r o m 1945 h r s 

on 22/5/76 t o 0820 h r s on 24/5/76. 

For each i n d i v i d u a l the AAI f o r the p e r i o d was c a l c u l a t e d and p l o t t e d 

a g a i n s t l eng th o f s h e l l . No p a t t e r n could be d i scerned i n the r e s u l t i n g 

s c a t t e r o f p o i n t s . A c o r r e l a t i o n c o e f f i c i e n t c a l c u l a t e d f o r a r eg r e s s ion 

l i n e f i t t e d by the method o f l e a s t squares through the p o i n t s was 0.15. 

T h i s i s so low t h a t i t would seem t h a t behaviour i s not i n f l u e n c e d by s i ze 

o f a n i m a l , a t l e a s t over the s i ze range 14.0' - 23.0 mm. 

Another experiment was per formed i n which t h e behaviour o f two groups 

was observed. Group A cons i s t ed o f twenty animals b e l o n g i n g t o the m i n o r i t y 

age c lass a t Boulmer w i t h a mean s h e l l l e n g t h o f 5*7 mm. I n con t r a s t 

Group B comprised twenty f r o m the o l d e r c lass w i t h a mean o f 14.8 mm. 

The summed behaviour scores f o r Group A i n p o o l 4 and Group B i n p o o l 15 

over the p e r i o d 1400 - 1630 h r s on 24/5/76 a r e shown i n T a b l e d ) . 

As can be seen the behaviour o f the two groups i s remarkably s i m i l a r ; 

t he re seems t o be no cons i s t en t s ize dependent d i f f e r e n c e : ( " ^ = 0 . 8 2 , 

p > 0 . 8 , d . f . = 3 ) . I t i s l i k e l y , however, t h a t below a c e r t a i n s i z e , perhaps 

2 - J mm, d i f f e r e n c e s begin t o emerge. 

Th i s nega t ive r e s u l t , though somewhat unexpected, i s not n e c e s s a r i l y i n 

c o n f l i c t w i t h N e w e l l 1 s conc lus ion t h a t r a t e s o f a c t i v i t y decrease w i t h 
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age and increased s i z e . The type o f o b s e r v a t i o n made i n the present work 

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

6.20 V a r i a t i o n through t w e n t y - f o u r hours 

Resul t s f rom observa t ions made on w i n k l e s i n poo l 12 on 8 - 9/5/76 a r e 

g iven i n i'ig.{12) , and f o r p o o l 2 i n F i g . (14). 

The animals appear t o be most a c t i v e j u s t a f t e r dawn. The numbers f e e d i n g 

a re s i g n i f i c a n t l y g r ea t e r between 0500 and 0600 h r s than d u r i n g the 

succeeding h o u r ; ( X l = 39i p^O .001, d . f . = 2 ) , o r indeed a t any o t h e r t ime 

o f day. Prom 0700 h r s onwards the w ink l e s become less a c t i v e u n t i l they 

reach a p l a t e a u o f a c t i v i t y which l a s t s f rom 0900 t o 1600 h r s . (The r e s u l t s 

f o r t h i s i n t e r v a l a re homogeneous: X* = 4.59> p ~ 0 . 4 . d . f . = 5.) 

I n the e a r l y evening t h e r e i s a s l i g h t increase i n numbers f e e d i n g bu t 

t h i s g r a d u a l l y dec l ines through the n i g h t u n t i l the e a r l y hours when the 

animals a re most i n a c t i v e . 

Thus a ve ry d i s t i n c t i v e change i n behaviour co inc ides w i t h d a m ; the AAI 

drops f rom around 3.0 t o 1,25 i n one h o u r . 

Another way o f m o n i t o r i n g the a c t i v i t y over a t v / e n t y - f o u r hour p e r i o d 

i s i l l u s t r a t e d i n F i g . ( 1 3 ) . The d i s tance o f f e e d i n g wink les f r o m t h e i r 

r e f u g e was measured. The r e f u g e i n t h i s case was a l a rge stone and i n d i v i d u a l s 

could be a s soc i a t ed w i t h the stone by f o l l o w i n g t h e i r t r a c k s on the p o o l 

f l o o r . 

The r e s u l t s show t h a t the an imals t e n d t o be found c lo se r t o the r e f u g e 

d u r i n g the a f t e r n o o n but move f u r t h e r out as evening approaches where they 

remain f a i r l y evenly d i s t r i b u t e d u n t i l morning. The f u r t h e s t excurs ions 

take p lace towards midnight but such journeys a re performed by r a t h e r few 

w i n k l e s , which keeps the average a c t i v i t y i n the p o p u l a t i o n f a i r l y l o w . 
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AAI 

6.0 

5.0 

4.0 

3.0 

2.0 

fo 100 

A c t i v i t y 

2400 h r s . 

Fig.(12) : Average A c t i v i t y I n d e x , ( A A l ) , and Percentage A c t i v i t y 

recorded over a t w e n t y - f o u r hour p e r i o d a t Boulmer, 

p o o l 12 , 8/5/76 

SOORE: 1 

.2 ZZ 
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AAI 
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\ 
\ / 2.0 
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2400 h r s . 1830 0600 1200 0000 
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A c t i v i t y 

50 

Fig.(14) : Average A c t i v i t y I n d e x , (AAI) , and Percentage A c t i v i t y 

recorded over a t w e n t y - f o u r hour p e r i o d a t Boulmer, 

p o o l 2, 8/5/76 

300RK: ( A s f o r page 48 .) 
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Fig.(15) : Average A c t i v i t y I n d e x , (AAl) , and .Percentage A c t i v i t y 

recorded over a s i x hour p e r i o d a t H a r t l e p o o l , 

p o o l 23, 16/6/76 

SC0RJS: ( As f o r page 48 . ) 
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F i g . (16): Average A c t i v i t y Index v . Water Temperature i n 

Pool 2 a t Boulmer, 8 ,5 , '76. 
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F i g . (17): Average A c t i v i t y Index v . sfeter Temperature i n 

Pool 12 a t Boulmer, 8,5,'76 
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6.21 V a r i a t i o n due to temperature changes 

The a c t i v i t y i n the pools does not seem c l o s e l y c o r r e l a t e d w i t h tempera ture . 

The water temperature d u r i n g the most a c t i v e p e r i o d had not increased 

f r o m t h a t recorded i n the hours be fo re dawn. The p la t eau i n a c t i v i t y 

was reached by 0900 h rs a t which t ime the temperature i n the p o o l had 

b a r e l y r i s e n t o 13°C. The cont inued r i s e i n temperature u n t i l 1600 h r s 

i s not r e f l e c t e d i n any f u r t h e r changes i n a c t i v i t y . 

Regressions o f water temperature aga ins t AAI f o r animals i n pools 2 and 

12 a re g iven i n F i g s . ( l 6 ) and (17). ' r ' i s p o s i t i v e but l ow . One might 

t h e r e f o r e c l a im t h a t t he re i s a s l i g h t r e d u c t i o n i n a c t i v i t y w i t h i n c r e a s i n g 

t empera ture . 

Observat ions made d u r i n g June suggest t h a t a t temperatures h i g h e r than 

about 25°C w i n k l e behaviour i n the pools begins t o be m o d i f i e d . When the 

water i n pool12 reached 33°C no w i n k l e s were observed, f e e d i n g ; a l l were 

clumped i n r e fuges below water except f o r a smal l number hanging around 

the poo l margins . 

6.22 The i n f l u e n c e o f changes i n oxygen t e n s i o n i n the p o o l 

I n h i b i t i o n o f w i n k l e a c t i v i t y by oxygen d e p l e t i o n i n Boulmer pools 

seems u n l i k e l y . Never the less the most i n a c t i v e p e r i o d i s d u r i n g the e a r l y 

raoming when low oxygen t ens ions cou ld be expected to develop* 

However, the smal l f l u c t u a t i o n s i n pH do not suggest progress towards such 

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

6.23 T i d a l rhythms 

The t i d e d i d not appear t o i n f l u e n c e the behaviour o f w i n k l e s i n pools 

2 and 12 on the 8 - 9/5/76. The h i g h water mark on t h i s date was some 

t h i r t y metres f r o m the study pools so perhaps t h i s i s h a r d l y s u r p r i s i n g . 



ACTIVITY 

SC0R3 

Pool 4 Pool 12 ACTIVITY 

SC0R3 No. No. Ji 

1 5 12 25 17 

2 5 12 60 42 

3 11 25 60 42 

4 0 0 0 0 

5 2 5 0 0 

6 20 46 0 0 

T a b l e d ) s A f t e r n o o n a c t i v i t y i n p o o l 4 » ( below High Wate r ) , 

compared w i t h t h a t i n p o o l 12, (above High Wate r ) , 

on 25/5/76. 

ACTIVITY 

SCORE 

2 12 6 8 10 11 ACTIVITY 

SCORE No. No. No. H No. No. No. '/* 

1 13 21 126 14 76 21 8 17 11 1.1 5 7 

2 25 39 373 41 224 60 3 6 30 31 19 28 

3 26 40 335 37 58 16 9 19 11 11 4 6 

4 0 0 0 0 2 1 0 0 0 0 0 0 

5 0 0 0 0 6 3 5 11 8 8 5 7 

6 0 0 0 0 0 0 21 45 36 37 34 51 

T a b l e d ) : A c t i v i t y i n poo l s a t Boulmer across the shore 
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6.30 V a r i a t i o n over the days t h a t the p o o l i s severed f r o m the sea 

Pool 12 was cut o f f f rom the sea on 5/5/76 and not inundated aga in 

u n t i l 11/5/76. 

The d i s t r i b u t i o n and a c t i v i t y o f w i n k l e s i n the poo l was recorded a t 

1300 h r s every day f rom 8/5 t o 11/5- The r e s u l t s a re g iven i n Table (4) • 

The "X.*" con f i rms the apparent homogeneity o f the d a t a : ( ? 0 = 1 .32, pas0.97» 

d . f . = 6 ) . One i s a b l e t o conclude t h a t t he re i s no progress ive change 

i n w i n k l e behaviour over t h i s p e r i o d . 

.Obviously t h i s does no t app ly t o sha l low pools such as 6 which disappear?, 

I n these cases the w i n k l e s r e t r e a t t o r e fuges as they become g r a d u a l l y 

exposed d u r i n g the d r y i n g up process . They make l i t t l e a t tempt t o remain 

below the d ropping water s u r f a c e . When poo l 6 became complete ly d ry a l l 

the w ink l e s were found clumped i n the r e f u g e ; a crack r u n n i n g . a l o n g the 

edge o f the p o o l . 

6.40 V a r i a t i o n between p o o l s ; ( i ) Down the shore 

A t any t ime o the r than d u r i n g h i g h S p r i n g t i d e s pools a re t o be found 

both above and below the l e v e l o f h i g h wa t e r . Those below are i s o l a t e d 

f rom the sea f o r not longer than twe lve hours w h i l e those above may no t 

have been r e f r e s h e d by i n u n d a t i o n f o r severa l days. I t i s l i k e l y t h a t 

w i n k l e behaviour d i f f e r s cons iderab ly i n the two types o f p o o l . 

Pool3 was compared w i t h poo l 12 d u r i n g the a f t e r n o o n o f 25/5/76. The 

former became submerged by e a r l y evening . 

I n poo l 3 l a r g e numbers o f w ink le s were clumped around the p o o l above 

the water su r f ace : ( see Tab le (5 ) ) • Only a smal l percentage were f e e d i n g . 

I t seems t h a t w ink le s sub jec t t o a t i d a l regime tend t o synchronize 

t h e i r f e e d i n g by the a r r i v a l o f the t i d e . Crawl ing t o a p o s i t i o n j u s t above 

the water su r face enables them t o become immedia te ly aware o f the imminent 

f l o o d as the l e v e l i n the poo l r i s e s . Winkles i n the upshore pools have no 

such method o f s y n c h r o n i z a t i o n . 

The approach o f the t i d e has a d e f i n i t e e f f e c t on those w ink l e s f e e d i n g 



55 

i n the lower p o o l s . Consider the obse rva t ions made on w i n k l e s i n p o o l 23 

on 16/6/76:(see F i g . ( 1 3 ) ) . 

From. 1400 - 1535 h r s there i s no s i g n i f i c a n t v a r i a t i o n i n the p r o p o r t i o n 

o f w ink l e s f e e d i n g : ( X l = 15»4> p<0.01, d . f . = 3) • The splashes f r o m b reak ing 

m v e s d id no t reach the poo l u n t i l 1645 h r s by which t ime the AAI had r i s e n 

t o 4.0 f r o m 2.8. No an imal was seen f e e d i n g 'when the ledge f i n a l l y became 

submerged a t 1715 h r s . 

Winkles must e i t h e r have a we l l -deve loped sense o f t i d a l p e r i o d i c i t y 

o r they can somehow sense the approaching f l o o d . Perhaps they a re warned 

by r e v e r b e r a t i o n s i n the rock generated by breakers . 

6.50 V a r i a t i o n between p o o l s ; ( i i ) Across the shore 

. foo l s at. the same l e v e l on the beach va ry i n t h e i r morphology and 

topography. I t i s impor tan t t o know by what degree the behaviour o f w ink l e s 

i s i n f l u e n c e d by such d i f f e r e n c e s . 

r o o l s 2 and 12 a t Boulmer represent extremes o f morphology. The fo rmer 

i s sha l low w i t h g e n t l y s l o p i n g s i de s . The w ink l e s r e t r e a t t o a r e f u g e i n 

the form o f a l a r g e stone i n the centre o f the p o o l . I n c o n t r a s t 12 i s 

deep w i t h near v e r t i c a l s i de s . 

I n both these pools emergence f rom the water i s r a r e and t imes spent 

. f e ed ing and r e s t i n g below the su r face a r e s i m i l a r : ( X*" = 1.48, parO .6, 

d . f . = 3 ) , see Tab le (6 ) . 

I f one looks a t pools w i t h more extreme topographies a somewhat d i f f e r e n t 

s t o r y emerges. Those w i t h overhangs and c rev ices near t h e water su r face 

a re seldom w i t h o u t a quota o f w i n k l e s u t i l i z i n g such r e fuges : ( s ee Tab l e (6 ) ) . 

The f i g u r e s f o r pools 6,8,10 and 11 a r e perhaps s l i g h t l y m i s l e a d i n g 

s ince these pools were i n the process o f d r y i n g up and wink l e s t end t o 

be s t randed i n t h e i r r e f u g e s . Nonetheless a cons iderable v a r i a t i o n i n the 

p r o p o r t i o n o f animals above the water su r face and the degree o f c lumping 

must be ass igned t o d i f f e r e n c e s i n r e l i e f . 
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ACTIVITY May June July 

SCORE No. No. No. 

1 126 14 15 20 22 18 

2 373 41 32 43 48 39 

3 335 57. 27 • 36 52 42 

4 0 0 1 1 0 0 

5 0 0 0 0 0 0 

6 0 0 0 0 0 0 

T a b l e t ) : Act ivi ty in pool 12 over three months 
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Resul t s such as t h i s l ead one to suspect t h a t the most u s e f u l category 

o f behaviour w i t h which t o compare pools i s percentage f e e d i n g . I t i s arguable 

t h a t ca tegor ies (3) t o (6) a re too dependant on the p e c u l i a r i t i e s o f the 

t e r r a i n . However, i t i s pos s ib l e t o choose pools o f s i m i l a r s i ze and shape, 

f r e e o f l a rge cracks and o the r r u g o s i t i e s . 

6.60 V a r i a t i o n over the months o f the study 

Table(7) shows a f t e r n o o n records f o r w i n k l e behaviour i n p o o l 12 i n 

May, June and e a r l y J u l y . There a re no s i g n i f i c a n t d i f f e r e n c e s : 

( X l o 2.69, p > 0 . 7 , . d . f . = 5 ) . 

By l a t e J u l y and August the numbers o f w i n k l e s t o be found a t a l l s i t e s 

had cons ide rab ly lessened. T h i s was most dramat ic a t Boulmer on the extensi \e 

upper shore . The ve ry h i g h temperatures reached i n J u l y must have caused 

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

Having examined the na tu re o f v a r i a t i o n i n w i n k l e behaviour a t a s i n g l e 

s i t e i t i s p o s s i b l e t o f o r m u l a t e a s t r a t e g y f o r comparing s i t e s which minimises 

such ' i n - s i t e ' v a r i a t i o n . Th i s g r e a t l y improves the chances o f i d e n t i f y i n g 

' b e t w e e n - s i t e 1 v a r i a t i o n . 
t 

Pools a t d i f f e r e n t s i t e s should be above cu r r en t h i g h wa te r . They should 

no t have been inunda ted f o r a t l e a s t f o r t y - e i g h t hou r s . Water depths 

should exceed 0.1 m and pools w i t h deep cracks and overhangs be a v o i d e d . 

I t i s s a f e s t t o examine the w ink l e s between the hours o f 0900 and 1600 

when the behaviour i s f a i r l y u n i f o r m . I t i s p o s s i b l e t h a t a b e r r a t i o n s i n 

behaviour could r e s u l t f rom excess ive ly h i g h water t empera tures ; ( g rea t e r 

than 25 C. 
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7.00 Winkle behaviour a t d i f f e r e n t s i t e s 

7.10 General remarks 

Of the th ree s i t e s examined by f a r the g rea te s t numbers o f w i n k l e s l i v e 

on the rocks a t Boulmer. They extend i n q u a n t i t y f r o m MTL t o j u s t below 

the h e i g h t o f normal Sp r ing t i d e s . A t low waiter many a re exposed on the 

rock s u r f a c e s . They a re found i n pools bo th deep and sha l low, i n c racks , 

under weed and beneath s tones . They are ' absent o n l y f rom under l a r g e r rocks 

where the subs t ra te has become blackened w i t h su lphides and anae rob ic . 

I n the ex tens ive pools about MTL t h e r e a r e fewer w i n k l e s away f rom the 

r e f u g e s p r o v i d e d by stones and r o c k s . I t i s probable t h a t t h e i r numbers 

on the open f l o o r o f the poo l a r e l i m i t e d by the numerous c rabs , i n p a r t i c u l a r 

Eupagurus bernhadus, the common h e r m i t , and the shore c rab , Carcinas maenas. 

Many wink le s a re found i n the ephemeral poo ls on the upper shore 

which r e g u l a r l y d ry out d u r i n g t h e i r p e r i o d o f severence f r o m the sea. 

A t Marsden L . l i t t o r e a a re o n l y common up t o the l e v e l o f MHWN. I n a zone 

o f pools j u s t below MHWN the w ink l e s reach an abundance comparable w i t h 

t h a t found a t Boulmer. The most s t r i k i n g d i f f e r e n c e i n t h e i r d i s t r i b u t i o n 

i s t h a t few a re t o be found exposed on the rock s u r f a c e ; they a re e i t h e r 

beneath the water o r t a k i n g r e f u g e under s tones . Because the d e n s i t i e s i n 

Marsden and Boulmer pools a re r o u g h l y equal the numbers o f i n a c t i v e , emergent 

w ink l e s found a t the l a t t e r s i t e i s p robably no t a d e n s i t y dependant 

phenomenon. 

There a re ve ry few animals t o be seen i n smal l ephemeral poo ls around 

MHWS a t Marsden. They a re r e s t r i c t e d t o the deeper and more permanent 

p o o l s . 

There a re not o n l y fewer w i n k l e s a t H a r t l e p o o l s 1 Po in t than the re a re 

a t t he o t h e r two s i t e s but t h e i r v e r t i c a l range on the shore i s much more 

l i m i t e d . They a re common i n sha l low pools j u s t below MHWN; elsewhere they 

a re scarce . I n the deep pools on the middle shore they remain below the 



ACTIVITY BOULMER KARSDM HARTLEPOOL 

SCORE No. * No. No. 

1 126 15 14 13 9 9 

2 373 45 59 56 5 5 

3 335 40 30 28 88 86 

4 0 0 1 1 0 0 

. 5 . 0 0 1 1 0 0 

6 0 0 0 0 .0 : 0 

(a) Pools above h i g h water ; ( 2, 12, 21A, 29, 30 ) . 

ACTIVITY 

SCORE 

BOULMER MARS D M HARTLEPOOL ACTIVITY 

SCORE No. No. No. 

' 1 30 23 38 40 61 40 

2 15 12 48 51 36 24 

3 18 U 8 8 52 34 

4 0 0 1 1 0 0 

5 6 5 0 0 0 0 

6 60 47 0 0 2 1 

(b) Pools below h i g h wate r ; ( 4 , 17, 25 - 28 ) 

T a b l e ( 8 ) : Winkle a c t i v i t y i n poo l s a t the d i f f e r e n t s i t e s 
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water surface but do not venture into the s i l t y depths, preferring to 

remain scattered about the pool margins. 

As at Karsden very few animals are found exposed on the rock surface. 

Ephemeral pools do not contain many individuals. 

7.20 Uomparing the behaviour in the pools 

The best comparative figures for winkle behaviour at the three s i tes 

are shown in the top half of Table(8). Taken together these ratios are 

obviously different and this i s confirmed by a X . for a l l the data: 

( X 2 = 91 • 3» p< 0.001, d.f . = 4 ) . However, i t i s the Hartlepool results that 

are most peculiar. 

At Boulmer and Marsden the ratio of the three categor ies , (1 ) : (2 ) : (3 ) , 

i s similar: (X*= 0 .22 , p«<0 .6 , d.f..- 1 ) . Winkles feed for about 14$ of the 

time. The percentage feeding at Hartlepool i s rather lower, 9$> but the 

main difference l i e s in the high percentage found clumped belo.w the water ; 

surface. 1 

At none of the sites do winkles habitually haul up above the water in 

pools high on the shore. They prefer to remain below the surface where 

their act iv i ty i s best expressed as percentage feeding. On this criterion 

there are no significant differences between s i tes . 

The high degree of clumping at Hartlepool cannot be explained in terms 

of a more complex pool topography. Instead i t suggests that a larger 

percentage of winkles elected to remain total ly inactive below the surface: 

in effect the pool population divided into two groups, one inactive and the 

feeding and resting for periods comparable to those observed at Marsden 

and Bottlmer. 

I f one examines pools below the high water mark, (see the bottom of 

Table(8), i t i s clear that there i s one striking feature that distinguishes 

the distribution of winkles at Boulmer. Approximately 50$ of the pool's 
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inhabitants are above the vater surface. The Marsden and Hartlepool winkles 
are seldom found in such a position and remain underwater where can 
usually be observed feeding. Perhaps feeding i s restricted at high water 
unlike Boulmer where i t often seems to be in i t iated by the flood t ide. 

Most probably this difference i s related to the degree of exposure 

experienced by the winkles at high water. I n the calm conditions of Boulmer 

feeding animals are unlikely to tbe dislodged as they move over the rock 

surface. The turbulent sea at Ivlarsden and Hartlepool may cause such excursions 

to be rather more dangerous. 
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8.00 The reactions of winkles to various pollutants introduced to the pool 

8.10 The method used for performing these experiments i s described on 

page 41. 

The reponse of the experimental population to increasing concentrations 

of pollutant i s i l lustrated in the following figures where the Average 

Activity Index, AAI, is.'plotted against concentration in ppm. 
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Fig . (18): Changes in Average Activity Index, (AAl), with differing 

Na + concentrations in the pool vater 

+ Boulmer, pool 16, 22/5/75 

o Liars den, pool 18, 2 and 8/5/76 

• Hartlepools 1 Point, pool 25, 16/6/76 
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8.20 :fhe effect of reducing the sal inity in the pools 

The reponse curves i l lus trated in P i g . 8 ) are typically 'Z'-shaped: 

reducing the ionic concentration from.'normal* values i n i t i a l l y had l i t t l e 

effect but below a certain concentration the winkles began to vacate the 

pool. This occurred over a range of concentrations probably related to 

differences in individual tolerance of dilution. A few winkles did not 

emerge but remained inactive below water. These animals kept the AAI under 

f ive . Further dilutions did not increase this figure. 

I t i s interesting to note that, although the thresholds of response 

at Marsden and Hartlepool were s imilar, the winkles at Boulmer reacted 

more rapidly and began to leave the pool when the Na + concentration had 

been reduced to 7 ,800 ppm. 

Since the commonly experienced sa l in i t i e s at Marsden and Hartlepool 

are both somewhat lower than at Boulmer this difference i n response may 

indicate that the winkles are acclimatized to waters of lower sa l in i ty . 

At a l l three sites the threshold of response i s approximately 2,500 ppm 

Na + below the i n i t i a l value at the start of the experiments. 

Natural dilutions tolerated by L . l i t torea vary from 4,600 ppm Na + 

in the Ba l t i c to 6,400 ppm Na + on the Norwegian shore of the.North Seas 

(data compiled by Brattegard 1966) • 
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Fig. (19): Changes i n Average Activity Index, (AAl) , vrith differing 

concentrations of Acetic Acid in the pool vater 

+ Boulmer, pool 16C, 10/8/76 

G Marsden, pools 20 and 21, 23/6/76 

• Hartlepools' Point, pool 25, 25/6/76 
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8.30 The response to increasing concentrations of Acetic Acid 

At Karsden winkles clearly responded to concentrations in excess of 

350 ppm by emerging from the pool and becoming inactive. 

The curves for Boulmer and jiartlepool do not reveal such a definite 

reaction. However, i t i s clear that avoidance behaviour began at the lat ter 

site as the Acetic Acid concentration approached 500 ppm. At Boulmer, 

although a threshold i s not apparent, the winkles may well have been respond­

ing to concentrations as low as 200 ppm. 

I t i s d i f f i cu l t to explain why the various populations of winkles 

should respond differently to a chemical which must be rarely encountered 

in the natural environment. One hypothesis might involve the mean size 

of the animals: the sl ightly smaller winkles at Hartlepool may be unable 

to respond as rapidly as larger individuals at other s i tes . 

Alternatively i t i s a temptation to attribute such differences to 

the degree of pollution. Animals at the most polluted s i te , Hartlepools' 

Point, may be more tolerant of chemical pecul iari t ies in their environment. 
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Fig.(20) s Changes i n Average Activity Index, (AAl) , v/ith differing 

concentrations of B.P. Lubricating O i l 

+ Boulmer, pool 16A, 10/8/76 
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8.40 The response to adding B.P. lubricating o i l 

Winkles at both Boulmer and Marsden started to respond to additions of 

o i l at concentrations of about 200 ppm. The reaction of most animals 

was to emerge from the water but some remained clumped and inactive 

below the surface. I t .should be remembered that o i l i s a surfa'ctant and 

hence concentration in ppm i s perhaps an inadequate description of the 

quantity present. 

Surprisingly, animals deep in. the water were able to sense some more 

soluble constituent of the o i l and respond accordingly even i f this, 

required them to traverse the water/air boundary where the o i l concentration 

i s presumably at a maximum. 
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F i g . (21): Changes in Average Act iv i ty Index, (AAl) , v/ith differing 

concentrations of 'citron Vert' 

+ Boulmer, pool 16B, 10/8 /76 

e Karsden, pools 17 and 20, 8 /6 /76 

• Ilartlepools 1 Point, pool 22, 16/6/76 
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8.50 The react ion to a detergent; 'C i t ron Vert ' washing-up l i q u i d 

Winkles proved to be, extremely, sensi t ive to 'C i t ron Ver t ' and began 

to evacuate the pools a t concentrations not exceeding 25 ppm. 

The response i n Boulmer pools was somewhat more rap id and vigorous 

than a t the other s i t e s . 

The animals were rather more re luctant to pass through the surface f i l m 

disturbed by detergent than when i t was contaminated wi th o i l . Frequently 

the emerging winkle stopped when i t s tentacles touched the surface and 

remained inac t ive jus t below the wa te r . . . 
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RLg. (22): Changes i r i Average A c t i v i t y ' I n d e x , (AAl) , vri-th d i f f e r i n g 

concentrations o f Benzene i n the pool vater 

G Marsden, pool 18, 25/6/76 
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8.60 Winkle response to Benzene 

The response, observed a t JGarsden on ly , began a t concentrations o f 

around 150 ppm and was graduated over an' extended range up to 700 ppm. 

Fewer animals ac tua l ly l e f t the water and tended to remain inac t ive 

below the surface. 
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Pig . (23): Changes i n Average A c t i v i t y Index, (AAl) , v/ith d i f f e r i n g 

concentrations o f Urine i n the pool vater 

o Marsden, pool 19, 2/5/76 
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8.70 Winkle response to Urine 

Urine was added to the pool simply because i t was an easi ly avai lable 

unpleasantry with which to subject the winkles, nowever, the animals 

remained unperturbed u n t i l concentrations exceeded 1000 ppm when they 

began to leave the poo l . 
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9.00 Discussion 

The experimental add i t ion o f various chemicals to the pools produced 

t7;o su rpr i s ing r e su l t s . F i r s t l y , the reactions of winkles was quite d e f i n i t e 

i n most cases and wel l expressed by the s ix point c l a s s i f i c a t i o n of 

behaviour used i n t h i s study. The avoidance react ion generally involved 

the emergence o f the winkles from the water but i t was usual f o r some 

ind iv idua l s to remain inac t ive underwater. Thus AAI scores o f f i v e and 

greater were seldom a t t a ined . Secondly, the response curve was o f t e n 

1 S' or 'Z'-shaped, there being a d i s t i n c t threshold of react ion and also 

an upper l i m i t beyond which the winkle d i s t r i b u t i o n and a c t i v i t y remained 

l i t t l e changed regardless o f f u r t h e r addi t ions to the poo l . 

Although these experiments t e l l nothing about the chronic inf luence ' o f 

po l lu t an t s , they do point to the extreme s e n s i t i v i t y o f winkles to the 

in t roduc t ion o f low concentrations to t h e i r pool h a b i t a t . As a means o f 

determining a comparative e f f e c t o f various substances when released 

in to the environment t h i s technique of observing the vigour o f the 

behavioural response may be o f some in te res t to those concerned with 

environmental p ro tec t ion . 

The response curves to the same po l lu tan t a t d i f f e r e n t s i t es suggest 

that animals from the more po l lu t ed s i tes are somewhat more to le rant 

of the experimental add i t ion o f f u r t h e r noxious substances to t h e i r 

environment. I t i s important to note that although the i n i t i a l response 

has been du l l ed , i n the long term such addi t ions might prove f a t a l . 

Thus the s e n s i t i v i t y o f winkles to deliberate p o l l u t i o n may be some 

measure o f environmental q u a l i t y . A s imi la r resu l t was obtained by 

Foret-Kontardo 1970 who noticed tha t mussels,( Myti lus g a l l o p r o v i n c i a l i s ) , 

from po l lu ted waters were less sensi t ive to detergents than those from 

unpolluted areas. 

The t o t a l number, mean size and d i s t r i b u t i o n of L . l i t t o r e a on the shore 

would, appear from t h i s study to be r e s t r i c t e d by l i t t o r a l p o l l u t i o n 
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as wel l as "by na tura l variables such as exposure. I t seems l i k e l y , f o r 

instance, that the range of avai lable habi tat i s reduced a t Har t lepools 1 

Point by excessive sedimentation. The t u r b i d i t y of the water may also 

a f f e c t the growth of a l g a l foods and t h i s i s l i k e l y to be an important 

check on the growth and reproduction o f winkles. 

There i s a suggestion that winkles i n the higher pools a t Hart lepool 

are less ac t ive than those i n s imi l a r s i tua t ions on less po l lu ted shores. 

However, these resul ts are by no means conclusive and i t would seem 

that there are no great d i f ferences i n winkle behaviour which can be 

a t t r i b u t e d to var ia t ions i n pool water q u a l i t y . 

The skeleton o f t h i s inves t iga t ion has been traced and the resu l t s 

have, proved, i n d e f i n i t e . Further inves t iga t ion o f the behavioural v a r i a t i o n " 

would be required to put f l e sh on the skeleton and conclusively demonstrate 

that between-site d i f ferences exis t or no t . 

I t has become'reasonably clear , unfor tunate ly , tha t the behaviour o f 

L . l i t t o r e a as observed i n rock pools i s u n l i k e l y to provide a u s e f u l 

c r i t e r i o n f o r de f in ing the extent o f l i t t o r a l p o l l u t i o n a t p a r t i c u l a r 

s i t e s . 
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10.00 Summary 

(1) Rock pools a t Boulmer exhib i t large f luc tua t ions i n water temperature 

which depend great ly on the volume and morphology of the pool . ,pH and 

s a l i n i t y do not appear to vary much. 

(2) Suspended sediment modifies the temperature extremes which would 
i 

otherwise develop i n po l lu ted rock pools at Hart lepools ' Poin t . Low pE 

values may be reached i n m i d - t i d a l pools during the n i g h t . High l eve l 

pools do not show such f l uc tua t i ons but do have a more var iable s a l i n i t y 

than a t Boulmer. 

(3) P o l l u t i o n i n the form o f a heavy nu t r ien t r i c h sediment load has caused 

the m i d - t i d a l pools a t Hart lepool to deteriorate as a h a b i t a t . The animals 

and plants that l i v e i n them have become very l i m i t e d both i n terms o f 

species and numbers. I n shallow pools about KHWN the biota i s much r i cher 

and p o l l u t i o n i s not so evident. I t i s l i k e l y that browsers such as limpets 

and winkles are responsible f o r the maintenance of t h e i r h a b i t a t . 

' (,4) Pools around MHWS are s imi l a r at a l l three s i tes and are character is t ­

i c a l l y inhabited only by L i t t o r i n i d s . There is.some suggestion that •' 

L i t t o r i n a l i t t o r e a l i v i n g i n Hart lepool pools are less ac t ive than those 

i n a s imi la r habi ta t a t Marsden and Boulmer. 

^5) L i t t o r a l p o l l u t i o n i s l i k e l y to have had a detrimental e f f e c t on the 

numbers, growth rate and s e t t l i n g success of winkle-populations as wel l as 

reducing the extent o f shore habi ta ts sui table f o r them. 

(6) A baseline study o f Boulmer winkles i n pools above the then current 

high water mark showed that the a c t i v i t y of these animals was p r ima r i l y 

influenced by the twenty-four hour sun cycle, uther variables seem to have 

had l i t t l e e f f e c t over the ranges observed. 

,̂7) Comparing the behaviour and a c t i v i t y o f L . l i t t o r e a at the three s i tes 

using t h i s knowledge o f 'normal behaviour 1 did not reveal any differences 
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which could be a t t r i b u t e d to p o l l u t i o n . The large numbers o f animals 

exposed on the rock surfaces a t Boulmer i s more l i k e l y to be a phenomenon 

re la ted to the sheltered nature of the s i t e . 

(8) The s ix-poin t c l a s s i f i c a t i o n o f behaviour used i n t h i s study can reveal 

the avoidance react ion o f winkles to various 'pol lutants* a r t i f i c i a l l y 

introduced to t h e i r pools. There i s usual ly a d i s t i n c t threshold concentration 

above which animals s ta r t to emerge from the pool or become inac t ive 

below the surface. 

(9) Reactions were p a r t i c u l a r l y strong to a detergent which caused rap id 

evacuation o f the pool a t very low concentrations. Less v io l en t responses 

were e l i c i t e d by o i l , benzene, u r i n e , ace t ic ac id and d i l u t i o n wi th f resh 

water. 

(JO) There i s evidence to suggest'that winkles from more po l lu ted s i tes 

are less sensi t ive to f u r t h e r exot ic addi t ions to the water than those 

from cleaner areas. 
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APPENDIX (3) 
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R.TWCEO 

BouLMER 

MAntoin ate* 

HMW-CPOOLS- POINT 

i g . ( 2 4 ) : North-east England shovdng the s i tes mentioned i n the tex t 
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F i g . ( 2 5 ) : Sketch Map of Boulmer 
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F i g . (26): Sketch Map o f Hartlepools* Point 
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