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ABSTRACT 

The aim of the thesis was the investigation of the intertidal 

macroinvertebrate distributions of the Dee Estuary and the factors 

controlling their distributions. 

The work consisted of a series of extensive systematic grid 

surveys over the Estuary in the Spring and Autumn covering a period 

from 1971-76, backed up vrith more intensive stratified random 

sa pling in selected representative areas of the Estuary. 

The environmental factors investigated included salinity, 

temperature, particle size, percentage loss on ignition, tidal 

height but as the work progressed two other factors were found to 

be of great importance, these were the degree of protection from 

wave action and the effect of predation. 

Five consistent biological co=1rities were defined for each 

of the surveys by objective numerical analysis techniques (Hormal 

Association Analysis) and it was found possible to relate each of 

these communities to a unique set of physical/chemical factors. 

The data obtained in the initial stages of the study revealed 

the possibility of a balance in the relationship between the 

invertebrates and their predators which included other invertebrates, 

estuarine fish and birds. 

Analysis of the predation rate on Macoma balthica data revealed 

a mathematical relationship and an apparent inini=17n feeding density 

by the predators. 

The hnmthesis was tested further by a variety of techniques 

including experiments with netted exclosures constructed on the 

Estuary 
-and all the available evidence from the study substantiated 

the hypothesis. 



1 INTRODUCTION 

The Study 

The Dee Estuary is situated on the northernmost part of 

the boundary between England and Wales. It drains in a north- 

westerly direction into Liverpool Bay, 5 kilometres west of the 

Mersey Estuary. The upper part of the Estuary is a tidal canal 

15 kilometres in length from Flint to Chester, the lower Estuary is 

17.6 kilometres long gradually broadening to 8 kilometres in width 

at the mouth. Its total area is approximately 125 squalre kilometers 

of which 65% is intertidal mud and sand (Map 1). For the 

purposes of this study the Estuary does not include the canalized 

portion from Flint to Chester. The outer limits of the study were 

defined by a line joined from Point of Air (SJ 121853) to Red Rocks 

(SJ 20388.5). 

The Dee in common with other major estuaries in the British 

Isles is under very considerable pressure from man's activities 

at the present time. Three new major developments could have 

dramatic effects on the biology of the Estuary and these are 

(1) proposals for a large urban complex with a 

population of Z million centred on the Welsh side 

of the Estuary. 

(2) Industrial development is steadily increasing and 

there are proposals for a nucleur or conventional 

power station of 2500 megawatts near Flint. 

(3) The Dee is proposed as an area for a barrage scheme 

combining a road crossing and multipurpose 

reservoirs, such a scheme would provide 300 million 

gallons of fresh water per day. 

To place these new developments in perspective and in 

particular the impact a possible barrage scheme would have on the 
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Estuary I have included at the end of the introduction a short 

historical account of the history of the Dee Estuary. With these 

considerable threats to the Estuary it was felt that there was an 

urgent need to assess the ecology especially since the last 

invertebrate survey of the Estuary was in 1949 (Stopford 1951) and 

the Estuary is of international importance as a feeding ground for 

large numbers of migratory waders and wildfowl supporting over 10% 

of the British wader population and 2% of the wildfowl population. 

The basic aim of this thesis was to investigate the 

distribution of the intertidal benthic macroinvertebrates in the 

Dee Estuary and attempt to define the main environmental factors 

affecting these distributions, 

The Dee Estuary falls within the definition of an Estuary 

in that it is a semi-enclosed coastal body of water having a free 

connection with the open sea and within which seawater is 

measurably diluted with freshwater run off (Pritchard 1955)- 

The term benthic intertidal, invertebrate is defined 

as those invertebrates found between high and low tide marks, either 

permanently living on or within soft sediments or temporary 

invertebrates trapped by the tide but more normally found within 

the water column. 

The definition of the term macroinvertebrate is subjective. 

Many early surveys of estuarine faunas were restricted to those 

animals retained by a1 mm mesh sieve (Beanland 1940; Holme 1949; 

StoPford 1951; Raymont 1955). smidt (1951), like Beanland (1940), 

made the distinction between macroinvertebrate and microfauna, 

on the basis of a1 mm mesh sieve. This definition has remained 

and Green (1968) stated in his book "that it is possible to place 

whole groups of estuarine animals into one or other of these two 



categories so that a systematic account does not become too 

disjointed". Other workers investigating the interstitial fauna 

defined a further group, the meiofauna (Mare 1942) and this 

distinguished invertebrates which could pass through a 0-5 mm mesh 

sieve but which were retainý-d by a 0.05 mm mesh sieve. Many recent 

macroinvertebrate studies have reflected this distinction from the 

meiofauna by adopting a 0.05 mm sieve. The division is supported by 

the differing nature of the general sampling and processing 

techniques required (McIntyre 1971). Further it has been found that 

a 0-5 mm mesh retains the young stages of certain typical 

macroinvertebrate types such as Hydrobia ulvae (McGrorty 1973). 

Mtrincham (1974) further defined the macroinvertebrates as those 

species which moved or occupied spaces by displacing or swallowing 

benthic sediments. The definition can best be described therefore 

as one of convenience impýqsed artificially by man, and the 

definition of many macroinvertebrate species, particularly annelids, 

becomes determined by the length and intensity of sieving at either 

mesh size. 

The imposition of thir. man-made division also automatically 

means that the study of macroinvertebrates is concerned principally 

with adult stages and ignores the larval or small stages which my be 

released into the water column or be found on the surface of the 

sediment. Therefore this is essentially a study of the distribution 

of the adult stage of the lif e cycle. 

Investigations of the macroinvertebrates on estuaries has 

a long history dating from the work of Allen and Todd (1900,1902) 

on the Salcombe and Exe estuaries. Over the years many of the 

British estuaries have been studieds e. g. the Tamar by Percival 

(1929); the Tees by Alexander, Southgate and Bassindale (1935); 



the Dovey by Beanland (1940); the Aberdeenshire Dee by Milne (194o); 

the Exe by Holme (1949); the Towy by Howells (1964); the Ribble by 

Popham (1966); Morecambe Bay by Anderson (1972); the Severn by 

Boyden and Idttle (1973). Benthic invertebrates have been 

investigated on the Dee Estuary by Stopford (1951) and Perkins 

(1956). 

In addition to these general surveys on estuaries several 

works have been published of a more autecological nature so that 

many of the typical estuarine species have been studied in relation 

to a variety of environmental factors, e. g. Corophium volutator 

(Hart 1930; Watkin 1941), Cardium edule (Cerastoderma edule) 

(Kreger 1940; Hancock and Uquhart 1965); Crangon vulgaris Uaoyd 

and Yonge 1947); Nereis diversicolor (Dales 1951); Carcinus maenas 

(Naylor 1962; Crothers 1968); Nephthys sp. (Clarke, Alder and 

McIntyre 1962); H. ulvae (Newell 1964); Macoma balthica (Chambers 

and MUne 1975b; Caddy 1967); Scrobicularia plana (Hughes 1970a). 

Many of these works emphasised the- difficulties the physical 

environment represented to the macroinvertebrates, a dynamic 

environment determined partly by marine, freshwater and atmospheric 

components. 

I'luctuations in populations of intertidal estuarine 

macroinvertebrates have been recorded over many years (Coe 1956) 

and since many of these species are of economic importance the 

fluctuations became particularly noticeable. On the Dee Cerastoderma 

edule was severely affected by the cold temperatures of 196?, /63 

(Crisp 1964), as a result a commercial fishery disappeared. In any 

investigation of estuarine macroinvertebrates therefore some account 

has to be taken of their natural fluctuations. This could be 

overcome in two ways : 



(1) Extend the period of study over as many years as 

possible; 

(2) investigate the community level rather than the 

individual species. 

The latter approach would appear to be particularly 

valuable in an estuary. Although the concept of greater 

homoeostasis at the community level has been recognised for many 

years (Odum 1963). Objective investigation of communities has only 

become feasible with the development of techniques for the handling 

of large numbers of calculations required in the numerical analysis. 

With these developments have evolved several statistical methods 

of identification of the communities. No long-term estuarine 

investigation could be found which tested the community concept. 

The advantage of an investigation of the population at the community 

level was the possibility of defining objectively distinct habitats 

with common environmental parameters. Central therefore to the 

identification of factors controlling the distribution of the 

intertidal macroinvertebrates of the Dee was the identification 

initially of consistent communities. 

The choice of important environmental variables affecting 

the population of macroinvertebrates on the Dee had initially to 

be decided by the synthesis of critical factors built up over the 

years by previous estuarine researchers. Unfortunately limitations 

had to be imposed by the ability of myself to carry large numbers 

of samples and the problems of physical chemical analysis. 

Environmental factors investigated were divided into - 

(1) physical/chemical, which included salinity, particle 

size composition of the sediments, percentage loss 

on ignition of the sediments, height on the shore, 



temperature, and selected heavy metals. 

(2) biological, which included waders, wildfowl and 

fish. By good fortune, running concurrently with 

the first years of the project, a detailed monthly 

count of numbers of birds on the Estuary was 

undertaken. lathe latter three years a mcre 

detailed ornithological study took place by Buxton 

(1978) as part of the Dee Estuary Barrage Feasibility 

Study. In the final year of the study this was 

supplemented by estimates of seasonal variation in 

numbers of Platichthys flesus L. (flounder) by a 

postgraduate student colleague at Salford University, 

11 Parsons. 

The sampling programme took the form of a series of twice 

yearly extensive grid surveys established over the Estuary Wap 2) in 

which the macroinvertebrates and physical/chemical environmental 

factors were sampledg and backed up with more intensive sampling 

in selected areas. The extensive surveys were undertaken in the 

Autumn and Spring. In the Autumn the invertebrates could be 

expected to be near their maximum numbers after the Summer 

recruitment and the Spring surveys were carried out to note any 

subsequent changes in populations. More intensive sampling took 

place at three selected areas, these were along a transect from 

the saltmarsh to the main channel at Gayton (MaP 3) and two 

supplementary one year studies at Thurstaston and Mostyn Wap 4& 5) 

From an appraisal of the information derived from the early 

surveys and transect data a more detailed investigation took place 

on, M. balthica. The population dynamics of this species suggested 

a tentative hypothesis that there was some form of density dependent 



mechanism influencing the numbers of M. balthica subsequent to its 

settlement. From the various lines of investigation which included 

experimental nets the strength of this hypothesis uras examined. 

This part of the investigation was basically looking at the structure 

of the system. I had hoped. to investigate the energetics of the 

system but this functional part has now been undertaken by a 

postgraduate student colleague, Mrs H Moreira, using my stored 

material. This will provide important information on the relative 

productivity of the communities of macroinvertebrates outlined in this 

present investigation. 
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1.2 History of the Dee Estuary 

During pre-glacial times there was an extensive plain 

probably covered periodically by the sea extending from North Wales 

to the Pennines, these were the Triassic deposits. 

Later extensive faulting took place within the region, this has not 

been accurately dated but was possibly Tertiary or Cretaceous 

(Shackleton 1953). During the faulting on the Dee older 

Carboniferous rocks became exposed on the Flintshire shore. The 

presence of this faulting at first sight indicates the Estuary 

originating as a rift valley. Gresswell (1964) disputed this since 

the present Estuary does not follow the line of the faults, which 

are on average 40 0 out from the present line of the coast. 

Early authorities differed as to whether a major river 

system flowed into the Irish Sea through the Dee, some felt that 

the Dee joined up with the Severn and flowed south to the Bristol 

Channel. Wills (1912) was of the opinion that the upper 

tributaries of the Severn joined with the Dee and flowed north, 

the course presumably guided by the faulting, so that the actual 

course of this major river would not have been the same as the 

present Dee. ' 

The Pleistocene (glacial) period had a profound effect on 

the present Dee Estuary, there were a number of retreats of the ice 

sheet, possibly four. Apart from the erosion of 'UI shaped valleys, 

with freezing and melting of the icecaps, there were also large 

changes in the relative heights of the coastline and the land 

itself could rise and fall. 

The topography of the Estuary is unusual with its 

rectangular shape and parallel sides, quite unlike the shape of a 

normal-fluvial valley with marine incursion. Reade (1873); Lomas 



(1904); Wills (1912) &Gresswell (1964) believed that the origin of 

the Dee and nearby Hersey Estuaries to be glacial. The early 

authorities had to make use of the results from only a few bore 

holes in their hypotheses which indicated the present rock base in 

the two estuaries of the Dee-and Mersey to be about 18 metres below 

aluvium. But later borings, particularly in the upper regions of 

the two estuaries, indicated the rock to be much deeper, in fact 

over 83 metres in some cases, e. g. near Connah's Quay. Gresswell 

(1964) came to the conclusion that there had been direct ice gouging 

creating an irregular base. 

During the first phase glaciationýUrM I and perhaps in 

the older glaciations, valley glaciers of eastern Scotland and the 

Iake District became Piedmont in the Irish Sea and south-west 

Lancashire. Moving southwards driven by the thicker and higher ice 

to the north it came up against the mountains of North Wales. Much 

of the ice escaped over Anglesey and the Lleyn Peninsula to the 

west but there was also a lowland route at the south-eastern corner 

of the basin in the region of the present day Dee, Mersey and Alt 

Ditton rivers. As the glaciers moved inland they gouged deeper 

into the rock. Gresswell (1964) could find no term for the features 

and described them as liceways'. The Dee was the most westerly and 

the largest. Howell (1973) modified Gresswell's (1964) hypothesis 

by indicating that the irregular solid rock base was not caused by 

the direct action of ice. By using all the available bore hole data 

he considered that the pattern of erosion was more fluvial in origin 

and was created by meltwaters flowing beneath the glaciers. 

After the retreat of the glaciers much of the area became 

covered by glacial drift material attaining a considerable thickness 

in places. Then followed deposition of boulder clay and fluvio. 
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glacial sands and gravels. On the Dee all the bore holes sunk have 

encountered considerable thicknesses of these sands and gravels at 

places up to 50 metres in thickness and the greater part of the 

Estuary is now floored with these fluvio glacial sediments. 

These deposits pass upwards. into the recent sediments comprising 

sands, silts and muds deposited in the Estuary by the sea and river. 

The first reliable historic records of the Estuary comes 

with the Romans. Chester during the Roman occupation was an 

important port, second in importance to London, at the head of a 

deep sheltered estuary. During the succeeding centuries the 

Estuary probably remained relatively stable and in balance with the 

tidal regime but during the Norman period, although still navigating 

the Estuary to Chester, local merchants were complainirgthat the 

wier, which was built in the 11th Century to drive the flour mills 

for the town, was interfering with the sedimentation. The effect 

of the wier was to reduce the tidal influence above Chester since 

only large Spring tides could effectively top the wier and this 

would have the effect of reducing the amount of scour in the Estuary. 

Silting became so severe that by 1449 it became necessary to establish 

an outport 8 kilometres downstream at Shotwick (Map 6). The 

following series of historical maps taken from original prints have 

been redrawn by myself on present day Ordanance Survey maps using 

the original line of sight landmarks. Unfortimately silting 

continued so that by 1689 the outport had been moved a further 

8 kilometres downstream to Parkgate. During all of this period the 

River Dee tended to follow the English northern side of the Estuary 

and extensive saltmarsh was restricted to the Welsh shore (Map 7). 

Several attempts were made to improve the navigation but 

with little success. In 1732 there were proposals to improve 
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the navigation by the construction of a completely new cut, a 

canalized section of the river cut through solidified marshy &ound 

on the southern side of the Estuary (Map 8) and extended from Chester 

to Connah's Quay a distance of nearly 13 kilometres. It was 24 metres 

wide by 2.5 metres deep. Over the years the embankment of the canal 

was extended into the Estuary with the object of making the channel 

in the Estuary more stable and to try and confine it to the Welsh 

side. However, this was not particularly successful, even in the 

1930s' with the embankment extending down the Estuary to Flint, the 

main channel meandered to the &glish shore. 

The immediate consequences of the diversion cfthe River 

into the new cut, finally constructed in 1737, was the rapid build 

up of sediment in the sheltered water on the northern side and this 

rapidly became colonized by saltmarsh vegetation. Areas of 

saltmarsh away from prevailing gails proved easy to reclaim by the 

construction of embankments and the areas reclaimed formed excellent 

agricultural land (Map 9). The net effect was that reclamation 

encouraged more deposition of sediment, then advance of saltmarsh 

followed by further reclamation and the process continued 

(Maps 10,11 and 12). In addition to the reclamations on the 

northern shore, other reclamations had been taking place on the 

Welsh side. of the Estuary mainly associated with the advance of 

the railways in the 1850s and in the latter years of the Century 

industrial development was a contributory factor, e. g. Mostyn Dock 

and Point of Air Colliery. 

Up until the 1930s a notable feature displayed in Table 1 

and Fig. I %.., as the progressive relative decrease in the proportion 

of saltmarsh vrithin the Estuary down to 5.7% in 1932. However, 

since 1931 the position has changed dramatically, apparently 
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associated with the artificial introduction to the Estuary of the 

vigorous grass Spartina anglica (Hubbard). This plant was first 

introduced on the Dee in 1928 Massey 1937) this failed but further 

plantings were made in 1929. The next record was in 1945 when 

McMillan (194_5) found two pýants between Gayton and Parkgate and at Point 

Point of Air. There were then several records of its rapid spread on the 

Estuary and S. anglica has now taken over as a primary colonizer of the 

substrate. In 19-56 (Map 13) saltnarsh had increased and accounted for 

10% of the open Estuary. By 1971 (Map 14)it was 16.7% and in 1976 

Map 15)it was 18%. The present situation is now approaching the 

percentage found in the 1684 situation (bearing in mind cartographic 

problems) but the indications are that stability with the environment 

has not yet been established. 

Examination of surveys taken in 1888 and 1965 enabled the 

Hydraulics Research Station MRS 1973) to estimate the accretion to be 

100 x 10 
6M3. 

Theoretical considerations suggested that the rate of 

annual 
. 
accretion was 1x 10 

6M3. 
Five possible reasons can be 

given as explanations for the accretion witnessed in the Dee : 

(1) The Estuary represents an embayment of the Irish 

Sea acting as a trap for material which is moved eastward along the 

Worth Wales coast by longshore drift around the Bay. The quantities 

of material involved and the examination of the particles of the 

sediment revealed a mainly marine origin (H. R. S. 1973). 

(2) The tidal flow within the Estuary exacerbates the 

situation. Throughout the Estuary the ebb runs for a longer period 

of time and therefore more slowly than the flood (Fig. 2). At 

Spring tides the ebb runs for 9 hours at Connah's Quay and the 

flood for only 21 hours, at, Hilbre Island the figures are 7 hours and 

14 respectively. Average Spring tide maximum velocity of 1.2m /sec 

I 
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for the ebb compared-4th 2.4m/sec for the flood tide means that 

material brought in would be dropped because the slower ebb current 

could carry less sediment. The actual shape of the Estuary widening 

towards the sea itself reduces the scouring effects of the tides. 

The reclamation schemes out-lined in the Upper Estuary have all in 

turn reduced the tidal scour. 

(3) Control schemes for the prevention of floods and 

river regulations in the Dee River system also tend to limit the 

amount of land drainage water which might add force to the ebb 

current. 

(4) The training wall over the'years has been extended 

until it now lies above Flint and this now effectively encourages 

the main channel to meander to the Welsh side of the Estuary where 

strong man-made sea defences prevent erosion on the Welsh shore 

but allow accretion to occur at an increased rate on thanorthern 

shore. 

(5) The position of saltmarsh in the process as a 

contributor to the initial sedimentation is difficult to assess. 

Certainly accretion occurs within the saltmarsh (Jenson 1949) and 

water movement must be interfered with by S. anglica, but S. anglica 

is established after sedimentation has occurred and the relevant 

critical tidal height and degree of protection has been reached. 

The critical height has been defined by Ranwell (1964) at 

approximately +3-3 m Ordnance Datum (O. D. ). Possibly the main 

influence of the saltmarsh is that these areas are generally 

considered as wastelands by the general public and apparently the 

engineers! and are considered to be potential reclamation areas, 

but reclamation in these saltmarsh areas further reduces the tidal 

volume and contributes to the inbalance within the dynamics of the 
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Estuary. Even at the present time major new developments have been 

proposed (Map 16) which will totally cover the existing saltmarshes 

and these could have even more dramatic effects than the reclamations 

which have already been outlined. An indication of the change can 

be obtained from Fig 1. The saltmarsh cliffs witnessed at Flint 

and Bagillt although in a natural estuary indicate a balance 

developing with the tidal velocity in that estuary, in the Dee the 

training wall keeps the channel to the southern shore. In most 

places there are concrete sea defences but in the other areas 

saltmarsh cliffs have developed. In Map 15 the natural loss 

denotes the removal by the tide as opposed to hand picking of 

S. anglica by man which occurs in the Outer Estuary in an attempt 

to control its spread. 

Therefore it can be seen that man has had a profound 

effect on the Dee Estuary with approximately 3CrZ of the Estuary 

of 1684 having been reclaimed. Any further reclamation however 

small or large should be very carefully considered with a long term 

perspective. 
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M=MS 

2.1 Biological 

2.1.1. Sampling techniques 

The Estuary of the Dee covers an area of 125 km 
2. At the 

start of the study an important period of familiarization had to 

occur. The Estuary is particularly treacherous and more so for a 

single-handed undertaking. This unfortunately meant that at times 

the sampling method was dictated by the limitations imposed by the 

environment. 

During this period of general familiarization a pilot 

qualitative survey was carried out in various regions of the Estuary. 

Sampling of the invertebrates using a quadrat soon left much to be 

desired and it quickly became obvious that an efficient method of 

taking samples and sieving the animals from the sediment would be 

necessary. 

(a) Corer (Fig 

Although the area of a corer can be important statistically, 

practical considerations played a large part in the decision to use 
2 100 cm . Large cores presented problems of obtaining a clean cut 

at the base of the corer and extraction from the substrate, small 

cores presented greater interference by damage to the invertebrates 

and the core sample became more difficult to extract. Several 

recent w2rveys have made use of corers, Buscemi (1966); McLusky 

(1968a); Anderson (1972); Boyden and Little (1973); Kay and Knights 

(1975) and apparently they reached similar conclusions the majority 

selecting 100 cm 
20 

The simplest method of operation proved to be the most 

efficient. The corer was pushed to the required depth then ýmocked 

sideways sharply, this cleanly broke the core sample free of the 
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Scale 
05 10 15 20 25cms. 

Figure 3. Construction of Corer and Sieve. (A core plunger; 
B- deep corer; C- survey corer; D sieve, side 
and plan view). 
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sediment which was then lifted in a horizontal position into the 

sieve and given a sharp jolt usually the sample sliding out freely. 

In early models a piston arrangement was also tried but this proved 

inefficient. Finally a quick check was made to note if any 

invertebrates remained. 

(b) Sieve (Fig. 3) 

The importance of the sieve aperature size has been stated 

in the introduction. However the size of mesh greatly influenced 

the speed of sieving and an early decision was taken to adopt the 

-1 mm aperature size. Construction was of 16 gauge perforated 

mild steel, welded and brazed at the seams. The structure was made 

rigid with a wood square at the upper lip which also doubled as a 

convenient handle. For transport there were heavy canvas straps. 

Holes were round and of 1 mm diameterl these were preferred since 

unlike square holes the size of the aperature was not affected by 

the orientation of some of the invertebrates, e. g. bivalves. Also 

it was found that round holes did not become clogged by Annelids 

to the same extent as intertwined mesh and the removal of 

invertebrates was easier and more efficient. In operation the 

square construction of the sieve permitted gentle agitation of 

the water and substrate by a simple twistimg and up/down motion. 

To decrease sieving time this was occasionally supplemented by 

gently breaking the larger pieces by hand. For transparton the back 

the corer fitted into the sieve together with buckets and samples. 

The construction of the sieve was determined largely by 

practical considerations. In use it was found that a bucket type 

sieve with a mesh only at the base gave a tendency for the sieve 

to clog. Holme (1964) found this problem could be solved by having 

a side window of finer gauge or by having the bottom of the sieve 
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curved into an arc of almost a semi-circle. The present sieve was 

a development of this idea. In use perforations on the sides of the 

sieve proved as important as the base in allowing escape of excess 

water and a proportion of the sedimentg this considerably reduced 

the sieving time. Like the! corer the sieve had the disadvantage 

of mild steel construction involving oiling at the end of each 

session. 

(c) Core depth 

Previous work (Vader 1964; Holme 1949; Hughes 1970) on 

depth distribution of macroinvertebrates indicated that a very deep 

core would have to be employed if all the fauna was to be sampled. 

A compromise had to be made and 20 cm was selected. Notable species 

which presented problems were - 

(1) Nereis diversicolor was found to move vertically 

in the substrate Nader 1964) apparently controlled by the tide 

and water table. On the Dee specimens have been recorded at 30 cm 

depth. The time of sampling, therefore, could be critical in 

estimating numbers of this species and as far as possible sampling 

followed the ebb tide, which also conveniently meant there was 

abundant water for sieving. 

(2) arenaria was found to occur at various depths 

in proportion to its size. Generally either only spat, small 

individuals or a portion of the massive siphon were sampled. 
(3) Arenicola marina was generally found at depths below 

the core limits in this study but its presence was made obvious by 

the typical A. marina casts. However the non occurrence of casts 

could not be taken as a sign A. marina was absent as quiescent 

periods have been recorded for this species. (Newell 1948; Wells 19.53). 
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The depth adopted by other recent surveys was 15 cm 

(Kay & Knights 1976; Eagle et al 1974), 10 cm (Anderson 1972; Boyden 

and Little 1973). 

(d) Sampling intensity 

The pilot surveys. indicated that the sampling would have 

to be at two levels of intensity depending on whether it involved 

extensive surveys covering the whole Estuary for elucidation of 

community structure and relation to environmental factors or more 

intensive sampling on a monthly basis in which more reliable 

estimates of variation in invertebrate density throughout the year 

would be required. The choice of numerical analysis technique 

would have a large bearing on the ultimate way in which the 

extensive survey would be carried out either a systematic sampling 

of the Estuary on a regular grid or taking random samples. 

Following statistical advice Association Analysis (AA) 

(Williams and Lambert 19.59) was selected for community structure 

analysis. This meant selection of systematic sampling on a regular 

grid. The grid was selected at random by basing it on Ordnance 

15urvey grid coordinates. 

The extensive grid samples were taken on a predetermined 

regular grid over the intertidal regions, every 350 metres across 

and 700 metres along the Estuary (Map 2). At each site 5x 100 cm 
2 

replicate cores were taken from an area 1m2. Two main - 

problems arose Melgraves (sand waves)(Humby & Dunn 1975) 

usually with deep water pools. By adhering strictly to the compass 

bearings to avoid selection meant some samples had to be lost. 

Similarlyl some sample sites lay near or actually in a drainage 

channel. In most cases these could be left and returned to later 

when the water level had dropped sufficiently to make a sampling 
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possible. This technique was greatly helped by the hovercraft 

allowing quick return visits. 

The number of sampling sites ranged from 96 sites in 

Spring 1975 to 275 in Autumn 1971. Ideally, for the methods of 

analysis used later, it was. preferable to aim for approximately 

200 sample sites. These can be seen in Maps 17 - 24. 

Sampling was carried out in the Autumn and Spring. In 

practice due to difficulties this was not possible over the six 

years of the study but priority was given to the Spring surveys 

for reasons which will be seen later. The aim was to keep the 

sampling period in the surveys as short as possible to prevent 

problems of change in the invertebrate densities, e. g. migration. 

In early surveys carried out on foot the period was approximately 

seven weeks. Later surveys using the vehicles cut this time down 

to 2-3 weeks. 

At Gayton nine sample stations were seitýted down the 

shore and these were based on the extensive survey grid to complement 

it and provide economy of effort. Distance between sites was 

350 metres (Map 3). The stations were numbered from the upper 

shore down 1,8,15,22,29,36,43,50 and 57. At each site five 

random replicate 400 cm 
2 

cores were taken, from a 25m 2 
area using 

random orthogonal coordinates. Sampling wasas near monthly as 

possible. 

At. Thurstaston Map 4) there were three sample sites and 

sites 1 and 3 were based on the extensive grid, the middle site was 

off line to take in a bird observation hectare. Five random 

replicate 200 cm 
2 

cores vere taken from a 25m 
2 

area by random 

orthogonal coordinates. Sampling took place approximately every 

2-3 months. 
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At Mostyn (MaP 5) there were two sites, site 1 was 

based on the extensive grid, site 2 was 20 metres distant. 

Five replicate random 200 cm 
2 

cores were sampled and this took 

place approximately every 2-3 months. 

(e) Statistics 

The requirements of the AA was a reliable estimation of 

the species found at each sample site. Several workers have 

investigated the problem by recording the cumulative increase in 

numbers of species taken in successive replicate sample7s. Holme 

(1953); Jones (1956); Longhurst (1959a); Ellis (1960); Ursin (196o). 

Similar cumulative curves were found on the Dee (Fig. 4). This 

specimen indicates the rate of increase in species when 50 samples 

were takeh at site 33-18, -016 
2 

replicates from a 50m 2 
area by random 

orthogonal coordinates in Autilmn(30-9-731 The proportion of species 

was high even in the first core sample then increased in the next 

few samples quickly reaching a plateau. Holmes (1953) pointed out 

that the cumulative curve would not reach an asymtote until every 

part of the grgund had been taken because there are always rare 

species. On this graph the recruitment rate after 7 cores was very 

slow with the addition of only one species in the next 43. Ursin 

(1960) discussed in detail the use of cumulative curves and pointed 

out that much was left to chance. using the previous method 

theoretically if one replicate contained all the species represented 

in the sample the curve would have nd slope at all. He proposed 

the use of semi-cumulative curves. The number of species in one 

core is calculated by computing the mean of the number of species 

in single cores, the mean of-the number of species in two cores is 

calculated by taking the cores two Py two and so on. By this method 

he obtained more consistent and smooth curves. The results of this 
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method are shown in Fig. 5 using the same sampling data at site 

33-18. Both these curves indicated that the 500 cm 
2 

used in the 

extensive surveys was adequate for a qualitative assessment of the --- 

invertebrate fauna in the area_, 80% of the species being present. 

To sample the other 20% would have required a ten-fold increase in 

sampling effort. These findings are an example relating to one 

site during the Autumn sampling period but examples are also 

presented (Fig. 6) of the cumulative curve during the Spring (7-3-75) 

sampl. ing period at sites 33-19,33-18 and 33-14. Similar curves 

were produced supporting the adequacy of the selected sampling size. 

Here quadrupling of the sampling effort would have increased the 

species list by approximately 8% at site 33-19, by 10% at site 

33-18 and 30% at site 33-14. The requirements of the quantitative 

intensive sampling and the quantitative aspect of the extensive 

sampling was for a reliable estimate of the density, this partly 

depends on the dispersion of the fauna, but a preliminary estimate 

can be calculated by plotting the mean of the number of individuals 

in increasing. numbers of samples. Examples have been presented of 

four of the more common species Eteon`e longa, H. ulvae, M. balthica 

and N. diversicolor both in the Autumn (Figs. 7- 10) and Spring 

surveys (Fig. 11) at site 33-18, using the previous sample data. 

The intensive sampling required random samples. Only 

when this occurs can an estimate of the mean be given which includes 

an estimate of the precision of the mean (Greig Smith 1957). 

Unfortunately the pattern of distribution which is a fundamental 

characteristic of any population, has an important effect on the 

precision which can be obtained. Organisms can be distributed 

in three basic alternative patterns. Random, even or aggregated, 

or a combination of these types depending on the scale of 
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investigation. 

Random in which the probability of an individual occurring 

at any one location is the same as the probability of it occurring 

at any other location. 

L'ven distribution occurs when the individuals are so 

distributed that*all are equidistant from their nearest neighbour. 

Aggregated distribution occurs when the individual at a 

given location is apparently dependant upon the position of other 

individuals. 

In the study of distribution patterns a common procedure 

has been to make the assimption of random distribution and test 

departure from the Poisson series, using a variance statistic. In 

this study the closeness to a Poisson type distribution has been 

assessed by the Coefficient of Dispersion (C. D. ) as first used by 

Salt and Hollick (1946) and later used in the benthic investigations 

of Holme (1950); Clarke and 11ilne (1955); Ursin (1960); Jones (1961). 

The coefficient 
E(X -X), 

(n - 1) 

is based on the fact that the variance is equal to the mean in 

the Poisson distribution. Therefore the coefficient is equal 

to unity in'a randomly dispersed population, to more than 1 if there 

is a tendancy to aggregation and to less than 1 if-the distribution 

is more even than random. The limits denoting significant 

aggregation or evenness were calcu2: -ated by using the formula 

t2 
-2n -7n -1 

JL- 

71 1= 

Examples of Coefficient of Dispersion values for six common X-- 

macroinvertebrates throughout the period 1975-76 have been presented 

in Tables 2-9. Use of five as the basic sampling replicate made 
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,, 
2 

Date Station 15 Station 22 Station 29 Station 36 

7- 3-75 4 6* 0.56 o. 48 1.09 
16- 4-75 :J 

09 - - 0.38 
15- 5-75 3.36 * 0.78 0.71 2.32 
17- 6-7.5 0.67 IY-. 63 3.09 * 0.53 
18- 7-75 2.43 0.75 8.9o * 1.38 
21- 8-75 3.42 * 0.67 13-29 * 5.93 
26-10-7.5 1.29 0.43 7.78 0 2.24 
30-11-75 0.70 6.18 3 -25 * 0.9 
28- 1-76 2.. 58 1.44- o. 64 - 
27- 3-76 1.76 o. o6 1.76 o. 44 

6- 5-76 0.33 0.29 0.67 o. 43 
19- 6-76 0.35 0.37 0.03 1.22 
4- 8-76 2.63 * 4. o 2.07 0.1 
4-10-76 2.76 * 1.24 1.29 0.17 

31-12-76 1.95 0.02 3.0 0.28 

L 
27- 2-77 

1 - 4.91 2.27 
1 

0.53 

Table 2. Coefficient of dispersion values for Nereis diversicolor 
at four Stations on the Gayton transect. value 
showing significant aggregation. 

Date Station 15 Station 22 Station 29 Station 36 

7- 3-75 420.91 * 2.71 * 58.35 * 16.19 * 
16- 4-7 5 10.67 * - - ig. o6 * 

. 15- 5-75 6.45 * - 164-71 * 54.65 
17- 6-75 325.29 * 28-57 * 98.6.5 * 18.18 
18- 7-75 439-39 * 97.92 * 466.67 * 171.43 
21- 8-75 - 75.83 * 163-39 * 9.25 
26-lo-75 69.23 * 62.8 * 524-31 * 14-07 
30-11-75 23-59 * 6-36 170-91 * 21.04 
28- 1-76 25.18 * 6.67 o. 67 - 
27- 3-76 122.96 * 33-35 19-30 * - 6- 5-76 163-50 * 66.66 4. o * 0-59 
19- 6-76 15-0 * 0.33 22o. 61 0 0.75 
4- 8-76 3-70 * 26.67 66.56 * 100-31 
4-10-76 93-17 * 55-35 0-17 4.19 

31-12-76 0.14 14. o 192-50 * 15.4o 
27- 2-77 866-51 141.88 * 2.67 

Table 3. Coefficient of dispersion values for Pygospio elegans 
at four Stations on the Gayton transect. 
*- value showing sIgnificant aggregation. 



Date Station 15 Station 22 Station 29 Station 36 

7- 3-75 1.0 0-5 
16- 4-7.5 1-C5 - - 5-71 
15- 5-75 - 1.81 3.94 * 0.96 
17- 6-75 2.0 1.0 0-75 0-5 
18- 7-75 4.4 2o. 6.5 * 1.48 0-13 
21- 8-75 Mo 3-12 * 1.13 1.35 
26-lo-75 0.22 5. o4 * 6.36 * 2.02 
30-11-75 0-5 1-38 1-5 1.64 
28- 1-76 2.86 14-73 * 1.0 - 
27- 3-76 - 7.82 1.67 

6- 5-76 - - 
19- 6-76 - 1.0 3.5 s - 
4- 8-76 0-75 0-55 2.61 * - 
4-lo-76 o. 69 0-75 1.0 - 

31-12-76 0.5 1.8 - 
27- ? --ý-77 1.0 - - 

Table 4. Coefficient of dispersion values for Scrobicularia plana 
at four Stations on the Gayton transect. value showing 
significant aggregation. 

Date Station 15 Station 22 Station 29 Station 36 

7- 3-75 13-91 * 2.21 0 1.2 1.17 
16- 4-? 5 3.3 * - - 1.38 
15- 5-75 o. 81 o. 96 1.67 2.01 
16- 6-75 2.57 124. o3 * 695.6 0 15.88 
18- 7-75 47.62 * 47.81 * 98.1 * 4o. 44 
21- 8-75 lo. 68 * 72-78 * 55-53 * 1.05, 
26-10-75 5.33 * 24.3 * 166.99 0 4.88 
30-11-75 6.094 * 12.47 * 8.23 * 9.5 
28- 1-76 16.28 * 6.45 * 3.20 0 - 
27- 3-76 3.6-5- * 2-2-33 * 7.97 * 0.71 

6- 5-76 2.96 * 0.53 1.68 4.38 
19- 6-76 0.43 27.66 * 5.29 * 0.36 
4- 8-76 13.26 * 13.12 * 17.23 * 0.25 
4-lo-76 80.52 * 1.84 3-58 * 0.54 

31-12-76 17.62 * 3.64 * 9.33 * 0.17 
27- 2-77 15-83 * o. 34 o. 88 

Table 5. Coefficient of dispersion values for Macoma balthica 
at four Stations on the Gayton transýct. 
*- value showing significant aggregation. 



Date Station 15 Station 22 Station 29 Station 36 

3- 3-75 12.29 * 2.22 * 0.93 2.4 * 
16-4-75 2-58 * - - 0.59 
15- 5-75 o. o8 - 0.67 1.12 3.21 * 
17- 6-75 5.81 * 135.14 * 741.7 * 17-34 * 
18- 7-7.5 82.42 * 50-59 * 101.1 * 45-59 * 
21- 8-7.5 8.25 * 71.84 * 58-36 1.23 
26-10-75 6.9ý * 20.29 * 166.53 8.19 * 
30-11-75 7.44 * 15-91 * 8-55 1.24 
28- 1-76 17.5 * 4.66 * 2.. 54 - 
27- 3-76 4-13 * 22.02 * 6.26 o. 36 

6- V r7lf 

.; )- 26 2-5 o. o6 o. 85 3.21 * 
19- 6-76 0.23 28.94 * 4-7 * o. 64 
4- 8-76 14.24 * 11-03 * 20.73 * 0-59 
4-10-76 76-31 * 2.97 * 4.23 o. 49 

31-12-76 22-70 * 3.54 * 15-38 0-70 
27- 2-77 17-57 * Oo32 1.49 

Table 6. Coefficient of dispersion value for Macoma balthica 
10 mm and less in length at four Stations on the 
Gayton transect. value showing significant 
aggregation. 

Date Station 15 Station 22 Station 29 Station 36 

7- 3-75 2.75 * 0.83 2.12 2.4 
16- 4-75 1.83 - - 1.71 
15- 5-75 o. 89 - 1-13 1.41 o. 6 
17- 6-75 

-0.74 
o. 67 1.42 2-15 

18- 7-75 12.16 * 0.72 0-56 1.31 
21- 8-? 5 2.55 3-16 * 1.8 o. 66 
26-10-76 l. o6 4.53 * 6.27 0.79 
30-11-75 0.5 0-59 2.16 1.26 
28- 1-76 2.0 2.95 * 1.02 - 
27- 3-76 o. 68 2.6 2.05 o. 88 

6- 5-76 1.2 1.4 3.98 1.64 
19- 6-76 1.55 0-5 1.68 0.04 
4- 8-76 1.48 3-02 * o. 85 o. 72 
4-10-76 4.5 0-33 2-36 2.4 

31-12-76 o. o6 0.23 6.2 1.41 
27- 2-77 o. 47 1.01 1.44 

Table 7. Coefficient of dispersion values for Macoma balthica 
more than 10 mm in length at four Stations on the 
Gayton transect. value showing significant 
aggregation. 
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Date Station 15 Station 22 Station 29 Station 36 

7- 3-75 1.52 1.58 1.47 1.64 
16- 4-75 3.96 * - - 2.04 
15- 5-75 0.5 7.4o 7.31 * 1.0 
17- 6-75 3.56 * 116-13 17.49 * 0-58 
18- 7-75 49.69 * 17-73 3.59 * 0.2 
21- 9-75 15-07 * 13-53 26.95 * 1.0 
26-lo-75 11.42 * 2.45 2.31 0-75 
30-11-75 12.74 * 25.34 0.5 - 
28- 1-76 11.56 * 41.05 1.48 
27- 3-76 1.87 2.5 0.09 

6- 5-76 6.30 * 11.96 3.71 * o. 66 

19- 6-76 2.33 2.29 2.07 o. 88 
4- 8-76 6.25 * 13.47 76. o * 9.81 * 
4-10-76 5.48 * 0.21 0.76 3.91 * 

31-12-76 23.27 * 2.45 0.83 0.78 
27- 2-77 8.80 1.89 

Table Coefficient of dispersion values for Kirdrobia ulvae at 
four Stations on the Gayton transect. value 
showing significant aggregation. 

Date Station 15 Station 22 Station 29 Station 36 

7- 3-75 2.0 2. o6 1.0 
16- 4-75 o. 89 - 0-75 
15- 5-75 2.0 0.90 o. 94 0-75 
17- 6-75 1.0 3-97 * 2.0 1.0 
18- 7-75 0.74 1.5 

0A 

2. ul 0.7.5 
21- 8-75 0.57 17.42 * 36-97 * 2.37 
26-lo-75 0.70 291-57 * 166-35 * 0.67 
30-11-75 11.23 * 115.83 * 266-53 * - 
28- 1-76 98.81 * 10.91 * 2.86 - 
27- 3-76 11-35 * 3.09 * o. 67 2.0 

6- 5-76 1.55 2.0 1.0 1.0 
19- 6-76 1.0 1.0 0.5 
4- 8-76 26.46 * 3.4o * o. 94 2.48 
4-10-76 66.45 * 17.84 * 61.22 * 4.71 * 

31-12-76 6.86 * 47-89 * 2.98 * li. 87 * 
27- 2-77 - 25-13 * 3.72 * 1.0 

Table 0. Coefficient of dispersion values for Corophium sp. at 
four Stations on the Gayton transect. *- value showing 

significant aggregation. 
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the data unsuitable for estimating even distributions. 

When dealing with populations ,., hich are non random an 

important consideration becomes the size of the sample replicate. 

Different size samples will be influenced by the inherent pattern 

of the aggregation and the problem has been outlined by 

Greig-Smith (1957). When estimating density of individuals per 

unit area these will be more accurate when based on samples of 

small variance. Greig-Smith (1952) indicated that sampling of an 

aggregated distribution gives a graph of variance against sampling 

block size having a pronounced peak, which occurs at a sample size 

corresponding to the mean area of the clumps. The existence and 

recognition of the peak therefore makes it possible to decrease the 

variance around the mean either by increasing or by decreasing the 

sample size depending on the actual position in relation to the 

peak. An example of the effect of the size of the sample on the 

variance (the C. D. value in this case) is given in Fig. 12. 

The results indicated the pronounced peak in three of the species, 

i. e: Pygospio elegans, E. longa and H. ulvae correspondirg to a block 

size of 0.1 m2 indicating that sampling size should be either above 

or below this value. Given knowledge of the dispersion it is then 

possible to set limits to the accuracy of the mean. Since 

statistical probabilities assume normal distribution of data, the 

data is then normalized by transformation. For random distributed 

populations a square root transformation is appropriate but for 

aggregated populations a log transformation has been found satisfactory 

(Bai-nes 1952; McIntyre 1971). 

(f) Sanmle site location 

The sample sites on the grid surveys were located by 

compass bearing. The bearings of knoum easily visible reference 

(Table 10, Hap 25) were predetermined from large scale 
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, Reference Compass Bearing Point O. S. Grid 

Reference 

1 Navigation Mast, Hilbre Island SJ 184880 
2 Observation Post, Red Rocks, Hoylake SJ 203885 
3 Slipway to shore, Red Rocks, Hoylake SJ 203883 
4 Littl 

,e 
Eye Si 199867 

5 North edge of Marine Lake or Slipway, West Kirby SJ 210868 
(depending on site) 

6 South edge of Marine Lake, West Kirby SJ 211859 
(depending on site) 

7 Observation Tower, West Kirby Sailing Club SJ 2168549. 
8 Navigation Column, West Kirby SJ 223866 
9 'Cable End', Shore Road, Caldy SJ 221851 

10 Top of. zig-zag footpath on the shore, Caldy SJ 222848 
11 'Aunt Sally's Cottage', Thurstaston SJ 236835 
12 Observation Tower, Dee Sailing Club, - Heswall SJ 253815 
13 Clock Tower, Royal Liverpool Childrens Hospital, Heswall SJ 267819 
14 Cayton Cottage, Gayton SJ 266800 
15 Bell Tower, Mostyn House School, Parkgate SJ 280779 
16 Bell Tower, Neston Parish Church, Neston SJ, 292774 
17 Harp Inn, Little Neston SJ 290761 
18 'Cosy Light' Navigation light at end of training wall, SJ 258736 

Flint 
19 Chimney, Paper Works, Oakenholt SJ 262715 
20 'Donjon', Flint Castle, Flint SJ 247733 
21 Boiler house chimney (tallest), Courtaulds Rayon Factory, SJ 244734 

Flint 
22 Railway Footbridge, Bagillt SJ 222754 
23 Highest point of Slag Reduction Co. Tip, Bagillt SJ 217761 
24 No. 1 Boiler house chimney, Courtaulds Rayon Factory, SJ 202772 

Greenfield 
25 Red corrugated iron hut, Llannerchymor Dock SJ 177796 
26 Mostyn Warehouse, Industrial Estate, Mostyn SJ 159807 
27 Centre door of-No. 5 transit shed (bonded) warehouse SJ 155812 

Mostyn Dock 
28 Railway Footbridge, Ffynnongroew SJ 141820 
29 East lift winding gear, Point of Air Colliery, Ffynnongroew SJ 128837 
30 Point of Air Lighthouse, Talacre SJ 121853 

Table 10. Positions of compass reference points used in 
the surveys (see Map 25). 



«x Q 

Ordnance Survey maps of 2T'and 611 scale and placed on individual 

record cards carried in the field. To increase accuracy the 

bearing line from the sample site to the reference points was kept 

as short as possible and the angle between two of the bearings as 

close to 90 0 as would permit. A minimum of three bearings at each 

site enabled triangulations to increase the accuracy further. 

Corrections were made for magnetic deviation appropriate for the 

year. The method although accurate was tedious especially as the 

corer and sieve and any metal objects had to be removed before each 

site bearing was taken. 

The Gayton sampling sites were initially located by compass 

bearings. The sites were then marked by thin bamboo stakes. Between 

each site further stakes were positioned every 50 metres. These 

were mainly for safety in conditions of low visibility and the 

short u-Inter days and they also provided quick references if a 

particular stake was lost along the line, an army type marching 

stick was most useful in this respect. Provided the stakes were 

sunk deeply, except for some of the lower sites near the main 

channell many remained for a considerable time. By using thin 

bamboo stakes scour round the base was minimised and little 

interference was caused to the local trammel net fishermen, the net 

either easily bending or pulling over the stake or breaking it 

with little net damage. No visible evidence of vandalism was 

encountered probably due to the 30 minute walk across dense 

S. anglica to the first sample site. 

Initial location of the Thurstaston and Mostyn sample 

sites was by compass bearings. Subsequent location was by a 

combination of stakes, these were not a success due to easy access 

from the shore for vandals or anchored polypropal. ene twine free 

to float. 
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(S) Transport 

On an estuary covering 125 it became clear after 

the first grid survey that I would need another means, other than 

walkings to cover the large distances involved quickly - 

and efficiently. A variety-of methods were used and I have 

outlined some of the advantages and disadvantages of each. 

Vehicles must now, however, be considered as pieces of 

necessary apparatus in estuarine benthic studies. Much of the 

efficiency of these studies depending on rapid sampling. 

Walking proved by far the most reliable and convenient and 

it caused little disturbance to invertebrates or birds. Within the 

limitations of the compass it was also unaffected by weather but 

over the large distances involved it was slow and there was a load 

limit particularly of soil samples. Access was also a problem in 

some areas, e. g. deep channels or difficult substrate conditions, 

including S. anglica saltmarsh up to two miles widel thick mud or 

thixotropic sand. 

Boats and inflatables were used at various times in 

combination with the other methods. They were most used in the 

Outer Estuary to survey the isolated sandbanks. The imIlatables 

were particularly useful as safety boats. During the Spring 1972 

survey a small two-man fibreglass body All Terrain Vehicle 

(Amphicat) was used. Good points included the improved speed 

when compared to walking, high payloadq economy, independence of 

weather conditions and little damage to the environment either to 

the birds or the invertebrates. Although classed as amphibious, 

its use had to be limited to the low water period, motion in water 

was very slow and unstable and drainage channels had to empty before 

access could be gained. Due to the low ground clearance in soft 
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sediments even on the large tyres the vehicle 'bellied'. Perhaps the 

greatest disadvantage lay in their unreliability and the need for 

constant expensive and time consuming maintenance. In 1973 the University 

University accepted a small prototype two-man Hovercraft to-be field 

field tested on the Dee Estiýary (Appendix 1). This was later 

followed by a purchase in Autumn 1973. The advantages over other 

vehicles after improvements were immediately apparent. Very rapid 

journey times between sampling sites were possiblel enabling the 

whole Estuary to be sampled in 2-3 weeks as opposed to the former 

4-7 weeks. Access to the Estuary was no problem, channels, even 

the main channel, could be crossed with ease and the saltmarsh, 

although an obstacle to a hovercraft in itself could be easily 

bypassed, the increased distance being covered quickly. Sampling 

could now follow the ebb tide, with the advantages of abundant water 

for sieving and alleviating the problem of vertical invertebrate 

migration in the sediment. Very soft sediments were little problems 

the large surface area when idle spreading the load. There was 

little obvious disturbance to the invertebrates and although noise 

was a problem to the waders and wildfowl noticeably more disturbance 

uras caused when I presented the human silhouette. Two big 

advantages were the relatively high payload (the craft was designed 

for two people but only myself used it during sampling) and the 

built in safety factor in that construction was based on an inflatable. 

The craft, however, was not perfect. Weather, particularly 

high winds, caused problems and other physical limitations in its 

use include - large waves, saltmarsh, deep-sided gutters and 

melgraves. However, most of these could be avoided, the speed of 
I 

the vehicle nullifying the increased distance covered. The most 

serious defect of the craft lay in the engineering. Initially, 
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particularly on the prototype but also on the purchased craft, 

several design problems had to be overcome. Breakdowns in the 

field were few but this would not have been the case if time had 

not been allocated in regular maintenance. By the end of the study 

the craft was considered well developed and engendering some 

confidence in its ability bearing in mind its inherent weaknessest 

the concept of the craft was ideal for estuarine study but the 

point mast be stressed that I had to spend a considerable number of 

man hours in maintenance. 
2.1.2 Analysis 

(a) Sorting and enumeration 
The invertebrates, after sieving on the Estuary, were 

carefully placed in plastic bags, labelled with insulation tape 

and returned to the laboratory as quickly as possible to prevent 

possible predation. The material was placed in deep freeze until 

analysis could proceed at the end of the survey. When analysing 

material there was the need for rapid defrostimg to preserve the 

texture, particularly of the Annelids. 

The invertebrates were examined in large white enamel 

dishes. Macroinvertebrates were identifiedt enumerated and recorded 

on standard record sheets. Counting of the large numbers involved 

meant that it was not possible to identify every animal to specific 

level, rare species were preserved separately for later identific- 

ation. In lateranalytical methods some species were responsible 

for only the finer divisions, so time spent identifying individual 

species, e. g. Bathyporeia sp. was not economical. liumbers were 

converted to /m2 and the data punched onto paper tape. A flow 

chart has been presented in Appendix 2- 5). A particular problem 

was presented with P. elegans.. At certain times of the year dense 

'carpets' were present and on these occasions sub-sampling had to 

For convenience later species lists refer collectively to genera 

and species. 
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be adopted. It was also impossible to examine every P. elegans tube 

for habitation and I had to make an informed estimate from the 

numbers involved. The P. elegans, results should therefore be treated 

with less precision. 

(b)' Statistical analysis 

Association Analysis was chosen as being the most 

appropriate numerical technique and is particularly useful for 

interpreting data from regular grid surveys and for the production 

of distribution maps. The method used was that of Williams and 

Lambert (1959). Arýalysis took place at the Institute of Terrestrial 

Ecology, Herlewood Research Station, on a DEC; -PDP8/1 computer, with 

16K ofcore and disc/dec-tape back up storage facilities. Initial 

processing and handling of the data was in a mixture of FORTRP34 and 

BASIC. languages using the TS-8 system. The AA was carried out with 

programmes written in FCRTRAN II and using the OS-8 software system. 

2.2 Miviron=ental factors 
2.2.1 Physical/Chemical 

-(a) Sampling 

Samples of the sediment were obtained by corer at each of 

the invertebrate grid survey sites, and placed in plastic bags and 

labelled. For the early surveys samples were placed in a 

refrigerator and analysed almost immediately, samples from later 

surveys were deepfrozen. Soil samples were taken on all the 

extensive surveys and all the intensive surveys except the last 

six months. Samples were taken at two depths 0-2-5 cm and 17-5-20 c=. 

The principle reason for selecting 17.5-20 cm was to sample 

interstitial salinity. From other work (Reid 1930; Smith 1956; 

Capstick 1957) at this depth salinity fluctuations were less 

variable. 
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(b) Analysis 

(i) Salinity 

Salinity of the interstitial watpr was determined, after 

separation from the sediment in a Buchner funnel, by standard methods 

of titration with silver nitrate. 

(ii). Particle size 

In early surveys a dry sieve method was attempted, this 

presented problems particularly with the smaller size fractions. 

In later work a wet method was used. A weighed quantity (100 gms) 

of oven dried sediment was passed through a column of sieves under 

a cascade of running water. The fractions'were removedýfrom the 

sieves, dried at 105 0C for 24 hours and reweighed. The quantity of 

silt and clay was determined by loss. The results were placed on 

standard: record sheets and percentage composition of the fractions 

determined. Cumulative percentage frequency curves were'constructed 

(examples in-Appendix 6) and from-these I calculated the median phi 

and mean phi values (Folk & I-lard 1957). The distributions were 

unimodal, so I have used the median phi measure for further analysis. 

(iii) Percentage loss on ignition 

A weighed quantity of approximately 10 gms of soil was 

dried for 24 hours at 105 0 C. After reweighing, this was then 

0 
placed in a muffle oven for four hours at 550 C. The value of 

percentage loss on ignition was then expressed as the percentage 

weight loss before and after treatment in the oven. The method 

described, as noted by Ball (1964)9 could only be used as an 

estimate of the organic matter and organic carbon. The main 

disadvantage of the method is that in addition to the weigýt loss 

from the destruction of organic matter further weight loss occurred 

due to loss of C02 from carbonates in the soil. There is also 

loss of elemental carbon and loss of water from clay minerals. 
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The main loss of carbon dioxide from carbonates occurred at high 

temperatures and therefore this error was likely to be substantially 

reduced-in the relatively low temperature procedure employed. In 

the upper sediment sample benthic algae was also included in the 

breakdown. Evidence of seasonal change was not investigated but 

in some surveys thick mats of Enteromorpha and filamentous 

algae were present giving very high percentage loss on ignition. 

These were restricted to the upper shore. Another factor possibly 

affecting the results was the presence of the active coal mine at 

Point of Air with the dumping of tip waste onto the shore at Mostyn 

Bank. 

(iv) Elevation 

For the calculation of tidal heights use has been made 

of the detailed aerial survey made available by Binnie & Partners 

for 1971. A summary of the data available has been presented in 

Map 26 with the main Spring and neap tide levels indicated. 

Although subsequent surveys were planned problems developed so that 

for the biological interpretation the 1971 dat& has had to be 

employed in all the analyses. Some change in bank formation has 

occurred but the general physiographic pattern has been maintained. 

Any conclusions drawn from relationships between height and 

community distributions have to become considered within wider 

error considerations. The main reference levels are : 

Height in relation to 
Ordnance Dat=, He yn 

Mean high water spring tides (MHWS) 4.37 m Mean high water neap tides (MERITO 2.47 m 
Mean tide level (ITT) 0.27 m 
Mean low water neap tides (IILWN) -2.03 m 
Mean low water spring tides (IMI-IS) -3-93 m 

The percentage cover and exposure values have been calculated from 

the Liverpool tide curves and presented in Figs. 13 and 14. 
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Figure 13- Hours of total annual tidal cover and exposure at 
Hilbre Island in relation to height on the shore. 
(Based on Liverpool Tide Table predictions). 
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Figure 14. Hours of total annual tidal cover and exposure, main 
Dee channel at the base of the Gayton transect. 
(Based on Idverpool Tide Table predictions). 
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These graphs were prepared using the methods by Dalby (1970) and 

making similar mathematical assumptions in their preparation, e. g. 

The tide interval between successive high tides was assumed to be 

constant: the tide curve was estimated to be constant throughout 

the spring neap cycle and a line has been drawn midway between the 

extremes shown on the Liverpool tide curves: No allowance could be 

made for meteorological variations. The tide curve of the Dee 

becomes modified as the Estuary is ascended. (Fig. -2). The 

ebb flow being of longer duration than the flood. This has been 

taken into ponsideration in the preparation of Fig. 14 using 

available tide curve data (H. R. S; 1967). The figure 

represents the tide cover exposure value at the base of the Gayton 

transect. Fig. 15 was constructed to indicate the relation 

between the number of coverings by the tide. related to the height 

on the shore. 

48 



49 

No. of Tidi 
Coverings 

(1973) ' 

Metres over Ob. Newlyn 

Figure 15- Number of actual tidal coverings in relation to height. 
(Based on Liverpool Tide Table predictions). 
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3 RESULTS 

3.1 Ektensive surveys 

3-1.1 Environmental factors 

(a) Physical/Chemical 

W Salinity 

The results of the salinity analyses are presented 

graphically in Maps. 27 - 30 for Autumn 1971 and Spring 1974. The 

results were complex with much spatial variation. However, general 

trends were present, the outer estuary had salinities near or 

occasionally above that of seawater, particularly in regions high 

on the shore, probably. representing evaporation of the interstitial 

waters of the sediments. In the middle regions of the Estuary 

salinities were generally between 26%oto 31%% The higher values 

occurring high on the shore (Newell 1964; Popham 1966). In the 

Inner Estuary, although there were high values near the saltmarsh, 

there was a rapid fall in salinity in the channel near Flint. 

Salinities ranged overall from 39%* high on the shore in the Outer 

Estuary to approximately 14%. in the Inner Estuary. 

(ii) Particle size 

The distributions of the various particle size fractions 

have been presented graphically in MaPs 31 - 50. Although some 

variation was present, there was a generally close agreement 

between the 0-2-5 cm and 17.5-20 cm distributions. The variation 

perhaps reflecting the dynamic nature of the environment with the 

constant redistribution of sediments. Within the Estuary there 

was a predominance of fine sand (125 - 25Qa) and very fine sand 

(63 - 125; 2). Coarse sand (>5000 in small quantities tended to 

be restricted to the outer exposed Estuary and in particular on 

the outer exposed sides of the sandbanks where the effects of wave 
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action from Liverpool Bay was most pronounced. Medium sand 

(250-500.0 again in small quantities was also restricted to the 

the outer exposed areas. The areas adjacent to the min channels 

werefine sand (125 - 250u). The composition of the Imelgraves, 

also consisted of this fine-sand fraction. The very fine sand in 

the Estuary was found in more protected areas either away from the 

effects of wave action at the entrance to the Estuary in the lee 

of the main sandbanks or the upper shore. The silt and clay 

fraction (<63u) in small quantities was restricted to even more 

protected areas away from the main channels, high on the shore or 

in the lee of sandbanks. Although no direct experiments were 

carried out to relate the water velocity to sediment type, clearly 

the results indicate an interaction between two water velocity 

regimes. The ebb and flow of the tide and the drainage of the 

River Dee system, superimposed upon by the effects of wave action 

from Liverpool Bay. Clearly the shape, height and position of the 

outer sandbanks at the entrance to the Estuary can have a critical 

bearing upon the distribution of sediments within the Estuary. 

I The results of the various soil fractions have been 

summarised by the estimation of the median phi value and the 

distribution of medium phi at 0-2.5 cm, depth in Spring 1974 and 

1976 have been presented graphically in Maps 51 and 52. 

OJJ) Percentage loss on ignition 

The distribution of percentage loss on ignition has been 

presented graphically in Maps 53 - 57- The relationship to the 

silt and clay distribution was very evident with the higher 

percentage loss on ignition values in well protected areas. high 

on the shore. Variations between Autumn and Spring surveys were 

not pronounced. Maximum values attained 14% in Autumn 1971 on 
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the edge of the saltmarsh at Heswall, but over much of the central 

parts of the Estuary adjacent to the main channel values were less 

than 2%. The values at 17.5-20 cm, although lower than those on 

the surface, had similar distributions. 

(b) Predation 

(i) Waders 

The seasonal distribution of five important waders and 

wildfowl on the Estuary are presented graphically in Figs. 16 & 17)* 

The striking feature was the almost complete absence of birds in 

Summer. At this period the birds are breeding in northern 

latitudes. The various peaks in the wader graphs reflect the 

passage migration through the Estuary in combination with the 

resident winter population. 

(ii) Fish 

The distribution of monthly variation in numbers of 

adult P. flesusl caught in a fixed net at a position approximately 

midway between Stations 22 and 29 on the Gayton transect has 

been presented in Fig. 18 (N. Parsons pers. comm. ). The figures 

represent the results from one year but are thought to indicate 

a reasonable estimate of the annual variation in popultion. 

Marked increases in numbers occurred in May/June 1977 and this 

was followed by a gradual but later increased reduction in numbers 

in November/December 1977, down to insignificant numbers in 

January. 

These graphs were constructed from data kingly provided by 

RA Eades, Organiser for the Dee Estuary monthly wader counts 

and GA Williams, Organiser for the Dee Estuary monthly wildfowl 

counts. 
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Figure 16. Seasonal variation in counts of waders 
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Figure 17. Seasonal variation in counts of waders & wildfowl 

in the EstuarY 1971-73- 
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Figure 18. Monthly variation in numbers of Platichthys flesus 
caught in a fixed net positioned approximately 
midway between Stations 22 and 29 on the Gayton 
transect. 
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3.1.2 Macroinvertebrates 

The central aim of the extensive surveys was to establish 

objectively macroinvertebrate communities and to relate these 

communities to their environmental factors, at the same time noting 

the degree of variability between seasons and years. To help in 

the interpretation of the numerical analysis of the community groups 

the basic raw data has been presented in the form of distribution 

maps for each of the species (Maps 58-243). With the material 

available it was possible to relate each of the species to its 

physical chemical environment for comparison with other autecological 

studies but this was not the central aim of the studyl although it 

will be possible to do this for individual species later. However, 

the density distributions provided additional information on the 

population dynamics of each species over the whole Estuary and 

were of value as contributory evidence for the density dependant 

mechanism to be outlined later. To provide a summary of the 

quantitative data for each species and to complement the 

distribution maps, tables have been constructed (Tables 36) 

which divide up the sites at which the species were present into 

frequency groups depending on the number of individuals /m 2 

occurring at that site. For comparative purposes the Autumn and 

Spring series of surveys have been distinguished. The seasonal 

percentage loss figures presented refer to the period between 

sampling surveys, i. e. Autumn and Spring. They are, therefore, 

only indications of loss between these two seasons not the loss 

between recruitment periods and will therefore tend to be under- 

estimates of the actual annual loss. Also due to reduced sampling 

of the Estuary in Spring 1975 this survey has been ommitted in 

calculating the mean Spring values. 
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In the following results certain species occurred in only 

low abund6nce, maps and tables however have been presented but 

comment has been restricted to the more abundant species. The 

surveys were undertaken in the Autumn and Spring with the object 

of noting changes caused by. predators over the winter. Direct 

evidence of known predation on the Dee has been provided from the 

ornithological studies of N. Buxton and the fish studies by 

N. Parsons. Where possible this has been supplemented by evidence 

from other sources. 

(a) Nereis diversicolor (maps 64-71, Table 12) 

This polychaete annelid was found growing to 

approximately 10 cm. Depth of the polychaete in the substrate was 

variable depending on a number of factors including size, depth 

of water table and temperature (Linke 1939). On the Dee large 

specimens were found up to 30 cm in the substrate on a neap tide 

at the edge of the saltmarsh on the Gayton transect but they were 

in general above 20 cm depth. Following the receding of the tide 

they were particularly near the surface. 

The distribution was concentrated on the Middle and Inner 

Estuary. The polychaete was found in a variety of finer 

substrates and tended to lie near the MIN tide line, with the 

exception of areas protected from wave action, but very few were 

recorded below the MT line. Densities of N. diversicolor were 

higher in the Autumn compared to the Spring. In the Spring there 

was an average loss in the total population of 47% but in contrast 

to most other species there was a slight rise in areas covered 

(8%). Total numbers recorded in the Autumn as well as being higher 

were more variable, e. g. 71% less in Autilmn 1976 compared to 

Autumn 1971. Autumn 1976 represented a relatively 'poor' year with 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites - 
Mean/m2 - 

1,000-10,000 No. of sites - 
No. in sites - 
Mean/m2 - 

100-1,000 No. of sites 1 
No. in sites 200 
Mean/m2 200 - - 

10-100 No. of sites 3 2 - 
No. in sites 120 30 - 
Mean/m. 2 40 15 - 

Total No. of sites 4 2 - 
No. in sites 320 30 - 
Mean/m2 80 15 - 

Maximum density/m2 200 20 -I 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - - - - 
Mean/m2 - - - - 

1,000-10,000 No. of sites - - - - 
No. in sites - - - - 
Mean/m2 - 

100-1,000 No. of sites - 
No. in sites - 
Mean/m2 - - - - 

10-100 No. -of sites 2 1 4 1 
No. in sites 40 33 - 100 20 
Mean/m2 20 33 - 25 20 

Total No. of sites 2 1 - 4 1 
No. in sites 40 33 - 100 20 
Mean/62 

- 

20 33 25 20 

Maximum density/m2 
r2O 

33 40 20 

Table 11. Phyllodoc. E sp. - Frequency of sample sites in relation-to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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Frequency group 
Autumn Autumn Autumn 

1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites 
Mean/m2 - - - 

1,000-10,000 No. of sites 12 2 1 
No. in sites 19320 2660 1620 
Mean/m2 1610 1330 1620 

100-1,000 No. of sites 56 47 35 
No. in sites 20925 15625 10055 
Mean/m2 374 332 287 

10-100 No. of sites 40 35 27 
No. in sites 1440 1425 1025 
Mean/m, 2 36 41 38 

Total No. of sites 108 84 63 
No. in sites 41685 19710 12700 
Mean/m. 2 386 235 202 

Maximum density/m. 2 2660 1540 1621.01 

Frequency group 
Spring Spring Spring Spring Spring 

1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - - 
Mean/m2 - - - - 

1,000-10,000 No. of sites - - 1 2 
No. in sites - - 1160 2140 
Mean/m2 - - 1160 - 1070 

100-1,000 No. of sites 57 32 39 33 37 
No. in sites 16400 8549 8425 10085 7367 
Mean/m2 288 267 216 306 199 

10-100 No. of sites 51 60 43 34 48 
No. in sites 2050 2494 1900 1675 1869 
Mean/m2 40 42 44 49 39 

Total No. of sites 108 92 83 67 87 
No. in sites 18450 11043 11485 11760 11375 
Mean/m2 171 120 138 176 131 

Maximum density/m2 840 717 1160 860 1120 

Table 12. Nereis diversicolor - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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an increase in numbers of only 10% from the previous Spring and 

the lowest recorded area present (63 sites). The Spring surveys in 

contrast were much less variable especially in 1973 and 1974. 

Overall decrease in numbers during the winter was 74% in 1971/72 

and 42% in 197.5/76 with a much larger percentage loss in the 

'good' year of 1971/72. Dales (1951) found comparable losses over 

the winter on the Thames. As possible explanations of the loss, 

other workers have indicated, N. diversicolor to be a prey of other 

invertebrates, e. g. C. maenas (Blegvad 1914), Lloyd and Yonge (1947) 

found large N. diversicolor being predated by C. vulgaris on the 

Severn Estuary. It has also been recorded as a prey of fish, e. g. 

P. flesus (Summers 1974) and Pleuronectes platessa (Williams, 

Perkins and Hinde 1965). Observation on the Dee (N. Parsons pers. 

comm. ) confirmed it to be a common prey of P. fletus. It was also 

a common bird prey and was taken on the Dee by several species 

and also on other estuaries (Goss-Custard 1969, Prater 1972). 

(b) Nephthys sp. (MaPs 72-79, Table 13) 

This genus of polychaete annelids grew up to 6 cm on 

the Dee. The polychaete does not have a permanent burrow and it 

was found 10 - 20 cm below the surface by Holme (1949) and 

Thamdrup (1939). Although they do not burrow deeper in the uInter 

(Linke 1939) vertical migration occurs on the tidal cycle 

Nader 1964). Nephthys sp. were found in the Outer and Middle 
i- 

Estuary and the overall seasonal pattern did not change substantially. 

Although occurring in a range of sediments Nephthys sp. was more 

often found in coarse sediments and this was in agreement with 

other observations by Clarke, Alder and McIntyre (1962); Wolff 

(1971). The polychaetes range on the shore was from approximately 

MT to low water. In three of the surveys Nephthys sp. were 
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Autumn Autumn Autumn Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites 
Mean/m2 

1,000-10,000 No. of sites 
No. in sites 
Mean/m2 - - - 

100-1,000 No. of sites 45 23 8 
No. in sites 6780 4020 800 
Mean/m2 151 175 100 

10-100 No. of sites 69 62 49 
No. in sites 2720 2520 1909 
Mean/m2 39 41 39 

Total No. of sites 114 85 57 
No. in sites 9500 6540 2709 
Mean/m2 83 77 48 

Maximum density/m2 300 440 
_ý1ýý50 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - 
Mean/m2 - 

1,000-10,000 No. of sites - 
No. in sites - 
Mean/62 - 

100-1,000 No. of sites 28 28 3 2 10 
No. in sites- 3920 4450 340 220 1320 
Mean/m2 140 159 113 110 132 

10-100 No. of sites 52 48 24 21 64 
No. in sites 2210 2023 980 759 2549 
Mean/m2 43 42 41 36 40 

Total No. of sites 80 76 27 23 74 
No. in sites 6130 6473 1320 979 3869 
Mean/m2 77 85 49 43 52 

Maximum density/m2 340 433 120 120 180 

Table 13- Nephthys sp. - Frequency of sample sites in relation to 
dýn-sitj 2 on logarithmic scale for Autumn & Spring surveys 
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recorded near the main water channel in the Inner Estuary but only 

in low densities. The frequency distributions (Table 13) 

are presented only as an indication of the numbexsinvolved on the 

surveys, sampling was curtained in the sand regions of the Estuary 

hence Nephthys sp. populations are not fully represented. However, 

reasonable coverage of the Estuary was made in Autumn 1971, 

Autumn 1975, Spring 1972, Spring 1973 and Spring 1976 and the 

distributions indicated that, Nephthys sp. was an animal of the* 

large sandbanks. Bearing in mind the limitations of the surveys, 

in Autumn 1971, perhaps the best coverage, total numbers attained 

9,500 with an average density of 83/m 2 by the following Spring 

this had dropped by 35%. Nephthys sp. was not recorded 

as an important bird or fish prey species on the Dee and references 

in the literature are rare. 

(c) Eteone longa (Maps 8o-87, Table 14) 

E. longa is a polychaete annelid growing to 

approximately 6 cm on the Dee. There were marked changes in the 

extent of the distribution between the Autumn and Spring surveys. 

Tidal height was probably particularly important in this species, 

maximum densities were concentrated on the MMM tide line. Both 

in the Autumn and Spring a variety of sediment types were 

inhabited except the very fine. Salinity was not apparently a 

limit to its Inner Estuary distribution, many specimens being 

recorded in this area in the Autumn series. In the Spring series 

the distributions became much protracted and no. E. longa were 

found in the Inner Estuary. Total numbers in the Autumn surveys 

I were considerably higher than the Spring with a mean loss of 92% 

over the winter. The total numbers in the Autumn ranged from 

15,550 
,- 

66, o2o * Loss over the specific winters of 1971/72 
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Frequency group 
Autumn Autumn Autumn 

1971 1975 1976 

10,000-100,000 No. of sites, - - - 
No. in sites 
Mean/m2 - - - 

1,000-10,000 No. of sites 4 19 3 
No. in sites 8050 45720 3908 
Mean/m2 2013 2406 1303 

100-1,000 No. of sites 47 54 38 
No. in sites 13460 18800 9817 
Mean/m2 286 348 258- 

10-100 No. of sites 69 
. 
38 44 

No. in sites 2660 1500 1825 
Mean/m. 2 39 39 41 

Total No. of sites 120 ill 85 
No. in sites 24170 66020 15550 
Mean/m2 201 595 183 

Maximum density/m2 
1 2860 1 6700 j 1575 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - 
Mean/m2 - 

1,000-10,000 No. of sites - 
No. in sites - 
Mean/m2 - 

100-1,000 No. of sites - 5 1 
No. in sites - 903 100 
Mean/m2 - 181 - - 100 

10-100 No. of sites 12 20 14 19 18 
No. in sites 300 491 404 615 560 
Mean/m2 25 25 29 32 31 

Total No. of sites 12 25 14 19 19 
No. in sites 300 1394 404 615 660 
Mean/m2 

1 
25 

1 
56 

1 
29 32 35 

Maximum density/m2 1 40 1 217 1 60 80 100 

Table14. Eteone longa - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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and 1975/76 was 98.7% and 99% respectively. The cause of this 

dramatic reduction was not known but being a small polychaete 

and not unlike N. diversicolor-from a distance ornithological 

predation investigations could possibly class it as a Nereid. 

No specific references could be found to the polychaete as a prey 

species and it was not identified on the Dee as such by either 

the ornithological or fish studies. 

(d) Scoloplos armiger (Haps 88-95, Table 15) 

This polychaete Annelid rarely exceeded 5 cm on 

the Dee. It has been quoted at a number of depths but is generally 

near but not at the surfaceg Vader (1964) also reported vertical 

migration takes place in the sediment. The distribution of the 

polychaete on the Dee was limited, only being found in the Outer 

Estuary in particular restricted to Mostyn and West Kirby Banks. 

S. armiger was found in a variety of substrate but mainly between 

ET and HEUN. There was only a small seasonal variation in 

distribution. Its absence from the Middle and Inner Estuary 

indicated salinity could be a limiting factor. This lack of 

penetration into the Estuary was also noted by Spooner & Moore 

(1940). Numbers were generally higher in the Autumn surveys, with 

a 23% mean loss over the winter. Over the 1971/72 winter there 

was a 44% loss and over the 1975/76 winter a 21% loss. Blegvad 

(1930,1932) listed, S. armiger as an excellent fish food and 

Bulycheva (1948) listed it as an important food of P. flesus. It was 

no however, registered an an important prey item in either the 

bird or fish observations on the Dee. 

(e) Nerine cirratulus (Maps 96-103, Table 16) 

This polychaete Annelid grew to approximatelY 5 cm 

on the Dee Estuary. The polychaete was found in the Dater, Middle 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites 
Meafi/m2 

1,000-10,000 No. of sites 
No. in sites 
Mean/m2 - - - 

100-1,000 No. of sites 1 4 2 
No. in sites 800 700 400 
Mean/m2 800 175 200 

10-100 No. of sites 11 4 -2 
No. in sites 280 160 100. 
Mean/m2 25 40 50 

Total No. of sites 12 8 4 
No. in sites 1080 860 500 
Mean/m2 90 108 125 

Maximum density/m2 800 280 3001 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - 
Mean/m2 - 

1,000-10,000 No. of sites - 
No. in sites - 
Mean/m2 - 

100-19000 No. of sites 1 4 2 4 2 
No. in sites 460 550 300 740 420 
Mean/m2 460 138 150 185 210 

10-100 No. of sites 4 6 4 6 3 
No. in sites 140 184 200 300 260 
Mean/m2 35 31 50 50 87 

Total No. of sites 5 10 6 10 5 
No. in sites 600 734 500 1040 680 
Mean/m2 

1 
120 

1 
73 83 104 136 

1 
Maximum density/m2 

1 460 1 183 180 360 280 1 

Table 15. Scoloplos armiger - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring suFVeys 



Frequency group 
Autumn Autumn Autumn 

1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites 
Mean/m2 

4. - - 

1,000-10,000 No. of sites 1 - - 
No. in sites 1000 - - 
Mean/m2 1000 - - 

100-1,000 No. of sites 17 16 4 
No. in sites 3960 5740 525 
Mean/m2 233 359 131 

10-100 No. of sites 48 21 21 
No. in sites 1700 620 800 
Mean/m2 35 30 38 

Total No. of sites 66 37 25 
No. in sites 6660 6360 1325 
Mean/m2 101 172 53 

Maximum density/m2 1000 880 
-150-1 

Frequency group 
Spring Spring Spring Spring Spring 

1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - - - - 
Mean/m2 - - - - - 

1,000-10,000 No. of sites - - - - 1 
No. in sites - - - - 1780 
Mean/m2 - - - - 1780 

100-1,000 No. of sites 7 3 2 2 9 
No. in sites 2400 733 280 240 1720 
Mean/m2 343 244 140 120 191 

10-100 No. of sites 21- 27 7 7 16 
No. in sites 880 876 320 300 660 
Mean/m2 33 32 46 43 41 

Total No. of sites 34 30 9 9 26 
No. in sites 3280 1609 600 540 4160 
Mean/m2 96 54 67 60 160 

Maximum density/m2 820 433 160 140 

Table 16- Nerine cirratulus - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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and Inner Estuary but the maximum densities were limited to the 

Outer Estuary. Mcirratulus was recorded in a variety of the coarser 

sediments and field observations indicated that it occurred most 

frequently in rapid draining sediments adjacent to main channels. 

The polychaete was recorded-at practically all tidal heights and 

on a number of occasions was recorded in the Inner Estuary near the 

main Dee channel indicating a tolerance of a lowered salinity. 

Like S. armiger this species only occurred in small numbers and it 

was not recorded as a prey for either birds or fish on the Dee. 

PýVgospio elegans (Maps 104-111, Table 17) 

P. elegans is a tube dwelling polychaete annelid 

growing to a length of approximately 1-1.5 cm on the Dee Estuary. 

The species was recorded in the Outer, Middle and Inner Estuary 

in a range of sediments with the exception of 

very coarse sand, probably due to disturbance by wave action, 

and 

very fine sediments, probably due to difficulties in tube 

construction (Clay 1967). 

MaxiEnlm densities were therefore recorded in regions of 

intermediate exposure to wave action. Although recorded at a 

variety of tidal heights P. elegans was found approximately either 

side of NEWN. P. elegans occurrence in high densities in the Inner 

Estuary indicated low salinity tolerance and Refers (1933) found it 

in salinities of 5-6%*. Evidence of the polychaetes susceptability 

to wave action was supported by observations of large continuous 

mats of the vertical tubes being present at certain times of the 

year usually early summer but these mats, as the Autumn progressed 

became fragmented and erosion holes developed. Later in the winter 

gales the surface usually became uniform and apparently devoid of 
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Frequency group 
Autumn Autumn Autumn 

1971 1975 1976 

100,000-1,000,000 No. of sites 6 - - 
No. in sites 

_1632400 - 
Mean/m2 272067 - - 

10,000-100,000 No. of sites 22 12 -5 No. in sites 568200 50400 86655 
Mean/m2 25827 42000 17331 

1,000-10,000 No. of sites 36 24 14 
No. in sites * 116440 95200 41170 
Mean/m2 3234 3967 2941 

100-1,000 No. of sites 26 17 33 
No. in sites 11440 5400 10025 
Mean/m2 440 318 304 

10-100 No. of sites 35 7 9 
No. in sites 1510 360 453 
Mean/m2 43 51 50 

Total No. of sites 125 60 61 
No. in sites 2329990 151360 138303 
Mean/m2 18640 2523 2267 

Maximum density/m2 660000 80000 30000 

Ppring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

. 
100,000-1,000,000 No. of sites - 3 - - - 

No. in sites - 457424 - 
Mean/m2 - 152474 - - - 

10,000-100,000 No. of sites 4 24 5 18 3 
No. in sites 70000 951268 102840 459600 56000 
Mean/m2 17500 39636 20568 25533 18667 

1,000-10,000 No. of sites ig 28 16 17 13 
No. in sites 67400 111914 71180 70200 51200 
Mean/m2 3547 3997 4449 4129 3938 

100-1,000 No. of sites 13 17 28 23 17 
No. in sites 6240 6514 9815 8410 6320 
Mean/m2 480- 383 351 366 372 

10-100 No. of sites 5 13 8 -8 15 
No. in sites 190 689 520 340 580 
Mean/m2 38 53 65 43 39 

Total No of sites 41 85 57 66 48 
No: in sites 143830 1527809 184355 538550 114100 
Mean/m2 3508 17974 3234 8160 2377, 

Maximum density/m2 32000 209375 32000 60000 24000 

Table 17- Pygospio elegans - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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P. elegans, however, close examination usually revealed a residual 

population. There was evidence of much annual and seasonal 

variation in total numbers of P. elegans-on the surveys with the 

possibility of a two year cycle (see transect data). Total 

numbers were an average 45% higher in the Autumn surveys compared 

with the Spring, a figure due mainly to the very high total in 

Autumn 1971, this was seventeen times'higher than the total for 

Autumn 1976. Similar high variability was seen in the Spring 

surveys with the highest in Spring 1973 being fourteen times 

higher than Spring 1976. The Spring 1973 total was eleven times 

higher than Autumn 1976. In the consecutive years of 1971/72 and 

197.5/76 there was a 93% loss and 24% loss respectively. The 

results are difficult to interpret but recruitment outside the more 

normal summer period may have contributed to the Spring increase, 

e. g. eggs and larvae have been recorded at various times of the year, 

Winter and Spring (Leschke 1903; Thorson 1946; Marine Biological 

Association 1957), February to August (Hannerz 1956) and June to 

August (Sodersirom 1920; Thorson 1946). The loss in numbers as 

previously noted could have been due to storms but although the 

losses were abrupt on occasions usually the decline in numbers was 

slower than the increase, indicating possible predation. 

Its importance as a prey species is not widely given in 

the literature but Hannerz (19,56) listed it as a prey of Nephthys sp. 
Linke (1939) found it in the gut of A. marina. In my laboratory it 

has been observed to be actively searched for and preyed upon by 

C. vulgaris, and also by C. maenas. Bulycheva (1948) lists it among 

the food of P. platessa. On the Dee it was taken in large 

quantities by P. flesus and the ornithological investigations 

indicated that possibly Shelduck (Tadorna tadorna L. ) could be 
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taking the polychaete but this may have been incidental to finding 

other prey, e. g. M. balthica. 

(g) Arenicola marina (Maps 112-118, Table 18) 

This polychaete annelid grew to a length of 

approximately 15 cm on the Dee although few were found and recorded. 

The distribution of casts was restricted to the Outer and Middle 

Estuaryq particularly to mud/sand deposits where the water table 

remained high throughout low water. Casts were not observed in the 

Inner Estuary. A. marina was not recorded on the Dee as a prey from 

either the. fish or bird observations, however, its limited 

distribution did not correspond with the main bird and fish 

observation areas. Bulycheva (1948) records the polychaete being 

taken by P. flesus and P. platessa. Orton (1925) ascribed the 

variation in tail length in Morecambe Bay as being due to bird 

predation. 

(h) Cerastoderma edule (Haps 129-135, Table 22) 

This lamellibranch grew to a length of approximately 

30 mm and burrows in the substrate to a depth of approximately 4 cm. 

The species was found in a number of sediment types from fine to 

coarse sand. The population in coarse sand was present near low 

water on Middle Salisbury Bank in Spring 1976 but they were not 

registered on the distribution maps, being between the sample sites. 

The maximum densities occurred in fine sediments around the MT level, 

but this was modified by protection from wave action, e. g. West 

Kirby. Penetration of the species into less saline waters of the 

Inner Estuary was more marked in the Autumn surveys but its absence 

in the Spring surveys in the Inner Estuary was possibly not 

necessarily linked'-writh salinity. Other factors may have been 

responsible, e. g. predation. C. edule appears historically to have 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

1,000-10,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

100-1,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

10-100 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

Total No. of sites 16 20 19 
No. in sites - - - 
Mean/m2 

Maximum density/m2 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - 
Mean/m2 - 

1,000-10,000 No. of sites - 
No. in sites - 
Mean/m2 - 

100-1,000 No. of sites - 
No. in sites - 
Mean/m2 - 

10-100 No. of sites - 
No. in sites - 
Mean/m2 - 

Total No. of sites 20 7 9 3 15 
No. in sites - - 
Mean/m2 

Maximum density/m2 

Table 18. Arenicola marina 
Autumn and Spring 

Frequency of Bampýiý sites with casts for 
surveys* 
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Autumn Autumn Autumn Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites 
Mean/m2 

1,000-10,000 No. of sites - - - 
No. in sites - - - 
Mean/m. 2 - - - 

100-1,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - 

10-100 No. of sites 1 
No. in sites 20 
Mean/m. 2 20 

Total No. of sites 1 
No. in sites 20 
Mean/m2 20 

Maximum density/m2 20 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-1000000 No. of sites - - - - - 
No. in sites 
Mean/m2 

1,000-10,000 No. of sites 
No. in sites 
Mean/m2 

100-1,000 No. of sites 
No. in sites 
Mean/m2 

10-100 No. of sites i 
No. in sites - - - - 20 
Mean/m2 - - - - 20 

Total No. of sites - - - - 
No. in sites - 20 
Mean/m2 - - - - 20 

Maximum density/m2 20 

"I 

Table 19. Pectinaria koreni - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites 
Mean/m2 

1,000-10,000 No. of sites 
No. in sites 
Mean/m2 - - - 

100-1,000 No. of sites 3 - - 
No. in sites 820 - - 
Mean/m2 273 - - 

10-100 No. of sites 2 2 2 
No. in sites 120 60 40 
Mean/m2 60 30 20 

Total No. of sites 5 2 2 
No. in sites 940 60 40 
Mean/m2 188 30 20 

Maximum density/m2 300 40 2 iýOý 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - 
Mean/m2 - 

1,000-10,000 No. of sites - 
No. in sites - 
Mean/m2 - 

100-1,000 No. of sites - 
No. in sites - 
Mean/m2 - 

10-100 No. of sites - 
No. in sites - 20 
Mean/m2 - 20 

Total No. of sites - 1 
No. in sites - 20 
Mean/m2 - 20 

Maximum density/m2 20 

I- 

Table 20. Lanice conchilega - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 . -No. of sites - - - 
No. in sites - 
Mean/m2 - - 

1,000-10,000 No. of sites - 1 
No. in sites - 4700 
Mean/m2 - 4700 

100-1,000 No. of sites - - 
No. in sites - 
Mean/m2 - - - 

10-100 No. of sites 2 7 - 
No. in sites 60 180 - 
Mean/m2 30 26 - 

Total No. of sites 2 8 
No. in sites 60 4880 
Mean/m2 30 610 

Maximum density/m2 40 4700 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - 
Mean/m2 - 

1,000-10,000 No. of sites - 
No. in sites - 
Mean/m2 - 

100-1,000 No. of sites - 
No. in sites - 
Mean/m2 - 

10-100 No. of sites 
No. in sites - 20 20 
Mean/m2 - 20 40 

Total No. of sites - 1 1 
No. in sites - 20 40 
Mean/m2 - 20 40 

Maximum density/m2 20 

Table2l. Mytilus edulis - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-1P0,000 No. of sites - - - 
No. in sites - 
Mean/m2 - - - 

1,000-10,000 No. of sites - 3 1 
No. in sites - 5380 1425 
Mean/m2 - 1793 1425 

100-1,000 No. of sites - 18 19 
No. in sites - 4740 4075 
Mean/m2 - 263 214 

10-100 No. of sites 11 40 41 
No. in sites 320 1202 1706 
Mean/m2 29 30 42 

Total No. of sites 11 61 61 
No. in sites 320 11322 7206 
Mean/m2 29 186 118 

Maximum density/m2 60 
1 

3240 
1 

1425 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites 
Mean/m2 - 

1,000-10,000 No. of sites 2 
No. in sites 2580 
Mean/m2 1290 

100-1,000 No. of sites 4 
No. in sites 500 
Mean/m2 125 

10-100 No of sites 1 1 2 21 
No: in sites 20 17 40 620 
Mean/m2 20 17 20 30 

Total No. of sites 1 1 2 27 
No. in sites 20 17 40 3700 
Mean/m2 20 17 20 

1 
'137 

Maximum density/m2 20 17 20 -1 1480 

Table 22. Cerastoderma edule - Frequency of sample sites : rn relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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been particularly susceptible to low temperatures. The previously 

commercially exploited beds in the Dee were destroyed by the frosts 

of 1962-63 (Crisp 1964). A similar destruction occurred in the 

area in 1904-5 (Scott 1910). Kreger (1940) also noted low 

temperature was particular3ý detrimental to the planktonic larvae. 

The results of the present surveys revealed the return of. C. edule, 

in high densities, to the Estuary in 1975 but in the previous 

Autumn 1971 survey there was an indication of a smaller settlement, 

here the loss over the winter (bearing in mind the low numbers 

involved) was 93%. The low Spring numbers were repeated for the 

next four years but following the relatively good settlement in 

Autumn 1975 the loss in total numbers over the winter was 67.3%, 

unlike M. balthica (see later) the maximum densities recorded at two 

sites after the winter had remained. Total numbers recorded the 

following year (Autumn 1976) were less but growth of the Autumn 

1975 settlement had been rapid and the majority were approximately 

16 mm individuals. Kristensen (1957) found in the Wadden Sea that 

a previous year class could have a marked effect on the survival 

of subsequent settlement and this apparently occurred on the Dee in 

the maximum density areas of the adults. In other less dense areas 

the settlement was relatively unaffected. A number of other factors 

affect the survival of C. edule, e. g. Smidt (1951) recorded rapidly 

silting ground as detrimental, they can also be eroded out of the 

sediment (Stopford 1951). A number of invertebrates have been 

found to predate C. edule,, e. g. Mytilus edulis injested the 

reproduction products and young (Kreger 1940), C. maenas (Bouxin 

1937) and N. diversicolor Minke 1939). C. edule was predated by 

P. flesus on the Dee (N. Parsons pers. comm. ) and fish predation has 

also been recorded by Williams et al (1965); Hancock and Urquhart 
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(1965). There are references to a variety of birds predating 

C. edule including duck, rooks, gulls (Scott 1910) and particularly 

Oystercatcher (Haematopus ostralegus L. ) Dare (1966). On the Dee 

it was found that Mostralegus did not predate greatly the 1975 

settlement. This is in agrgement with other work by Hancock and 

Uquhart (1965); *Drinnan(1957) who noted that Mostralegus 

concentrated their predation on two year old cockles on the Bury 

Inlets. Commercial fishing had not taken place on the Dee since the 

1962-63 winter but gathering started in Autumn 1976 particularly 

off West Kirby. 

(i) Tellina tenuis, (MaPs 136-143, Table 23) 

T. tenuis is a medium size lamellibranch growing to 

approximately 2.5 cm- It vras found 5-12-5 cm below the surface 

(Teeble 1966) and there was evidence of vertical migration according 

to the tide (Yonge 1953). The animal was limited to the Outer 

Estuary in the medium sand sediments at a variety of tidal heights, 

although present in every surveyl numbers were low. The 

lamellibranch was not observed on the Dee to be a food of either 

fish or birds but I have observed it to be predated by Culls by 

'puddling' on Middle Salisbury Bank. 

Q) Scrobicularia Plana (Maps 144-151, Table 24) 

This lamellibranch ranged in size from approximately 

1 mm at settlement to approximateli 5 cm in length. Its depth in 

the sediment varied according to size but none were found greater 

than 20 cm deep (Hughes 1970a). The surveys revealed a 

distribution confined to the finer sediments, and'maximum densities 

were recorded in sheltered areas. Its range on the shore extended 

from MHWS to IMMS but the maximum densities were between WN and MT. 

Although low salinity was a possible cause of the low densities in 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No of sites - - - , 
No. in sites - - - 
Mean/m2 - - - 

1,000-10,000 No. of sites - - - 
No. in sites - - - 
Mean/m. 2 - - - 

100-1,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

10-100 No. of sites 15 5 6 
No. in sites 500 100 150 
Mean/m2 33 20 25 

Total No. of sites 15 5 6 
No. in sites 500 100 150 
Mean/m2 33 20 25 

Maximum density/m2 60 20 
ýý25 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites 
Mean/m2 

1,000-10,000 No. of sites 
No. in sites 
Mean/m2 

100-1,000 No. of sites 1 
No. in sites 220 
Mean/m2 220 - - - - 

10-100 No. of sites 2- 9 2 2 8 
No. in sites 40 219 60 40 280 
Mean/m2 20 24 30 20 35 

Total No. of sites 3 9 2 2 8 
No. in sites 260 219 60 40 280 
Mean/m2 67 24 30 20 35 

Maximum density/m2 220 67 40 20 80 

Table 23. Tellina tenuis - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for*Autumn & Spring surveys 
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Frequency group 
Autumn Autumn Autumn 

1971 1975 1976 

10,000-100,000 No. of sites - - - NoJ in sites 
Mean/m2 - - - 

1,000-10,000 No. of sites 2 6 5 
No. in sites 3240 7758 7290 
Mean/m2 1620 1293 1458 

100-1,000 No. of sites 10 24 14 
No. in sites 1200 5592 3150 
Mean/m2 120 233 225 

10-100 No. of sites 18 18 20 
No. in sites 594 630 640 
Mean/m2 33 35 32 

Total No. of sites 30 48 39 
No. in sites 5034 13995 11087 
Mean/m2 168 291 284 

Maximum density/m2 1800 1860 23,251 

Frequency group. 
Spring Spring Spring Spring Spring 

1972 1973 1974 1975 1976 

109000-1009000 No. of sites - - - - - 
No. in sites 
Mean/m2 - - - - - 

-1,000-10,000 No. of sites 1 2 1 1 - 
No. in sites 1000 2017 1080 1440 - 
Mean/m2 1000 1008 1080 1440 - 

100-1,000 No. of sites 4 8 12 4 15 
No. in sites 1760 2516 4716' 980 5940 
Mean/m2 440 315 393 245 396 

10-100 No. of sites 14 20 13 16 12 
No. in sites 448 734 416 688 440 
Mean/m2 32 37 32 43 37 

Total No. of sites 19 30 26 21 27 
No. in sites 3208 5267 6213 3107 6380 
Mean/m2 

1 
169 

1 
176 

1 
239 148 236 

1 
Maximum density/m2 1 1000 1 1000 1 1080 -1440 

Table 24. Scrobicularia plana - Frequency of sample sites in relation to, 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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the Inner Estuary S. plana has been recorded in uraters with a 

salinity of 10% in the Baltic (Jaekal 1951). Green (1957) noted 

salinities as low as 2%9 on the Gwendreath Estuary. Smidt (1951) 

considered particle size as the decisive factor in the distribution 

of S. plana. Although the animal is susceptible to very cold 

conditions with heavy mortalities recorded in the cold winter of 

1962-63 (Crisp 1964), during the mild conditions of the study there 

was no obvious evidence of low temperature mortality. In the 

surveys high densities and wide distribution were found in the 

Autumn series but with greater variability, e. g. total number varied 

between 5034/m 2 in Autumn 1971 and 13,995 m in Autumn 1975, also 

the area covered varied between 30 sites in Autumn 1971 and 48 

sites in Autumn 1975. This contrasted with the Spring surveys where 

variability was less. Population differences between the successive 

surveys of 1971/72 and 197,5/76 recorded a 36% and 54.4% loss over 

the winter, with a corresponding loss in area of 36% and 43.8%. 

S. plana was recorded as a prey species by the bird and fish 

investigations. Small individuals have been observed in the gut of 

N. diversicolor Minke 1939). 

(k) Ifacoma balthica (Maps 152-159, Table 25) 

This lamellibranch mollusc grew to approximately 

26 mm and was found depending on size to a depth of approximately 

10 cm. Prater (1972) found in the substrate of Morecambe Bay that 

90% of M. balthica were within the top 4 cm when not in adverse 

conditions. Similar results were recorded by Caddy (1966) on the 

Thames where 87.4% were in the top 4.5 cm of the sediment. IM. 
balthica 

was widely distributed in a range of substrates from coarse to very 

fine but maximum densities were in areas with a high percentage of 

very fine sand. It was found at a large range of tidal heights but 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites 10 12 2 
No. in sites 139340 158412 22625 
Mean/m. 2 - 13934 13201 11313 

1,000-10,000 No. of sites 75 74 51 
No. ýn sites 271360 276760 112873 
Mean/m2 3618 3740 2213 

100-1,000 No. of sites 80 61 91 
No. in sites 30110 25498 37428 
Mean/m2 376 418 411 

10-100 No. of sites 48 18 23 
No. in sites 1940 700 1092 
Mean/m. 2 40 39 47 

Total No. of sites 213 165 167 
No. in sites 442750 461370 174018 
Mean/m2 2079 2796 1042 

Maximum density/m. 2 
A 

18580 

- 

20400 10550 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites 
Mean/m2 - 

1,000-10,000 No. of sites 18 21 30 17 40 
No. in sites 22310 29434 47432 25758 59720 
Mean/m2 1239 1402 1581 1515 1493 

100-1,000 No. of sites 119 96 69 62 114 
No. in sites 53834 37753 36335 31800 49134 
Mean/m2 452 393 527 513 431 

10-100 No. of sites 46 33 9 8 29 
No. in sites 1820 1337 280 250 1298 
Mean/m2 40 40 31 31 45 

Total No. of sites 183 150 108 87 183 
No. in sites 77964 68524 84047 57808 110152 
Mean/m2 

1 
426 

1 
457 778 664 

- 
602 

Maximum density/m2 
1 2140 1 2533 2740 2580 3280 

Table 25- Macoma balthica - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 



maximum densities were near the NHWN tide line. This was modified 

in the wave protected areas where the highest densities were below 

MT, e. g. West Kirby and Dawpool Banks, this indicated that substrate 

type was having a greater effect on distribution than tidal height. 

The lamellibranch was well represented in the Inner Estuary 

indicating a tolerance of low salinities. Highest temperatures 

recorded on the Dee do not appear lethal to M. balthica (see transect 

data) and to counteract adverse temperatures M. balthica can burrow 

to avoid the extremes (Vader 1964). At no time duriM the study 

did low temperatures apparently have an effect on the survival of 

M. balthica (Kennedy and Mihursky 1971)- Seasonal ly the populations 

of M. balthica were higher in the Autumn compared to the Spring and 

over the study period there was a mean loss in numbers of 76% 

between Autumn and Spring. In the Autumn series the total numbers 

involved were variable with high density 'peaks' corresponding to 

optimum settlement areas. In the Autumn series densities of 

209400/m 2 
were recorded and there was an average of 8 sites over 

10, m and 67 sites over 19000/m 
2. 

but in the followire five 

Springsurveys the variability was much less, both between years and 

in the frequencies recorded, e. g. the high density peaks were 

removed and no sites were in the frequency category above 10,0001m 2 

and there'was a mean of only 27 sites over 11000/m 
2. The net loss 

in total numbers was 82.4% for winter 1971/72 and 76.1% for the 

1975/76 winter. As a possible explanation (see transect data) a 

number of animals are known to feed on M. balthica and often there 

is a size category involved, e. g. C. maenas has been observed in 

the laboratory to predate M. balthica, particularly the newly 

settled spat (see transect data). Records exist of the lamellibranch 

being predated by several fish species, e. g. P. flesus (Summers 1974); 
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Hancock and Urquhart 1965). On the Dee it formed a common prey 

of P. flesus. M. balthica is also eaten by several bird species, 

e. g. H. ostralegus (Dare 1966; Reppleston 1971), Redshank 

(TrinEa totanus L. ) Goss-Custqrd (1969), Knot (Calidris canutus L. ) 

Prater (1972). On the Dee-it formed an important part of the diet 

of several species. It was observed that different species were 

feeding on a size range of M. balthicaj e. g. on the Dee spatfall 

corresponded with the presence of young P. flesus and these predated 

the young M. balthica., Elsewhere T. totanus preferentially selected 

the largest 14. balthica on the Ythan (Goss-Custard 1969) and Prater 

(1972) noted some degree of selection by C. canut us for the medium 

sized M. balthica (6-14.9 =). With this differential predation in 

mind and relating it also to size frequency-investigations 

(Figs. 61 & 62) the I. I. balthiSLpopulation was further divided into 

individuals above and below 10 mm in length. 

(1) Macona balthica-410 mm (Maps 160-166, Table 26) 

Following summer recruitment numbers of small 

M. balthica. were higher in the Autumn than the followire Spring. 

During the study there was a mean loss of 76% in total numbers 

over the winter. High density peaks were evident in the Autumn, 

however, Autumn 1976 was a poor settlement, overall numbers were 

64% less than in Autumn 1975. The Spring series of surveys were 

much less variable with the exception of an occasional site in 

the 103 - 10 freauencv rrouD. the maioritv of densities were in 

the 102 - 103 group. Even then the higher densities were only 
2 

marginally over 11000/m . Over the study this steady reduction of 

peak densities to more uniform densities over the whole Estuary 

was one of the pointers to there possibly being a density dependant 

mechanism controlling the post-spatfall numbers of M. balthica 
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Frequency group 
Autumn Autumn Autumn 

1971 1975 1976 

10,000-100,000' No. of sites - 10 1 
No. in sites - 127644 12050 
Mean/m2 - 12764 12050 

1,000-10,000 No. of sites - 61 38 
No. in sites - 235141 93594 
Mean/m. 2 - 3855 2463 

100-1,000 No. of sites - 60 92 
No. in sites - 

ý5055 33323 
Mean/m2 - 418 362 

10-100 No. of sites - 24 32 
No. in sites - 900 1450 
Mean/m2 - 38 45 

Total No. of sites 155 163 
No. in sites 388740 140417 
Mean/m2 2508 861 

Maximum density/m2 19620 1 12050] 

Frequency group 
Spring Spring Spring Spring Spring 

1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites 
Mean/m2 - - - - - 

1,000-10,000 No. of sites 7 4 19 8 17 
No. in sites 9940 5034 26744 11900 24762 

1 

Mean/m2 1420 1259 1486 1488 1457 

100-1,000 No. of sites 124 101 78 68 121 
No. in sites 50020 37199 38298 29573 52324 
Mean/m2 403 368 491 435 432 

10-100 No. of sites -49 40 11 12 38 
No. in sites 1880 1700 340 400 1638 
Mean/m2 38 43 31 33 43 

Total No. of sites 180 145 108 88 176 
No. in sites 61840 43933 65382 41873 78725 
Mean/m2 

1 
344 

1 
303 

1 
605 476 

1 
447 

1 
Maximum density/m2 1740 1334 2580 

1 
2340 

Table 26. Macoma balthica 4.10 mm - Frequency of sample sites in relatioll 
. to density/m2 on logarithmic scale for Autumn & Spring-surveys 
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(Gillham 1974,1976) and possibly other species in the Estuary. 

(m) -14acoma balthica >10 mm (Maps 167-1739 Table 27) 

The freqiiency of M. balthica for the Autumn series 

were higher on average than the following Spring series with a mean 

of 38.3% loss ov er the Winter. The Autumn totals were more 

variable than thi Spring. In this larger size group Mbalthica 

losses were greater at the margin of the distributions in contrast 

to the small size M. balthica where the greatest loss was in the 

areas of maximum density. 

(n) Hydrobia ulvae (Maps 1S2-189; Table 29) 

H. ulvae is a gastropod mollusc growing to 

approximatelY 5-6 mm on the Dee. The animal exhibited a tidal 

rhythým inhabiting the surface or near surface of the substrate 

at low water, but on tidal inundation had the ability to enter 

and float in the veter column (Newell 196i; Linke 1939; Smidt 1951)- 

Distribution on the Dee even with this migratory ability was 

remarkably consistent but it vras noted that generally the higher 

and more protected sediments were occupied well away from the main 

channels. Sediments in which H. ulvae, was recorded ranged from sand 

to mud, its presence on the coarser sediments being in the Outer 

Estuary. The distribution was centred on the YMN extending from 

MT to near IMIS. Very few H. ulvae were recorded in the Inner 

Estuary but the area in which they occurred was well up the shore 

near the saltmarsh agreeing in general with the observations of 

Newell (1964); Popham (1966). Higher salinities were found high on 

the shore in the Inner Estuary. Newell (1964) found only small 

populations of H. ulvae below 2.8%o but this critical limit was a much 

lower salinity than on the Dee where R. ulvae ended its distribution, 

but he also discovered H. ulvae adapted to the salinities prevailing 



86 

Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites - 
Mean/m2 - - - 

1,000-10,000 No. of sites - 9 2 
No. in sites - 13140 2460 

. Mean/m, 2 - 1460 1230 

100-1,000 No. of sites - 96 81 
No. in sites - 35170 22929 
Mean/m2 - 366 283 

10-100 No. of sites - 43 63 
No. in sites - 1912 2721 
Mean/m2 - 44 43 

Total No. of sites - 148 146 
No. in sites - 50222 28110 
Mean/m2 - 339 193 

Maximum density/m. 2 2200 1460 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

100000-100,00.0 No. of sites - - - - - 
No. in sites 
Mean/m2 

1,000-10,000 No. of sites 1 2 6 
No. in sites 1250 2355 6925 
Mean/m2 - 1250 1178 - 1154 

100-1,000 No. of sites 72 67 56 60 95 
No. in sites 15440 19109 13329 17116 28667 
Mean/m2 214 285 238 285 302 

10-100 No. of sites - 62 62 35 24 45 
No. in sites 2750 2778 2040 830 1994 
Mean/m2 44 45 58 35 44 

Total No. of sites 134 130 93 84 146 
No. in sites 18190 23137 17724 17946 37586 
Mean/m2 136 178 190 214 257 

Maximum density/m2 700 1250 1280 800 1575 

Table 27- Macoma balthica >10 mm - Frequency of sample sites in relation 
to density/m2 on logarithmic scale for Autumn & Spring surveys 
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Frequency group 
Autumn Autumn Autumn 

1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

1,000-10,000 No. of sites - - - 
No. in sites - - - 
Mean/m, 2 - - - 

100-1,000 No. of sites 3 - - 
No. in sites 460 - - 
Mean/m2 153 - - 

10-100 No. of sites 18 9 4 
No. in sites 620 190 175 
Mean/m, 2 34 21 44 

Total No. of sites 21 9 4 
No. in sites 1080 190 175 
Mean/m2 51 21 44 

Maximum density/m2 240 40 75 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - - - - - 
Mean/m2 - - - - - 

1,000-10,000 No. of sites - - - - - 
No. in sites - - - - - 
Mean/m2 - - - - - 

100-1,000 No. of sites - 6 - - - 
No. in sites - 800 - - - 
Mean/m2 - 133 - - - 

10-100 No. of sites 2 23 2 5 2 
No. in sites 40 908 100 140 80 
Mean/m2 20 39 50 28 40 

Total No. of sites 2 29 2 5 2 
No. in sites 40 1708 100 140 80 
Mean/m2 20 59 50 28 40 

Maximum density/m2 20 183 80 
-I 

40 I 

Table 28. Mya arenaria - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites 1 2 - 
No. in sites 47600 22180 
Mean/m2 47600 -11090 - 

1,000-10,000 No. of sites 22 21 38 
No. in sites 61740 50935 102172 
Mean/m, 2 2806 2425 2689 

100-1,000 No. of sites 38 35 54 
No. in sites 14440 14265 20945 
Mean/m2 380 408 388 

10-100 No. of sites 31 23 26 
No. in sites 1240 1055 1107 
Mean/m2 40 46 43 

Total No. of sites 92 81 118 
No. in sites 125020 88435 124224 
Mean/m2 1359 1092 1053 

Maximum density/m, 2 47600 11680 1 

_975,01 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites 
Mean/m2 - 

1,000-10,000 No. of sites 5 1 5 4 13 
No. in sites 10000 1300 8800 7300 24860 
Mean/m2 2000 1300 1760 1825 1912 

100-1,000 No. of sites 40 37 33 33 48 
No. in sites 14450 11372 9829 10865 16864 
Mean/m2 361 334 298 329 351 

10-100 No. of sites 24 25 26 18 25 
No. in sites 1020 985 1100 704 1028 
Mean/m2 43 39 42 39 41 

Total No. of sites 69 63 64 55 86 
No. in sites 25470 14657 19729 18869 42752 
Mean/62 

1 
369 

---- I 
233 

- 
308 
- 

343 
. 

497 

Maximum density/m2 
1 3640 1 

. 
1300 2760 

1 
2780 4120 

Table 29. Hydrobia ulvae - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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to as low as 1ML seawater. On the Dee maximum densities of 

H. ulvae occurred at much higher salinities (assuming salinity at 

0-2-5 cm in the sediment was representative of the water column) 

and would presumably be adapted to this salinity. He further noted 

that the gastropod did not-occur upstream of salinities. in which 

the floating ability was eliminated by lowering of salinity. 

Experiments to verify these findings were not carried out on 

the Dee but Stopford (1951) noted in her experiments that H. ulvae 

from off Parkgate when placed in 12%9salinity remained submerged 

indefinitely. However, adaptation to lower salinities than this 

on the Dee must occur. McMillanCL948) noted H. ulvae with normal 

behaviour in pools at Burton Marsh in a salinity of 1.75%o. 

McItillan- suggested there were distinct biological races 

differing in salinity tolerance. Higher numbers and area covered 

were recorded in the Autumn series, and there was a mean 78% loss 

in numbers and a 31% loss in area over the winter. However, the 

general variability within the frequency groups in the Autumn 

series and Spring series was small. Bird observations on the Dee 

have shown it to be a constituent of the diet of various vraders. 

Anderson (1972) on the Ythan also found that it was a common prey 

of waders and that the number of H. ulvae may have influenced the 

breeding success and numbers of the birds in some years. There 

are records of H. ulvae also being eaten by fish (Bacesco and 

Dumitresco(1958) and Rees (1940) reported H. ulvae being taken by 

N. diversicolor. However, there are problems in looking at the 

effects of predation on the density distributions due to the 

floating habit in the tidal cycle. Although Anderson (1972) 

indicated that the floating habit was reduced in December, January 

and February on the Ythan and was never actually observed on the 
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Dees migration obviously could have had an effect on distribution 

patterns. The very high density at one site on Mostyn Bank in 

Autumn 1971 could have been caused by this migration (this one site 

accounted for 38% of the total numbers in that survey). Although 

remarkably few H. ulvae. were found in areas outside the main 

distributions one could not ignore the possibility that a proportion 

of the population was lost to the open sea during floating, but in 

such an apparently successful species this appears unlikely. 

(o) Eurydice pulchra (Maps 190-197, Table 30) 

E. pulchra is an isopod crustacean growing to 

approximately 6 mm. It occurred in the Outer, Middle and Inner 

Estuary generally low on. the shore. The majority were probably 

stranded by the tide and tended to be in coarse sediments. Very 

large numbers have been observed in the water body of the advancing 

tide, especially during boat work. The impression was given of 

an active scavenger searching out food material on the return of 

the tide. Its importance as an invertebrate predator needs further 

investigation. 

(p) Corophium sp. (Maps 198-205# Table 31) 

Corophium sp. was found either on the surface of 

the substrate, occasionally swimming in the water columnq but 

usually in burrows which it constructed to various depths generally 

3-4 cm, but in dry sediments near high tide to approximately 10 cm. 

Distribution of Corophium sp. on the Dee was associated with 

sediments ranging from fine sand to mud which were areas away from 

the main channels and excessive turbulance. The numbers of 

Corophium sp. were lower in the Inner Estuary possibly due to low 

salinities. Beanland (1935) found an increase in number near 

freshwater. Maximum densities were centred on the HIVIN tide line 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites 
Mean/m2 - 

1,000-10,000 No. of sites 1 
No. in sites 1280 
Mean/m2 1280 - - 

100-1,000 No. of sites 13 /6 - 
No. in sites 3560 2180 - 
Mean/m2 274 363 - 

10-100 No. of sites 31 25 7 
No. in sites 960 760 275 
Mean/m2 31 30 39 

Total No. of sites 45 31 7 
No. in sites 5800 2940 275 
Mean/m2 129 95 39 

Maximum density/m2 1280 880 75 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - 
Mean/m2 - 

1,000-10,000 No. of sites - 
No. in sites - 
Mean/m2 - 

100-1,000 No. of sites 6 6 5 1 7 
No. in sites 1420 2718 740 500 1700 
Mean/m2 237 453 148 500 243 

10-100 No. of sites 36 18 21 12 37 
No. in sites 1070 566 720 420 1200 
Mean/m2 30 31 34 35 32 

Total No. of sites 42 24 26 13 44 
No. in sites 2490 3284 1460 920 2900 
Mean/m2 59 137 56 71 66 

Maximum density/m2 360 950 240 500 740 

Table 30. Eurydice pulchra - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites 20 8 13 
No. in sites 507360 121980 213120 
Mean/m2 . 25386 15248 16394 

1,000-10,000 No. of sites 37 27 30 
No. in sites 123498 98825 87274 
Mean/m2 3338 3660 2909 

100-1,000 No. of sites 26 
.., 
25 25 

No. in sites 9670 9275 9875 
Mean/m2 372 371 395 

10-100 No. of sites 33 31 36 
No. in sites 1120 1185 1363 
Mean/m. 2 34 38 38 

Total No. of sites 116 91 104 
No. in sites 641648 231265 311632 
Mean/m2 5531 2541 2996 

Maximum density/m. 2 64900 29920 26550 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - 1 
No. in sites 13480 
Mean/m2 - - - - 13480 

1,000-10,000 No. of sites 15 - - 8 
No. in sites 33310 - - 17160 50900 
Mean/m2 2221 - - 2145 2828 

100-1,000 No. of sites 40 18 13 11 25 
No. in sites 15070 6952 5020 3940 8060 
Mean/m2 377 386 386 358 322 

10-100 No. of sites -49 39 16 27 35 
No. in sites 2100 1325 593 919 1282 
Mean/m2 43 34 37 34 37 

Total No. of sites 104 57 29 46 79 
No. in sites 50480 8277 5613 22019 73722 
Mean/m2 485 145 194 479 933 

Maximum density/m2 4120 900 840 4460 1 13480 

Table 31- Corophium sp. - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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but in sheltered conditions the maximum densities extended to MT. 

Corophium sp. numbers were on average in the Autumn series 92% 

higher than in the Spring. In the variable Spring surveys the 

maximum difference between years was 94% and there was also a 

large difference between years (72%) in the areas covered. The 

fluctuation in numbers apparently had a trend with lowering of 

numbers and areas in 1973 and 1974 followed by a rise to 1976. 

Corophium sp. did not figure largely in the ornithological 

investigations on the Dee, but several records exist of it forming 

an important component of the diet of waders (Goss-Custard 1967)- 

The fish investigations indicated that Corophium sp. was a common 

prey of P. flesus and several other records exist of it as a food 

source for fish (Hart 1930; SegerstrAle 1937; Williams 

Perkins and Hinde 1965). In the laboratory Corophium sp. was seen 

to be eaten by C. vulgaris and this was also noted by 

Havinga. (1930). A factor which could have influenced the recorded 

variation in density was migration. Corophium sp. was observed 

mit7mung in the water column like H. ulvae and numerous records 

exist of its rhythmic tidal activity (Schodduyn 1926; Hart 1930; 

Thamdrup 1935; Wohlenberg 1937; Vader 1964; Morgan 1965)- 

Remarkably like H. ulvae even with these activities the distributions 

were maintained. A reduction in the maximum densities together 

with area was observed, but the levelling of densities to a uniform 

minimum density was not as distinct as in M. balthica. 

(q) Bathyporeia sp. (Maps 206-2139 Table 32) 

Distribution of'Bathyporeia sp. was limited to the 

Outer and Middle Estuary, particularly on Mostyn and West Urby 

Banks. The genus was generally restricted to coarse sediments 

(<250u). Very occasionally Bathyporeia sp. was recorded in the 
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Autumn Autumn Autumn Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites - - 
Mean/m2 - - - 

1,000-10,000 No. of sites - - 1 
No. in sites - - 1075 
M. ean/m2 - - 1075 

100-1,000 No. of sites 23 11 16 
No. in sites 5660 3320 3400 
Mean/m2 246 302 213 

10-100 No. of sites 28 300 24 
No. in sites 880 1220 1025 
Mean/m2 31 41 43 

Total No. of sites 51 41 41 
No. in sites 6540 4540 5500 
Mean/m2 128 ill 134 

Maximum density/m2 740 580 
ý1075 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-1000000 No. of sites - - - - - 
No. in sites 
Mean/m2 - 

1,000-10,000 No. of sites 2 
No. in sites 2420 
Mean/m2 - - 1210 

100-1,000 No. of sites 12 12 5 10 20 
No. in sites 4620 4451 1000 3600 5900 
Mean/m2 385 371 200 360 295 

10-100 No. of sites -21 25 4 11 42 
No. in sites 710 934 240 520 1606 
Mean/m2 34 37 60 47 38 

Total No. of sites 33 37 9 23 62 
No. in sites 5330 5385 1240 6540 7506 
Mean/m2 162 146 138 284 121 

Maximum density/m2 980 667 380 1 
- 

1220 580 

Table 32. Batbyporeia sp. - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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Inner Estuary near the min channel. It was not recorded as being 

eaten by fish or birds in the Dee studies. 

(r) Haustorius arenarius (14aps 214-221, Table 33) 

H. arenaria had a characteristic distribution 

coinciding with areas of heavy turbulance. It was not recorded as 

a food item of either birds or fish in the Dee. 

(s) Crangon vulgaris (Maps 222-228, Table 34) 

All the specimens of C. vulgari recorded in the 

surveys were juveniles and their presence in the intertidal 

substrate was probably due to stranding on the ebb tide. C. vulgaris 

was known to be present in large numbers in the deep channels of the 

Outer Estuary-throughout the year and supported a prosperous fishing 

industry. It is probable that like the fish populations the, as 

yet unquantified population of C. vulgaris., move into the 

invertebrate rich areas of the Estuary with the flood tide returning 

to the deep channels of the Outer Estuary on the ebb. C. vulgaris 

was not recorded as a prey item by the bird investigations on the 

Dee, but it was a common prey of P. flesus. Hancock and Urquhart 

(1965) also recorded its presence in the gut of P. flesus on the 

'Burry Inlets. 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites - - - 
Mean/m, 2 - - - 

1,000-10,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

100-1,000 No. of sites 15 7 - 
No. in sites 2380 1120 - 
Mean/m2 159 160 - 

10-100 No. of sites 25 20 8 
No. in sites 1050 640 250 
Mean/m2 42 32 31 

Total No. of sites 40 27 8 
No. in sites 3430 1760 250 
Mean/m2 86 65 31 

Maximum density/m2 340 300 75 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - - - - 
Mean/m2 - - - - 

1,000-10,000 No. of sites - - - - 
No. in sites - - - - 
Mean/m2 - - - - 

100-1,000 No. of sites 5 8 - - 7 
No. in sites 960 1217 - - 1200 
Mean/m2 192 152 - - 171 

10-100 No. of sites 2-3 18 4 3 24 
No. in sites 850 652 80 60 920 
Mean/m2 37 36 20 20 38 

Total No. of sites 28 26 4 3 31 
No. in sites 1810 1869 80 60 2120 
Mean/m2 65 72 20 20 68 

Maximum density/m2 300 217 20 20 520 

Table 33- Haustorius arenarius - Frequency of sample sites in relation 
to density/m2 on logarithmic scale for Autumn & Spring surveys 
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Autumn Autumn Autumn Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

1,000-10,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

100-1,000 No. of sites 4 - - 
No. in sites 820 - - 
Mean/m2 205 - - 

10-100 No. of sites 34 9 7 
No. in sites 1080 170 200 
Mean/m2 32 19 29 

Total No. of sites 38 9 7 
No. in sites 1900 170 200 
Mean/m2 50 19 29 

Maximum density/m2 400 20 50 
707 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - - - 
Mean/m2 - - - 

1,000-10,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

100-1,000 No. of sites 1 - - 
No. in sites 240 - - 
Mean/m2 240 - - 

10-100 No. of sites 9 2 - 3 2 
No. in sites 240 27 - 50 33 
Mean/m2 27 14 - 17 17 

Total No. of sites 10 2 - 3 2 
No. in sites 480 27 - 50 33 
Mean/m2 48 14 - 17 17 

Maximum density/m2 240 17 20 20 

Table 34 Crangon vulgaris ,- 
Frequency of sample sites in relation to 

density/m2 on logarithmic scale for Autumn & Spring surveys 
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Autumn Autumn Autumn 
Frequency group 1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites - 
Mean/m2 - 

1,000-10,000 No. of sites - 
No. in sites - 
Mean/m2 - 

100-1,000 No. of sites 5 2 
No. in sites 760 220 
Mean/m2 152 110 - 

10-100 No. of sites 33 31 4 
No. in sites 1160 980 155 
Mean/m2 35 32 39 

Total No. of sites 38 33 4 
No. in sites 1920 1200 155 
Mean/m2 51 36 39 

Maximum density/m2 260 120 80 

Spring Spring Spring Spring Spring 
Frequency group 1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - - - - 
Mean/m2 - - - - 

1,000-10,000 No. of sites - - - - 
No. in sites - - - - 
Mean/m2 - - - - 

100-1,000 No. of sites - - - - 
No. in sites - - - - 
Mean/m2 - - - - 

10-100 No. of sites - 3 3 5 5 
No. in sites - 44 100 100 100 
Mean/m2 - 15 33 20 20 

Total No. of sites - 3 3 5 5 
No. in sites - 44 100 100 100 
Mean/m2 - 15 33 20 20 

Maximum density/m2 - 17 60 40 20 

Table 35. Carcinus maenas - Frequency of sample sites in relation to 
density/m2 on logarithmic scale for Autumn & Spring surveys 
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Frequency group 
Autumn Autumn Autumn 

1971 1975 1976 

10,000-100,000 No. of sites - - - 
No. in sites - - - 
Mean/m2 - - - 

1,000-10,000 No. of sites - - - 
No. in sites - - - 
Mean/m. 2 - - - 

100-1,000 No. of sites - 1 3 
No. in sites - 240 425 
Mean/m2 - 240 142 

10-100 No. of sites 2 10 15 
No. in sites 40 380 535 
Mean/m2 20 38 36 

Total No. of sites 2 11 18 
No. in sites 40 620 960 
Mean/m2 20 56 53 

Maximum density/m2 20 240 125 

Frequency group 
Spring Spring Spring Spring Spring 

1972 1973 1974 1975 1976 

10,000-100,000 No. of sites - - - - - 
No. in sites - - - - 
Mean/m2 - - - - 

1,000-10,000 No. of sites - - - - 
No. in sites - 
Mean/m2 - 

100-1,000 No. of sites - 2 
No. in sites - 260 
Mean/m2 - 130 

10-100 No. of sites - 4 8 3 7 
No. in sites - 100 200 60 180 
Mean/m2 - 28 25 20 26 

Total No. of sites - 4 8 3 9 
No. in sites - 100 200 60 440 
Mean/m2 - 28 25 20 49 

Maximum density/m2 60 60 20 160 

Table 36. Diptera larvae - Frequency of sample sites in relation to 
, density/m2 on logarithmic scale for Autumn & Spring surveys 
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3.1.3 Association Analysis 

Prior to the AA two procedures were adopted - 

(1) Removal of temporary members - these were defined as species 

the presence of which in the sample was by chance stranding 

by the tide, they were. species more generally associated with 

the water column, e. g. C. vulgaris, E. pulchra and Mysids. 

The removal of 'rare' species - defined as species which 

total only one individual for the whole survey. The presence 

of 'rare' species in the analysis were considered would not 

appreciably affect the hierarchy or add to the ecological 

interpretation of the results. 

The analysis of the three Autumn surveys and five Spring 

surveys are presented in the form of - 

(a) dendrograms (Figs. 19 -26) showing the hierarchical 

divisions involved in the Hormal AA analysis and the 

devisive attribvtes (codes for the identification of 

the devisive attributes are given in Table 37); 

(b) Tables (38 - 45) shoving the percentage species 

composition of each association and the percentage 

species composition of the complete survey; 

(c) distribution maps (Maps 244-251) of the main 

ecological associations and 

(d) species composition of the Normal AA map groups 

(Tables 46-51). 

For ecological interpretation of the results, in the 

analysis the significance level was set at )e 3.64 but for the purposes 

of ecological interpretation this was set at an arbitrary higher 

limit of approximately ', ý 10. This gave five distinct associations 
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Species Code 

Phyllodoce sp. 1 
Nere, is diversicolor 2 
Nephthys sp. 3 
Eteone longa 4 
Scoloplos armiger 5 
Nerine cirratulus 6 
Pygospio elegans 7 
Arenicola, marina 8 
Pectinaria koreni 9 
Lanice conchilega 10 
Tubificids 12 
Nematodes 13 
Mytilus edulis 14 
Cerastoderma edule 15 
Tellina tenuis 16 
Scrobicularia plana 17 
Macoma balthica 18 
Mya arenaria 21 
Hydrobia ulvae 22 
Eurydice pulchra 23 
Corophium sp. - 25 
Bathyporeia sp. 26 
Haustorius arenarius 27 
Crangon vulgaris 28 
Carcinus maenas 29 
Mysids 30 
Diptera, larvae 31 

Table 37-. Species Codes used in conjunction with divisive 
attributes of Normal Association Analysis 
Dendrograms (Figs. 19 - 26). 
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Figure 22. Distribution of Normal Association Analysis Groups 
in Spring 1974. 
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Mean % presence in surveys 

Species Complete Autumn Spring 
Series Series Series 

Macoma balthica 98 98 98 
Nereis diversicolor 90 99 85 
Hydrobia ulvae 88 88 89 
Corophium sp. 73 83 67 
Scrobicularia plana 68 63 72 
Pygospio elegans 57 56 58 
Eteone longa 37 77 13 
Nematodes 22 21 22 
Nephthys sp. 19 19 18 
Cerastoderma, edule 18 38 6 
Carcinus maenas 14 31 3 
Mya arenaria 14 15 13 
Tubificids 12 10 14 
Bathyporeia sp. 7 6 3 
Nerine cirratulus 6 6 6 
Arenicola marina 4 9 - 
Diptera larvae 4 4 4 
Scoloplos armiger 2 <1 3 
Mytilus edulis 2 6 - 
Lanice conchilega 1 3 - 
Tellina. tenuis <1 <1 <1 
Phyllodoce sp. <1 <1 - 
Haustorius arenarius <1 - <1 

Table 46. Mean % presence of species in Normal Association 
Analysis Group 1 for surveys Autumn 1971 to 
Autumn 1976 (broken line indicates 20% presence 
for complete series) 
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Mean % presence in surveys 

Complete Autumn Spring 
Species Series Series Series 

Macoma. balthica 94 92 95 
Nereis diversicolor 71 49 84 
Pygospio elegans 59 60 59 
Corophium sp. 52 64 45 
Hydrobia ulvae 35 36 34 
Eteone longa 31 57 15 
Nephthys sp. 

------- 
24 

----------- 
31 

---- 
21 

---- 
Tubificids 13 19 10 
Nerine cirratulus 13 15 11 
Cerastoderma edule 10 19 4 
Diptera larvae 9 14 6 
Mya arenaria 6 5 7 
Carcinus maenas 4 7 3 
Arenicola marina 4 7 1 
Scrobicularia plana 4 - 7 
Bathyporeia sp. 3 5 2 
Scoloplos armiger 2 2 2 
Nematodes 2 2 3 
Haustorius arenarius 2 1 2 
Phyllodoce sp. -Cl - <1 
Lanice conchilega <1 
Mytilus edulis <1 
Tellina tenuis <1 <1 

Table 47- Mean % presence of species in Normal Association 
Analysis Group 2 for surveys Autumn 1971 to 
Autumn 1976 (broken line indicates 10% presence 
for complete series) 
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Mean % presence in surveys 

Complete Autumn Spring 
Species Series Series Siries 

Macoma. balthica 93 95 93 
Corophium sp. 83 80 84 
Hydrobia ulvae 82 99 73 
Bathyporeia sp. 56 40 65 
Nephthys sp. 41 51 35 
Eteone longa 38 60 24 
Pygospio elegans 34 33 35 
Arenicola marina 30 20 35 
Nerine cirratulus 28 30 27 

-Scoloplos armiger 23 19 26 
Cerastoderma. edule 20 42 

-7 -Ne-re-is jiWsIcilor -- ----- 16 _ 
- 26 

Scrobicularia plana 11 17 7 
Tellina tenuis 9 10 9 
Haustorius arenarius 8 5 9 
Tubificids 6 11 3 
Carcinus maenas 5 9 2 

Phyllodoce sp. 4 3 4 
Mya arenaria. 4 - 6 
Mytilus edulis 2 4 1 
Diptera larvae 2 4 1 
Nematodes 1 3 - 

Table 48. Mean % presence of species in Normal Association 
Analysis Group 3 for surveys Autumn 1971 to 
Autumn 1976 (broken line indicates 20% presence 
for complete series) 
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Mean % presence in surveys 

Complete Autumn Spring 
Species Series Series Series 

Macoma balthica 66 56 71 
Nephthys sp. 56 63 52 
Haustorius arenarius 53 68 45 
Bathyporeia sp. 49 60 44 
Nerine cirratulus 30 20 35 
Nereis diversicolor 27 - 40 
Eteone longa 22 57 4 
Hydrobia ulvae 8 - 13 
Pygospio elegans 7 8 6 
Tubificids 6 3 8 
Corophium sp. 5 11 2 
Tellina tenuis 5 7 5 
Cerastoderma, edule 5 11 1 
Scoloplos armiger 2 2 2 
Arenicola marina 2 2 2 
Carcinus maenas 2 3 1 
Diptera larvae 1 2 1 
Nematodes 1 - 1 
Lanice conchilega Cl 2 - 
Pectinaria koreni Cl 2 - 
Phyllodoce sp. <1 I - 

Table 49. Mean % presence of species in Normal Association 
Analysis Group 4 for surveys Autumn 1971 to 
Autumn 1976 (broken line indicates 20% presence 
for complete series) 
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Mean % presence in surveys 

Species Complete Autumn Spring 
Series Series Series 

Macoma balthica 76 70 78 
Nephthys sp. 

- 
45 

----- ----- 
64 

-- -- 
38 

-1 frer7ei7s ýi7velslic-ol7W 173 - 187 
Pygospio elegans 13 1 18 
Hydrobia ulvae - 11 - 16 
Nerine cirratulus 10 18 7 
Haustorius arenarius 8 10 8 
Corophium sp. 7 13 5 
Diptera larvae 7 2 9 
Bathyporeia sp. 6 8 6 
Eteone longa 6 8 6 
Tubificids 6 13 3 
Tellina tenuis 4 6 3 
Cerastoderma edule 3 8 1 
Arenicola marina 1 2 <1 
Scoloplos armiger <1 <1 <1 
Carcinus maenas <1 2 - 
Nematodes <1 - <I 
Mya arenaria <1 <1 
Phyllodoce sp. <1 <1 - 
Pectinaria koreni <1 <1 
Lanice conchilega <1 -Cl 

Table 50, Mean % presence of species in Normal Association 
Analysis Group 5 for surveys Autumn 1971 to 
Autumn 1976 (broken line indicates 20% presence 
for complete series) 
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% presence in survey 

Species Spring 
1976 

Nephthys sp. 67 
Bathyporeia sp. 52 
Haustorius 48 
Nerine cirratulus 41 
Tellina tenuis 22 

I Aýenicola-iaýrina --- ---------- ---- - -7- 
Pectinaria koreni 

1 

7 
Hydrobia ulvae 7 
Eteone longa 4 
Lanice conchilega 4 
Cerastoderma edule 4 

Table 51- Mean % presence of species in Normal Association 
Analysis Group 6 for survey Spring 1976 (broken 
line indicates 20% presence) 
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or communities in all surveys, except for Spring 3.976 which extended 

beyond the limits of the Estuary, here the increased number of 

sample sites effectively enabled a further division of Group 

into a distinct association - Group 6. 

(a) Associations 

Group 1 This contained 8 common species supplemented by two 

other species in the Autumn seriess i. e. C. edule and C. maenas. The 

two most common spe6ies were, M. balthica and N. diversicolor but 

S. Plana was particularly distinctive of the Group. 

Group 2 This group contained 7 common species but was 

dominated by M. balthica. The list of common species was very 

similar to Group 1 with the exclusion of S. plana. 

GrouP 3 The increased number of common species in the group 

indicated more stable environmental conditions and the group was 

restricted to the outer more marine sediments of the Estuary. 

Main species were M. balthica. CorophiUM sp. and H. ulvae but 

distinctive, even though present in smaller numbers, was S. armiger. 

Other typical members included Bathyporeia sp., A. marina and 

C. edule. Variability between seasons was low. 

Group 4 Although M. balthica was the most numerous, other 

distinctive membersof the group were H. arenarius, Bathyporeia sp. 

and Nephthys sp. Seasonal variability was low with the exception 

of the two annelids and E. longa. 

Group 5 Group 5 was an amorphous group found in difficult 

environmental conditions either high on the shore near the 

saltmarsh where there were the effects of dessication. or low on 

the shore near the main channel with rapid changes in salinity and 

high water velocities. These difficult conditions are reflected 

in the low number of common species, restricted to only two species, 
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M. balthica and Wephthys sp. 

Group 6 The increased area of sampling in Spring 1976 (Map 23) 

including the East Hoyle Bank, -revealed a group distinct from all 

others by the notable absence of M. balthica but strong affinities 

were shown to Group 4 with the presence of Nephth-ys sp., 

BathyporeiE sp. and H. arenarius. '" 

(b) Relation to physical/chemical factors 

An analysis of variance was performed on the relation of 

the physical/chemical variables from Autumn 1971, Spring 1974 and 

Spring 1976. to the Formal AA groups, the results have been presented 

in Tables 52 - 56, Figs. 27 - 31 )- 

Salinity (Tables 52 & 53, Figs 27 & 28) 

A significant difference could be detected between the 

5 groups in 1971 at both depths in the sediment (N. 005) but although 

similar patterns were presented in 1974 the difference between the 

groups was not significant. Although similar trends were also 

detected at the two depths, 0-2.5 cms and 17-5-20 cm, definition 

between groups was more significant at17.5-20 cm. 

(ii) Median phi (Table 54, Fig. 29) 

A highly significant difference between the AA groups 

(Pe, 005) was detected. Each year there was a similar trend from AA 

Group 1 correlated with fine sediments to Group 6 correlated 

with coarse sediments. An exception to the sequence was AA Group 59 

here there was a significant rise in phi value. Important in any 

future. multivariate analysis was the demarcation between Groups 1 

and 2.1 

(iii) Percentage loss . 
on ignition 

(Table 55, 
Fig. 30) 

In all three years a highly significant difference was 

recorded between the AA group means (P<. 005) and a trend was 
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Survey 
A. A. 

Groups Y d. f. Sum of 
Squares 

Mean 
Square 

Standard 
error 

F ratio 

Autumn 1971 1 31.64 53 295.61 5.58 0.32 
2 29.00 72 3371.28 46.82 0.80 
3 33.02 23 94.06 4.09 0.41 
4 32.94 31 183.72 5.93 0.43 
5 30.89 66 2625.22 39.78 0.77 

245 6569.89 26.82 0.73 
30.97 4 531.25 132.81 4.95 

Spring 1974 1 29.93 14 210.23 15.02 1.00 
2 32.70 32 1533.87 47.93 1.21 
3 31.73 4 13.63 3.41 0-. 83 
4 29.83 9 73.50 8.17 0.90 
5 27.80 5 194.24 38.85 2.54 

64 2025.47 31.65 1.51 
31.19 4 187.38 46.82 1.48 

Table 52. Analysis of variance of Interstitial Salinity (%. ) at 
depth of 0-2.5 cms in the sediment, in relation to 
the Normal Association Analysis map groups for Aut 
1971 and Spring 1974 
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Survey 
A. A. 

Groups x d. f. 

I 

Sum of 
Squares 

Mean 
Square 

Standard 
error F ratio 

Autumn 1971 1 30.32 53 917.02 17.30 0.57 
2 27.43 70 1466.70 17.30 0.57 
3 33.54 23 212.66 9.25 0.62 
4 31.54 30 508.03 16.93 0.74 
5 30.07 59 1707.90 28.95 0.69 

235 4812.31 20.48 0.65 

29.88 4 846.50 211.63 10.33 

Spring 1974 1 28.13 16 399.33 24.96 1.21 
2 28.24 32 826.37 25.82 0.88 
3 31.66 4 26.29 6.57 1.15 
4 31.66 9 268.47 29.83 1.73 
5 26.97 5 345.68 69.14 3.39 

66 1866.13 28.27 1.41 

28.83 4 160.97 40.24 1.42 

TOýe 53. Analysis of variance of Interstitial Salinity (%, ) at a 
a depth of 17.5 - 20 cms in the sediment, in relation 
to the Normal Association Analysis map groups for Aut 
1971 and Spring 1974 
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Survey A. A. 
Groups d. f. Sum of 

Square 
Mean 

Square 
Standard 

error 
F ratio 

Spring 1974 1 3.43 22 6.64 0.30 0.11 
2 3.12 48 9.69 0.20 0.06 
3 2.71 8 0.70 0.09 0.10 
4 2.66 13 0.68 0.05 0.06 
5 3.23 9 2.71 0.30 0.17 

100 20.42 0.20 0.10 

3.10 4 6.77 1.69 8.30 

Spring 1976 1 3.33 17 5.27 0.31 0.13 
2 3.12 40 11.50 0.29 0.08 
3 2.71 19 1.99 0.10 0.07 
4 2.61 27 1.11 0.04 0.04 
5 2.96 48 7.30 0.15 0.06 
6 2.24 19 2.05 0.11 0.07 

170 29.22 0.17 0.08 

2.87 5 17.14 3.43 19.94 

Table 54. Analysis of variance of Sediment Particle size (Median 
value) at a depth of 0-2.5 cms, in relation to the 
Normal Association Analysis map groups for Spring 1974 
and Spring 1976 
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Survey A. A. 
X d f 

Sum of Mean Standard 
F ratio Groups . . Squares Square error 

Auturrm 1971 1 5.59 *50 170.68 3.41 0.25 
2 4.34 73 248.83 3.40 0.21 
3 3.70 22 44.86 2.04 0.30 
4 2.73 31 32.62 1.05 0.18 
5 3.59 64 194.60 3.04 0.22 

240 691.59 2.88 0.24 

4 197.24 49.31 17.11 

Spring 1974 1 4.11 20 245.11 12.26 o. 76 
2 1.83 46 50.33 1.09 0.15 
3 1.61 8 3.79 0.47 0.23 
4 1.04 13 3.64 0.28 0.14 
5 1.74 9 27.04 3.00 0.55 

96 329.91 3.44 0.41 

2.16 4 107.07 26.77 7.79 

Spring 1976 1 3.33 18 51.39 2.86 0.39 
2 2.40 44 61.51 1.40 0.18 
3 1.48 28 7.14 0.26 0.09 
4 1.27 32 8.06 0.25 0.09 
5 1.68 48 56.26 1.17 0.15 
6 1.26 26 6.33 0.24 0.09 

196 190.70 0.97 0.17 

1.84 5 80.92 16.18 16.63 

Table 55- Analysis of variance of Sediment Loss on Ignition (7. Vt) 
at a depth of 0-2.5 cms, in relation to the Normal 
Association Analysis map groups for Autimm 1971, Spring 
1974 and Spring 1976 
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-- Autumn 1971; x- Spring 1974; vertical 
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apparent. from high percentage loss on ignition in Group 1 to low 

loss on ignition in Group 4, again the exception was Group 5. 

A correlation existed between the two Spring surveys but the 

percentage loss on ignition for the Autumn 1971 survey was 

approximately 50% higher. A. possible explanation was the seasonal 

increase in benthic diatoms, algae and detritus during the relative 

calm and more favourable growing conditions of the Summer. Although 

macroinvertebrates were removed before analysis an increase in meio, 

and micro fauna could also have been a contributory effect. 

(iv) 
. 
]Elevation (Table 56, Fig. 31) 

A highly significant difference was recorded between the 

groups in each of the three years (P<-005). The importance of the 

region 1 metre below IMIN in the distribution of the Groups 1-3 

was clearly demonstrated. The variability between the three years 

was small with the exception again of Group 5. 

The results indicated that each AA Group had a unique 

combination of particle size, elevation and salinity which over the 

limited number of surveys studied, and with the exception of percentage 

loss on ignition in 1971, were consistent. 

4 
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Survey A. A. x d. f. Sum of Mean Standard F ratio Groups Squares Square error 

Autumn 1971 1 1.50 54 54.10 1.00 0.13 
2 1.23 74 127.55 1.72 0.15 
3 1.13 24 22.06 0.92 0.19 
4 -0.12 26 56.35 2.17 0.28 
5 -0.55 63 158.60 2.52 0.20 

241 418.66 1.74 0.19 

0.67 4 179.38 44.84 25.81 

Spring 1974 1 1.21 24 37.25 1.55 0.25 
2 1.51 56 52.25 0.93 0.13 
3 1.83 8 2.54 0.32 0.19 
4 -0.03 16 10.76 0.67 0.20 
5 2.03 16 14.64 0.91 0.23 

120 117.41 0.98 0.20 

1.33 4 44.14 11.04 11.28 

Spring 1976 1 1.35 19 20.95 1.10 o. 23 
2 1.30 50 78.03 1.56 0.17 
3 1.58 20 15.24 0.76 0.19 
4 0.12 27 35.25 1.31 0.22 
5 0.93 60 119.31 1.99 0.18 
6 0.42 14 34.00 2.43 0.40 

190 302.79 1.59 0.22 

0.99 51 41.16 1 8.23 5.17 

Table 56. Analysis of variance of Elevation (metres relative to Ordnance 
Datum, Newlyn) in relation to the Normal Association Analysis 
map groups for Autumn 1971, Spring 1974 and Spring 1976 
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3.2 Intensive surveys 
3.2.1 Environmental factors 

Physical/Chemical 

The emphasis in the examination of the physical/chemical 

ýariables on the transect was slightly different from the extensive 

surveys. Here I was looking at the seasonal variation of the 

invertebrates and required more detailed knowledge of 

the corresponding seasonal variation in environmental factors, e. g. 

temperature assumes a greater importance but other factors 

investigated included predation, for which results have been presented 

(Fig 16-1ý)percentage loss on ignition, erosion/deposition of the 

sedimentg saltmarsh advance, salinity and selected heavy metals. 

(i) Salinity 

The extensive grid survey distributions of salinity 

within the Estuary (Map 27-30) had already suggested that river water 

was a major factor. Others possibly included precipitation and 

ground water. Fig. 32 has been presented to show the daily variations 

in river flow at Chester wier for 1972. No clear seasonal pattern 

was observed and large variations occurred, e. g. in September and 

October the river flow was below 10 m3/sec but in the early part of 

December reached nearly 170M3/sec. The chancq of organising two test 

surveys where this large variation in salinity was recorded would 

have been very difficult but the follouring two surveys outlined 

were carried out on the 11.8-72 with a river flow of 35 m3/sec and 

on the 14-7.72 with a river flow of 7.1 M3/sec on the da-yton transect. 

The results of these surveys are presented in Figs 33-35. These surveys 

along the transect were carried out by myself during a detailed water 

quality survey along the Estuary by Binnie & Partners and the WNWDA 

(MO 1974). 

In addition to relate the water column to. the sediments 
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(an understanding of which is so important in invertebrate studies) 

on the 11.8.72 interstitial readings were taken at 0-2-5 cm and 

17-5-20 cm at low water along the transect (Fig- 35). 

The salinities on the 14.7-72 for half flood suggest a 

transverse stratification occurring across the Estuary, the remains 

of lower salinities being pushed up the transect. On the 11.8.72 

no such clear stratification occurred. 

At high water on the 11.8-72 stratification indicated 

lower salinities at the upper regions of the transect. On the 

14.7.72, although lower salinities were in the middle regions of 

the transect, salinities comparable to the main channel were 

recorded at Stations 1 and 8. The surface salinity variations 

with time (Fig. 35 ) emphasise the non-uniform distribution across 

the Estuary with less saline waters occurring towards the upper 

shore pushed by the advancing wedge of marine water. Comparison 

of these with the interstitial salinity revealed no clear pattern. 

(other than a similar range) in the relationship with the overlying 

water column. Capstick (1957) noticed that salinity variations 

in the tidal water during a 12 hour cycle caused little variation 

to the interstitial salinities only affecting the upper and lower ends 

of his transect in certain months. The trends in the interstitial 

salinity. results indicated higher salinities at the upper regions 

of the transect probably related to drying of the sediments during 

the previous neap cycles although the particularly low value of 

24.17, oZoat a depth of 17-5-20 cm at Station 8 is difficult to explain. 

Salinities at 17-5-20 cm tended to be lower (except Station 15). 

This could have been due to general conditions over a longer period 

but the effects of the geology, i. e. ground waters need further 

investigation. The general conclusion can be made that there was 



142 

no precise relationshipq although the general range was similar, 

between the water column salinities on the 11.8.72 and the 

interstitial salinities. 

An indication of the salinity variations occurring in the 

main channel at the base o. 'L' the Gayton transect over a tidal cycle 

can be seen from the results of a further survey carried out on the 

18.9-72 (Fig. 36 ). The tidal range was 6.8 m Liverpool Datum (L. D. ) 

and the freshwater flow at Chester wier was 7.1 m3/sec. The 

existence of stratification. was observed both on the flood and the ebb. 

There was evidence at half ebb of-plugs of freshwater flowing out on 

the tide. Salinities ranged from a high tide value of 29%oto 8%oin 

the main channel at low watergiving a salinity difference of 21%v 

over the tide cycle at the base of the Gayton transect. 

To give an indication of the salinity variation throughout 

a year. Table 57 has been presented which shows the interstitial 

salinity on the invertebrate sampling dates from 13.9-71 to 18.9.72. 

Although there was variation throughout the year no clear pattern 

emerged and the effects of high freshwater inputs to the Estuary 

were not distinctive. The mean value over the 12 months indicated 

marginally lower salinities at greater depth. Although the 

approximate average was 24%cpthe highest figures registered ranged 

between 8.83%-at Station 43 on the 14.2.72 and 47.64%. at Station 8 

on the 13-9.71 , but the upper values were higher. 

Percentage loss on ignition (Table 58) 

Percentage loss on ignition values were recorded over 

one year from 13-9-71 to 18.9.72 at two depths in the sediment. 

The results revealed no obvious seasonal variation but the 0-2-5 cm 

depth values, particularly at Stations 1 and 8, possible reflecting 

the increased deposition of sediment and organic material adjacent 

to the saltmarsh. 
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Iýrosion/Deposjtjon of Sediment 

To check the rate of deposition of sediment, particularly 

near the saltmarsh, stakes were placed at each Station down the 

transect and at equal distances between each Station. 

The method adopted was to push two metre long bamboo canes deeply 

into the sediment and record any change in sediment depth on later 

invertebrate sampling dates. A small amount of scour was 

usually present at the base of the stakes but the effect was localized 

and there was no obvious movement of the canes in the sediment. 

The results. have been presented in Table 60. No clear trend was 

apparent either during the year or along the transect. Maximum 

increases in sediment occurred at Stations 8,36 and 39-5- Clearly 

deposition ums not confined to the upper regions of the transect 

over the relatively short period of the study and major variations 

were found near the main channel at the base of the transect. 

Very similar observations were made by Hydraulic Research Station 

(ERS 1970) with similar minor changes in level in the upper foreshore 

on a nearby transect at Heswall, and over the whole of their 

transect there appeared to be an approximate balance between 

accretion and erosion. 

Uv) Saitnarsh advance 

To gain an impression of the long-term changes in accretion (assuming 

saltmarsh colonization occurs when the sediment reaches +3-3 m O. D. 

(Ranwell 1964)) and at the same time indicate the rate of advance 

of the saltmarsh along the Gayton transect, Table 59 is presented. 

Year 195o 1_19.55 1 1960 1 1965 1968 1 1971 197 

Width 820 14o 1 700 1 660 940 1 1550 1700 

Table 59. Width of vegetated zone of foreshore adjacent 
to Gayton transect. 
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The steady increase in width of the saltmarsh in this area indicates 

a more long-term accretion occurring in the upper regions of the 

transect. 

During the course of the study Station 1 on the transect 

changed from being an open mudflat with scattered small S. anglica 

clumps to dense cover. During the period also the sediment 

surface changed from being a broad flat expanse with no significant 

drainage channels to an area with saltmarsh gutters approximately 

1 metre deep. The appearance of these deep channels occurred 

rapidly during 1974/75. 

(v) Temperature 

To gain an indication of the temperature effects on the 

invertebrates, temperatures of river, sea and air were obtained from 

a variety of local monitoring stations, e. g. in Fig. 37 the mean 

annual monthly variation in the river water at Shotton Steelworkst 

the sea at Holyhead, the air at Hawarden Bridge Meteorological Station, 

Shotton Steelworks and the sea nearby at the Mersey Bar Lightship. 

The mean monthly figures were not obtained$ for practical 

reas=s, over the same length of time but were sufficient to 

indicate general trends, e. g. sea water temperatures at less annual 

variation than the river temperatures, and there was a pronounced 

time lag in the sea temperatures. 

A more detailed-distribution was prepared for the period 

1971-73 (Fig- 38). The mean air temperatures- were obtained from 

Hawarden Meteorological Station, Shotton Steelworks and the river 

temperatures from the water intakes of Shotton Steelworks at low 

water to separate them from marine influence. The sea water 

temperatures presented problems. Ideally a continuous recorder 

would have been preferred on the Estuary but this proved 
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unpractical, therefore temperature records were obtained from the 

nearest source, and this proved to be the water intakes of the 

Clarence Dock Power Station in Liverpool. Records were taken two 

hours into flood, so avoiding problems as much as possible of 

River Mersey temperatures. Ih addition, temperature records were 

taken in the sediment with maximum/minimum thermometers at each 

of the sample stations along the transect at 2.5 cm and 10 cm 

depth. Unfortunately this method proved unsuitable as the 

thermometers generally survived only one month. The thermometers 

proved particularly attractive to the longer billed waders 

presumably by the vermiform shape of the glass. However, the 

maximum recorded temperature along the transect was 27.80C, at 

Station 22 at a depth of 2.5 cm between 5-7-72 and 10-8-72. The 

minimum temperature was 0-5 0C at Station 43 at a depth of 2.5 cm 

between 11-2-73 and 18-3-73- 

(iv) Pollutants 

The policy over a number of years of the Pollution 

Prevention Department of the River Authority has been to encourage 

full treatment of domestic sewerage outfalls into the Estuary. 

At the end of the study only one outfall, at Heswallj remained 

partially treated. During the studY3 crude sewerage outfalls onto 

West Kirby Bank were redirected to the North Wirral offshore 

sewerage discharge pipeline in 1975. However, the infrequent - 

occurrence of tomato seeds along the Gayton transect indicated a 

source but the origin was unknown. 

A factor which I felt important during the early stages 

of the study was the investigation of heavy metals in particular 

Zinc. An industrial plant was present at Greenfield on the southern 
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shore which was the largest rayon factory in Europe and water 

quality surveys revealed that large quantities of soluble ZnSO4 

was being discharged into the Estuary. To note any major 

concentrations and variations throughout the year material was 

provided from the intensivi sampling locations for the Pollution 

Prevention Department to form part of their pollution control 

programme (Table 61). Shortly after the study began a 

reclamation process was installed and the levels of heavy metal 

discharged into the Estuary was considerably reduced. Samples 

were also regularly provided of the invertebrates, these samples 

indicated that although Zinc was accumulated (Mehran and Tremblay 

1966) levels were comparable with samples from other unpolluted 

estuaries. 

3.2.2 Macroinvertebrates (Figs. 39 - 92) 

Sampling intensity was directed at common species. 

Ecological interpretation of the less common species has not been 

attempted but the results have been presented. Analysis involved 

calculation of the normal statistical parameters, e. g. standard 

error, but for clarity of graphical presentation these have been 

omitted in the 1971-73 Gayton transect frequencies. Effort at 

this stage using the material available was on detecting 

significant trends in the frequency distributions'over a number 

of years, in particular, detecting periods of recruitment and 

noting evidence of predation activity. 
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(a) Nereis diversicolor (Figs. 39 - 42) 

The polychaete on the Gayton transect had a seasonal 

variation in density, maximum numbers occurring in the Autumn of 

each year at Stations 15,22,29 and 36. The timing 

of the maximum densities was in general agreement with Dales (1951) 

but varied from Chambers & Milne (1975a) on the Ythan where maximum 

densities were in mid-Summer. In both these estuaries the increases 

represented recruitment by young. Following the rapid increases in 

density there was a gradual reduction with the indication that the 

effects of a recruitment period extended over more than one year, e. g. 

Station 15 in 1971-72 and Stations 22 and 29 in 1975-76. Particularly 

good recruitment was also recorded following low summer densities 

in 1973. The data indicated that at the end of each two-year 

cycle there were uniform minimum densities, e. g. 1973,1975 and 1977. 

Very similar densities were recorded by Dales (1951) and Chambers 

and Milne (1975a). 

(b) Eteone longa (Figs. 45 and 46) 

Well defined seasonal variations were present for this 

this species each year. Maximum densities occurred in late Summer 

and Autumn but in contrast with other species which in general had 

a ýinimum residual number of individuals present this species 

became rare in the Estuary. The reasons for this phenomenon are 

not understood but there was an indication of a predation in the 

cur7ilinear shape of the loss. 

(c) Pygospiq elegans (Figs. 49 and 50) 

The wide variation in densities of P. elegans with no 

apparent seasonal preference was in agreement with published work 

showing that there is an extended breeding season (Hempel 1957). 
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Figure 39. Seasonal variation in density of Nereis diversicolor at 
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Figure 43. Seasonal variation in density of Nephthys sp. at each 
sampling station on the Gayton transect 1971-73- 
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Figure 44 Seasonal variation in density of Nephthys sp. (t 1 S. E. ) 
at each sampling station on the Gayton transect 1975-77- 
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Figure 45. Seasonal variation in density of Eteone longa at each 
sampling station on the Gayton transect 1971-73. 
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Figure 46. Seasonal variation in density of Lteone longa (t 1 S. E. ) 
at each sampling station on the Gayton transect 1975-77. 
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Figure 47. Seasonal variation in density of Nerine cirratulus at 
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Figure 48. Seasonal variation in density of Nerine cirratulus 
(t 1 S. E. ) at each sampling stati on the Gayton 
transect 1975-77. 
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Figure 49. Seasonal variation in density of Pygospio elegans 
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sampling station on the Gayton transect, 1971-73- 
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Figure 51. Seasonal variation in density of Cerastoderma edule at 
each sampling station on the Gayton transect 1971-73. 
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Figure 52o Seasonal variation in density of Cerastoderma edule 
(t 1 S. E. ) at each sampling-station on the Gayton 
transect 1975-77. 
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Young larvae have been reported throughout the year Marine 

Biological Association 1957; Hannerz 1956; S8derstr8m 1920; Thorson 

1946)* However, other factors were possibly influencing the 

distributions, e. g. effects of gales and exposure to wave action. 

The species was also apparently favoured by other invertebrates as 

a food source, e. g. C. vulgaris. The presence of a predation effect 

was supported by the curvilinear form of the data follovrIng maximum 

densities in 1975. A two year density cycle was indicated. 

(d) Scrobicularia Plana (Figs- 53 - 56) 

S. plana was found at Stations 15,22,29 and 36. Seasonal 

variation in densities was evident, maximum densities occurring in 

late Summer but the numbers involved in all years except 1975 were 

small. Significantly high densities were recorded (590 t 244/m 2) 
at 

"Station 22 in June 1975 corresponding with an increase at other 

stations, but there was a later unexpected increase in November 197,5 

(1120 :t 244/m 2 ). 

In contrast to the Gayton transect seasonal variation was 

much less at Thurstaston and Hostyn. At Thurstaston sites 1 and 

2 and at Mostyn 2 densities were higher than the other sites. 

Mostyn 2 recorded a uniform high density of approximately 3,000/m2. 

Thurstaston 2 was the only site to register any significant loss in 

numbers, December 1976 (1780 ± 124 m) to March 1977 (540 ± 101/ni 2 ). 

Size(lengtW frequency measurements were undertaken at Thurstaston 1 

and Mostyn 2 (Figs. 57 & 58). The results had a close agreement to 

the polymodal distributions of Hughes (1970a) for a mudflat 50 miles 

distant on the North Wales Coast. A distinctive feature of the 

curves was the drop in the size of the mode in the early months of 

1976 up until April. This apparent negative growth was more distinct 

in the larger size frequencies at Thurstaston and the smaller size 
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Figure 53. Seasonal variation in density of Scrobicularia plana at 
each sampling station on the Gayton transect 1971-73- 
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frequencies at Mostyn. A possible explanation was the fact that 

H-ostralegu were feeding on the larger year classes of the polymodal 

distributions, at Thurstaston and the younger year classes at 14ostyn 

Buxton(1978), and Norton. -Griffiths (1967) found that Mostralegus 

selected the larger S. plana.. 

(e) Macoma balthica (Figs 59 and 60) 

The density distributions had a rapid increase in numbers 

over a short period, followed by a first rapid decrease in numbers 

which gradually levelled out to a relatively constant base line 

figure before the next annual increase. This seasonal increase was 

mainly restricted to the four central stations on the transect. The 

maximum densities fluctuated each year, 1972 being a particularly 

'poor' year. However, even with this variation in 'peak' densities, 

it was particularly noticeable that by I-lay, at the majority of sample 

sites, a relatively uniform minimum density was recorded, e. g. 

Station, 1975 1976 

15 310 50 631 107 

22 575 59 894 54 

29 670 75 463 70 

36 905 95 731 142 

43 780 52 994 134 
When 197.5 and 1976 densities were compared this gave a mean of 

648/m 2 
-in 1975 and 743/m2 in 3-0,76. Very similar densities were 

recorded for other years. The evident curvilinear shape of the loss 

was found to have a. significant log regression, e. g. the curve at 

Station 36 during the period 1972/73 was Y= 525.4e - *216X (P-e-05) 

and at Station 29 during the period 19? 1/? 2 the regression was 

Y= 413-7e - *243X (P<-05)- 
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Figure 59. Seasonal variation in density of Macoma balthica at 
each sampling station on the Gayton transect, 1971-73. 
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Size frequency measurements of M. balthica were made over 

the study period at three Stations down the transect, Stations 15, ; 22 

and 43 in the period 1971-74 and Stations 15,29 and 43 for 1975-77. 

The results, expressed as change in modes of size (length) frequency 

distributions with time, are shown in Figs. 61 - 62. The results 

substantiate the decision to divide the M. balthica population into 

two groups <10 r3m and >10 mm. Each year after recruitment growth 

was rapid but became retarded during the Winter, growth resumed in 

the Spring and between approximately June - August the mode of the 1+ 

group had increased to above 10 mm in length. 

M Macoma balthica 00 mm (Figs. 63 - 66) 

The size frequency histograms indicated that the periods 

of rapid increase in numbers were due to recruitment by young forms. 

The start of settlement (bearing in mind that spawning and the 

pelagic stage would have been earlier (Battle 1932 and 

Caddy 1967)) was first registered in mid-June/July in most years. 

Spatfall tended to vary slightly in position down the shore each year 

but within the region 15 - 36 along the transect. A feature in the 

distribution was for the maximum densities to occur slightly later 

upshore and downshore of the initial settlement, e. g. in 1973 the 

first high density peak was in July at Stations 22 and 29 but maximum. 

densities were not recorded until October at Stations 15 and 43. 

A very similar situation occurred in 19759 and evidence from the size 

frequency data suggests that these were not primary settlements of 

spat but were secondary settlements of V.. balthica. approximately 

4-5 cm. in length. Beukema (1973) noted very similar results, but 

later in the year, on the Danish Waddens and accounted for them 

as due to migration. 
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The gradual reduction in the numbers of 1-1-balthica 

(outlined above) throughout the year could have been caused by any 

one of a number of environmental factors. 

(i) Migration 

Although there was evidence of a secondary migration of 

young 14. balthica 4-5 M in length there is no clear evidence that 

the source of this migration was from the middle regions of the 

transect. The prevailing water movements were not up and down the 

transect but across, so the source of the late increase in numbers 

at Station 15 was presumably from lower down the Estuary. However, 

without further detailed marking experiments movement of the very 

young stages has to be borne in mind as a contributory factor at 

certain sites in the loss. 

Nutrition 

There is also the possibility that nutrition requirement 

could act as a control directly or indirectly, directly with regard 

to nutrition and indirectly by affecting the behaviour which Brayfield 

and Newell (1961) accounted for as due to the searching activities for- 

fresh food supplies but this would presumably make the invertebrate 

more obvious to predators. However, the rapid growth (Figs. 61 & 62) 

indicated that detritus and benthic algae were not a limiting factor in 

the Surner. The retarded growth of loss of body flesh weight during 

the Winter (Chambers and Milne 197.5b) indicated that food could be 

in short supply. Unfortunatelyt Vnvestigation of the supply of 

detritus; and benthic algae was not undertaken, however, it appears 

more probably that the retaýrded growth and loss of body flesh weight 

were due primarily to a temperature effect reducing the feeding 

activities.. No direct evidence was observed of mortality over the 

Winter period. Another contributory factor to a reduction of feeding 

could be the equinoctial neap cycle during the Winter period. During 

this period much of the upper shore would be exposed for an increased 
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time so that a reduced growth rate could be expected at Station 15 

compared vrith Stations 22 and 43. The growth curves presented in 

Figs. 60-61 were not-conclusive. Although a lower growth rate was 

witnessed at certain times it was usually associated with one 

particular year group. 

(iii) Pathogens 

Another factor which could be contributing to 

the loss was the effect of pathogens. Cheng (1967)'. Swennen(1969) found 

M. balthica infected by variable quantities of the trematode 

Paravatrema affinis. Infection by other parasites is possible 

but further work is required. , -During this study no external 

evidence of severe effects of parasitism were noted on the M. balthica 

examined. However, the indirect effects of parasitism by P. affinis 

could be contributing to mortality by'affecting the behaviour of 

M. balthica. - Sweenen and Ching (1974) noted there was a greater 

quantity of infection in M. balthica exhibiting crawling tracks. 

This could indirectly affect the mortality curve by making M. balthica 

more obvious and available to predators. 

(iv) Oxygen deficiency 

The effect of differences in position of M. balthica in 

the substrate was also influenced by the oxygen content of the 

sediment (Brayfield 1964; 11u1scher 1973). No direct observations 

were made on the Dee of depth in the substrate of, M. balthica related 

to oxygen content, but no actual sightings were made. of_M. balthica 

surfacing with gaping shells as seen by Brayfield (1964). 

(v) Er osion/Deposition of sediment 

Another factor contributing to the loss could be the rapid 

removal or addition of sediment. Rates of accretion were investigated 

and the results are shown in Fig. 60. However, in a species exhibiting 
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rapid movements within the sediment (Stopford 1951; Brayfield and 

Newell 1961; Sweenen 1969) it appears unlikely that this would have 

a decisive effect under the rates of accretion and erosion recorded. 

Periods of severe storms were found to have an effect on the 

redistribution of surface sediment but the effects were generally 

limited to the Winter and early Spring when adults were well 

protected at lower levels in the sediment. 

(vi) Salinity 

The annual variations in salinity are seen in Fig. 57. 

At the salinities recorded it seems unlikely they were having a 

major effect on the seasonal variation in numbers of M. balthica. 

The salinity of interstitial water is perhaps not a'true reflection 

of the environment in which, M. balthica is found since the feeding 

activities occur when covered by the tide. However, in extremes in 

the environment M. balthica could presumably be tolerant by ceasing 

feeding and closing the shell valves. 

(vii) Temperature 

Either very high or very low temperatures could be 

contributing to the mortality. Data for the period 1971-73 on air, 

river and seawater temperatures, together with limited information 

on may-imum/minimum temperatures within the sediment at 2.5 cm and 

10 cm below the surface have been presented in Fig- 38. M. balthica 

is an artic boreal species (Clay 1967) and therefore tolerance'to 

low temperatures is expected. However, a heavy mortality of 

M. balthica was reported for the Solway Firth during the 1962-63 

Winter (Crisp 1964; Williams et al 1964; Williams et al 1965), but 

these t6mperatures were far below those recorded during the study 

on the Dee. High temperatures may be more of a problem, especially 

as it was noted that the highest temperatures, particularly of 
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sediment, over 'the three years occurred in July, the approximate 

period when settlement of young M. balthica was taking place. The 

maxizmlm temperature in the sediment at 2-5 cm depth recorded was 

27.80C. Tests were carried out in the laboratory to estimate the 

lethal temperature in a range of size groups. Facilities and 

other conditions imposed restraints on the stringency of these 

tests, for example, the effect of the salinity range was not 

investigated nor were varying oxygen concentrations and the 

limitations of the equipment did not allow effects of acclimatization 

to be investigated. Consequently the results expressed represent 

a primary investigation of the problem and a much more detailed 

physiological experiment is required. The test took place in 

August 1972 using newly settled M. balthica in the size range 

3-5 mm, 1+ H. baithica in the range of 10-13 mm and 2+ in the range 

19-24 mm, which were placed in flasks in a water bath. Throughout 

the tests the oxygen content of the waterýwas kept uniform 

and high by constant aeration and the salinity of the water was 

3V,; -,. The temperature was raised from an initial temperature of 

190C to a maximum of 50 0C at a rate of 10C every 10 minutes. At 

0 5C intervals flasks of H. balthica were removed from the water 

and allowed to return to initial ambient temperature. Recovery of 

M. balthica was found to cease at a temperature between 37.5 oc 

and 42 0C for all three size ranges. More comprehensive 

experiments were carried out by Kennedy and Mihursky (1971)- Using 

accl, imatized material they ascertained the LC 50 temperatures for 

large and small M. balthica, 33.3 0C for the large and 33.5 0C for 

the small and they attributed the differential temperature 

tolerances as Indicative of a physiological adaptation of young 

M. balthica to higher teoperaiures experienced in the surface 
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sediments. Henderson (1929) determined the lethal temperatures by 

raising the temperature 10C every 5 minutes. He ascertained the 

average lethal temperature for M. balthica, to be 42.3 0 Co' Therefore at 

the temperatures recorded on the Dee of 27.80C at 2-5 cm depth in 

the sediment, it does not appear likely that temperaýure was having 

a major effect on the young H. balthicagbut further observations 

are required as to whether a critical temperature is being approached 

on the actual surface of the sediment and whether newly settled 

M. balthica can evade these high temperatures by burrowing deeper 

into the sediment. 

It vould appear from the observations that none of these 

environmental factors can account fully for the logarithmic decrease in 

densities throughout the year. Other important factors needed 

investigation. 

(viii) Invertebrate predation 

The importance of M. balthica as a prey species for 

P. flesus and estuarine birds has been outlined in the extensive 

survey results, but to these two groups of predators should be added 

a less well understood group, the other invertebrates which occur 

both in the sediment and in the water column. For example, it was 

observed from the transect data that at the time of M. balthica 

settlement each year, without exception, there was a corresponding 

settlement of C. maenas. --Close observations in the field of the 

surface sediment at the time of this occurrence, emphasised the 

large numbers of C. maenas involved and occasionally, particularly 

where the sediment had been disturbed, C. maenas was seen to predate 

on newly settled M. balthica. 

To investigate these observations further an experiment 

was carried out under laboratory conditions to determine whether 
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young C. maenas could contribute to the initial stage in the mortality 

curve. The experiments took place in plastic buckets in the 

0 laboratory at a temperature of 19 C and a salinity of 30%9. No 

allowance in the experiment was made for distribution of M. balthica 

in the sediment, no sediment-being present in the buckets. The two 

species were placed together in varying size combinations as seen in 

Table 62. Biological material for the experiment was obtained 

from the transect but large C. maenas were. supplemented by 

material from Mostyn Dock. A period of 3 hours elapsed between the 

collection of the material and the start of the experiment. Six 

hours after the commencement of the experiment all the small sized 

M. balthica, had been predated and progressively larger M. balthica were 

taken by the larger size C. maenas but the largest H. balthica remained 

unaffected after nine days. It was also noted after this length of 

time that the 
_C. 

ma_ena_s were beginning to predate other C. maenas of 

similar size. Similar observations have been recorded by Perkins 

et al (1965). Supplementary experiments indicated that C. maenas also 

predates on other invertebrates in the sediment, e. g. P. elegans. 

A similar experiment carried out with C. vulgaris : Lndicated that only 

very large C. vulgaris could Preak open the shell of small H. balthica 

In this species, annelids and other crustacea and particularly 

Corophium sp. were found to be more important. 

The effects of predation from C. maenas were of a transitory 

nature since there was a very rapid decline in the numbers of small 

C. maenas along the transect. 

(ix) Vertebrate predation 

The curvilinear shape of the mortality and the 

reduction of a large variable density to an apparent minimum uniform 

density at all Stations on the transect and over all years suggested 
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D Tank Size Range No. of 
No. of M. balthica & size range (=) 

ate No. (mm) C. maenas 4 2 4 8 8- 10 10 - 15 - - 

23 Sept '73 1 2.5 - 5.0 14 7 6 3 3 
n 5.0 - 6. o 16 7 6 3 3 

In 6.0 - 7.5 20 7 6 3 3 
IV 7-5 - 9.0 13 7 6 3 3 

6 hrs later 1 2-5 -50 14 0 4 3 3 
(23-9-73) 11 5.0 - 6: 0 16 0 3 3 3 

In 6. o - 7.5 20 0 1 3 3 
TV 7-5 - 9.0 13 0 1 3 3 

2 days later 1 2-5 - 5-0 13 0 4 3 3 
(25-9-73) 11 5.0 - 6. o 15 0 1 3 3 

III 6. o - 7-5 20 0 1 3 3 
IV 7-5 - 9-0 13 0 0 3 3 

9 days later 1 2-5 - 5-0 9 0 3 3 3 
(1-10-73) 1, 5-0- 6.0 

1 

10 0 1 3 3 
In 6.0 - 7-5 . 15 0 0 3 3 
IV 7-5 - 9-0 13 0 0 3 3 

Table 62. Invertebrate predation experiment - mortality of Ibcoma balthica 

by Carcinus maenas. 
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the strong possibility of a density dependant predation mechanism 

controlling the post-settlement populations of IT. balthica. Similar 

mechanisms have been observed in other' environments but withthe 

possible important difference that the estuarine environment 

mechanism had to work on a single prey population recruitment per 

year. Other investigators have concentrated their attentions on 

looking at the reactions and behaviour of the predators to varying 

prey densities and not the effects of predation on the densities of 

prey (Gibb 19,58; Holling 19.59; Royama 1971; Hassall and May 1973; 

Goss-Custar. d 1977)- 

I felt the establishment of an exclosure was the ideal 

opportunity to investigate this hypothesis. If the other 

environmental factors were relatively unimportant the density under 

a net should remain at the density near settlementv if during the 

following Spring the net was removed exposing this artifial high 

density predation and, under a-. density dependance, had an increased 

rate compared with the density of the surrounding area. 

The first netted area was established at Station 22 on 

the transect in 1972. The net was established at settlement and 

remained until the following Spring and during this time predation 

was successfully prevented under the net, the density remaining 

steady from settlement. The net was removed and increased 

predation occurred within this area to similar levels in the control. 

Unfortunately, although the experiment substantiated the hypothesiss 

Station 22 was selected which in 1972 proved to be a particularly 

poor year for settlement (Fig- 59). * The significance of the 

difference between the populations inside and outside was not 

sufficiently marked for strong conclusions to be drawn. 
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Fortunately the opportunity arose to carry out further 

more comprehensive experiments in 1975 and these have been given in 

the section 3.2.2. 

(g) Hydrobia ulvae (Figs. 73 - 76) 

With the exception of Stations 43 and 50 large variations 

occurred in the numbers of this species along the transect. 

A seasonal trend, although not clearly defined, was for maximum 

densities to occur during the Autumn and for the minimum densities 

to be in the late Spring. The behaviour of H. ulvae in relation to 
I 

the tidal cycle in particular migration associated with the 

ability of the species to float in the urater column and at the 

surface, made interpretation of the data limited. Separation of 

the rate of increase and decrease in densities due to reproductiong 

predation and migration would require further analysis of size 

frequency and reproductive developments. However, the very rapid 

changes in density at Station 1 in early 197.5 were hard to explain 

I except by a migration. At other stations rate of increase in 

density was very similar to rate of decrease. The curvilinear form 

of decrease in numbers, illustrated for less mobile species such as 

M. balthica, was not in evidence for this species, with the possible 

exception of Station 8 between August 1971 and May 1972. 

At Thurstaston and Mostyn no clear density pattern 

emerged. H. ulvae was poorly represented in the upper two sites. 

The lower site indicated a maximum of approximately 2,000/m 2 followed 

by a significant loss. 

(h) Corophium sp* - 82) ' (Figs. 79 

The frequency distributions indicated large seasonal 

variation at the central stations of the transect with maximum 

densities recorded during Winter and minimum during mid-Summer. 
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Figure 77. Seasonal variation in density of Eurydice pulchra at each 
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Figure 85. Seasonal variation in density of Haustorius arenarius at 
each sampling station on the Gayton transect 1971-73. 
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(t 1 S. E. ) at each sampling station on the Gayton 
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(± 1 S. E. ) at each sampling station on the Gayton 
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The rate of increase and decrease was equal. In each year a small 

uniform base density was recorded during Junel but even at these 

low Summer densities Corophium sp. was never totally absent, a low 
2 

residual population remained, e. g. June 1975 - mean 27/zý , June 1976 - 

mean 18/m 2. In each year the time of maximum densities during the 

Winter varied along the transect but a clear pattern was not evident. 

The results were unexpected, the mid-Winter maxima differing from 

the other invertebrates. In a similar study on the Ythan (McLusky 

1968) recorded maximum densities of CoroEhium volutator during late 

Summer. 

The yearly life cycle of C. volutator (Hart 1930; Watkin 

1941; M. -Lusky 1968) indicated several possibilities to explain the 

seasonal nature of the populations but to draw conclusions at this 

stage on the Dee would be premature without detail of distribution of 

size frequency. Seasopal changes may well have been affected 

considerably by migration. Rhymic swimming activity in the 

genus has been reported by several authors (Schodduyn 1926; Thamdrup 

1935; Vader 10,64; Morgan 1965). If a predation density mechanism, 

already described for H. balthica, was working for this species the 

results indicate a very low survival density threshold on the Gayton 

transect, perhaps it was a relatively easy prey for the predators, 

particularly fish during the Summer. Similar seasonal variation 

in numbers uras registered at Thurstaston and Mostyn but the maximum 

density at two sites in particular (Thurstaston 2& 3) occurred 

earlier in the year than on the Gayton transect. 

(i) Carcinus maenas (Figs. 89 and 90) 

A marked seasonal variability was present. - All the 

specimens found in mid-Mimmer represented newly settled young stages. 

The timing of the increase appeared to be correlated with the 
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Figure 89. Seasonal variation in density of Carcinus maenas at each 
sampUng station on the Gayton transect 1971-73. 
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Figure 91. Seasonal variation in density of Diptera larvae at each 
sampling station on the Gayton transect, 1971ý-73- 
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settlement of young M. balthica and it appeared likely that temperature 

was the controlling factor. The rapid increase in numbers in the 

Summer was closely followed by an equally rapid-decrease. The 

possibility of migration of small individuals off the transect 

cannot be discounted but it would appear more likely that predation 

of C. maenas took place. Both the bird and fish studies have noted 

C. maenas as a prey species, particularly high numbers being taken 

by these predators. 

Records exist of C. maenas (mainly adult) taking a variety 

of other invertebrates (Turner 195_1a, 1951b; Smith et al 1955; 

Ebling et al 1964; Perkins et al 1965; Williams et al 1965; Crothers 

1968). The relationship to M. balthica has been outlined in the 

previous section. The absence of adult C. maenas, along the transect 

could be due to their burrowing habit when the tide recedesItheir 

relatively low numbers preventing adequate sampling with the corer. 

Adults also appeared to be highly susceptible to attack from gulls 

if left stranded on the open mudflat. Conversely large populations 

of adults were present within the saltmarsh particularly in the 

early Spring. Naylor (1962) suggested temperature had an effect on 

the movement of large C. maenas on the shoie and noted a movement up 

the shore in March and April. 

Q) Exclosure experiments (Figs. 93 - 109) 

(i) Introduction 

In 197.5 the netted area experiment (outlined in the 

previous section) was repeated but this experiment was extended in 

an attempt to differentiate the relative importance of the bird and 

fish populations. The hypothesis to be tested was that if both 

components were reacting to prey densities with predation occurring 

at an increased rates at the higher densities (density dependant 
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mechanism), the probability existed that if one of the components 

could be excluded the other component, acting in a density dependant 

mechanism, would compensate and maintain the mortality curve. 

Therefore, in addition to the nets which excluded both vertebrate 

predators (Total 11cclosures) I devised nets which floated on the 

tide over a defined substrate excluding each component separately 

yet allowing normal predation by the other (Bird and Fish 

Exclosures). Initial difficulties were encountered with the fish 

exclosure and a redesigned model was installed one month after the 

start of the experiment. The original intention was to remove the 

total exclosure in late 161inter after an artificially high density 

had been maintained but severe north westerly gales caused damage to 

all the nets at the end of December 1975 and the remains were removed. 

Site location was determined by four main considerations 

The nets, for economy of effort, had to be situated in an 

area where investigations were taking place and there was apparent 

predation. 

A productive area was required where there was known high 

densities of invertebrates and as rich as possible in species. 

The area had to be relatively inaccessible to avoid vandalism. 

In a protected area away from severe wave action. 

The nets were positioned at Stations 22 and 29 on the 

Gayton transect. Two stations were selected to alleviate problems 

encountered in the previous net. 

(ii) Construction 

The main consideration in the construction of the nets was 

to exclude the feeding vertebrates without interfering with the 

normal physical, chemical environment. The major problem to overcome 

was preventing major changes in the water velocity. From previous' 

experience with net construction (Gillham 1974) it was noted that any 

poles or stakes should be thin, large poles caused severe scour at the 
base. 
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Total exclosures 

Construction is seen in Fig 93. The net consisted of 

a square with sides 6-5 metres long. At each corner was placed a 

5x5 cm stake driven deep into the substrate. At a height of 
60 cm approximately was a7 gauge perimeter wire. This was kept 

tensioned by wires at each corner anchored in the substrate by 60 cm 

metal discs dug deeply into the substrate. At intervals round the 

perimeter and within the experimental area were placed 20 thin 

bamboo canes to help support the perimeter wire and the polythene 

twine over the top of the net. Round the perimeter within the 

substrate was placed a thick polythene sheet to a depth of 30 cm. 

The upper 2-3 cm approximately were left free on the surface helping 

to prevent future covering of the sheet. At a depth of 5 cm was 

placed a polythene perimeter rope. The sides of the square were 

covered in 2.5 cmnetloý netting attached ai the top and bottom by 

the 7 gauge perimeter wire and the polythene rope buried in the 

substrate. The top of the square was covered with 12 cmnetlod pea 

netting. 12 cm netting was used basically to help reduce changes in 

water velocity and prevent strain on the framework. 

- From observation it was noted that the waders, when on 

the ground, were not inclined to fly over the. perimeter net. 

This was substantiated by a notable lack of footprints within the 

net on the occasions that it was visited and the perimeter net was 

not damaged. However, if the perimeter net was damaged, occasional 

tracks were visible. Similarly it was assumed that the P. flesus 

population would be found mainly near the surface of the sediment and the 

perimeter net would act as an effective barrier. It was envisaged 

that the upper net would act as a deterrent to entry. In practice 

it was found very few fish became trapped within the net. There was 
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Figure 93. Construction of Total exclosure. 
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not, however, a 100% exclosure of fish. 

The nets stood up well to moderately severe weather 

conditions but frequent repairs were necessary, particularly to the 

side netting. Scour was noted at the'corner stakes but very little 

around the bamboo canes. The accumulation of material within the 

net due to reduced velocity did occur and was estimated at 

approximately 4 cm during. periods of maximum accumulation. 

Bird Exclosures (Fig 94) 

This consisted of a6 metre square. The basic idea was 

of a floating box covered with net on the sides and top which would 

rise with the tide allowing the fish to feed normally and lower on to 

the same position at the ebb, thereby excluding the birds. 

Construction of the basic box was of 5 cm x5 cm pine. 

To prevent waterlogging two coats of marine varnish and a 

rubberized inert paint top coat were applied. The sides of the 

exclosure were prefabricated on shore and later taken out by boat. 

At each corner was placed metal angles to strengthen the construction. 

To the four upper angles were attached the anchor ropes. 12 mm 

polypropolene rope was used, this was chosen particularly because 

it had less stretch characteristics than nylon and was, unlike nylon, 

unaffected by sunlight. The anchor ropes were 24 metres in length. 

This proved to be of sufficient length to allow the exclosure to 

float freely at least two metres vertically but at the same time 

prevented lateral movement. 

In practice the net was observed to float to at least 2 

metres, although it became submerged at Spring tides, this probably 

helped in its protection. On the ebb the exclosure was seen to 

settle on the same position each tide. Its position could be noted 

relative to the polythene sheet buried in the substrate around the 
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perimeter. The sides and top were covered in 2.5 cmnetlorý netting 

fastened by staples to the timbers. The first net was constructed 

at Station 22 and a later net at Station 29. Sampling took place 

by disconnection of anchor ropes and then physically moving the net to 

allow entry to the square. In practice the side netting proved 

difficult$ the staples easily breaking off and requiring constant 

intenance. 

Fish exclosure (Mark II) (Fig 95) 

This consisted of two 6 metre square framesq one free to 

f1mt in the. water body, the other buried 15 cm in the substrate. 

Between the two frames was stapled a 2.2 m high 2-5 cm Inetlon' net. 

Around the perimeter was placed polythene sheeting to a depth of 

30 cm. The angles of the upper frame was reinforced with metal 

angles of similar construction to the bird exclosure. To the metal 

angles were attached two anchor ropes at each cornert one to prevent 

excessive vertical movement, the other to prevent lateral movement. 

Each anchor rope was attached to a 40 cm metal disc 70 cm deep in 

the substrate. 

The net apparently worked well causing no obvious build up 

of sediment within the area. Only occasional fish were found trapped 

within the net and from the evidence of bird tracks these were not 

affected by the presence of the net lying on the substrate and over 

which they would have to pass. 

(iii) Results 

Statistical significance of the difference between the 

control and the various exclosures was performed by a 't' test. 

Results of the variance ratio F test using the 5% significance level 

indicated that If. balthica and N. diversicolor could be tested further 

but the other species were not suitable. However the results have been 
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presented graphically. 

Hacoma balthica (Figs. 96 - 98) 

When the exclosures were established densities did not 

differ significantly from thiD control. Settlement took place as 

seen in previous years and other stations. Maximum density occurred 

in August at the control. The densities under the total exclosures 

were not significantly different at Total Exclosure I but significant 

at Total Exclosure II (<. 05). No sample was obtained from the bird 

exclosure at this time. There was then the normal exponential 

logarithmic loss curve at the control, a curve which was 

closely followed by the bird. exclosure densities with no significant 

difference. 

In the total exclosures, however, the typical loss curve 

was modifiedl there being the retention of a higher density, so 

that by November there was a very highly significant difference from 

the control (P<. 001). Contrary to the theoretical ideal where this 

density would be maintained there was then a substantial loss in 

numbers, but the significance of the difference from the control was 

maintained at Totpl-Exclosure I and slightly less at Total B-cclosure 

11 (P<01). The nets were removed at this period and there followed 

a rapid decrease in numbers so that by March 1976 no significant 

difference could be detected between the former netted areas and 

the control. 

Graphical presentation of the 410 mm and >10 mm M. balthica 

emphasised that these results (due to the higher numbers) were 

concerned with the jalO mm 0 group I. I. balthica. The significance values 

for the differences between the populations being, almost identical to Ur 

M. balthica Total figures. The >10 mm If. balthica did not indicate a 

a significant difference between the nets and the numbers investigated. 
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Station 29 

The control density indicated the normal settlement 

increase followed by the log regression seen at other stations and 

in previous years. Comparative sampling late in the experiment 

indicated significant differences between the control and the nets 

(P<01) before the net was removed. After removal there was the 

rapid levelling of densities so that by Ylarch 1976 there was no 

significant difference. 

The similarities of the graphs for M. balthica Total and 

, <10 mm again emphasises the predominance of the 410 mm group. 

The >10 mm group densities allowed some significant results 

to be expressed, e. g. there was a significant difference between 

between the control and nets in November 1975. After net removal 

results indicated a non-significant difference. 

Nereis diversicolor 

The control had an increase in density in late July 

followed by the usual decrease in density noted previously and at 

other stations on the transect. At the start of the experiment, 

when the nets were established, densities were similar but there was 

a significant difference between. the control and Total 

Exclosure II and the Bird 11cclosure I (P<. 05). A higher recruitment 

occurred under the Total Mcclosures (P<01). Following recruitment 

densities under the total exclosures remained relatively constant 

but decreased prior to the net being removed. During this period 

at first highly significant (P<. 001) and later significant (P<. Ol) 

differences from the control were noted. The situation under the 

Bird Exclosure I, however, closely followed the controlq differences 

from the control not being significant. Following the removal of 
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of the net there vas an increased loss from the Total aclosure 

areas until May when no significant difference could be found 

from the control. 

Station 29 

From the data available after the net was removed the 

densities in the fish exclosure did not differ significantly from 

the control. The densities in the bird exclosure were significantly 

lower (P<0.01) before net removal. However, densities at the three 

stations became remarkably similar by May 1976. 

(iv) Conclusions 

The N. diversicolor results at Station 22 substantiated 

the hypothesis. The total exclosures prevented predation and net 

removal was followed by increased predation. Under the bird 

exclosure fish predation closely followed the predation rate of the 

control. 

These results were closely paralleled by 14. balthica 

Station 22 results but in this species there was an unfortunate 

drop in density two months before the net was removed. A possible 

late migration of H. balthica from under the net may have been 

involved and the difficulties of maintaining the net prevented the 

100% excluaon of birds. Fortunately, however, before the net was 

removed there was still a density significantly higher than the 

control-. 

At Station 29 N. diversicolor and M. balthica were not 

sampled as intensively as Station 22 and on the records obtained 

did not support the hypothesis, significant differences between 

the exclosures and the control were still present before the net 

u-as removed. 
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DISCUSSION 

The distribution of macroinvertebrate species during the 

six year study revealed the variability generally associated with 

the estuarine environment. 

The numerical analysis technique adopted supported the 

biological concept of the stability of the co=. unity. Although 

there was variation in position of the boundary between the 

co=unities, this could be considered as inevitable when an artificial 

boundary is imposed, on what is basically a continuum of changing 

species associations. 

The increase in C. edule and S. rlana in 1975 provided 

additional support to the concept and the analysis techniques, 

there being no major change in the species composition or 

distribution of the groups. 

Each of the five main Association Analysis groups proved 

to be clearly defined and together with the physical chemical 

factors, capable of ecological interpretation as distinct habitats 

in the Estuary. 

The multivariate approach in the analysis of the physical 

chemical factors emphasised that no single factor could distinguish 

between each of the five Association Analysis groups, but in 

combination each group had its own unique envirormental parameters. 

This implied that althougb the study had to limit the environmental 

variables investigated, due to practical considerations, the 

variables which were selected proved adequate for the level of 

community analysis used. 

The knowledge of these unique parameters for each 

association now has a practical application. The Estuary is under 
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considerable pressure at the present time both as a result of man's 

past activities and future plans for the Estuary. It should be 

possible, provided the relevant physical/chemical information is 

available from hydrologists and engineers to predict the future 

distributions of the macroinvertebrates in the Estuary. 

Although it is possible to compare the AA map groupings 

derived from the surveys with more subjective interpretations of 

co=unities in other earlier estuarine surveyss objective numerical 

classification techniques as used in this study enabled the 

recognition of communities which would have been extremely difficult 

using subjective methods. Comparisons with previous published work 

on other estuaries becomes subjective but a growing number of 

intertidal surveys are now adopting various objective classification 

techniques similar to AA Mgle et al 1974; Y,, ay and Knights 1975). 

Comparisons between the similarity analysis groupings on 

the Lavan Sands 50 miles west of the Dee revealed parellels 

(Eagle et al 1974), even though the Lavan Sands could not be 

considered as estuarine. 

The Dee Estuary Group 1 was not represented on the Lavan 

Sands, this group being found in very protected conditions on the 

Estuary which would not be found on the more exposed lavan Sands. 

However, Group 2 on the Dee closely parelleled Groups B and C on 

the Lavan Sands but the presence of S. plana in these groups indicated 

affinities with Group 1 on the Dee. Group 3, the marine community 

on the Dee, containing such species as S. armiger,, CorophiuM sp-9 

A. marina and C. edule was closely paralleled by Groups D and E over 

much of the Lavan Sands reflecting the more marine conditions. 

Group 4 on the Dee appears to correspond with Group E on the Lavan 

Sands but the distinctive presence of H. arenarius witn. essed in this 
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Group on the Dee was not particularly prominent on the Lavan Sands. 

The lov., shore'marine component found on the Lavan Sands was not 

distinguished as a group on the Dee analysis. 

The transect results indicated a large temporal variation 

in the ma croinv ert eb rates. A -number of factors were involved. In 

certain more mobile species, e. g. H. ulvae and Corophium sp. much 

of the variability could be accounted for by migration. Study of 

these species on the basis of a few sample sites, presents major 

problems, an extensive survey would be more appropriate. 

Less mobile species were more suitable for analysis. In 

these species the variability was seasonal, associated with 

recruitment, but the variability of-the annual recruitment emphasised 

one of the limitations of the present study. 

Ibny estuarine species have a planktonic larval stage. 

Although allowing dispersal of the population, both physical/chemical 

and biological factors are operating which can have a large effect 

on the relative success or failure of a recruitment. 

The study indicated, however, that the settlement and 

early distribution of the macroinvertebrates could be defined 

principally on the basis of the physical/chemical environment, but 

locally this could be modified by biological competition, e. g. 

S. plana inhibiting settlement of its own newly metamorphosed larvae 

(Green 1957), and probably other species such as M. balthica. Clearly 

in many species settlement occurred around a particular physical/ 

chemical optimum, e. g. MM. N. 

The possible factors involved in post-settlement variability 

was investigated in M. balthica. This indicated that following 

recruitment the general loss in variability throughout the remainder 

of the year was due mainly to predation. Three main categories were 
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identified - invertebrates, fich and birds. 

In a predation situation the regulation of the prey, 

depends on three main factors, the relative vulnerability of the 

prey, the density and the energy represented. The present study 

deals with the first two components but the relation of energy to 

the equation is still under investigation. 

Although C. maenas was probably important in the early 

stages the results indicated that the mortality curve was mainly due 

to vertebrate predation operating via a density dependant mechanism. 

The evidence of a density dependant mechanism operating on M. balthica 

was obtained from a number of sources : 

(1 ) The highly variable densities recorded at recruitment on the 

transect were reduced at a rate, determined by the size of the 

settlement, in a density dependant logistic curve (Solomon 

1949) to a uniform minimum density before the next year's 

settlement. 

The extensive surveys indicated that the process was not 

limited to the transect alone but occurred over the Estuary. 

High 'peak' densities in the optimum areas by the following 

Spring had been removed but the overall distribution remained, 

indicating predation was concentrated where there was optimum 

return. 

The Coefficient of Dispersion values indicated a similar 

process on a smaller scale. At settlement densities were 

highly aggregated but reduced gradually over the year to random 

prior to the next recruitment. 

The netted area experiments indicated that if populations kept 

artificially high by the nets were exposed, increased predation 

occurred on the high density. The nets also indicated that 
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I physical/chemical factors %.., ere not significantly influencing 

the mortality curve. 

Ornithological investigations on both the Dee and elsewhere 

indicated that waders concentrate their predation on the 

optimum areas of prey* (Goss-Custard 1977), although predator 

interaction interference can occur at high densities. 

The bird and fish exclosure experiments urgently need 

repeating but they did show. that if the bird component was removed, 

the fish component conpensated via the density dependant mechanism, 

the prey mortality rate remaining commensurate with the surrounding 

area, i. e. the control. 

The results suggested a dynamic balance between the fish 

and birds. This could have a practical application, for example, 

in the barrage proposal for the Dee, there would be an unstable 

transition period when the redistribution of invertebrates occurred 

and if, due to developments there was a net loss of energy to the 

system, which is by no means certain, the impact this could have 

on the waders could be spread by the removal of the fish component 

The minimum density for M. balthica which was recorded in 

all years and on other estuaries (Matchett 1957; Chambers and Milne 

1975b) indicated ecologically the stability of the relationship 

between this invertebrate and its predators. Predation throughout 

the year acting as a homeostasis factor danpening much of the 

variability seen in the invertebrate at settlement. 

Although the threshold minimum density was apparently 

constant from year to year the energy relationships need further 

investigation and this is being undertaken at the present time. 

The dynamics of the relationship between the invertebrates 

was illustrated by the return of C. edule and S. plana to the Estuary. 
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If the increase in these two species represented a net energy 

input to the system the impact of predation on 14. balthica could be 

expected to be less. While it was not possible to detect a major 

change in the mortality curve from the transect there was a rise in 

total numbers of M. balthica recorded in the 1976 extensive Spring 

survey (the extra area covered outside the Estuary was not used in 

this calculationL There was also a substantial drop in the numbers 

of M. balthica recorded in the following Autumn survey with the 

possibility of C. edule and S. plana interfering with the settlement 

of M. balthica and competing for space. 

The results outlined for M. balthica represents just one 

of the invertebrates on the Estuary and its density dependant 

mortality curve. M. balthica illustrated a relatively simple one 

year predation cycle and a possible reason kor the simplicity of 

this curve was the vulnerability of the 101 group M. balthica, near 

the surface of the sediment. This probability making them a first 

choice prey item. However, in ll. diversicolor and many other 

invertebrates there is evidence of a two year predation cycle. 

In S. plana, the dcminance of one year's settlement can be present 

for several years, so that the time scale used on the Thurstaston 

and Mostyn sampling areas to investigate the dominant N. diversicolor 

and S. plana was inadequate. 

The extensive nature of the study over a number of years 

emphasises the very great synchronization of the component parts of 

the system. Temporal variations were closely linked and these had 

an ecological significance, e. g. M. balthica settlement coincided 

with the settlement of young C. maenas and the experimental evidence 

indicated that C. maenas could be predating M. balthica at the same 

time C. maenas provided an easy prey for fish, and the occurrence 
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of young P. fle--us coincided urith the settlement. Also at 11. balthica 

settlement there was the arrival on the Estuary of the smaller 

waders, e. g. Dunlin and Knot. In the Autumn and early 1,11inter both 

the fish and birds are presentf but due possible to temperature or a 

lower predation threshold relatively few fish were present in late 

Winter and Spring. Prior to recruitment, when If. balthica densities 

were at their minimumq very few birds and fish were present in the 

Estuary. 

General conclusions from the study were that the initial 

seasonal distribution of the young intertidal macroinvertebrate - 

populations was controlled principally by the physical environment 

but subsequent change throughout the remainder of the year on these 

populations was by predation under the relatively mild and stable 

meteorological conditions of the study. 

-II 



REF=ICES 

Alexander, W. B., Southgate, B. A. and Bassindale, R. 1935. 
Survey of the river Tees. Part II The estuary - Chemical 
and Biol. DSIR Water Pollution Research. Tech Paper 5, M4SO- 

Allen, E. J. and Todd, R. A. 1900. The fauna of the Salcombe 
estuary. J. Mar. Biol. Ass. UK, Vol. 6,151-217. 

Allen, E. J. and Todd, R. A. 1902. The fauna of the Exe estuary. 
J. Mar. Biol. Ass. UK 6, (3), 295-335. 

Anderson, S. S. 1972. The ecology of Morecambe Bay. 
II. Intertidal invertebrates and factors affecting their 
distribution. J. Appl. Ecol. Vol. 9,179-194. 

Bacesco, M. *and Dumitresco, H. 1958. Les lagunes en formation 
aux emboucbes du Danube et leur importance pour les poissons. 
=igrateurs. Verh internat Ver Limnol 8,699-709 

Ball, D. F. 1964. Loss-on-ignition as an estimate of organic 
matter and organic carbon in non-calcareous soils. J. Soil 
sci. 15,84-92. 

Barnes, H. 1952. The use of transformations in marine biological 
statistics. J. Cons. perm. int. Explor. Mer, 18,61-71. 

Battle, H. I. 1932. Rhythmic sexual maturity and spawning of 
certain bivalve molluscs. Contribs. Can. Biol and Fish. 
7A, 17,255-276. 

Beanland, F. L. 1940. Sand and mud communities in the Dovey 
estuary. J. Mar. Biol. Ass. UK 24,589-611. 

Beuk. ema, J. J. 1973. Migration and secondary spatfall of 
Macoma balthica (L. ) in the western part of the Wadden Sea. 
Netherlands Journal of Zoology 23,356-357- 

Blegvad, H. 1914. Food and conditions of nourishment among 
the communities of invertebrate animals found on or in the 
sea bottom in Danish waters. Rept. Danish Biol. Sta. 22, 
41-78. 

Blegvad, H. 1930. Quantitative investigations of bottom 
invertebrates in the Kattegat with special reference to 
the plaice food. Rep. Danish Biol. Stat. 36. Copenhagen. 

Blegvad, H. 1932. Investigations of the bottom fauna of 
drains in the Sound. Rept. Danish Biol. Sta. 36,1-20. 

Bouxin, H. 1937. Technique d'elevage de la coque commune 
(Cardium edule L). Rev. Trav. Off. Pech. Marin 10 (2) 37- 

Boyden, R. R. and Little, C. 1973. Faunal distribution in soft 
sediments of the Severn Estuary. Estuarine and Coastal Marine 
Science 1,203-223. 



24 T- 

Brafield, A. E. and Newell, G. E. 1961. The behaviour of 
Macoma balthica (L). J. Mar. Biol. Ass. UK 419 81-87. 

Brayfield, A. E. 1964. The oxygen content of interstitial water 
in sandy shores. J- Anim. Ecol. 33s 97-116. 

Bulycheva, A. I. 1948. Materialy po pitaniyu kambalovykh ryb 
vostochnogo Murmana. Data on the food of Pleuronectidae fish 
of eastern Murmansk. Trudy Murmanskoi biologicheskoi 
stantsii 1,261-275. 

Buscemi, P. A. 1966. The importance of sedimentary organics in 
the distribution of benthic organisms. Spec. Publ. Pymatunig 
Lab. Ild. Biol. 4,79-86. 

Buxton, N. E. 1978. The Dee Estuary I-later Storage Scheme 
Feasibility Study, Technical Report II. Report of the 
Ornithological Studies (in prep. ). 

Caddy, J. F. 1967. Maturation of gametes and spawning in 
Macoma balthica (L). Canadian J. of Zool. 45 (6) Pt 1. 

Capstick, C. K. 1957. The salinity characteristics of the middle 
and upper reaches of the River Blyth. Est. J. Anim. Ecol. 26, 
295-315- 

Chambers, H. R. and Ylilne, H. 197,5a. Life cycle and production of 
Nereis diversicolor (O. F. MUler) in the Ythan Estuary, Scotland. 
Estuarine and Coastal Marine Science 3,133-144. 

Chambers, M. R. and Milne, H. 1975b. The production of 
Macoma balthica (L) in the Ythan Estuary, Scotland. Estuarine 

and Coastal Marine Science 3,443-445. 

Cheng, T. C. 1967- Marine molluscs as hosts for symbioses. 
In: F. S. Russell. Advances of Marine Biology. Academic Press, 
London 5,1-424. 

Clarke, R. B. and Milne, A. 1,055. The sublittoral fauna of two 

sandy bays on the Isle of Cumbrae, Firth of Clyde. J. Mar. 
Biol. Ass. TJK -z, 4,161-80. 

Clarke, R. B., Alaer, R. R. and McIntyre, A. D. 1962. The distribution 

of Nepthys sp. on the Scottish coast. J. Anim-Ecol. 31,359-372. 

Clay, E. 1967. Literature survey of the co=. on fauna of estuaries. 
3. Pygospiq elegans Claparede. ICI Paints Division, Marine 

Research Station, Brixham, Devon. 

Coe, W. R. 1956. Fluctuations in populations of littoral marine 
invertebrates. J. Mar. Res. 15,212-232. 

Crisp, D. J. 1964. The effects of the severe winter of 1962-63 on 
marine life in Britain. J. Anim. Ecology, 33,165-210- 

Crothers, J. H. 1963. The biology of the shore crab Carcirus maenas 
W. Field Studies 2 (5), 57ol-614. 



? 50 ý 

Dalby, D. H. 1970. The saltmarshes of Milford Haven, Pembrokeshire. 
lid. Stud- 3,297-330- 

Dales, R. P. 1950. The reproduction and larval development of 
Nereis diversicolor O. F. Y, 51ler. -J. Mar. Biol. Assoc. 24, 
321-360. 

Dales, R. P. 1951- An annual history-of a population of 
Nereis diversicolor. Biol. Bull. Woods Hole, 101,131-137- 

Dare, P. J. 1966. The breeding and winter populations of the 
Oystercatcher Haematorus ostraj2Zus in the British Isles. 
Fisheries Invest, Lond. Series II. Vol XXV No- 5- 

Drinnan, R. E. 1957. The vinter feeding of the oystercatcher 
Haematopus ostralegus on-the edible cockle Cardium edule. 
J. Anim. Ecol. 26,441-609. 

Eagle, R. A., Hartley, j. P., Rees, E. I. S., Rees, L. J. & Walkerg A-. JoH. 
Ecological survey of the Lavan Sands invertebrate macrofauna. 
Benthos Research Report 1973-74, Marine Science Laboratory, 
Menai Bridge. 1974. 

Ibling, F. J., Ydtching, J. A., Muntz, L. and Taylor, C. 1-11.1964. 
The ecology of Lough Ine. XIII 11cperimental observations on the 
destruction of Mytilus edulis and Nucella larillus by Crabs. 
J. Anim. Ecol-, 33,73-b2. 

Ellis, D. V. 1960. Marine infaunal benthos in Arctic Forth America. 
Tech. Pap. Arct. Inst. N. Am- 59 53 PP- 

Eltrincham, S. K. 1971. Life in Mud and Sand. The English 
Universities Press Ltd, London. 

Folk, R. L. and Ward, W. C. 1957. Bazos River Bar: A study in 
the significance of grain size parameters. J. Sed. Petrol. 27, 
3-26. 

Gillham, R. N. and Pugh-Thomas, H. 1974. Biological Research on 
the Dee Estuary. Unpublished Progress Report, Salford 
University. 

Gillham, R. H., Buxton, N. E. and Pugh-Thomas 1-1.1976. Some 
aspects of the biology oý the Dee Estuary. In: Problems of a 
Small Estuary. lklited by A Nelson-Smith and EM Bridges, 
Inst. Marine Studies, University College, Swansea. 

Goss-Custard, J. D. 1,067. The winter predation of Corophium 
volutator by redshank. ibis, log-475. 

Goss-Custard, J. D. 1969. The winter feeding ecology of the 
Redshank, Tringa totanus L., This 111,338-356. 

Goss-Custard, J. D.. . 1.97-7.. Ilzedator responses and prey mortality 
in Redshank Tringa totanus (L. ), and a preferred prey, 
Coro-phium volutator (Fai-Elas). J. Anim. Ecoi. 46,21-35. 

Greeng J. 1957. The grovth of Scrobicularia plana (Da Costa) 
in the Gwendraeth estuary. J. liar. Biol. Ass. UY, 36,41-7. 



255 1 

Green, J. 10,68. The biology of Estuarine Animals, Sidg%rick and 
Jacksong London. 

Greig-Smith, P. 19ý2. The use of random and contiguous quadrats 
in the study of the structure of plant communities. Ann. Bot. 
16,293-316. 

Greig-Smith, P. 10,57. Quantitative Plant Ecology, Butterworths, 
London. 

Gresswell, R. K. 1964. The origin of the Dee and Mersey estuaries. 
Geo. J. Vol. 4 pt 1. - 

Hancock, D. A. and Urquhart, A. E. 1965. The determination of 
natural mortality and its causes in an exploited population 
of cockles (Cardium edule L. ). Fishery Invest., Lond., Ser. II, 
24, No. 2, pp 40. 

Hannerz, L. V. 1956. larval development of the Polychaete families 
Spionidae, Sars,. Discomidae Mesnillapd, the Poloilochaetidne n. 
famn. in the Gullmar Fjord (Sweden). Zool. Bidrag. from 
Uppsala 31. 

Hart, T. J. 1930. Preliminary notes on the bionomics of the 
amphipod, Corophium volutator Pallas. J. Mar. Biol. Ass. UK 16, 
761-89. 

Havinga, B. 1930. Der Granat (Crangon vulgaris Fabr) in der 
Hollandischen Gewasser. J. n. Inter. Exp. Mer, Vol 5,57-87. 

Hempel, C. 19.57. Zur Okologie einiger Spioniden (Polychaeta 

sedentairia der deutschen Kusten). Kieler Meeresforsehung 13, 
275-288. January, 10,74. 

H-M-S-0- 1974. Dee Estuary Scheme, Phase Ila Supplementary Report, 
H. 11I. S. O. 

Henderson, J. T. 1929. Lethal temperatures of Lamellibranchiata. 
Contr. Canadian Biol., II. S. IV, 399-411. 

-ercatchers Heppleston, P. B. 1971. The feedirg ecology of Oyst 
(Haematopus ostralegus L. ) in winter in northern Scotland. 

Holme, N. A. 1949. The fauna of sand and mud banks near the mouth 
of the Ike estuary. J. Mar. Biol. Ass. TJK, 28,189-238- 

Holme, N. A. 1950. Population dispersion in Tellina tenuis Da Costa. 
J. Mar. Biol. Ass. Mg29, ý267-80- 

Holme, N. A. 1953. The biomass of the 'bottom fauna in the Lhglish 
Channel off Plymouth. J. Mar. Biol. Ass. UK9329 1-49. 

Holme, N. A. 1964. Methods of sampling the benthos. Advan. Marine 
Biol. 2,171-26o. 

Howell, F. T. 197.15. The sub-drift surface of the Mersey and Weaver 

catchment and adjacent areas. Geol. J. 8,285-296. 



2 

Howells, W. R. 1964. The r-acrofaura of the intertidal soils of 
the Towy Estuary, CarmarthensInlre. Annals and Magazine of 
Natural History. Ser 13, vol- VIII, 577-607. 

Hughes, R. N. 19702. Population dynamics of the Bivalve 
Scrobicularia plana on an intertidal mud flat in N. Wales. 
J. Anim. Ecol. 39,333-356. 

Hulscher, J. B. 1973. Buryimg - depth and trematode infection 
in M-coma balthica. Netherlands Journal of Sea Research (6 1-2), 
141-156. 

Humby, E. J. and Dunn, J. N. 1975. Sedimentary processes within 
estuaries and tidal Inlets. In: Pollution Criteria for 
F, stuaries. P. R. Helliviell and J. Bossanyi, Pentech Press 
Limited, London. 

Hydraulics Research Station. 1967. Dee Crossing: First report 
on model investigations and associated studies. Report EX 37-3t 
H. R. S. Oct 1967. 

Hydraulics Research Station. 1973. Dee Estuary Scheme. Seventh 
Report on Model Investigations and Associated Studies. Report 
EX 617, H. R. S. February 1973. 

Jaekal, S. von. 1951. Die Mollusken der Schlei. Arch. 
Hydrobiol 449 214-70. 

Jenson, H. A. P. 1949. The Dee Estuary: aspects of the progress 
of silting vrith special reference to the eastern shore of the 
estuary. MA Thesis, University of Mverpool. 

-Jones, M. L. 1961. A quantitative evaluation of the benthic 
fauna off Point Richmond, California. Univ. Calif. Publ. 
zool. 67,219-320. 

Jones, N. S. 1956. The fauna and biomass of a muddy sand deposit 
of Port 11L-in, Isle of Ilan. J. Anim. Ecol. 25,217-252. 

Kay, D. G. and Knights, R. D. 1975. The macroinvertebrate fauna of 
the intertidal soft sediments of south-east Migland. 
J. Mar. Biol. Ass. UK 5,5t 811-832. 

Kennedy, V. S. and Mhursky, J. A. 1971- Upper temperature 
tolerances of some estuarine bivalves. Chesapeake Science 
Vol. 12, Mo. 4,193-2CA. 

Kreger, D. 10,40. On the Ecology of Cardium edule L. Archives 
Neelandaises de Zoologie, tome 4,1-57-200. 

Kristensen, 1.1957. Difference in density and Grov. th in a 
cockle population in the Datch Wadden Sea. Arch. Neerl. 
Zool. 12,351-453. 

Leschke, 11.11008. Beitrage zur Kenntnis der pelagischen 
Polychaeten - larven der Keiler Fohrde. Kiel Co=. Wissench. 
EIeeresuntersuch (Kiel) 71 113-116. 



2,53 ý 

Linke, 0.1939. Die Biota des Jadebuseni. attes. Helgol. Wiss. 
Meeresunters 1,201-348. 

Lloyd, A. J. and Yonge, C. M. 1947. The biology of Crangon vulgaris L. 
in the Bristol Channel and Severn Estuary. J. Mar. Biol. -Ass. 
UK 26,626-661. 

Lomas, J. 19CA. The coasts of Lancashire & Cheshire, their form 
and origin. Proc. L'pool-Geol Soo. 9,337. 

Long, hurst, A. R. 19.59a. The sampling problem in benthic ecology. 
Proc. NZ Ecol. Soo. 6,8-12. 

Mare, M. F. 1942. A study of a marine benthic community uith 
special reference to the micro-organisms. J. Mar. Biol. Ass. 
TJK 25,517-553- 

Marine Biological Association. 1957- Plymouth marine fauna, 
3rd edn., Plymouth. 

Massey, J. D. 1937- Spartina townsendii (H &J Groves) in the 
Liverpool District. 1.. West Nat. 12,303-10. 

I-Latchett, R. E. 1969. An ecological survey of the fauna of the 
muddy shore of the River Lune Estuary. PhD Thesis, Salford 
U. -dversity. 

Yehran R. and Tremblay, J. L. 1966. Dynamique de l1absorption 
de 

05 
Chez un Kollusque Macoma balthica Linnaeus. Naturaliste 

Can. 93,129-132. 

Milne, A. 1940. Some ecological aspects of the intertidal area 
of the estuary of the Aberdeenshire Dee. Trans. Roy. Soo. 
Eainb. 6o, 107-39- 

Morgan, E. 1965. The activity of the amphipod Coro-nhium volutator 
(Pallas) and its possible relationship to changes in hydrostatic 
pressure associated with the tides. J. Anim. Ecol. 34,731-46. 

McGrorty, S. 1973. A guide to the sappling of intertidal 
macroinvertebrate faunas. Coastal Ecology Research Paper, 
No. 6., Institute of Terrestrial Ecology, Norwich. 

McIntyre, A. D. 1971. Design of samplir: g programmes. Ir; 'Methods 
for the Study of Marine Benthos, Blackwell, Oxford, 1-11. 

McLusky, D. S. 10,68a. Some effects of salinity on the distribution 
and abundance of Coronhiun volutator in the Ythan F. -tuary. 
J. Mar. Biol. Ass. IM 48,443-54-. - 

MclUllan, N. F. 1945. Srartina townsendii (H &J Groves) on Deeside. 
11.1-lest Nat. 20,265-6. ' 

Vaylor, E. 1962. Seasonal changes in a population of Carcinus maenas 
L. in the littoral zzone. J. Anim. Lcol. 31,601-9. 



2, r; 4 

Fewell, G. E. 1943. Contribution to the life history of Arenicola 
marina L. J. Mar. Biol. Ass. UK, 27, No. 3,554-8o. 

Newell, R. 10,62. Beh'avioural aspects of the ecology of (Peringia) 
Iývdrobia ulvae. Prqc. Zool. Soc. Lond. 138,49-75. 

Newell, R. 1964. Some factors controlling the upstream distribution 
of ILvdrobia ulvae Pennant (Gastropoda, Prosobranchia). Proc. Zool. 
Soc. Lond. 142,85-106. - 

Vorton-Griffiths, M. 10,67. Some ecological aspects of the feeding 
behaviour of the Oystercatcher Raematopus ostralegus on the 
Edible Hussel Mytilus edulis. Ibis, 109,412-424. 

Odum, E. P. 1963. Ecology.. Holt, Rhinehart & Winston, New York, 
PP. Viii, 152. 

Orton, J. H. 1926. On the rate of growth of Cardium edule. Part I 
Ekperimental observation. J. Mar. Biol. Ass. UK 14, -239-79. ' 

Percival, E. 1929. A report on the fauna of the estuaries of the 
river Tamar and the river Lynher. J. Mar. Biol. Ass. UK 16,81-108. 

Perkins, E. J. 1956. The fauna of a sandbank in the mouth of the 
Dee estuary. Ann. Mag. Nat. Hist. 9, Series 12,112-128. 

Perldns, E. J., Williamsl B. R. H. and Gorman, J. 1965. The biology 
of the Solv., ay Firth in relation to the movement and accumulation 
of radioactive materials (supporting data to series). Some 
aspects of predation by C-3rcinus maenas W upon Mytilus edulis L. 
Chapelcross Health Physics Dept. Vote 2. 

Popham, E. J. 1966. The littdral fauna of the Ribble estuary, 
Lancashire, 1hgland. Oikos 17,19-32. 

Prater, A. J. 1972. The ecology of Morecambe Bay. III The food 
and feeding habits of Knot Calidris canutus L in Morecambe Bay. 
J. Appl. Ecol. Vol. 9,179-1977- 

Pritchard, D. W. 10,55- Estuarine circulation patterns. Proc. Amer. 
Soc. civil Ehgin. 81. (717), 1-11- 

Ranwell, D. S. 10,64. Spartina saltmarshes in S. &gland. II. Rate 
and seasonal pattern of sediment accretion. J- Ecol- 52,79-94. 

Raymont, J. E. G. 1955. The fauna of an intertidal mud flat. Papers 
in marine biology and oceanography. Supplement to 3 of Deep Sea 
Research 178 - 203.1 

Reade, T. 1873. The buried valley of the Mersey. Proc. LIpool 
Geol. Soc 2,42. 

Reade, T. 1885. The Hersey Tunnel; its geological aspects'and 
results. Proc. L'pool Geol. Soc. 5,74. 

Reid, D. M. 1930. Salinity interchange between sea water in sand 
and overflowing fresh water at low tide. J. Mar. Biol. Ass. UK 
16, W-14. 



5 15 

Refers, L. lc'. 33- Eir Vertreter der Familie Spionidne (Annelida 
Polychaeta) aus dem Finnischen Illeerbusen. I-lem. Soc. F. Fl. 
Fenn 9. 

Royama, T. 1971. LIvolutionary significance of predators response 
to local differences in prey density. A theoretical study. 
Dynamics of Populations (Ed by PJ din Boer and G. R. Gradwell)j 
344-57. Centre for Agri. Publ. Doe. Wageningen. 

Salt, G. and Hollick, F. S. J. 1946. Studies of wireworm populations. 
II Spatial distribution. Journ. ap. Biol. Vol. 23,1-46. 

Schodduyn, M. 1926. Observations faites dans la d'Ambleteuse 
(Pas de Calais). Bull. Inst. Oceanogr., 11onaco 482,1-64. 

Scott, -A. 1910. Vote-on the Flookburgh cockle beds. Report 18 for 
1909 of the Lancs. sea. fisheries laboratcryq Liverpool. 

SegerstrAlej S. G. 1937. Studien uber die Bodentierwelt etc. 
IV Bestandesschwankungen beim Amphipoden Corophiun volutator. 
Acta. Soc. F. 11. Fennica 60,245-255- 

Shackleton, R. M. 1953. Geology in Nerseyside, Liverpool. 

Smidt, E. L. B. 1951. Animal production in the Danish Waddensea. 
Medd. Komm. Denmarks Fick, Havunders Sea Fisk. 11 (6), 1-151. 

Smith, O. R., Babtist, J. P. and Chin R. 1955. Erperimental farming 
of the soft shell clam ?, ý, a arenaria in Massachusetts 1949-1953. 
Comm. Fish Rev. 17 (6), 1-16. 

Smith, R. I. 1956. Ecology of the Tamar Estuary VII Observations on 
the interstitial salinity of intertidal muds in the estuarine 
habitats of ITereis diversicolor. J. Mar. Biol. Ass. UK 35,81-104. 

SO"derstr3m, A. 1920. Studeen tber die Polychaetenfamilie Spionidae, 
Uppsala, p 206. 

Solomon, H. E. 1949. The natural control of animal populations. 
J. Anim. Ecol. 18,1-35. 

Spooner, C. M. and Moore, H. B. 1,040. The ecology of the Tamar 
Estuary. An account of the macrofauna of the intertidal muds. 
J. Par. Biol. Ass. UK 24,283-. e '130. 

StoPford, S. C. D. 1951. An ecological survey of the Cheshire 
foreshore of the Dee estuary. J. Anim. Ecol. 20l 103-122. 

Su=erst R. 1974. The feeding ecology of týe flounder 
Platichthys flesus: (L) in the Ythan Fstuary, Aberdeenshire. 
PhD Thesis, University of Aberdeen. 

Swennen, C. 1969. Crawling tracks of trematode infected 
Macoma balthica W. Vetherlands Journal of Sea Research 
376-379. 



26 

Sweenen, C. and Ching, H. L. 1374. Observations on trenatode 
Parvatrema affinis, causative arent of craurling tracks of 
M-aconna balthica. Netherlands Journal of Sea Research 8,103-115. 

Teeble, 11.1966. British Bivalve Seashells. British Museum 
(Natural History), London 

Thamdrup, H. M. 1935. Beitrage zur Okologie der Wattenfauna auf 
experimentaller Grundlage. Medd. Komm. Havunders. Ebh. 
Fisheri 10,154-187. 

Thorson, G. 1946. Reproduction and larval development of Danish 
marine bottom invertebrates, v. ýith special reference to the 
plankton in the Sound. Medd. Komm. D--=arks Fisk. Havundersjýg 

-Ebh. Ser : Plankton, 40), 1-523. 

Turner, H. J. 1951a. Third report on investigations of methods of 
improving the shellfish resources of Massachusetts. Mlass. Dept. 
Conservation Div. Fish and Game Mar. Fish. 

Turner, H. J. 1951b. Fourth report on investigations of the 
shellfisheries of Massachusetts. I-lass. Dept. Conservation Div. 
Fish and Game liar. Fish. 

Ursin, E. 1960. A quantitative investigation of the echinoderm 
fauna of the central North Sea. Meddr. Danm. Fisk. -og Havunders 
24,1-2o4. 

Vader, W. J. M. 1964. A preliminary investigation into the reaction 
of the infauna of tidal flats to tidal fluctuations in water 
level. Feth. J. Sea. Res. 2,189-221. 

Watkin, E. E. 1941.. The yearly life cycle of the amphipod 

. 
Corophiun volutator. J- Anim. Ecol. 10,77-93. 

Wells, G. P. 1953. Defaecation in relation to the spontaneous 
activity cycles of Arenicola marina L. J. Har. Biol. Ass. UK 
32,51-63. 

Williams, B. R. H., Perkins, E. J. and Bailey, 11.1964. Some effects of 
cold winter of 1962-63 on the flora and fauna of the Solway Firth 
Trans. Dumfriess-shire and Galloway Nat. Hist. & Antiquarian Soc. 
41. 

Williams, B. R. H., Perkins, E. J. and Hinde, A. 1965. Some 
preliminary results of an investigation of the food of fish in 
the Solway Ftrth. Trans. Dumfriesshire and Galloway Natural 
History and Antiquarian Soc. 11,60-74. 

Williams, B. R. H., Perkins, E. J. and Hinde, A. 1965. The biology of 
the Solway Firth in relation to the movement and accumulation. 
3 Fisheries and Food chains. P. G. Report 611 (cc), H. M. S. O. 

Williams, W. T. and Lambert, J. M. 1959. Multivariate methods in 
plant ecology. I Association-Analysis in plant communities. 
j. Fcol. 47,83-101. 



C- 

Wills, L. J. 1912. Late-glacial and post-glacial changes in the 
lower Dee Valley. Quarterly J. Geol. Soc. Lond. 68,18o. 

V'ohlenberg, E. - 1937. -Die Wattenmeer Lebensgemeinschaften in 
Konigshafen von Sylt. Helog. Wiss. Meeressunters 1 Mj 1-92. 

Wolff, W-J- 1971. Distribution of four species of Nephthys 
(Polychaete) in the estuarine area of the rivers 'ginet Ileuse 
and Scheldt. Vie et Milieu Supplement 22,677-699. 

Yonge, C. M. 1949. The Sea Shore, Collins, London. 

Yange, C. M. 1953. Aspects of life in muddy shores. In: Essays 
in marine biology. The Richard Elmhirst Memorial lectures, 
29-49. 



25' 

ins PIM 
Dimensions Overall length (havuring) 131 3327 

width 77 1956 
height 47 1194 

Packed Dimensions length 66 1422 
width 48 1219 
heiaht 40 1016- 

Weight fready to operatol 220 lb 99.79 kq 
Performance land 35 mph 56 km/hr 

water 25 mph 40 km/hr 
Structure hull Neoprene coated nylo; 

inflatWe tube 
duct and floor Glass reinforced 

Polvster 
skirt big type with 

peripheral seal strip 

Controls One joystick control usable by either occupant. 
operates rudder in propellor slipstream. throttle 
combined, one handed operation. 

Engine Uoyd LS 400 22 bhp 2 cylinder 2 stroke 
running on40: I petrolloil mixture. 

Fans Replaceable plastic bWe propellor 
thrust 2775 300 X 600mm 
lift 16"S 300 3L 419mrn 

Solt drive Size. Alpha section 55" 

Appendix 1 General specifications of Hovercraft used in the surveys 
from Spring 1974. 
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EXTENSIVE INVERT. 
SAMPLING 

--I-- 

STORE 

I 

IDENTIFICATION OF 
SPECIES & ENUMERATION 

RECORDS 

t- 

PUNCH DATA ONTO 
PAPER TAPE 

INPUT DATA 
(PDP 8/7) 
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-I 
EDIT DATA 
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PRINTOUT 

STORE Off DM-TAPE 
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AND SPECIES 

I 

NORMAL ASSOCIATION 
ANALYSIS 

T- 

DENDROGRAM 

Mow chart indicating general procedure 
followed during the analysis of the 
extensive invertebrate sampling for 
each of the grid surveys, Autumn 1971 to 
Autumn 1976. 
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EXTENSIVE PHYSICAL 
CHEMICAL SAMPLING- 

STORE 

LABORATORY ANALYSIS] 

RECORDS 

T_ 
PUNCH DATA ONTO 

PAPER TAPE 

E INPUT DATA 
(PDP 8/1) 

EDIT DATA 

PRINTOUT 

STORE ON DEC-TAPE 

EXTRACT VARIABLE 

LANALYSIS 
OF VARIANCE 

Appendix 3 

Flow chart indicating general Procedure followed during the 
analysis of the extensive physical chemical data for Autumn 
1971, Spring 1974 and Spring 3.976. 
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INTENSIVE INVERT. 
SAMPLING 

STORE 

IDENTIFICATION OF 
SPECIES & ENUMERATION 

RECORDS 

PUNCH DATA ONTO 
PAPER TAPE 

MUT EDIT I 
(PDP 8/1) 

1 

IDIT DATA 

PRINTOUT 

EXTRACT NETTED AREA 
EXPERIMUTTAL DATA 

ANALYSIS OF 
VARIANCE 

STORE ON DEG-TAPE 

EXTRACT MONTHLY 
SPECIES DENSITIES 

CALCULATION OF 
STATISTICAL PARAM 

EXTRACT SPECIES 
DENSITIES 

REMSSION ANALYSIS 

Appendix 4 

Flow chart indicating general procedure followed during the analysis 
of the transect monthly invertebrate data. 
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PHYSICAL CEMCAL 
SAMPILTNG TRANSWT 

STORE 

LABORATORY ANALYSIS 

, REGORDS 

PUNCH DATA ONTO 
PAPER TAPE 

INPUT DATA 
(PDP 8/1) 

EDIT DATA 

PRMOUT 

STORE ON DEG-TAPE 

Appendix 

Flow chart indicating the general procedure followed during 
the analysis of the transect monthly physical/chemical data. 
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sPEcIEsLIST* 

B]2=C FAMIA 

COEMITERATA 

Cnidaria Obelia gelatinosa Pallas 

. Aurelia aurita L. 

Ctenophora Pleurobrachia pileus O. F. Miller 

PLATY=MITHES 

Turbellaria PolZcelis nigra O. F. 14filler 
Turbellaria sp. 

NEUMEA Prostoma sp. 
Cerebratulus sp. 
Lineus longissimus Gunnerus 

NINATODA Nematode sp. 

ANNELIDA 

Polychaeta Eteone longa Fabricius 
Nereis diversicolor O. F. MUller 
Nereis pelagica L. 
Hereis virens Sars 
Nephthys homberpi Fabricius 
Nerhth s caeca Fabricius 

ephthys sp. 
Ph llodoce macrophthalma Schmarda 

hyllodoce laminosa Gmelin 
Phyllodoce maculata L. 
Scoloplos armiger O. F. IfUller 
Amphiglena mediterranea 
Pygospio elegans ClapariMe 

helia bicornis Savigny 
Folydora ciliata Johnston 
Lanice conchilega Pallas 
Arenicola marina t. 
Pectinaria koreni Malmgren 

Oligochaeta Clitellio arenarius O. F. IfUller 
Tubifex costatus Claparide 

lL=CDEPJ, IATA 

Echinoidea Echinocardium-cordatum Pe=ant 

The following list was constructed from a combination of 
the present work and earlier works by Perkins (1956) and 
Stopford (1951). A detailed species list of species on 
and around Hilbre Island has been compiled by McMillan 
(1942). 

Appendix 8 
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ARTHROPODA 

Crustacea Tigriopus fulvus 11scher 
Balanus balanoides L. 
Balanus prenatus Bruguiere 
Eurydice pulchra Leach 
Sphaeroma rugicauda Leach 
Gnathia maxillaris Montagu 
Orchestia gammarella Pallas 
Corophium volutator Pallas 
Corophium arenariG; Crawford 
Hyperia galba Montagu 
Haustorius arenarius Slabber 
Bathyporeia pelagica Bate 
BathvDoreia sarsi Watkin 

Schistomysis spiritus Norman 
Hemimysis sp. 
Carcinus maenas Pennant 
Leander squilla L. 
Crangon vulgaris L. 
Portunus marmoreus Leach 
Neomysis vulgaris Thompson 
Cancer pagurus L. 

Insecta Archistoma besselsi Packard 
Diptera larvae sp. 
Psychodid larvae 

. 
Aphid sp. 

MOLLUSCA 

Gastropoda ý4robia ulvae Pennant 
Idttorina littorea L. 
Littorina rudis iUton 

Lamellibranchiata Mytilus edulis L. 
Tellina tenuis da Costa 
Macoma balthica L. 
Scrobicularia plana da Costa 
Cerastoderma edule L. 
Mya arenaria L. 
Abra Alba Wood 

CHORDATA 

Osteichthyes Gobius minutus Pallas 
Pleuronectes platessa L. 
Platichthys flesus L. 
A=odytes lanceolatus 
Anguilla anguilla L. 
Solea vulgaris Quensel 
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I. 
SET NO 22 

DATE 17 6 75 
REP= 5 
SIZF, -- 400 
SPWIES TOTAL IMAN VAR S. D. S. E. S. E. 01EAN 

2 20 4 2.5 1.58 . 71 17.68 
4 22 4.4 76.3 8.73 3.91 88-78 

3500 700 20000 141.42 63.25 g. o4 
15 5 1 5 2.24 1 100 
17 25 5 5 2.24 1 20 
18 lo48 209.6 25996.3 161.23 72-11 34.4 
19 96o 192 25949.5 161.09 72-04 37-52 
20 88 17.6 11.8 3.44 1.54 8.73 
21 3 .6 .8 . 89 .4 66.67 
22 412 82.4 9.523.3 97-59 43.64 52.96 
25 16 3.2 12.7 3.56 1.59 49.8 
28 2 .4 .3 -. 55 . 24 61.24 

29 8 1.6 6.3 2.51 1.12 70-16 

SET NO 22 

DATE 18 7 75 
REP= 5 
sizF, -- 4oo 
SPECIES TOTAL HEAll VAR S. D. S. E. S. E. 01M 

2 152 30.4 2-2.8 4.77 2.14 7-02' 
4 56 11.2 72.2 8.5 3.8 33-93 
7 2400 48o 47ooo 216-79 96-95 20.2 
17 118 23.6 475.3 21.8 9.75 41-31 
18 1020 204 9753 98-76 44-17 21.65 
19 914 182.8 9247.7 96.16 43-01 23-53 
20 106 21.2 15.2 3.9 1.74 8.22 
21 1 .2 *2 . 45 .2 100 
22 238 47.6 843.8 29-05 12.99 2-7-29 
25 5 1 1.5 1.2-2 . 55 54-77 
29 136 27.2 162.2 12-74 5.7 20.94 

SET NO 22 

DATE 21 8 7.5 
REP= 5 
sizz-- 4oo 
SPECIES TOTAL MEAN VAR S. D. S. E. S. E. OMN 
2 132 26.4 17.8 4.22 1.89 7.15 
4 188 37.6 157.8 12-56 5.62 14.94 
7 48o 96 728o 85-32 38.16 39-75 
17 lig 23.8 74.2 8.61 3.85 16.19 
18 1917 382.4 27905.3 167-05 74-71 19.49 
19 1820 364 26149.5 161-71 72-32 19.87 
20 96 19.2 6o-7 7.79 3.48 18-15 
pp 429 8.5.8 116o. 7 34. o7 15.24 17-76 
23 1 .2 .2 . 45 .2 100 
25 49 9.8 170.7 13-07 5.84 59.62 
29 36 7.2 13.7 3.7 1.66 22.99 

Appendix 13 

0 

Ikample of Gayton transect invertebrate data printout. 
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Areas km2 

Estuary - total area 

Mud & Sand 

Northern Shore 

Heswall Bank 

Neston Bank 
Gayton Bank 
Greenfield Bank 
Dawpool Bank 

West Kirby Bank 

Southern Shore 

Flint Bank 
Bagillt. Bank 
Mostyn Bank 

Sandbanks 

Salisbury Bank 
Middle Salisbury 
West Hoyle - incomplete 

Saltmarsh 

Northern Shore 

I 

Southern Shore 

Area of water at low water 

Main Dee Channel 

Springs 

125.32 

81.8 (65.27) 

50.52 

41.56 

14.72 
13.88 
7.36 
5.6 

8.96 

14.16 

1.2 
4.84 
8.12 

7.12 

10.92 
5.88 
0.32 

21.36 (17.04) 

18.6 

2.76 

17.6. (14.04) 

4.56 (3.64) 

Neaps 

125.32 

70.64 (56.37) 

45.84 

37.96 

14.72 
13.72 
6.28 
3.24 

7.88 

13.28 

1.2 
4.64 
7.44 

11.52 

8.08 
3.16 
0.28 

21.36 (17.04) 

18.6 
2.76 

31.4 (35.06) 

1.92 (1.53) 

Appendix 14 Areas of component parts of , 
the present open Estuary in 

1971, figures in brackets represent percentage area of 
the Estuary. 
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