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Preface 

This volume contains the papers and abstracts of the posters given at the symposium on Long-term 
Changes in Coastal Benthic Communities organized by the Commission of the European Communities in 
Brussels, Belgium from 9 till 12 December 1985. The organization of this symposium came to conclude five 
years of activities in the COST 647 project on Coastal Benthic Ecology, the rationale of which is explained 
in the foreword by B. F. Keegan. 

The importance of this volume is that for the first time special attention is given to long-term data series 
of relevant biological variables collected in different marine benthic habitats. Many of the data presented 
here are the result of years of careful data collection by some of the leading scientists in the field of benthic 
ecology. Some of the series, such as the Macoma balthica data from the Wadden Sea or the macrofauna data 
from Loch Linnhe, to name just those two, are already classics in the marine biological literature. Other data 
were collected in the framework of a monitoring programme and are now analyzed for the first time in the 
different perspective of the COST 647 project. Several papers are from related fields where they represent 
well known case studies; they were chosen in order to see how problems have been tackled elsewhere. 

What is the natural variability in benthic populations and communities and how can it be distinguished 
from man-induced changes? Especially: what long-term natural fluctuations may occur that may mask the 
effects of pollution? It is hoped that the papers presented here will add to the continuing debate on the use 
of benthic populations and communities in marine pollution studies. They will certainly add to our basic 
knowledge of benthic populations and communities in Europe and represent a focus for future research in 
the field. 

C. Heip, B. F. Keegan & 1. R. Lewis, Editors 
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The COST 647 Project on Coastal Benthic Ecology - A Perspective 

COST (abbreviation for 'Cooperation europeenne dans la domaine de la Recherche Scientifique et Tech
nique') forms a framework and forum for European research co-operation. 

Project 647 dates from 1979 and is concerned with coastal benthic ecology. It had its origin in a series 
of meetings where scientists from different countries considered the ~hen status of benthic ecology and the 
problems of accurately evaluating biological changes in the marine environment. These meetings recognised 
that 

a) benthic ecological studies in general were short-term, un-coordinated and often non-comparable in 
their methods; 

b) the few extended studies already carried out had greatly expanded awareness of how local physical and 
biological factors, and especially key species, influenced spatial and temporal variation; 

c) the general inability to set data in a geographical context could often make it unclear whether or not 
changes ascribed to local conditions (either natural or man-made) were in reality part of a broadscale, natural 
pattern; 

d) the dynamic character of communities rendered useless the old narrow concept of 'baselines' and neces
sitated its replacement by an awareness of the ranges of temporal variation that are entirely natural in differ
ent types of communities; 

e) while toxicological studies were revealing the extreme sensitivity of larval stages to pollutants, the wide 
natural fluctuations in annual recruitment to benthic populations suggested that larvae, or other phases in 
the overall reproduction/repopulation process were also very sensitive to natural variables. The latter ap
peared to be climatic/hydrographic, but little was known about their operation. 

By way of responses, it was agreed that the old and naive 'baseline' concept should be replaced with a 
much broader range of knowledge and understanding, covering the following: 

(i) The spatial and temporal scales of natural variability over as long as possible, to give reasonable assur
ance that a wide range of climatic/hydrographic events had been observed. 

(ii) Sufficient understanding of community dynamics to allow prediction of the consequences to the whole 
community of dramatic changes in the abundance of individual species as a result of natural factors or selec
tive pollutants. To this end, intensive study of natural variability or experimental manipulation of community 
composition would reveal the identity of the key species (if they existed in a particular community) and the 
extent to which community composition was controlled by biological interactions or resulted from chance 
physical events. 

(iii) Sufficient understanding of the specific causes of biological change to permit prediction about the 
consequences of natural events with some degree of certainty. Special emphasis was to be placed upon the 
population dynamics of the key species, and particularly upon the extent to which variations in their 
reproductive cycles, recruitment and mortality could be related to changes in natural physical conditions. 

While elements (ii) and (iii) could be dealt with at a local level and were to varying degrees incorporated 
in much current work, (i) became the hallmark of a new international project, i.e. COST 647. Simultaneous 
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studies of selected communities were proposed, using the same or intercalibrated methods, in a network of 
recording stations, across the geographical range of each community. 

From the many benthic habitats and communities around the Atlantic coasts of Europe, four were selected 
for collaborative study. Among the criteria used in their selection were: wide geographical distribution 
around Europe; wide availability in currently non-polluted waters, or relative freedom from frequent physical 
destruction and a good data base resulting from current studies in one or more countries. Their selection 
acknowledges the fundamental division of benthic habitats according to type of substratum (rocky or 
sedimentary) and that both exist subtidally and intertidally. 

These four communities were proposed as separate programmes within the overall project and a co
ordinator was nominated to harmonise methods and data analyses within each programme, and to facilitate 
interprogramme discussions (Table 1). The methods appropriate to each programme would be markedly 
different but the biological data sought were similar, i.e. community composition and dynamics; the identifi
cation of the most important interactions and of 'key species' (if they exist); the population dynamics and 
lifespans of 'key' or major species with special emphasis upon natural variation in their reproduction and 
recruitment. 

The rationale behind the Project was incorporated into a 'Memorandum of Understanding' which was 
signed by Belgium, Denmark, France, the Federal Republic of Germany, Ireland, the Netherlands, Norway, 
Portugal, Spain, Sweden and the United Kingdom. 

For its first five-year phase, the Project had 'Category III' status within the COST framework. i.e. where 

TABLE 1 

Habitat 

(i) Subtidal rock 

(ii) Intertidal rock 

Community 

Ascidiacea 

Patella/Trochidae/ 
Cirripedia 

(iii) Subtidal sediment Amphiura/Abra 

(iv) Intertidal 
sediment 

Macoma/Polychaeta 

Key species in the four habitat programmes: 

Co-ordinator 

T. Lundalv 
(Sweden) 

J. Lewis 
(U.L) 

L. Cabioch 
(France) 

J. Beukema 
(Netherlands) 

i) Clavelina lepadiformis, Styela spp., Ciona intestinalis, 
Corella parallelogramma, Ascidiella aspera, A. scabra, 
Ascidia mentula, Ascidia virginea, Phallusia mammilata, 
Dendrodoa grossularia, Boltenia echinata, Pyura tesselata, 
Halocynthia spp. 

ii) Patella depressa (intermedia), Patella vulgata, Patella 
aspera, Balanus balanoides, Chthamalus montagui, Chthamalus 
stellatus, Gibbula umbilicalis, Monodonta lineata. 

iii) Acrocnida brachiata, Amphiura chiajei, Amphiura filiformis, 
Abra abra, Abra nitida, Melinna palmata. 

iv) Macoma balthica, Arenicola marina, Cardium (Cerastoderma) 
edulis, Nephtys hombergii, Lanice conchilega, Littorina 
littorea, Nereis diversicolor, Mya arenaria, Tellina tenuis, 
Scrobicularia plana, Mytilus edulis. 



TABLE 2: National participation in each programme 

Subtidal Intertidal Subtidal Intertidal 
rock rock sediment se dimen t 

Norway 0 6, • n/a 

Sweden • nla 0 nla 

Denmark nla nla 6, • 
Germany 6, nla • • 
Netherlands 6, 6, • 0 

Belgium n/a nla 0 • 
U.K. • • 0 6, 

Ireland • • • • 
France 0 6, 0 0 

Spain • • • • 
Portugal • • 
Key to symbols 

• 

o 

6, 

• 
nla 

Pre-existing studies which have become the core of that 
habitat programme or new studies developed specially for COST 
purposes. In all cases th~re is specific financial support 
which variously permits employment ranging from one part-time 
technical assistant up to 4 full-time scientists. 

No specific COST funding. Independent research or studies 
funded for other purposes, but which have been adapted to 
varying extents to provide data relevant to COST 647. Most 
data are obtained on a part-time basis. 

Expres s ions of interest. 

The habitat is available, but there is no activity under 
COST 647. 

The habitat and community are not readily available. 

XI 
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each country funded its own research activity, with the Commission of the European Communities providing 
a secretariat, but no financial support. National participation over this period was as outlined in Table 2. 

This volume contains the proceedings of a symposium organised to mark the close of the first five-year 
phase and the upgrading of the project to COST 'Category II' status. Most of the contributions derive direct
ly from COST 647; five are invited papers on research relevant to, or with instructive value for, coastal benthic 
ecology. A synthesis of findings for all four communities is being prepared for publication and should allow 
an assessment of progress with respect to the objectives of the Project at large. 

Continuity for COST 647 has been assured within the provisions of the Community's new environmental 
research and development programme. As a 'Category II' project, the Commission can now fund essential 
co-ordinating activities such as workshops and symposia. 

Plans are now in train to expand the Project's geographical limits into the Mediterranean. This expansion 
will not only apply to some of the communities currently under study but is also likely to include a new re
search programme on the Posidonia community. 

Brendan Keegan 
Chairman COST 647 
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Abstract 

This paper reviews progress in the COST 647 rocky littoral programme involving three patellids, two 
trochids and two cirri pedes on European Atlantic coasts. Northern geographical limits are set primarily by 
repopulation failure, and northern populations are characterised by short, mid-summer breeding periods, 
high frequency of failed or poor recruitments and low density of large, long-lived individuals. Towards the 
south molluscan breeding periods lengthen and become later, extending in some cases throughout much of 
the year but with least or no activity in mid-summer. There are probably fewer recruitment failures and thus 
higher densities, but individuals are of smaller maximum size and shorter life-span. 

The cirripedes show similar latitudinal trends in recruitment timing but Semibalanus is restricted to a sin
gle annual brood throughout its range. 

The two species reaching their southern limits show progressive restriction to the lowest tidal levels. 
Recruitment failures do not result from inadequate gonad activity. They arise in cirripedes during the 

planktonic phase and in the molluscs during settlement and early shore life. The temperature sensitivity of 
molluscan spat is primarily responsible for the north/south gradient in recruitment times from summer to
wards winter. 

Introduction 

A principal objective of COST 647 is distinction 
between the many biological changes which have 
local physical and/or biological causes and those 
which are attributable directly or indirectly to 
broad-scale agencies such as climatic and/or hydro
graphic anomalies or trends. To achieve this distinc
tion necessitates appropriately broad-scale, and 
ideally international, data which in turn inevitably 
lead towards considerations of a) geographical dis
tribution and its control, and b) the possible extents 
to which population parameters change along the 
gradients from one geographical limit to the other. 
These gradients are seldom smooth, being disrupt
ed by local coastal configuration and hydrography, 
but essentially they are latitudinal and reflect the 
broad climatic changes between tropical and polar 

regions. Hence in the region of COST 647 studies, 
i.e. west and north-west Europe, we are dealing 
primarily with north (cooler)/south(warmer) gra
dients. 

Accepting the basic role of recruitment in popu
lation dynamics and the probably high sensitivity 
of repopulation processes to climatic fluctuations, 
the rocky littoral programme of COST 647 has con
centrated upon annual recruitment in a few species. 
These were selected on account of their known eco
logical significance and/or because their ge
ographical distribution afforded high potential for 
the investigation of climatic influences (Table 1). 
The accessibility of this habitat permits mobile in
vestigators to obtain broad-scale data more easily 
than in other habitats, but nevertheless poor na
tional participation in the programme has restrict
ed international comparisons to data primarily 
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Table 1. Species in the COST 647 rocky littoral programme and their geographical limits occurring within the study area. 

Patella vulgata L. 
Patella aspera Rbding 
Patella depressa Pennant* 
Monodonta lineata (da Costa)* 

Gibbula umbilicalis (da Costa)* 
Chthamalus montagui Southward* 
Semibalanus balanoides (L.) 

Southern 
limit 

N. Portugal 

Biscay 
N.W. Spain 

Northern 
limit 

N. Norway 
S.W. Norway 
Wales 
N. Ireland 
Wales 
N. Scotland 
N. Scotland 

Species marked * have additional northern limits variously along the French and British coasts of the English Channel. The last four 
species will henceforth be referred to by the generic name only. 

from Britain, Portugal and, more recently, Spain. 
Some latitudinal trends have been discussed 

previously (Lewis et al., 1982) and the present pur
pose is to extend earlier data and review progress so 
far. 

Geographical limits 

If geographical limits are to provide reliable in
sights into the role of latitudinal factors, one must 
question the extent to which these limits are set by 
the large-scale intervention of non-latitudinal fac
tors such as unsuitable substrata or salinity, 
decreased habitat area or larval wastage by offshore 
currents. Such conditions have long been thought 
to contribute substantially to the loss of several spe
cies in our programme (and in effect to the setting 
of 'north-eastern limits') as one moves eastwards 
along the Channel coast of Britain: namely Gibbu
la, Monodonta, Chthamalus, Patella depressa 
(Crisp & Southward, 1958; Lewis 1964). 

The other northern limits (see maps in Lewis, 
1964) which occur on the more physically complex 
western coasts of the British Isles, appear to involve 
both latitudinal and local factors. Thus in the case 
of Gibbula, dying out on the north coast of Scot
land (for details see Lewis et al., 1982), a relative 
scarcity of suitable sheltered habitats on these 
mainly exposed and steep coasts might be con
tributing to a decrease in overall abundance and 
therefore to fewer planktonic larvae, which in turn 
would fail to find the suitable shores. By contrast, 
Chthamalus, which also reaches its limits around 

northern Scotland, thrives on open coasts yet still 
declines to extreme scarcity and ultimate extinction 
in upper shore sites which seem physically suitable 
and lack both competitors and predators. 

Further south, Monodonta fails to bridge the 
15 - 25 km gaps from Northern Ireland to south
west Scotland, presumably because of the strength 
of tidal currents running parallel to the coast. The 
other northern limit of Monodonta in Britain (N. 
Wales) roughly coincides with that of P. depressa, 
and here offshore currents coming after intermit
tent stretches of unsuitable shoreline possibly form 
the final and unsurmountable barrier for both spe
cies. 

But away from the geographical limits such non
latitudinal factors seem to be less potent; areas of 
unsuitable habitat cause gaps in distribution but do 
not set limits. Individuals become more abundant 
southwards and situations are occupied that would 
remain empty further north. It appears, therefore, 
that where a species is abundant there are sufficient 
larvae to bridge unsuitable stretches of coastline, 
but where densities are declining or larvae are regu
larly scarce for any other reason, the presence of 
adverse currents or unsuitable habitats may then 
present unsurmountable barriers to species that are 
already under pressure. What then are the pressures 
which have a latitudinal component, and at what 
stage do they operate? Are population densities 
reduced and limits finally set by biological factors 
that increase northwards but which, being biologi
cal, must vary in intensity with time and lead to 
fluctuating limits? Or are there occasional cata
strophic mortalities which cut back the range and 



are then followed by progressive re-occupation of 
lost ground? Conversely are there less obvious fac
tors which lead directly to an inadequate repopula
tion rate? 

Competition for space is very evident between 
the lusitanian Chthamalus spp and the boreal 
Sem ibalan us, and their fluctuations have long been 
linked with broadscale climatic oscillations which 
favour them alternately (Southward & Crisp, 1954; 
Southward, 1967). But while Chthamalus is usually 
the poorer competitor in the north its greater verti
cal range on the shore gives it a high level refuge 
from Semibalanus (and predators) over west and 
north Scotland. Within these 'safe' levels Chthama
Ius still declines for other reasons. While the barna
cles replace each other to north or south, this is not 
the case with the molluscs. All five species co-exist 
in northern Portugal, but from south-west Britain 
northwards one loses first P. depressa and 
Monodonta, then Gibbula, and finally P. aspera 
until P. vulgata alone occurs in west and north Nor
way. The mid/upper shore trochid microhabitats 
remain vacant, P. vulgata (and possibly Littorina 
spp?) expand into the depressa and aspera territory, 
but there are no obvious replacing competitors. 

The other alternatives, catastrophic mortality or 
repopulation failures, have been discussed previ
ously (Lewis et aI., 1982) and so I briefly reiterate 
here the main considerations leading to the conclu
sion that for our species northern limits are primar
ily set by repopulation failure. They are: 
a) Although severe mortalities occurred in coastal 

faunas around the British Isles in the winter of 
1962/63 they did not affect Chthamalus any
where, nor Gibbula at its northern limits (Crisp, 
1984); and although Monodonta (and to a lesser 
extent P. depressa) did suffer some cut-backs in 
range there has been no repetition of such mor
talities since that date (i.e. in 22 years). 

b) Experimental transferences to North Sea coasts 
(i.e. outside their geographical range) of 
Chthamalus (Southward & Crisp, 1954) and of 
Monodonta and Gibbula (Williamson & Ken
dall in prep.) did not result in increased mortali
ty, even though in 1978179 the two topshells ex
perienced the most severe North Sea winter since 
1962163. 

c) Mortality of Chthamalus around north Scot
land averaged only 8 0J0 over 4 years. 

d) In all species, populations close to northern 
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limits have always contained, and sometimes 
been dominated by, old animals and have fre
quently lacked young age-classes for a time. 

e) A population of Monodonta about 80 km from 
its northern limit, and abundant in the mid-70's, 
died out by 1983 as more recent recruitments 
failed to offset the deaths of the '75 and '76 
year-classes. 

Accepting therefore that repopulation failures 
appear most likely to set geographical limits to the 
north, it is most unlikely that the conditions caus
ing failure will be restricted to those limits. Rather 
they can be expected to occur over varying extents 
of the adjacent coastline and therefore to affect 
repopulation well inside a species' range. 
Geographical-scale data amply confirm that this is 
so. Fluctuations inside the range are usually syn
chronous, but less severe, reflections of events at 
the northern limit. This is shown most strikingly by 
Gibbula (Kendall & Lewis this volume; Lewis et al., 
1972), with synchronous patterns of success or fail
ure covering sites up to 700 km from the northern 
limit. Although it has been suggested above that 
the north-east limit of this species on the Channel 
coast is probably set more by local rather than 
latitudinal factors, the poorest years here (1978, 
1981 inputs) nevertheless coincided with the broad
scale recruitment failures elsewhere. 

The failures in Chthamalus around north and 
north-west Scotland have been more limited spa
tially « 150 km) but of greater frequency, some 
areas having significant recruitment since 1970 only 
in 1975 and 1983. 

As has been shown by Bowman & Lewis (this vol
ume) populations of P. aspera at latitudes, in Brit
ain, near to the northern limit in south-west Nor
way lacked the 1968 class over virtually the 
northern two-thirds of the British Isles; while in P. 
vulgata poor recruitment in northern parts of Brit
ain coincided with apparent failure years 2000 km 
further north at the geographical limit in northern 
Norway. While this species, in Britain, has not ex
perienced such frequent or widespread failure as 
the other species it still shows considerable fluctua
tions that are synchronous over much of northern 
Britain. 

But it is also evident that the controlling factors 
do not act in smooth north/south gradients of in
tensity on all occasions. P. vulgata and P. aspera 
both show regional asynchrony, with northern 
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areas occasionally being more successful than some 
further south (e.g. 1977 and 1978, Bowman & Lewis 
this volume), and Semibulanus has shown much lo
cal asynchrony within the same region (Kendall et 
al., 1982). 

Despite such irregularities it remains apparent 
that general declines in abundance northwards 
primarily'reflect an increasingly inadequate rate of 
repopulation which finally culminates in the setting 
of the limit of distribution. 

Sources of repopulation fluctuations 

The successful establishment of an '0' class in 
the adult habitat is the end of a long series of con
secutive processes or phases, and while overall suc
cess doubtless requires that each should be success
ful, there is increasing evidence that some are more 
sensitive than others to environmental factors. 

Initial expectation of frequently inadequate go
nad development at or near the northern limits has 
not been realised. Crips et al.(1981) similarly antici
pated that summer temperatures around northern 
Scotland would seldom allow breeding in 
Chthamalus montagui, but there has been no year 
since 1970 in which nauplii have not been produced 
and released. Indeed, the previously mentioned 
transplants of Chthamalus and Monodonta to be
yond their geographical limits still resulted in ap
parently normal gonad activity. Nor have levels of 
activity correlated with annual recruitment fluctua
tions in Semibalanus, naupliar production slowly 
increasing during a six year period in which annual 
metamorph numbers fluctuated strongly (Kendall 
et aI., 1985). In Patella spp gametic production and 
output are difficult to assess because releases often 
overlap with development. Nevertheless, and de
spite an initial belief of a positive link between go
nad size and recruitment in P. aspera (see Bowman 
& Lewis this volume) we are now satisfied that fac
tors other then total gametic output are of much 
greater importance in determining ultimate recruit
ment. Indeed, in some British limpet populations it 
now appears that the major releases of each year's 
gametes may contribute very little to the next sea
son's '0' class, this being derived frequently from 
the relatively few eggs released early in the season 
(Bowman, 1985). 

The planktonic phase is one in which large and 

annually varying mortalities of larvae can be en
visaged (Thorson, 1950), but about which we have 
been unable to obtain much data. However, the 
possibility that whatever larvae exist may be driven 
towards or away from the shoreline by wind
induced currents or drift is more amenable to as
sessment, and there are several reports of high set
tlement densities in cirri pedes when onshore winds 
occur (Barnes, 1956; Hawkins & Hartnoll, 1982; 
Kendall et al., 1985). The generally higher recruit
ment rates on coastlines facing prevailing winds 
compared with coasts of different orientation is 
further circumstantial support (Kendall et al., 
1982). If this is correct for cirri pedes it is also possi
ble that larvae of the other species are similarly in
fluenced, even though no evidence yet exists. On 
the other hand much will surely depend upon the 
duration of the planktonic phase, and cirripedes 
(4-6 weeks duration) would be more vulnerable 
than the molluscs (4-10 days). But since wind 
direction just before and during the settlement 
period is not only one of the least predictable of en
vironmental factors but also lacks a iatitudinal 
component, we must look elsewhere for a physical 
gradient that links with geographical distribution. 

Settlement and early shore life expose 
spat/juveniles to new and potentially severe condi
tions, and our studies point increasingly to the crit
ical sensitivity of these phases, especially in the 
molluscs. In a species at its northern limit or within 
the northern part of its range - as most of our spe
cies are in Britain - reproduction takes place in 
summer or early autumn, and the cause of failure 
is most likely to be temperatures too low for suc
cessful establishment. Where there is most infor
mation, as in Patella spp (Bowman, 1985; Bowman 
& Lewis, this volume), it is now clear that the 
strength of the future '0' class (first recognisable in 
the field as 1-2 mm spat) depends not on the total 
numbers of veligers settling on the shore in late 
summer or autumn but on the numbers which 
chance to meet sea/air temperatures within the 
limited range that is suitable initially for metamor
phosis, and thereafter for fast growth and attain
ment of a size sufficient to withstand the coming 
winter. P. vulgata spat from north-east England fail 
to metamorphose at pool temperatures of 17 °C 
and above, and growth is best between 1O-14°C, 
ceasing completely in the field at 6°C. 

Settling veligers of 0.25 mm length and 



metamorphosed spat can be studied only by using 
settlement panels that can be examined microscopi
cally and returned to the field. Such direct observa
tion and experimentation have not yet been possi
ble with trochid larvae, but there are indirect 
pointers to a similar sensitivity to cold, for the two 
smallest '0' classes in eight years have coincided 
with below-average temperatures during their initial 
autumn and winter (1978/79, 1981/82, Kendall & 
Lewis, this volume). 

Whereas the molluscan larvae settle (survive?) 
best in microhabitats protected from desiccation 
and temperature extremes, cyprids attach to open 
rock and would appear to be highly vulnerable to 
aerial conditions. We have not observed Chthama
Ius settlement as it happens and can only report 
that in the many failure years around northern 
Scotland nauplii were released each August but no, 
or few, juveniles could be found next spring. Semi
balanus, a boreo-arctic species, settles in the spring 
and there is much heat death of cyprids and new 
metamorphs, especially in the upper shore (Foster, 
1970; Wethey, 1985), but during four years of ob
servation in north-east England the annual varia
tion in initial mortality showed no correlation with 
metamorph maxima (Kendall et al., 1985). 
Nevertheless when Semibalanus and Chthamalus 
occur together and compete for space, as in north
west Scotland, such heat deaths of Semibalanus 
spat (and adults) in 1975 and 1976 made it possible 
for the high-level Chthamalus to become estab
lished lower down the shore (Bowman, in prep.). 
The fact that Semibalanus spat are immediate and 
fast-growing occupiers of rock surface also in
fluences 'recruitment' data in a manner that does 
not appear to arise among the molluscs. If circum
stances lead to a highly synchronous settlement a 
high density results, whereas with an extended set
tling period the growth of the earliest spat reduces 
the space available for late-comers. And since spat 
occupy the same habitat as adults, another contrast 
with Patella and the trochids, a high adult density 
may oblige spat to settle in misleadingly large num
bers in the restricted areas of vacant space - in
cluding those cleared experimentally! (Kendall et 
al., 1985). 
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Latitudinal trends in the molluscs: settlement times 

The detailed settlement/survival studies on 
Patella spat have so far only taken place in Britain 
and are still far from complete there, but the sensi
tivity of the settlers has considerable latitudinal im
plications. At their extreme northern limits 
seasonally reproducing species can be expected on 
theoretical grounds (Hutchins, 1947) to breed dur
ing the summer (i.e. maximum sea temperatures), 
and if gametes are being produced each year at 
these limits (as they are in our case) the repopula
tion failures must be arising during a later phase in 
the autumn and winter. Admitting our ignorance of 
planktonic events and dealing only with the spat 
and juveniles, widespread failure will arise when 
settlement is too late and/or autumn temperatures 
are too low too early for the growth needed to with
stand the coming winter. It will therefore be advan
tageous to mature and release some eggs early in 
the summer; and this will remain so moving to
wards the south wherever the late autumn and win
ter temperatures can fall low enough to have strong 
adverse effects. 

But to continue spawning in the mid-summer 
further to the south exposes the sensitive young to 
the opposite danger of high temperatures, avoid
ance of which can come only from later settlement. 
Ultimately at the extreme southern limits tempera
tures could be damagingly high for settlers over 
much of the year, and successful recruitment would 
therefore have to be accomplished astride mid
winter. 

Stages in such a north/south switch are clearly 
discernible in the settling times of British limpets. 
In north-east Britain the most successful settle
ments have generally been relatively early in their 
respective seasons, i.e. July/August in P. aspera 
which is close to its northern limit, and September 
in P. vulgata which is nearing the middle of its 
range. The spat of both species can first be found 
in south-west Britain about two months later than 
in the north-east, and they overwinter in the south
west at smaller sizes as a result. 

Patella spp settlement data from Oviedo, North 
Spain (M. P. Miyares pers commun.) and Portugal 
(Guerra & Gaudencio, this volume) cover only 2- 3 
years as yet, and being derived solely from size
frequency analyses without detail of early growth 
rates they indicate settlement times much less pre-
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cisely than when settlement plates can be used. 
Nevertheless, they suggest successful settlement of 
P vulgata (at its southern limit in Portugal) taking 
place some time between late October and January, 
with greatest success towards the end of this period, 
i.e. up to about two months later than in south-west 
England. In the other two Patella species, not at 
their southern limits, the situation is more con
fused, for there are probably several settlements per 
season, especially in P depressa. Nevertheless, the 
most discrete emergence of 2 - 4 mm P aspera spat 
from cracks, mussel patches etc began in March 
1983 and February 1984, suggesting major settle
ments between October and January. P depressa 
less than 5 mm are present throughout the year 
(slow growth or frequent settlement?) but their 
numbers are highest from January to March, in
dicating maximum settlement success in the au
tumn. 

For the trochids we are not yet able to record 
later settlement moving south in Britain, compara
ble to that in Patella. However, preliminary data 
from northern Spain (Bode et aI., this volume) and 
Portugal (Gaudencio & Guerra, this volume), and 
again based solely on size-frequency analyses, 
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point to first settlements of Gibbula and 
Monodonta occurring from September-November 
in Spain, and of Gibbula about November in Por
tugal. These compare with August and early Sep
tember for Monodonta and Gibbula respectively in 
Britain (Wales). 

Although it would be helpful to have data from 
North Africa and the Mediterranean, where P 
depressa, P aspera and the two trochids reach their 
southern limits, it is clear that all five molluscs in 
our programme are functioning as predicted, the 
most successful settlements becoming progressively 
later in the year towards the south, apparently in re
sponse to the needs of the spat. 

Latitudinal trends in the molluscs: gonad cycles 

The changes in settling times are accompanied 
by changes in gonad cycles, but these do not fully 
conform to expectation based solely upon the times 
of successful settlement. The commonest pattern is 
for gametogenesis and spawning at or near north
ern limits to be completed in 3 - 4 months astride 
the summer (in P aspera, Gibbula, Monodonta in 
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Fig. 1. Patella aspera: changes in time and duration of the gonad cycle from near its northern geographical limits to the centre of its 
range in Portugal. 



Britain; P. vulgata in noithern Norway). P. depressa 
differs somewhat in that the potential for multiple 
spawnings and redevelopment is much stronger in 
this than in the other two limpets, and gonad ac
tlVlty may last from May/June to Oc
tober/November, with little predictability in the 
time(s) of spawning. 

Moving south there is a common tendency for 
extension of the breeding season into winter or 
spring, with or without a change in the onset of 
gametogenesis (Fig. 1). Marked differences exist be
tween species, however. Thus whereas the breeding 
season in P. vulgata in northern Spain and in Por
tugal extends from about August to March/April 
and still leaves a discrete inactive period from 
April/May to July, P. aspera is reproductively ac
tive for most of the year and its resting period, not 
always well defined, is confined to June or JUly. Er
ratically fluctuating gonad indices characterise P. 
depressa and suggest frequent spawnings and near
continuous develpment throughout the year with, 
however, some years showing least or no activity in 
June/July. This tendency for mid-summer to be the 
least active period is shown most strongly in both 
P. depressa and P. aspera in the southernmost sam
ples available (south Portugal), perhaps fore
shadowing a contraction of breeding towards win
ter only further south. Whether or not this does 
occur, the almost year-round breeding in Portugal 
in the middle of the range contrasts strongly with 
the latitudinal pattern in P. vulgata, in which the 
breeding period just lengthens steadily from north 
to south. 

Monodonta and Gibbula similarly show a 
lengthening of the breeding period, so that al
though animals in spawning condition first appear 
at about the same time as in Britain (i.e. July/Au
gust) they remain abundant until November/De
cember in northern Spain and October/November 
in Portugal. Some loss of synchrony is also appar
ent, especially in Gibbula, with ripe individuals oc
curring both much earlier and later than the main 
period. 

The above brief summaries are based on data 
from P. M. Miyares (pers. commun.), Bowman 
(1985), Garwood & Kendall (1985) and from papers 
in this volume by Bode et aI., Bowman & Lewis, 
Gaudencia & Guerra, Guerra & Gaudencio, Ibanez 
et aI., Kendall & Lewis. 

Extension of the period of gonad activity overall 

7 

or of the period of 'ripeness' does not necessarily 
mean that spawning is taking place over an equally 
extended time, either continuously or in short 
bursts. Spawning which occurs as synchronously as 
it does in Patella spp (Bowman, 1985) or Gibbula 
(Kendall, pers. commun.) requires an environmen
tal trigger, and until it is received ripe Patella eggs 
are stored, other eggs complete their maturation 
and gonads continue to increase in size. Adapta
tional logic decrees that spawning should be timed 
for settlers to meet the optimum conditions, as in 
the settlement-timing hypothesis of Todd & Doyle 
(1981); hence it too should be triggered by an en
vironmental stimulus which arrives later towards 
the south. Spawning stimuli have proved to be very 
difficult to identify; they are still not known for the 
trochids and only imperfectly so for P. aspera 
(Bowman & Lewis, this volume), but for P. vulgata 
in Britain there is now overwhelming evidence that 
it is (or is accompanied by) a fall in sea temperature 
to below 12 DC. This occurs as a result of the nor
mal autumnal decline or when early gales and 
swells break the thermoclines and bring colder bot
tom water to the surface for a time. As sea tempera
ture maxima are higher in the south than the north, 
falls to below 12 DC (for whatever reason) tend to be 
progressively later towards the south, and thus ac
count for the broadly north/south pattern of first 
spawnings around Britain (Bowman, 1985). A fur
ther illustration of the same phenomenon which 
also indicates the geographical scales that may be 
involved was the major North Atlantic storm of 
mid-August, 1982, which caused sea temperatures 
to fall by up to 3 DC as far south as northern Portu
gal, but only brought them below the critical 12 DC, 
and caused early spawning, in northern Britain. 

Since climatic events do not follow orderly se
quences there can be no certainty that the spawning 
trigger \yill necessarily be followed at the appropri
ate time by the optimum or even acceptable condi
tions for the settlers. Hence the more spawnings per 
season the better, as this increases the possibility of 
a good match. To some extent this is a matter of 
chance - the frequency and severity of storms in 
any region in any year. But there must also be ga
metes available for release and here a strong latitu
dinal difference is probable. In the north, with a 
short breeding season, one- or at most two
spawnings per season are possible, and these are 
not always successful; this is especially so for the 



8 

second one (Bowman, 1985). Where gonads are ac
tive longer, in the south or centre of distribution, a 
succession of storm-induced spawnings and further 
ripenings could occur (as in P. depressa in Spain 
and Portugal?). Those spawnings which are too 
close to the summer may fail (in spite of probable 
selection for larvae and spat with higher tempera
ture tolerances) but others will surely succeed so 
that the chances of regularly poor recruitment 
would still appear to be much less than in the 
north. 

When the sensitivity of the settling and juvenile 
phases first became apparent it seemed likely that 
recruitment failures could occur throughout a spe
cies' range, and not just near the geographical (in 
this case, northern) limits. This now seems less like
ly. Nevertheless, fluctuations clearly occur in Por
tugal but many years' data are required to judge 
how the frequency and severity of poor years there 
compare with the north. Meanwhile in P. vulgata 
there have been exceptionally poor years as much as 
2000 km from the northern limit, whereas in Gib
bula the frequency of failure has decreased dramat
ically within the 6-700 km from northern Scot
land to south-west England (Kendall & Lewis, this 
volume). 

Latitudinal trends in cirri pede breeding 

Both Semibalanus . and Chthamalus show 
similarities to the molluscan species in conforming 
to the expected latitudinal patterns of settlement 
time. Thus Semibalanus settles late February/early 
March at its southern limit and in mid-summer in 
the Arctic (Feyling-Hansen, 1953), while Chthama
Ius, breeding in the Mediterranean from February 
to April (Crisp et al., 1981), settles at its northern 
limit in Scotland about September. However the 
similarities now cease, for whereas the sequence in 
Patella spp involves settlement becoming progres
sively later in the autumn from north to south, the 
cirri pede sequence becomes earlier in the spring. 
There are sound reasons for such differences. 

Sem ibalan us, a boreo-arctic species, is much 
more constrained by having a single brood per year. 
Gamete production occurs in summer and autumn, 
copulation in cued by photoperiod, while embryo 
development rates during winter and release 
mechanisms are adapted to releasing nauplii when 

highly seasonal planktonic food is likely to be most 
abundant in different latitudes (Crisp, 1959; Barnes 
& Barnes, 1976). Annual recruitment fluctuations 
appear to be much less sensitive than in Patella to 
direct temperature effects and to arise primarily 
from mismatches (probably nutritional and/or dis
persal) during the planktonic phase (Kendall et al., 
1985). 

Chthamalus, by contrast, is a warm-temperate 
species with an opportunistic strategy in which 
production of successive small broods is both 
temperature- and food-dependent (Hines, 1978). 
Northward these conditions become adequate 
progressively later in the spring and early summer, 
until at the northern limits around Scotland proba
bly only one brood is possible each year, and this 
succeeds only in especially warm summers e.g. 1975 
and 1983. Since nauplii are released every year the 
final failure lies in the planktonic or settling phase, 
but the proximal cause may still be reproductive if 
gonad and embryo development of a single brood 
are too slow in cold summers to release larvae suffi
ciently early for completion of the later phases. 

Latitudinal trends in population characteristics 

Latitudinal comparisons of life span, size and 
abundance among near-sedentary animals need 
caution, not only because many local habitat fac
tors operate with possibly greater effect, but also 
because of the interactions of these three 
parameters. Nevertheless it is clear that maximum 
life-spans decrease from north to south, a feature 
that has been noted before (Dehnel, 1955, Frank, 
1975). This is most strongly shown by our trochids, 
Gibbula ranging from 8 -12 years in northern Scot
land to about 2 years in Portugal, and Monodonta 
from 10 -15 years to 4 - 5 in Spain (see Lewis et al., 
1982 and Gaudencio & Guerra, this volume for fur
ther details and references). Current limpet data 
from Portugal (Guerra & Gaudencio, this volume) 
possibly do not cover the full range of local 
habitats, so perhaps longer life-spans occur; but 
they do suggest that all three species live for only 
3 - 4 years, which is variously about 1-4 years less 
than in similar habitats in Britain. Barnacle life
spans are so often cut short by predation or compe
tition that comparisons can be especially confus
ing. We therefore simply place on record that upper 



shore mortality of Chthamalus in northern Scot
land (8% in four years), plus other Scottish 
age/growth/size observations (Lewis, unpublished) 
suggest that life-spans up to 20 years may not be 
uncommon in the north. This appears to be the 
maximum recorded or estimated. 

Limpet sizes similarly appear to be smaller in 
northern Spain and Portugal than in Britain, maxi
mum lengths being up to 5 -10 mm less in the 
fastest growth habitats. Gibbula perhaps provides 
the most interesting data, for while there is an over
all decline of maximum base diameter from 
20- 21 mm at the extreme northern limit to 
13 -14 mm in Portugal,populations with similar 
small maxima occur locally throughout Britain and 
Ireland, apparently as a result of high density and 
intraspecific competition (Kendall & Lewis, this 
volume). But it has also been shown in Britain that 
in broadly similar habitats the density virtually 
doubles from north to south, and is accompanied 
by a size reduction from 20 - 21 mm to 15 -17 mm 
maxima. 

We have also seen that settlement failure in Gib
bula in Britain decreases from north to south, and 
this could well be the reason for the higher density. 
Further south still, the potential for more regularly 
high levels of recruitment increases with the length
ening period of gonad activity; and densities in 
Portugal are 2- 4 times greater thad in Britain so 
that still greater intraspecific competition and 
smaller maximum sizes could result. While firm 
evidence of regularly higher recruitment there may 
still be lacking, we are obliged to accept it does oc
cur; otherwise with a maximum life-span of about 
2 years Portuguese populations would be in con
siderable danger of local extinction. 

Thus we have hypotheses that may account for 
most of the north/south trends. In the north a 
short breeding period leads to frequent recruitment 
failures, low density, low intraspecific competition 
and large maximum sizes. To the south the longer 
breeding season tends to ensure more regular 
recruitment, leading to higher densities and small 
maximum size. But the other major difference, the 
greater life-span in the north (which almost certain
ly contributes to the greater sizes there), appears to 
be less directly related to latitude, for it follows gra
dients in density which are local as well as latitudi
nal. The mechanism linking longevity and density 
remains unresolved. 
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For the limpets there are less firm data on latitu
dinal population trends, and indeed the depen
dance of growth, size and life-span upon local hab
itat factors (Lewis & Bowman, 1975) suggests that 
demonstration of latitudinal trends comparable to 
those in Gibbula could be more difficult. But cau
tious comparisons do point to Portuguese limpets 
probably being more numerous and smaller than in 
Britain, and this accords with expectations based 
on the undoubted latitudinal changes in gonad cy
cles and settlement times. 

Zonation and latitude 

While southern limits could be set by excessive 
heat damaging either settlers or gonad activity per 
se, the only two southern limits among our species, 
P. vulgata and Sem ibalan us, experience no bar to 
reproduction in the south (Barnes & Barnes, 1972; 
Guerra & Gaudencio, this volume). They do show, 
however, that an additional aspect, the 'zonational 
environment' in the littoral zone, has also to be 
considered. 

All littoral species are limited upshore by aerial 
conditions. Sometimes low temperatures are harm
ful but most are limited by intolerance of heat, 
desiccation or strong light, and it is commonplace 
to find upper limits lower down the shore in sunny, 
quick-drying situations, either locally or geographi
cally. It is therefore no surprise to find that P. vul
gata at its southern limits in northern Portugal is 
confined to shaded low-level positions. Even in 
north-east Britain spat are sensitive to heat and 
desiccation, and remain in damp micro-habitats for 
many months in the upper shore (Lewis & Bow
man, 1975). In south-west England, Ballantine 
(1961) reported that 1 Yz - 2 years elapsed before 
small animals moved onto open rock surfaces in 
the upper levels. There is no specific information 
about the shore levels within which P. vulgata set
tles and survives in Portugal, but it is logical to as
sume that the low levels are the best (only?) places 
for spat to establish in winter, and for all-sized 
animals to survive in summer. 

Semibalanus, in its isolated and fluctuating 
southernmost populations in south-west France 
and north-west Spain (Barnes & Barnes, 1966, 
1972) and also further north in Brittany, south-west 
Britain and southern Ireland, is similarly most 
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abundant in shaded or lower shore positions. Al
though our north-east England studies (Kendall et 
al., 1985) showed no correlation between heat death 
of spat and annual repopulation maxima we did 
record significant heat deaths of adults as well as 
spat in north-west Scotland in some years. The 
potential for such deaths must increase towards the 
south and restrict Semibalanus to lower levels. 
Thus in both species their littoral habitat is being 
compressed to extinction southwards, and as they 
vacate the scene their roles, physically and ecologi
cally, are taken over by P. depressa and Chthamalus 
spp, processes that perhaps illustrate a common 
pattern in other boreal species. 

For P. vulgata the progressive decrease in total 
population stocks and gametic output southwards 
must offset to some degree whatever increase in 
recruitment levels or regularity might result from 
the longer breeding period, with its potential for 
more settlements per season (see above); but the 
resultant between these opposing forces remains 
unknown. In Semibalanus, however, with its single 
brood, maximum settlement densities in south-west 
England are well below those further north where 
the species occupies much of the littoral zone (Ken
dall et al., 1985). 

Littoral gradients may also impinge upon mol
lusc recruitment more directly. Pools and other 
damp situations in which Patella spat can only sur
vive in mid- and upper-shore levels respond much 
more quickly to insolation and air temperatures 
than do the sea or low-level pools. Thus early set
tlers may fail in the upper shore because pool tem
peratures become too high by day, whereas late set
tlers may find low-level pools and sea temperatures 
too cold and may then succeed, if at all, only in up
pershore pools that warm up enough. Thus it is 
even possible that towards its northern limits P. 
aspera, usually regarded as a lower-shore species ex
tending upshore northwards only as summer tem
peratures and desiccation decline, is becoming 
more dependent upon mid-shore pool recruitment 
than that on open rock at lowest shore levels (Bow
man, pers. commun.). 

Conclusion 

No one species in our programme has been stud
ied in adequate detail throughout its range for a 

long enough period. Nevertheless the total amount 
of information about different species in different 
regions builds up to suggest features that may prove 
to be broadly similar in all our molluscan species, 
when future work fills present gaps and puts very 
local or short-term data into broader perspectives. 

Thus northern populations are known to be 
characterised by short reproductive periods in the 
summer, frequent recruitment failures and in
dividuals of large size and potentially long life
spans. Towards the south (note than Portugal is not 
the southern limit of four of our species) the par
tially confirmed expectations are for longer periods 
of (possibly) less synchronous gonad activity in
volving more or all of the winter period, a lower 
frequency of recruitment failures, and probably 
higher densities of individuals of smaller size and 
shorter life-span (when allowances are made for ef
fects of very local factors). Despite the different 
pattern of gonad activity these same population 
trends apply also to Chthamalus. 

Closer to the southern limit the most characteris
tic feature among the molluscs will probably be a 
marked decline in abundance as the habitable en
vironment retreats downshore. 

From the monitoring viewpoint it is important to 
note that population stability depends to the north 
on high longevity, which minimises the effects of 
recruitment failures. On the other hand, the occa
sional very good settlement may result in a sudden 
increase in numbers which then persist conspicu
ously for several years. To the south, continuity de
pends upon regular recruitment to offset the short 
life-spans, and densities will primarily reflect the 
scale of each input. Between these extremes (i.e. 
over much of a species' range) the various fluctua
tions in recruitment and mortality rates preclude 
any characteristic density patterns until a persistent 
trend develops. But it is important to note that 
'northern~type stability and 'southern~type annual 
oscillations can occur in respectively the upper and 
lower levels of the same shore at the same time in 
species of wide vertical range, e.g. P. vulgata and P. 
depressa, or among topshells in which recruitment 
is confined to limited 'nursery areas' . 

Prediction of recruitment, albeit in terms as 
broad as 'good', 'moderate' and 'poor' was, and re
mains, the objective. To an extent this may be done 
simply at extreme northern limits (e.g. Chthamalus, 
Gibbula, Monodonta) by the now known correla-



tion of warm summers with good recruitment (as in 
1975, 1976, 1983) without knowing why. However, 
for P. vulgata and P. aspera (even though this is 
close to its northern limit) the confident prediction 
of 'failure' , which in monitoring terms is the most 
significant natural event, has necessitated gaining a 
deep insight into all the phases involved together 
with accurate environmental data. 

Even in Britain (for trochids and P. depressa) , 
but more especially in south-west Europe for all 
species, there is need of precise data on spawning 
times, storms and sea temperatures; on speed and 
frequency of gonad re-ripening; on number and ex
act times of settlements per season and the fate of 
early or late settlers, together with experimental 
work on the temperature requirements and toler
ances of spat and juveniles. Such data would re
solve current uncertainties resulting from the 
longer breeding seasons which, because they en
counter higher temperatures than in the north, sug
gest either higher values for spawning triggers and 
settler tolerances, or frequent larval and spat mis
matches and wastage, or long retention of ripe ga
metes before spawning (or a combination of all 
three). 

Finally, how do our current data and hypotheses 
accord with the generality of data on invertebrate 
reproduction? The latitudinal revyrsals of breeding 
times shown by our Patella spp have previously 
been reported extensively in temperate zone poly
chaetes by Bhaud (1972). They are also implicit in 
the different breeding times shown by species of 
different geographic affinity living in the same lo
cation, i.e. summer breeders being at their northern 
limits and vice-versa (in the northern hemisphere). 
Such examples are provided by ascidians (Millar, 
1958), echinoderms (Falk-Petersen, 1982) and in 
Australasian mussels, a southern hemisphere ob
verse (Wilson & Hodgkin, 1967). 

The longer breeding period southwards appears 
to be an accepted principle of biogeography dating 
back to Orton (1920). When linked with earlier 
spawning to the south (or later northwards depend
ing upon one's own position!) it shows the breeding 
pattern of a warm-water species in which the tem
perature and nutritional requirements of the gonad 
are the main determinants of the timing of the 
overall repopulating process. Such needs in such 
species are satisfied sooner and for longer in the 
south (Seed, 1976). 
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Clearly, similar needs exist in limpets and 
trochids, but their food supply is much less 
seasonally and regionally varying than in the bi
valve plankton feeders which figure often in mol
luscan gonad studies. Hence the longer breeding of 
Patella spp, Gibbula and Monodonta in south-west 
Europe probably owes most to the warmer temper
atures, even if these operate as much via increased 
grazing activity as upon metabolic processes. But 
whatever the environmental or endogenous condi
tions that initiate gametogenesis and control its du
ration in our molluscs, the significant point is that 
the increased duration southwards (or at least to 
the centres of their ranges) results primarily from 
extension later, i.e. through autumn into winter and 
the following spring. The accompanying move 
away from mid-summer breeding in the north final
ly, as in P. vulgata, brings repopulation firmly into 
the winter period. 

A similar pattern of later breeding southwards in 
the scallop Argopecten irradians was attributed by 
Sastry (1970) to geographical differences in food 
availability and temperature, and Barker & Blake 
(1983) elaborated this in terms of energy available 
for reproduction from the balance of input and 
reserves relative to latitudinal changes in metabolic 
rate. Accepting the more critical nutritional re
quirements of bivalves, and that some workers find 
that these over-ride temperature or other latitudinal 
factors (Newell et aI., 1982), it is nevertheless partic
ularly interesting in Argopecten to observe the 
latitudinal temperature regimes. Gonad initiation 
begins in Massachusetts at about 10 °C (April), in 
North Carolina at 20°C, and in Florida about 
28 °C (July), but spawning temperatures are about 
23°C in the north (July) and were induced at 25 °C 
(October) in the south. These data indicate that the 
gonads function adequately over a very wide range 
of temperatures, whereas the larvae and settlers are 
meeting very similar conditions throughout the 
species range. 

The existence of latitudinal (by implication 
temperature-controlled) gradients or reversals in 
breeding/recruitment times implies a narrow opti
mum range for some crucial phase, even accepting 
probable adaptation by local races. Although it is 
axiomatic that the entire process from gametogene
sis initiation to establishment of the '0' class has 
evolved to give the best chance of repopulation suc
cess under regionally varying conditions, the major 
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research emphasis by far is placed upon studies of 
gonad development and spawning, with the impli
cation that later phases or events are of little sig
nificance. Yet the molluscs in this COST 647 
programme point to a different conclusion. Vari
ously within this group we find northern limits set 
primarily by recruitment not gonad failure, breed
ing in animals transplanted beyond geographical 
limits, and recruitment fluctuations and even 
failures well inside distributional limits that show 
no correlation with gamete production. Such facts, 
reinforcing increasing information on the narrow 
temperature range within which spat are successful, 
point overwhelmingly to spat being the more sensi
tive phase and most in need of the latitudinal gra
dient in settling times. The seasonality of gameto
genesis and the shorter duration northwards point 
clearly to strong temperature sensitivity in gonads, 
but within the overall reproductive/recruitment se
quence the annual timing of gonad cycles appears 
to have become geared primarily to meeting the 
needs of spat. 

Although the patterns of gonad development 
and spawning in Modiolus modiolus differ greatly 
from those in Patella, Brown (1964) concludes that 
here too, spawning and larval development operate 
within a narrower range of temperature regimes 
than gametogenesis. It seems probable that this will 
prove to be the case in many other species, provided 
that studies on 'reproduction' are extended to cover 
the later and possibly most critical phases within 
'repopulation' . 
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Abstract 

Size/frequency samples have been taken from populations of the trochid gastropod Gibbula umbilicalis 
at a number of sites around the British Isles each year since 1978. In the North of Scotland, close to the 
limit of the species distribution, recruitment was generally poor and populations were sparse and dominated 
by large old individuals. While such poor recruitment may reflect the low density of adults and the shortage 
of nursery areas, a distinct temporal pattern of recruitment was also evident. At the start of our study, the 
majority of sites had population structures biased towards young animals implying that conditions for the 
settlement of larvae or their subsequent survival had been favourable over a wide area. In the years that fol
lowed only the enclosed Loch Eriboll regularly received substantial recruitment. 
Further to the south, in Wales and SW. England, recruitment was usually more regular, populations were 
more dense and individuals smaller. 

Introduction 

The long term study of trochid gastropods as 
part of the programme of both the NERC Rock 
Shore Surveillance Group of the u.K. and COST 
647 is based on the proposal by Lewis (1976) that 
the most cost effective way of gaining an under
standing of the processes which regulate coastal 
ecosystems is to study the reproduction and recruit
ment of selected key species. Although there are 
relatively few shores in Britain where trochids are 
the dominant grazers their importance increases 
considerably further to the south. 

G. umbilicalis reaches its northern geographic 
limit on the north coast of Scotland (Lewis et al., 
1982) although occasional specimens have been 
collected in the Orkney Islands (Rendall 1956). It is 
absent from the North Sea although it can be 
found as far along the French coast of the Channel 
as Calais (Crisp & Southward 1958) while on the 
English side, its range extends to the Isle of Wight. 
The species is present throughout the Atlantic coast 

of France, Spain (Fischer-Piette, 1955; Fischer
Piette & Gaillard, 1956) and Portugal and probably 
reaches its southern limit near Cap Blanc on the 
coast of W. Africa (Fischer-Piette, 1955). 

In this paper we consider the temporal changes 
in the population structure of G. umbilicalis to
wards the north of its range. The data presented 
come from an extensive long term study aimed at 
separating geographic patterns in reproduction and 
recruitment from local scale variation and the iden
tification of those climatic factors which Hutchins 
(1947) suggested might set the limits of a species 
distribution. This methodology was used by Ken
dall et ai., (1982) and Bouwman (1985) to detect 
regional patterns of recruitment in the other rocky 
shore species. 

Methods 

This study is largely based on data from five sites 
in NW. Scotland, a single site in Wales and two 
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sites in SW. England which it was aimed to sample 
2-3 times annually between 1978 and 1985 al
though this did not always prove to be possible. 
This is supplemented by information from a range 
of secondary sites which were sampled at more ir
regular intervals. On each visit a sample of about 
200 snails was taken (when possible) and returned 
to the laboratory where the basal shell diameter was 
measured to 0.1 mm using vernier calipers or the 
graduated eye-piece of a binocular microscope. 
Size/frequency histograms were plotted from the 
data obtained. The single exception was the site at 
Skerray, at the species virtual northern limit, where 
searches of one to two hours duration never rev
ealed more than 150 individuals. In view of this ex
tremely low population density all animals were 
returned after measurement in the field. 

Previous experience had shown that the juveniles 
do not inhabit the full range of adult habitats being 
most abundant on the undersides of stable stones 
and cobbles which overly permanently damp clean 
gravel. Sand or silt appear to be inimical but even 
in apparently suitable areas the juveniles may be 
highly aggregated. As our principal aim was the 
quantification of recruitment, random sampling, 
which would tend to oversample the adults, was 
discarded in favour of collections centred on nurs
ery areas. This proceedure tends to over-estimate 
the relative abundance of spat. As the cryptic be
haviour and small size of the newly settled spat pre
vents accurate assessment of their abundance after 
their late summer/early autumn settlement all col
lections were made in the following late spring or 
early summer. 

Most shores occupied by G. umbilicalis tend to 
have a highly heterogeneous structure with many 
microhabitats within a small area. In such circum
stances it is not possible to estimate the true density 
of the population and thus where comparisons of 
abundance were made this was on the basis of repli
cated 5 minute searches by a single operator 
(M.A.K.) using a standardised technique. 

The location of the study sites is shown in Fig. 1. 
Four major categories can be distinguished: - 1) 
boulders and stones overlying shallow gravel and 
bed-rock on sheltered sections of otherwise open 
coasts (Culkein, Clashnessie, Scourie & Osming
ton); 2) broken bed-rock with gullies containing 
boulders, smaller stones and pools (Skerray & 
Widemouth); 3) Stable clean shingle with small 

boulders and gravel (Loch Eriboll); 4) Stable shin
gle on open coasts (Aberaeron). 

Results 

Preliminary surveys in 1976 and 1977 showed 
that the majority of populations throughout Brit
ain were dominated by small animals which had 
settled 1-2 years previously. A similar situation 
was still evident in NW. Scotland in 1978 at the 
start of our detailed studies, at Scourie for example 
(Fig. 2) the greatest part of the population was less 
than two years old. The 1978 year class was poorly 
represented in samples taken during 1979 and in 
subsequent years we were unable to detect any con
tribution to the population from spat settling in 
1979, 1980, 1981 and 1982. By 1983 the population 
consisted entirely of large (15 -19 mm shell di
ameter) old animals but in 1984 a small number of 
the previous years settlers were collected. Prior to 
the 1984/5 winter it was evident that there had been 
a successful settlement of the 1984 year class and 
this was confirmed by the clear bimodality of the 
1985 size frequency histogram. A similar pattern of 
success/failure was recorded at Clashnessie and 
Culkein, although at the latter site there were al
ways a small number of spat present, even in the 
worst years. 

Although statistical techniques for the compari
son of histograms exist (Grant & Tyler, 1983), the 
methodology necessary to sample G. umbilicalis 
precludes their use to assess the comparative 
strength of the various year classes. Fortunately, 
the annual pattern of recruitment success/failure at 
the majority of sites in NW. Scotland was suffi
ciently distinct for such data treatment to be un
necessary. It is also clear that the population struc
ture and recruitment pattern at Skerray and in Loch 
Eriboll were exeptional. In Loch Eriboll, although 
the annual intensity of recruitment varied, we were 
always able to distinguish '0' class animals. Only 
25 km away at Skerray such animals were only 
identified with confidence in 1985. 

Figure 3 shows that populations of G. umbilica
lis in SW. England and mid-Wales have more fre
quent recruitment leading to polymodal size fre
quency distributions; densities also tend to be 
greater than in more northerly populations (Fig. 5). 
Our most extensive studies have been conducted at 
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Fig. 1. Map of Britain showing the location of sites referred to in the text. I)Skerray 2) Loch Eriboll 3)Scourie 4) Culkein 5)Clashnessie 
6) Coigach 7) Griunard Bay 8) Loch Ewe 9) Beasdale 10) Loch Melfort ll) Aberystwyth 12) Aberaeron 13) Dale 14) Widemouth IS) 
Lyme Regis 16) Osmington. 



18 

% 1978 1979 1980 1981 1982 

Shell diameter mm 

1983 1984 1985 

Skerray 

Loch 
Eriboll 

Scourie 

Clashnessie 

Culkein 

Fig. 2. Size frequency histograms showing the variation in population structure at five sites in NW. Scotland between 1978 and 1985. 
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Fig. 3. Size frequency histograms showing the variation in population structure at one site in Wales and two sites in SW. England be
tween 1978 and 1985. 



Aberaeron where, on the basis of timed searches the 
species is twice as abundant as in Loch Eriboll, the 
most highly populated of our Scottish sites. At 
Aberaeron the homogeneous nature of the stable 
cobble shore facilitates the making of reliable esti
mates of the density of the population and of 
recruitment. The full results of these studies will be 
published elsewhere (Kendall, Williamson & Gar
wood, in press) but for this paper it is sufficient to 
record that we have yet to observe a total failure of 
recruitment. Nevertheless, spat densities recorded 
in the spring/early summer following settlement 
have ranged from as few as 0.7 ± 0.21 spat m- 2 

(1978 year class) to 20.7 ± 4.1 spat m- 2 (1980 year 
class). Further to the south, Widemouth (Fig. 4) 
experienced regular recruitment but at Osmington 
close to the species N.E. limit on the Channel coast 
'0' class animals were always rare. 

If data from our main study sites are combined 
with those from the supplementary sites (Fig. 4) we 
can detect two gradients along which the frequency 
of poor recruitment increases; from south to north 
along the west coast of Britain and from west to 

Skerray 

Loch Eriboll 

Scourie 

Scouriemore 

76 77 78 79 80 81 82 83 84 
• • ••••• ••• • ••• • 

Clashnessie •• • 
Culkein ••• 

Reiff 

Gruinard Bay 

Loch Ewe 

Beasdale 

Loch Melfort 

Aberaeron 

Dale 

Widemouth 

Lyme Regis 

Osmington 

••• • •• • •• ••• • ••••• • •• 

• • 
• • 
I 
• ••• •• •• • • 

• good • moderate .poor/fail 

Fig. 4. An assessment, based on samples taken in late 
spring/early summer, of the strength of O. umbilicalis recruit
ment in Britain between 1976 and 1984. The years referred to are 
those of larval settlement not the year of sampling. 
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east along the northern coast of the Channcl. At 
the northern limits, however, the frequency of fail
ure appears to be greater than at the Channel 
limits. We can also detect widespread consistency in 
recruitment; thus the pattern of success in 
1976/1977 followed by 6 years of failure which was 
described above for Scourie was common to most 
of Scotland. It is also clear that (with the exception 
of Loch Eriboll and Widemouth) settlement/sur
vival was poor throughout Britain in 1981. 

While it is possible to recognise broad-scale pat
terns of population structure and recruitment con
siderable local variation may also occur. A relation
ship between the extent of exposure to wave action 
and the abundance of G. umbilicalis has long been 
appreciated (Ballantyne 1961). Those populations 
which are close to the local limits of any of their 
physical tolerances have similar characteristics of 
those close to their geographical limits i.e. they are 
sparse and dominated by large individ1!als. The 
physical nature of the shore may also influence 
population structure. At Portnancon near the head 
of Loch Eriboll the population is sparse and domi
nated by large individuals while that at our regular 
sampling site 7 km away at the head of the loch is 
dense and composed of small animals. At the form
er site the shore is a rock platform with occasional 
areas of shingle while at the latter site clean shingle 
predominates. Further to the south a similar rela
tionship exists between the predominantly rocky 
shore at Aberystwyth and that of stable cobbles at 
Aberaeron. 

Further contrasts between populations in various 
parts of the United Kingdom are set out in Fig. 5. 
In general, populations in Wales were more dense 
than those in the north of Scotland and there was 
a highly significant negative relationship between 
abundance and adult size (Spearman rank correla
tion coefficient r = -0.96,n = 11, p < 0.001) . 
Adult size is expressed as the diameter of the shell 
at the 90th percentile of a cumulative frequency 
plot, rather than the maximum diameter recorded, 
in order to minimise any possible distortion which 
might be caused by sampling within the tail of a 
size frequency distribution. Objective ageing tech
niques such as that used for Monodonta lineata by 
Williamson & Kendall (1981) are not suitable for 
use with G. umbilicalis as the shell is frequently 
worn or covered by encrusting algae. Nevertheless, 
examination of the degree of erosion of the larger 
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Fig. 5. The relationship between the abundance of G. umbilica
lis and the shell diameter at the 90th percentile of a cumulative 
frequency plot. . = sites in Scotland x = sites in Wales. 

shells at the more sparsely populated sites and the 
persistance of the population at Skerray despite 
minimal recruitment further suggests that individu
allongevity is associated with low population den
sity. 

Discussion 

Over the eight years of our study the recruitment 
of G. umbilicalis has failed more frequently in N.w. 
Scotland than in Wales or S.w. England. This con
forms with the predictions of Hutchins (1947) and 
Lewis et al. (1982) that failure would be most fre
quent close to the limits of a species distribution. 
These authors also proposed that if the limits were 
set by climatic/hydrographic factors acting on 
recruitment then the effect would be detectable well 
into the species range. The high degree of concor
dance in the pattern of recruitment and the pre
dominance of large/old animals in N.w. Scotland 
(Fig. 2 and 4) support this hypothesis, even though 
we can neither prove that the actual limit of the 
species distribution is set purely by climatic fac
tor(s) nor identify with certainty the stage of the 
species life-cycle which is most severely affected. 

It is highly probable that such northern limiting 
factors will be related to an insufficiency of sum
mer warmth which would limit the production of 
gametes or so delay the process that the juveniles 
would succumb to low winter temperatures. We are 
therefore engaged in a sequential examination of 
the life cycle of G. umbilicalis aimed at the identifi
cation of the phases in which there is the greatest 
scope for annual or geographical variation . 

Earlier studies (Williams, 1964; Underwood, 
1972) suggested that G. umbilicalis spawned over a 
period of three or four months but more recent 
work (Garwood & Kendall, 1985) has shown that in 
mid-Wales there is a well synchronised spawning 
period of about one month with any subsequent 
gamete release being of minor importance. In 1984 
the timing of this major spawning period was the 
same at two sites in N.w. Scotland and two in Wales 
(Garwood & Kendall, in prep.). In the absence of 
complementary settlement studies we cannot be 
certain that the length of the settlement period was 
also identical, nor do we have data for other years. 
In N.w. Spain however, Lombas et al. (1984) have 
shown that the breeding period towards the south 
of the species range is considerably longer than that 
in Britain and thus the possibility exists that annual 
variation in recruitment to Scottish populations 
may result, at least in part, result from climatically 
induced variability in the length of the reproducive 
season. 

We also have evidence from our intensive studies 
at Aberaeron (Kendall, Williamson & Garwood, in 
press) that the severity of winter conditions may ad
versely affect juveniles. The two poorest year class
es which recruited during our study (1978 and 1981 
settlers) were those which experienced the lowest 
winter air temperatures, the summed deviations 
from the long term mean air temperatures for the 
months of December to March inclusive being 
- 6.4 °C and - 1.7 °C respectively. It is also possi
ble that there is some relationship between the 
size/age of the juveniles at the onset of winter con
ditions and their subsequent survival as in Patella 
vulgata late settling individuals usually have a 
higher mortality rate than those settling earlier in 
the year (Bowman, 1985). As yet we are unable to 
separate the effects of processes related to the tim
ing/protraction of spawning from' those related to 
the severity of winter. Thus if low numbers of 6 - 9 
month old spat were to be found at sites over much 



of NW. Scotland this could be the result, at one ex
treme, of poor reproduction/settlement followed by 
good over-winter survival or, at the other extreme, 
of a successful reproduction/settlement and heavy 
winter mortality. 

Although climatic factors may ultimately set the 
limits of a species distribution their effects can be 
masked by other factors which operate over a much 
smaller area. Over most of N. Scotland successful 
recruitment is rare yet in Loch Eriboll, only 25 km 
from the species effective northern limit at Skerray, 
there is a thriving population. As yet we are unable 
to fully explain this anomalous situation although 
it is known that in some summers water within the 
loch can be 1-2 0 C warmer than the open sea. 
Such warming might favour the production of ga
metes and/or the growth of spat. The shelter which 
permits this local elevation of sea temperature will 
also minimise the seaward dispersion of the plank
tonic larvae. 

Variation in inshore currents or longshore drift 
may also lead to substantial year to year differences 
in local sedimentation. In areas where the breeding 
period is short, even a temporary covering of sand 
over nursery grounds can prevent settlement or 
cause the mortality of a whole year class. Such 
events resulted in the loss of the 1983 input in parts 
of Gruinard Bay and of Loch Melfort in NW. Scot
land and of that for 1984 at Lianon, near Aberae
ron. 

Underwood (1971) suggested that the larvae of 
G. umbilicalis settled passively in areas of low cur
rent velocity and this has been supported by our 
own observations as well as those of Myers & 
Southgate (1980) who collected the spat by using 
plastic mesh pan-scrubbers to mimic algal turf. 
Generally, nursery grounds are found where wave 
energy is low either due to the sheltered aspect of 
the shore as a whole or because of the protective ef
fects of gullies or boulder fields in more exposed 
situations. Thus, while there is an abundance of 
potential settlement areas on the stable cobble 
shore at Aberaeron, at nearby Aberystwyth only a 
comparatively small area of the shore is suitable. 
Nevertheless, the use of spat collectors has con
firmed that the rate of settlement within the gullies 
at the latter site is no less than that on the open 
shore at Aberaeron (M. Bedford, pers comm.). 

Although the juvenile habitat may be restricted, 
the tolerances of the adult snails are far broader 
and hence as animals age they tend to move away 
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from their settlement sites so causing both density 
and the intensity of intra-specific competition to 
diminish. On a shore where nursery areas are abun
dant however, there is little escape from such com
petitive pressure and thus growth rate and maxi
mum body size will be restricted. 

In the British Isles the predictability of recruit
ment tends to increase towards the south and as 
population density rises so the maximum size of 
the individuals declines. Frank (1975) showed that 
Tequla populations towards the south of their 
range were characterized by a high density of small, 
short-lived individuals. Further evidence of the im
portance of density dependant competition in in
fluencing the size/age structure of gastropod popu
lations comes from a study of the neritacean Nerita 
atrementosa. Underwood (1975) showed that at 
high densities the growth rate of juveniles of this 
species declined while the mortality rate of adults 
increased. Similarly, enhanced growth at highly 
reduced densities has been observed in transplan
tation experiments on Monodonta lineata (Wil
liamson & Kendall, in prep). Such competitive pres
sures will seldom be of importance towards the 
northern limit of the species range indeed, the long 
life span of individuals is often necessary to ensure 
the continuing existance of these populations. Fur
ther to the south, however, the combination of 
regular recruitment and competition will combine 
to determine the size/age of many populations. 

Conclusion 

Our long term studies in NW. Scotland have 
strongly suggested the existance of geographically 
operating factors which might act by influencing 
the length of the breeding period and/or the over
winter survival of the spat. Close to the species 
limits of distribution their operation has led to a 
clear pattern of success and failure of recruitment. 
Further into the species range the influence of these 
northern limit setting factors declines and the ef
fects of more local scale physical and biological 
variables become more clearly evident. 
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Summary 

Ecological studies on Gibbula umbilicalis (da Costa, 1778) were undertaken in Portugal specifically to con
tribute to the COST 647 programme. This paper describes the reproductive cycle and the annual changes in 
the population size-structure, and makes comparisons with similar data from the species' northern ge
ographicallimits. The major latitudinal changes are a longer spawning period extending later in the autumn, 
smaller maximum sizes and shorter life spans. 

Introduction 

Gibbula umbilicalis is an eastern Atlantic species 
which is abundant on rocky shores in Portugal, 
where wave energy is low. Although it is sold as 
food throughout the country under the name 'bur
rie' its biology has not been previously studied 
there. Data on its population dynamics and 
reproductive biology have now been collected as a 
specific contribution to the COST 647 programme. 

Distribution and habitat on the Portuguese coast 

Gibbula umbilicalis is found throughout the 
country at low and mid-levels of the intertidal zone. 
It favours rocky platforms with a dense algal cover 
(particularly Ulva rigida, Corallina mediterranea 
and Enteromorpha spp) but may also be found in 
Lithophyllum incrustans-lined pools, under stones 
and on the upper surfaces of boulders. The adults 
appear to tolerate desiccating conditions, although 
on bare rock they may group together in cracks or 
pits or on ledges and fissures on vertical faces. 

Juveniles may be found throughout the year, and 
are confined to damp situations (e.g. among algae 
or mussels and in small pools and cracks) in the 
lower shore. 

Material and methods 

For the determination of size-structure, speci
mens were collected from sites in the north, centre 
and south of Portugal (Fig. 1). The initial half
yearly samples, winter 1981/2 to 1982/3, were re
moved from five one-metre quadrats in the mid
shore and a further five in the low shore. As the 
population structure at both shore levels was simi
lar, samples after June 1983 were restricted to one 
square metre at low level. 

For the examination of gonads a minimum of 50 
specimens were collected monthly between Decem
ber 1984 and November 1985 from a sheltered shore 
of boulders with a few small alga-covered rock plat
forms at S. Pedro do Estoril. All specimens were 
maintained in sea water for 24 hrs before relaxation 
in isotonic magnesium chloride and preservation in 
4070 formalin. The maximum diameter of the shell 
of each animal was measured to the nearest 1 mm 
using vernier calipers before extraction of the go
nad. In the last two months of the study fresh ma
terial alone was examined, experience having shown 
that both gonad colour and oocyte size and trans
parency were distinguishable as accurately as in 
preserved material. 
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Fig. 1. Distribution of Gibbula umbilicalis on the Portuguese 
coast. • ~ Sampling sites: I ~ Moledo do Minho; 2 ~ Cabo 
Raso and S. Pedro do Estoril; 3 ~ Praia da Luz. 

Reproductive cycle 

Fig. 2a shows the mean state of gonad develop
ment of O. umbilicalis from S. Pedro do Estoril be
tween December 1984 and November 1985. 

Between December and May the majority of the 
gonads were developing, with the whole population 
in this condition between March and April. After 
June, the percentage of spawning gonads increased, 
reaching a maximum between August and October 
(Fig. 2b). Thus, although spawning animals were 
found during most months there was a clear pat
tern of winter/spring development leading to early 
summer/autumn spawning. 

Other authors have reported the infection of 
gonads of O. umbilicalis by trematode cercaria. In 
mid-Wales, Williams (1964) found that 2.240/0 of 
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Fig. 2. Gibbula umbilicalis: a ~ Mean state of gonad develop
ment; b ~ Percentage of developing and spawning gonads. 

the animals were parasitised while at Plymouth, 
Underwood (1972) reported a 2% infestation. In N. 
Spain (Lomb as et al., 1984) the frequency was 
markedly higher at 14.25%. We found only a single 
infected male (12 mm base diameter) among the 
738 specimens examined. 
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Size frequencies 

Figs 3, 4 and 5 show the size/frequency distribu
tion of samples from the north, centre and south of 
the country. Clearly, sizes are similar in the three 
regions, ranging from 3 to 15 mm shell diameter, 
but with few individuals larger than 12 mm. 

Full interpretation of these data in terms of set
tlement times, growth rate and age classes is not yet 
possible and may prove difficult because spat live 
in cracks, mussel patches, among short algae and in 
other non-desiccating micro-habitats until they are 
several mm in diameter. The presence of animals 5 
mm or less over much of the year probably reflects 
both spawning over several summer/autumn months 
and differential growth of spat, the latter giving an 
impression of more extended settlement than may be 
the case. 

Although several more years' data are needed to 
provide confirmation, it appears that settlement 
occurs during autumn/early winter, that 3 - 5 mm 
individuals emerge and enter the samples only in
termittently during winter but increasingly in 
spring, occasionally creating very obvious bimodal 
patterns (April 1984, Figs 4 and 5). The numbers 
and size-range of juveniles increase during spring 
and summer, variously resulting in a broader bimo
dal distribution (e.g. June-August, 1983, Fig. 3) 
but with usually a tail of slow-growing (or late set
tling) 4 - 6 mm individuals. By Oct - Dec the '0' 
class cohort tends to be absorbed into, or to consti
tute, the major and often unimodal peak of 
10 -12 mm animals, while categories less than 
5 mm (or even 6 or 7 mm) are lacking or scarce 
(Oct 1983-Jan '84, Fig. 3; Oct-Dec '83, Fig. 4). 

On this tentative basis it seems that maximum 
life spans in Portugal are about 2-2\1.1 years, but 
this should be confirmed by observation of marked 
individuals. 

Sex ratio 

Of the 738 specimens subjected to gonad analysis 
52.70/0 were male and 47.3% were female. The mo
dal shell diameter was 12 mm for both sexes; 27.5% 
of the population (14.9% males and 12.5% fe
males) were within this category (Fig. 6a). 

In both sexes gonads began to develop at a shell 
diameter of 8 mm (i.e. animals within their first 
year) and became mature by the time a 10-11 mm 
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Fig. 6. Gibbula umbilicalis: a - percentage of males and fe
males in relation to shell diameter; b - Gonad development in 
relation to shell diameter. 

diameter was reached (Fig. 6b). Among the very 
few animals of 15 mm only spawning stages were 
seen, possibly an indication of continuous re
development and spawning, but more probably be-

15 



cause such sizes are usually attained only by second 
year animals during their second summer/autumn. 
Even in animals below 10 mm gonads were in an 
advanced state of development, and therefore we 
conclude that they are probably capable of spawn
ing. Similar observations were made in Wales by 
Williams (1964) who recorded maturation at shell 
diameters between 7.5 and 8 mm. In Spain gonad 
development begins at around 9 mm and full matu
rity is reached at 11 mm (Lombas et al., 1984). 

Discussion 

Previous studies on the reproductive cycle of G. 
umbilicalis in Britain have produced rather diver
gent results, probably because different methods 
were used. Williams (1964) recorded development 
from November to May/June, spawning until Sep
tember and a resting period of 1-2 months. Under
wood (1972) found a longer resting period 
(Oct/Nov-Jan/Feb) and spawning from June to 
September. Recently Garwood & Kendall (1985) 
have shown that oocyte development may occupy a 
year overall but the active vitellogenic growth phase 
occurs only between late April and July or August, 
and is followed by one or two discrete spawning 
periods in August and possibly September. 

Our Portuguese data differ from the above in the 
absence of a clearly defined resting period involv
ing the whole population. Although some individu
als were in apparent spawning condition in 10 
months of the year, and developing stages could be 
found in all months, there was nevertheless sub
stantial synchrony with most animals developing 
Dec-June, and most spawning August-Oct/Nov. 
Similar data have been recorded in Asturias in N. 
Spain by Lombas et al. (1984) although in that 
study the main development and spawning periods 
occurred a little earlier than in Portugal. 

The presence of 'spawning stages' from late May 
through to February may prove erroneous if more 
detailed studies are possible in the future: the first 
ripe eggs to appear towards the end of the develop
ment period are not necessarily about to be 
released at once, and Garwood & Kendall (loc. cit.) 
warn against interpreting the persistence of large 
oocytes throughout the winter as evidence of a very 
extended season of effective spawning. Neverthe
less, Fig. 2 shows that at least two major spawnings 
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took place, one in mid-August and the other late 
October/early November. So by comparison with 
the data of Garwood & Kendall, Portuguese Gib
bula have a longer period of effective spawning, ex
tending 1- 2 months later into the autumn. 

Such differences accord with some of the latitu
dinal possibilities proposed by Hutchins (1947) and 
Lewis et al. (1982). In Britain (at or near the spe
cies' northern limit of distribution) cold restricts 
spawning to a short period at or just after the peri
od of maximum temperatures. At the extreme 
southern limits it is suggested that excessive heat 
will limit some phase of reproduction/settlement to 
the cooler winter period. Portugal is in the middle 
of the species' geographical range, and it appears 
that although spawning is still possible in late sum
mer (i.e. it is still not far enough south to be too hot 
then) the extension of spawning to 
October- November is a stage in the transition 
from northern summer to southern winter. Such a 
process is seen in Patella vulgata in which success
ful settlement in Portugal, its southern limit, is 
confined to winter (Bowman & Lewis, 1975; Guerra 
& Gaudencio, 1986). Whether or not all spawnings 
of G. umbilicalis lead to successful settlement, and 
especially those in August or before, necessitates 
more detailed information on settlement times than 
we now possess. 

Both the life span and maximum shell size in 
Portugal also differ substantially from those 
recorded in north-west Europe. Size is not simply 
related to temperature for it depends upon growth 
rate and life span, both of which may reflect other 
local or broad-scale influences. Dehnel (1958) and 
Frank (1975) found that despite slower growth rates 
higher maximum sizes could be achieved in colder 
latitudes because of the longer life spans there; and 
among Portuguese molluscs Patella vulgata, here at 
its southern limit, is both smaller and shorter-lived 
than in Britain. 

G. umbilicalis, at its northern limit, may reach a 
shell diameter of 21 mm and live for up to 12 years, 
although at other sites in north-west Scotland most 
animals have shell diameters between 13 and 
14 mm and probably live for between 6 and 8 years 
(Lewis et al., op. cit.). Both size and life span ap
pear to decrease as one moves to the south; in 
Wales and N. France the species seldom lives longer 
than five years (Pelseneer, 1933 in Lewis et al., 
1982). In Brittany, Fischer-Piette (1963) found 
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specimens of between 15 and 19 mm shell diameter, 
although in S.w. France and Spain he failed to rec
ord any animals larger than 13 mm. In N. Spain the 
largest specimens observed by Lombas et al. (1984) 
were of 16 mm shell diameter. 

In Portugal, G. umbilicalis is closer to its south
ern limit of distribution than in any of the coun
tries referred to above and the trend towards 
smaller maximum sizes is carried further, as we sel
dom found specimens larger than 13 mm diameter. 
As stated above longevity in Portugal appears 
to be no more than 2 Y4 yrs approximately, and 
whilst the reason for this is unclear there can be no 
doubt that it limits the size that can be reached. 
There is also another probable factor: population 
densities. As Figs 3, 4 and 5 show, densities of 
130 - 200/m2 are general and may occasionally ap
proach 300. Comparison with the 50-701m2 max
ima in Britain (Kendall, pers. commun.) suggests 
that a resulting greater competition for food must 
contribute to the smaller sizes. But these higher 
densities can be reasonably attributed to the longer 
spawning period which increases the chances of 
more successful settlements per season, and the du
ration of spawning is in turn a consequence of the 
increasing temperatures from N.w. Europe to Por
tugal. 

But while there appears to be a latitudinal trend, 
a local Portuguese factor of unknown potency re
mains: the collection of Gibbula for human food. 
This will surely limit both maximum size and life 
span. 
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Summary 

Populations of Monodonta lineata and Gibbula umbilicalis were studied at Aramar beach (Luanco, Astur
ias) from October 1982 to November 1983. Both species show a sexual ratio of 1 : 1 but differ in their gonadal 
cycle patterns. M lineata gonadal development stages are found from November to May-June in a signifi
cant part of the population. Breeding stages occur from June-July to September, and in some individuals 
to November, with complete discharge of all spawn at the end of the reproductive season. Some degree of 
inter-annual variation is detected. Spawning stages of mature G. umbilicalis are found through the year but 
the higher frequencies occur in summer and autumn samples, with development phases predominating in 
January to May. Animals over 10 mm in shell diameter maintain their gonads close to spawning stages, com
pletely spawned individuals being less than 10 percent. In both species variability in gonad stages for a given 
month reduces as size increases, indicating a certain synchrony. 

The new recruits of M. lineata are detected on the bare rock by September to November and are recogniza
ble through their first year. Due to the amplitude of the breeding period and differing growth rates size distri
bution within an age class is wide. Size class frequencies rapidly decrease after the second year of life. The 
data for G. umbilicalis are difficult to interpret given the scarce number of juveniles and size overlapping. 

Introduction 

Gibbula umbilicalis (da Costa, 1778) and 
Monodonta lineata (da Costa, 1778) populations 
occur in a wide belt along the rocky Atlantic inter
tidal shores. They are very abundant in some locali
ties. The northern limits of their distribution are 
the Scottish and Welsh coast, and in the south, NW 
Africa (Fretter & Graham, 1977). 

In the British Isles a lot of authors have been 
studying these populations for a long time (Wil
liams, 1964, 1965; Desai, 1966; Underwood, 1972; 
Stanbury, 1974; Williamson & Kendall, 1981; Gar
wood & Kendall, 1985). But references about the 
species behaviour in central and southern localities 
of their geographical distribution range are limited. 

Thus, some studies were begun in the Cantabrian 
coast (Anadon et al., 1984) with the object of giving 

a preliminary picture of their local biology and af
terwards making comparison with other localities. 
It is hoped that useful conclusions about the 
regional and local factors role in the population 
composition and function can be derived. 

Description of site studied 

The Cantabrian coast (N Spain) has a special 
ecological and biogeographical interest. There is a 
gradient between the boreo-atlantic conditions in 
Galicia and more 'mediterranean' ones in the 
southern part of the Bay of Biscay (see Anadon, 
1980; Ibanez et al., 1984). The Asturian coast oc
cupies an intermediate position. 

The study was carried out at Aramar beach (Lu
anco), situated at the eastern margin of Cape Penas, 
in the middle of the Asturian coast. The beach 
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is protected from the direct effect of the waves by 
some rock outcrops, which present a typical zona
tion pattern of a exposed shore ('sensu' Lewis, 
1964). The inner pebble portion is more sheltered 
and Fucus spiralis appears as the dominant vegeta
tion. 

Material and methods 

Monthly samples, with at least 70 specimens of 
each species, were collected from October 1982 to 
November 1983. M lineata occurs in a wide zone 
above E.L'w.S. at the most exposed face. The den
sest population was of G. umbilicalis and was sam
pled in two different places. From the inner portion 
of the beach we gathered individuals from pebbles 
and pools under Fucus spp. horizon. While in the 
exposed zone we collect all the specimens from an 
area of 3600 cm2, on bare rock between 1.5 and 
2 m above E.L.W.S. 

The animals were narcotised in Mg Cl2 over a 
period of 12 h, and fixed in 4070 formalin. After
wards shell width (±O.l mm) was measured for in-
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dividual animals and soft parts of the body were 
extracted. For the study of the breeding cycle 30 
specimens were dissected on each occasion. We 
used a Gonad Index based on gonad appearance 
and size under a binocular microscope, similar to 
that described by Williams (1964, 1965) and Desai 
(1966). We recognised 4 development stages in M 
lineata and 5 in G. umbilicalis, as well as 3 spawn
ing stages in both species. 

Population structure was studied from frequency 
distribution of size classes (1 mm width) in month
ly samples. To separate component populations the 
data were analysed using probability graph paper 
(Harding, 1949). 

Results 

Gonadal studies 

Sex ratio agrees significantly with 1: 1 for 
both species (x2 test, p < 0.05), considering all the 
sampled individuals. 
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Fig. 1. Distribution of gonadal stages in the M. lineata population through the study period. D1 to D4: development stages; Sl to S3: 
spawning stages. 
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Fig. 2. Mean gonadal stages in some size classes from M lineata samples. Vertical lines indicate the range of variation. Dotted lines 
show the limit between development (01 to D4) and spawning (SI to S3) stages. I: inmature gonads. 
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M. lineata 
This species showed a gradual gonadal develop

ment beginning in November 1982. The highest 
numbers of individuals with ripe gonads were from 
May and June 1983 samples, both sexes behaving 
similarly throughout the year (see Fig. 1). Breeding 
stages reached highest frequencies in summer and 
autumn with a domination of gonads in spent con
dition in August and November. A limited recovery 
of gonads seemed to occur in September (Fig. 1). 

Every size class contributed in a different way to 
the yearly gonadal cycle of the population (see 
Fig. 2). Individuals with shell diameter lower than 
8.5 mm did not show recognisable gonads in any of 
the monthly samples. Size classes 9 and 10 mm had 
some specimens with gonads in various stages of 
development (including spawning), but probably 
have little effect on the whole population given that 
their mean gonadal index did not reach spawning 
values. In larger sizes development of the gonads 
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began in February and proceeded gradually, with 
less variability in the reproductive stage of each 
month and more time in spawning stages as size in
creased. 

Considering only sexually mature individuals 
with significant variations in the gonad index, we 
can obtain mean values of the index related to 
spawning stages beginning in May and extending 
over at least six months (see Fig. 2). Deviations 
above the mean are attributable to larger animals, 
spending more time in spawning stages, while lower 
values correspond to smaller sizes. 

Comparison of gonad index values of November 
1982 and 1983 samples point out inter-annual 
variability in development and length of the breed
ing period (see Figs 1 and 2). 

G. umbilicalis 
Development stages were most abundant be

tween January and May but limited re-development 
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Fig. 3. Distribution of gonadal stages in the G. umbilicalis population through the study period. Dl to D5: development stages. SI to 
S3: spawning stages. 



also occurred in August - November. At the same 
time the recognised fully mature and spawning 
stages prevailed in the population for most of the 
year, being more abundant in June-July and 
November- December. The samples never had 
spent gonads with frequencies greater than 10070. 
Males and females showed similar and syn
chronous variations (see Fig. 3). 

Fig. 4 represents the pattern of change in the 
gonadal index through the year for various size 
classes. Individuals of classes 9 and 10 mm did not 
show mean values of the index related to spawning 
stages, and gonadal activity was not found in lower 
sizes, as in M lineata. In the same way there was 
a reduction in the variability of the index values 
and the mean increased to spawning stages as size 
increased. 

The whole group of mature individuals main
tained their mean gonadal index values close to the 
limit of the onset of spawning for most of the year 
(see Fig. 4). Developmental phases occurred mainly 
between January and May and also in August. In
dications of inter-annual variations were not de
tected. 

Population structure and dynamics 

M. lineata 
The studied population showed three distinctly 
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recognizable components through the year (see 
Fig. 5). New recruits could be first detected in 
November 1982 and September 1983. More in
dividuals appeared in the next months and the 
resulting size distributions have wide ranges dues 
probably to differences in growth rates and times of 
emergence from microhabitats. After a slow grow
ing period (December to March) the new cohort 
was the prevailing mode of the sample size distribu
tion by mid summer. At this time individuals of the 
preceding recruitments were grouped: r class. They 
had mean sizes larger than 18 mm and were esti
mated older than 2 years. 

As in the gonadal cycle, some displacements of 
the modes can be noted in samples of a given 
month in succesive years (see Fig. 5), suggesting 
variations in the time of maximum recruitment. 

O. umbilicalis 
The larger classes dominated the size frequency 

distributions of samples, but individuals lower than 
5 mm were found throughout the year (Fig. 6). Sepa
ration of components was difficult due to the low 
representation of the juvenile classes and the high 
size overlap in the resulting distributions. Neverthe
less some age groups could be taken out and stud
ied for some months. 

Considering that most spawning occurs between 
June and November it is reasonable to expect one 
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Fig. 4. Mean gonadal stages in some size classes from G. umbilicalis samples. Vertical lines indicate the range of variation. Dotted lines 
show the limit between developmental (Dl to D5) and spawning (Sl to S3) stages. I: inmature gonads. 
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Fig. 6. Size - class frequency distributions from samples of G. umbilicalis. Age groups are indicated by: a, b & r. The number of in
dividuals per sample are also given. 

main settlement that may extend over several 
months in the autumn. But it is unclear if the small 
individuals in the October, November and Decem
ber 1982 samples belong to the new settled cohort 
or are the slow growing of the previous year class. 

Unfortunately the samples of the autumn of 1983 
did not solve the question. Indeed the sudden emer
gence of size group named b in Fig. 6 is difficult to 
interpret. 

The growth seems to proceed rapidly in the sum-
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mer months, and the main size group (r class) con
tains the survivors of the previous year settlement, 
having mean sizes greater than 10 mm. 

Discussion 

Our results show that both species have individu
als at spawning stages during several months of the 
year. In comparison, the populations of the British 
Isles studied with the same methodology as ours, 
have a shorter breeding season in summer which 
sometimes lasts until September or October (Wil
liams, 1964, 1965; Desai, 1966; Underwood, 1972). 
These studies also suggest a parallelism between the 
sexual cycles of G. umbilicalis and M. lineata, al
though we have found important differences. 

The observations of Garwood & Kendall (1985) 
on size and number variations of gametes in these 
species allowed them to determine more exactly the 
period of effective spawning within the breeding 
cycle, as the existence of mature gametes does not 
imply that spawning will occur. Nevertheless at the 
moment we can not offer comparable data, we can 
only suggest that our populations seem to have a 
large spawning season. This is reflected by the low 
frequency of the stages with spent gonads (see Figs 
1 and 3) and indirectly by the width of size distribu
tions of the new cohorts at the time of their detec
tion on the coast (see Figs 5 and 6). Garwood & 
Kendall (1985) observed that te synchronisation of 
spawning individuals of the population is some
times less marked and a gradual increase of free ga
metes over a long period of time often occurs. 

The observed gonad development did not have a 
resting phase, as the authors (Williams, 1964, 1965; 
Desai, 1966; Underwood, 1972; Garwood & Ken
dall, 1985) indicate for the northern populations, 
and both species developed ripe gonads in less time. 
In addition G. umbilicalis showed a distribution of 
gonadal stages that follows the constant formation 
of mature gametes. Equally we can determine the 
age of first sexual maturity from the obtained rela
tions between size, gonadal stage and size distribu
tions through the year, assuming that size classes 
with a starting gonadal activity are about one year 
old (G. umbilicalis) or less (M lineata). Thus our 
examples seem to mature earlier than those in Brit
ish populations, which do not reach maturity until 
2 years old (Williams, 1964, 1965; Underwood, 
1972; Garwood & Kendall, 1985). 

A metabolic acceleration with latitudinal de
crease (and basically because of temperature in
crease) is a well known phenomenon in intertidal 
invertebrates (Kinne, 1970; Newell, 1979). The proc
ess of growth and maturation have higher rates in 
lower latitudes, although there are some factors like 
competition effects which mask and modify this 
tendency. In our populations the size of the largest 
observed individuals are clearly lower than those 
from higher latitudes (Williams, 1964, 1965; Wil
liamson & Kendall, 1981; Lewis et al., 1982). Al
though other factors may be involved, it could be 
a direct consequence of lower longevity. 

With a decrease in latitude there is an increase in 
the length of the molluscs reproductive period 
(Fretter & Graham, 1964), so that species from tem
perate climates are not restricted to exact reproduc
tive seasons. Nevertheless, the length of the 
reproductive season may depend on other condi
tions, such as the lunar cycles or local dynamics of 
phytoplankton (Fretter & Graham, 1964; Himmel
man, 1975). A consequence of lower latitude (and 
higher coastal water temperature) could be the ex
tension of the breeding cycle, mainly in our popula
tion of G. umbilicalis. As the studied zone occupies 
an intermediate latitude in the distribution range of 
the species, the populations will not suffer a short
ening in their breeding cycle because of high sum
mer temperature, as Lewis et al. (1982) suggest. 

Often it is difficult to achieve accurate estima
tions of the number of individuals and date of 
recruitment at the benthic populations. In our 
study case detection of the young stages is compli
cated by their having different habitats to those oc
cupied by adults (pers. obs.), so they are poorly 
represented in our samples. In spite of this the fact 
that adult G. umbilicalis maintain ripe gonads for 
most of the year does not imply the absence of 
spawning as Underwood (1972) suggests. We have 
no evidence of reproductive failures of this species 
in the studied locality and there were no extreme 
climatic fluctuations during the study period 
(Anadon et aI., 1984). 

If the studied populations maintain a steady 
state, we can consider the success of reproduction 
will be assured because of the high density of ma
ture adults (Anadon et al., 1984). In these circum
stances an intensive synchronous spawning will not 
be essential, nor the release of all of the produced 
gametes. The less dense population of M. lineata 
(pers. obs.) will need higher gamete emission. The 



greater number of adults should also allow G. um
bilicalis to resist higher levels of gonadal parasitism 
in our locality (Lomb as et al., 1984) than British 
populations (Williams, 1964; Underwood, 1972) 
without important alterations in the population. 

In the climatic conditions of the Asturian coast, 
warmer than Galicia, the studied trochid popula
tions should occur with a faster turnover rate than 
ones in localities with colder temperatures, 
with lower rates of growtIi and reproduction. So 
populations should be regulated by competition 
(mainly intra-specific), rather than the physical en
vironment. Higher metabolic requirements and 
scarcity of resources (not only the trophic ones) 
should establish an upper limit to the size of adults 
in dense populations. The high mobility of G. um
bilicalis between consecutive low tides (Bode et al., 
1984) and through the year (Anadon et aI., 1984) 
may also be a result of this competition. 
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Abstract 

The effect of geographical differences in breeding cycles on the recruitment variation of the limpets 
Patella vulgata L., P. aspera R6ding and (to a limited extent) P. depressa Pennant - has been studied over 
much of their range in Britain and NW. Europe. In spite of considerable annual and local variation in recruit
ment success, broader patterns can be distinguished, which can be linked to spawning times and factors af
fecting the survival of newly-settled spat. The breeding cycles of P. vulgata and P. aspera differ across their 
ranges in that, in both species, spawning begins, and gametogenesis ends, earlier in the north and east than 
in the south and west. The cause of these differences can be correlated with geographical and annual differ
ences in sea temperature over the potential breeding periods, and can be related to the regional incidence 
of conditions found experimentally to be necessary for successful settlement and survival of spat during a 
critical stage of their growth. The significance of this 'temperature window' in determining the littoral and 
geographical distribution of the species is discussed. 

Introduction 

In the 1970's, a study which had begun in 1965 
to explain local cycles of interaction of key rocky
shore species expanded to include the causes of 
their natural population fluctuations, over as wide 
a geographical range as was feasible. The rationale 
behind this study has been extensively discussed 
(Lewis, 1976, 1984; Lewis et al., 1982), and it now 
forms the core of the rocky-littoral section of the 
COST 647 programme. This paper describes some 
of the latest findings on the relation of differences 
in limpet breeding cycles to recruitment. Though 
most data derive from British limpet populations, 
with less regular data from Ireland and N.\V. Eu
rope, the results of the more intensive studies of 
Portuguese limpet populations, published else
where in this volume, have been available since their 
commencement (Guerra & Gaudencio, pers. 
comm.). 

Of the three species of British patellids, much of 
the work since 1969 has concerned Patella vulgata 
L., and has been published elsewhere, (Lewis & 
Bowman, 1975; Bowman & Lewis, 1977; Bowman, 
1985). Almost as many data exist for Patella aspera 
R6ding, but because of early interpretational prob
lems have not till now been published. Both these 
species occur throughout the British Isles wherever 
there is suitable habitat, though P. aspera is nearing 
the northern limit of its range in northern Scot
land. The third species, Patella depressa Pennant, is 
restricted to the Channel coast and the south-west 
of the British Isles (excluding Ireland), reaching its 
northern limit in North Wales. For logistical rea
sons, this limpet was not included in the 
programme until the late 1970s and data are fewer, 
but are recorded here to allow comparison with the 
more detailed Portuguese studies (op. cit.). 
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Methods 

Recruitment data for P. vu/gata were obtained by 
in situ observations on marked 1 square metre sites 
chosen, on the basis of early experience, as being 
likely to have a high settlement potential and low 
biological variability. Recruitment levels in P. 
aspera were originally assessed from size-frequency 
analyses of population clearances from mid- to 
low-shore pools and 'open' rock. After 1973, 
low/mid-littoral coralline pools of ca. 0.5 -1 sq. m. 
area and less than 20 cm. depth were found to 
make suitable sites for in situ observations, since 
not only are they primary settlement areas but they 
are more stable biologically than adjacent 'open' 
rock with its fluctuating populations of mussels, 
barnacles and algae. In SW. England most vu/gata 
sites and all aspera pools doubled as depressa 
recruitment sites. Almost all sites were located in 
the mid-littoral of exposed shores, as vulgata sites 
were positioned wherever possible near aspera sites, 
to maximise use of the restricted sampling time. 

Figure 1 shows the number and distribution of 
the observation sites for the three species around 
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Fig. 1. Map of the British Isles, showing regions studied. Num
bers indicate: number of shores studied - total P. vulgata ob
servation sites; total P. aspera observation sites. Bracketed figure 
for N. Yorks. indicates total vulgata sites 1966-70. Stars show 
location of sea-temperature recording stations referred to in 
Fig. 4. 

Britain. Each site was visited two to five times each 
year, mainly in spring and autumn, except in NE. 
England, where visits were monthly or fortnightly 
or whenever tides allowed. At each visit the num
bers of spat « 1 year-olds), juveniles (1- 2 year
olds) and adults (the rest) were counted and their 
size range noted. The annual recruitment for a site 
was regarded as the highest number recorded of 
that spawning-year class. Because of differences in 
time taken for spat to emerge from settlement 
crevices, this number was recorded from 2 - 24 
months after settlement. The observation-site data 
were supplemented by extra counts and occasional 
clearances for size-frequency measurement, from 
similar or lower-littoral habitats. 

Breeding cycles were studied by regularly collect
ing 50-100 animals from the same shore level/hab
itat at each locality, and assessing the breeding state 
of the population from morphological examination 
of the gonad, as described by Orton et al. (1956). 
On the basis of size, colour and abundance of ripe 
(loose) gametes, each gonad was classified as neu
ter or in one of five stages of development, spawn
ing or re-development, from which a mean gonad 
index was calculated: G.!. = 0 if all animals were 
neuter, G.!. = 5 if all fully developed. Again, fre
quency of sampling was greater in NE. England, 
where at the height of the breeding season samples 
could be taken daily if necessary (for vulgata only), 
to pinpoint spawning time. 

Initially, morphological assessment of small ear
ly releases was confirmed by histological examina
tion of sectioned gonads; with practice this later 
proved unnecessary, though since 1980 settlement 
plates have been used in NE. England to detect 
spatfalls and thus check for partial spawnings. 

Since 1981 an invaluable aid in the understanding 
of breeding and spawning patterns, and recruit
ment success, has been the collection of daily sea 
and pool/shore temperatures by littoral recorders in 
NE. England, Wales and NW. Scotland. 

Results: Patella vulgata 

Recruitment variation 
Table 1 presents the peak annual recruitments for 

the longest-running Robin Hood's Bay observation 
sites, which initially showed relative stability of 
populations other than limpets. However, since 
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Table 1. P. vulgata: Peak annual recruitment at Robin Hood's Bay observation sites. All sites 1 sq. metre in area. 

Year Site 1 2 3 4 5 6 7 8 

1967 13 78 138 (25) 
1968 28 182 278 (90) 1956 
1969 34 145 295 45 58 45 1408 
1970 58 272 336 78 93 93 1908 2516 
1971 16 35 44 40 37 37 84 211 
1972 15 _8_5_ 101 16 25 21 53 144 
1973 23 179 M+ 278 28 38 43 549 M- 372 
1974 28 301 172 37 58 37 260 160 
1975 __ 10_ 203 196 24 42 30 228 158 
1976 M+ 77 ~ 515 ..1LJB- 92 56 1728 w+ 1110 
1977 __ 86_ 434 B- 572 62 84 94 509 195 
1978 B- 82 528 717 68 84 77 1447 M+ 962 
1979 78 281 456 80 97 70 654 603 
1980 71 293 ~ 33 32 29 243 M- 189 
1981 ~ _8_0_ 85 B+ 17 24 12 319 229 
1982 w+ 72 102 B- 161 78 B- 98 w+ 76 496 263 
1983 67 268 247 102 153 93 3130 w+ 2088 
1984 103 391 332 465 554 
1967 -75 mean: 25 165 204 42 50 44 805 594 
1967 - 84 mean: 49 234 294 51 68 54 908 650 

Key to sites: 
1: HL dense barnacles, ca. MHWN. ] 
2: HL barnacles/mussels, ca. MHWN. exposed north headland of R.H. Bay. 
3: ML mussels/barnacles, ca. MLWN. 
4-6: ML dense barnacles, ca. MTL.-replicates, moderate exposure, S side bay. 
7, 8: ML bare wet rock/mussels, MTL.-replicates, partial shelter, central bay. 
M+; -: Mussel 070 cover doubled; lost. B+; -: barnacle % cover ±25%. w+: appearance or marked increase in weed cover (En
teromorpha and Fucus spp.). 
NB. Year is spawning/settlement year, not that in which peak counts were recorded. Bracketed figures from similar site further S on 
same reef. 

1975, most sites have become increasingly wet, the 
result of increased mussel cover, loss of old barna
cles (and poor recruitment of new), and since 1981 
a general increase in algal cover partly because of 
reduced grazing from declining limpet numbers. 
Site 1 in particular now bears little resemblance to 
its original description (see Table 1), being now 
mostly bare rock with 100/0 mussel cover, sparse 
barnacles and thick annual weed cover. In contrast, 
Sites 7 & 8 proved susceptible to intermittent loss of 
their seed-mussel cover (and therefore their main 
limpet spat-settlement habitat) through periodic 
heavy dogwhelk (Nucella lapillus) predation 
and/or storm scouring. Only Site 3 has not 
changed appreciably in character, since its wetness 
derives as much from its lower-shore location as 
from its mussel etc. cover. Especially on the 
initially-dry barnacle-dominated sites, a succession 
of heavy recruitments since 1975 therefore greatly 
increased the density of adult limpets. For instance, 

the year-end density (excluding juveniles) on Site 2 
was 240 per sq. m. in 1966, 390 in 1974, but rose to 
> 1000 by 1980; poorer recruitment together with 
predation by oystercatchers (Haematopus ostrale
gus) then reduced the density to 290 in 1984. The 
increased grazing from the elevated limpet numbers 
in 1980 was partly responsible for the decline in 
barnacle cover at these sites, by preventing the es
tablishment of cyprids. 

Increased wetness and, particularly, increased 
small-mussel cover (which provides primary
settlement habitat for limpet spat), have been 
shown to elevate vulgata settlement/recruitment 
numbers (Lewis & Bowman, 1975), and these 
changes must have markedly increased the sites' 
potentials - compare, for instance, the sudden 
difference in recruitment among the replicate Sites 
4-6 in 1976, following increased wetness because 
of loss of barnacle cover on Sites 5 & 6 but not 4. 
This, together with differences in timing of site 
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changes, devalues the usefullness of assessing com
parative annual settlement/recruitment from devia
tions from the sites' long-term recruitment means, 
as was generally possible until 1975. Thus, for the 
initially-dry Sites 1, 2 and 4 - 6, though recruit
ments in 1968 -70 were judged 'good' by pre-1976 
standards, only those of 1970 exceed the long-term 
means. 1976-78 were definitely above-average 
recruitment years but where direct comparison was 
possible in the absence of major wetness etc. 
changes, it seems likely that without such changes 
they might have been more equivalent to 1968 - 70 
than the recruitment figures suggest. This supposi
tion is strengthened by observations on vulgata 
spat numbers in other, unchanged, habitats such as 
the midshore aspera observation pools. 

The other difficulty in assessing the relative suc
cess of annual settlement is the time elapsing before 
a site's peak recruitment figure is reached. The sites 
tabled peak variously after ca. 6 months (Sites 7 & 
8), 9-12 months (2 & 3), and 12 -18 months (1 & 
4-6). The longer the time lag, the more the final 
recruitment figure can be affected by climatic ex
tremes, or other causes of mortality, and for this 
reason settlement plates were eventually developed. 

This latter problem was greatest at many of the 
Scottish locations, where peak recruitment was of
ten not recorded until 18 - 24 months after settle
ment. All the regional sites were chosen to resemble 
Site 2 where possible, as (supposedly) combining 
habitat stability with high settlement/recruitment 
potential. In practice, they were found to have lower 
recruitment than that of Site 2, and lower annual 
variation: compare the mean input per square 
metre (± S.D.) for the longest-running sites in N. 
Scotland (62±21); NW Scotland (20±18); w. Scot
land (37 ±23); NE. England (Site 2) (234± 137). 
They also experienced much greater biological vari
ation than the NE sites, because of unstable barna
cle and mussel populations, and heavier predation 
of limpets, barnacles and mussels by oystercatch
ers, dogwhelks and eiders (Somateria mollissima) 
respectively. The lower limpet densities permitted 
variable cover of Fucus vesiculosus and ephemeral 
algae and diatoms, and all these factors considera
bly altered the sites' settlement/recruitment poten
tial. Assessment of relative success was therefore 
more difficult than in the NE, so, to achieve a bet
ter basis for comparison, also taken into account 
were changes in spat numbers during the build-up 

to peak recruitment, and the numbers of spat 
recorded nearer settlement time in less variable 
habitats where spat emerged earlier, such as mid
and low-shore coralline pools. The raw regional 
recruitment data are too numerous to be included 
here (though they are available on request) and 
would require a lengthy analysis of the sites' vicissi
tudes. Instead, Fig. 2 presents an interpretation of 
relative settlement/recruitment success for all 
regions, based on the above criteria, though the 
classification has necessarily to be less precise. 

The regions in the figure are arranged in order of 
coldest winter sea temperatures, and the year indi
cated is the spawning year, not that of peak recruit
ment (as this might occur up to 18 months after set
tlement). There is broad similarity in recruitment 
success between adjacent regions, particularly over 
much of northern Britain, where the 1976-1978 
recruitments were all above-average. In all northern 
regions the 1975 class was well-represented in 
spring 1976, but the unexpectedly-low peak num
bers recorded (see Table 1 for NE England) almost 
certainly resulted from high mortality in the 
abnormally-hot summer of 1976 (Bowman, 1978). 
Severe cold together with considerable storm dam
age on sites in northern Britain in the winters of 
1978/9 and 1980/1 must also have depressed the 
eventual totals for these years: in the NE, Sites 7 & 
8 suffered severe sand-scouring in storms immedi
ately following the 1980 settlement, which was at 
least partly responsible for their poor recruitment. 
In 1976 all regions had good recruitment, and in 
1982 there was a gradient of increasing success 
from NE backing to sw. The limited data we have 
from outside Britain suggest that the 1980 and 1981 
recruitments in NW Brittany were both 'good', as 
was that of 1982 in Galway, which broadly match 
the appropriate S. or W. British pattern for those 
years. The existence of such regional patterns sug
gests that broadscale climatic, rather than local, 
factors control recruitment. These might operate at 
some stage of the breeding cycle, in the planktonic 
stage, at settlement, or during early shore life. 

The breeding cycle 
a) NE England At Robin Hood's Bay the breed
ing cycle has been followed closely since the start of 
the study, and though the gonads never failed to de
velop there were considerable annual differences in 
both peak Gonad Index (ie. maximum mean gonad 
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Fig. 2. P. vulgata: Geographical patterns of recruitment success. Assessment of data from size-frequency analyses, settlement pools, 
and all observation sites (allowing for gross changes in sites' settlement potential caused by biological variation - see text). 
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Fig. 3. P. vulgata: Regional differences in breeding periods. Bars indicate duration of breeding period when sex is morphologically dis
tinguishable. Dark shading shows period when most of the gametes are released (main spawning time); light shading shows period when 
other, usually small, spawnings have occurred: decline of gonads after this is probably through resorption of gametes. Dashed lines 
indicate only one or two years' data. Period of observations: NE. England, 1968-85; other British regions, 1973-84; N. Portugal, 1974 
and 1980-83 (Guerra & Gaudencio, pers. comm.). 
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size) and the timing, extent and frequency of 
spawnings (Bowman & Lewis, 1977; Bowman, 
1985). In NE England, the gonads begin to develop 
in July, as shown in Fig. 3, and some gametes be
come mature in August. Maximum gonad size is 
usually reached by October and most gametes are 
released during September and October. However, 
spawning can occur well before all gametes are 
fully-developed (eg. in August), in which case only 
the ripe gametes are shed. Such releases often do 
not result in a decrease in gonad size but, with ex
perience and frequent sampling, can be detected by 
a sudden disappearance from the gonad samples of 
'loose' (ie. ripe) gametes. These partial spawnings 
are followed by continued development of unripe 
gametes (gonad re-ripening), or occasionally by a 
new burst of gametogenesis (redevelopment), 
resulting in an increase in gonad size followed by 
later spawning, and such gonads can be distin
guished by colour or histology from unspawned 
gonads until ripe gametes are present again. Very 
high Gonad Indices are therefore attained only 
when most of the season's gametes ripen before any 
release occurs, and so tend to be associated with 
'late' spawning. 

However, the data showed (Bowman & Lewis, 
1977) that good recruitment was not attributable to 
gonad size nor to size of release. Until 1981 there 
was, however, very good correlation between time 
of first release and success of recruitment, so that 
'early' = good and 'late' = poor. In a Multiple 
Linear Regression analysis, using 28 variables pos
sibly affecting recruitment, > 70070 of recruitment 
variation could be attributed to earliness of release, 
while much of the remainder related to variation in 
mussel cover (M. A. Kendall & P. Williamson, pers. 
comm.). This correlation was initially explained by 
supposing that late-settling spat were likely to be 
killed by early-winter frosts, but this hypothesis has 
now been modified after using settlement plates to 
catch spatfalls and follow their fates directly. 

A detailed account of the growth and survival of 
newly-settled spat is currently in preparation, but 
their relation to recruitment is summarised in Bow
man (1985). It was found that spat are highly sus
ceptible to growth retardation and shell deformities 
induced by excessively high and low temperatures, 
as well as to detachment from the substrate during 
rough seas, during a critical period lasting from set
tlement until production of the 'true' calcified shell 

and growth of the mantle tentacles, at a size of ca. 
0.7 mm. shell diameter. The temperature range for 
optimal growth in the laboratory was 10 -14 ° C, 
and as growth all but ceases at temperatures below 
6°C, the critical period can vary in length from 6 
weeks to 5 months (ie. over the winter). Once past 
this critical period the spat are much hardier, and 
a clear relationship has been demonstrated since 
1980 between the number of spat passing this stage 
before the onset of winter and the eventual num
bers of recruits (Bowman, 1985). Since spat either 
fail to settle, or die very quickly, when shore tem
peratures are too high, as in August/September 
1981 and 1982, the recruitment at Robin Hood's 
Bay derives almost entirely from settlements during 
September/October, and the hypothesis can be re
formulated thus: good recruitment follows when 
spawning results in settlement coinciding with a 
restricted temperature range, optimal at ca. 
10 -14 ° C, during early shore life. 

b) Geographical variation In NE England this 
narrow range, the temperature 'window', normally 
occurs during September/October, but there is 
clearly going to be a north/south gradient in any 
such climatic factor. Since it must be to the species' 
advantage to recruit successfully every year, it is 
perhaps not surprising to find a geographical gra
dient in time of the main gametic release, from Au
gust/September in N. Scotland to November in sw. 
England. Figure 3 is based mainly on our own 
data, since in order to prove such differences are ge
ographical it is necessary to compare data for 
different localities in the same year. Samples 
received in 1974 from near the European limits of 
vulgata's range (Troms0, Norway and Porto, Portu
gal) suggested that the main release started even 
earlier (July/August) in Norway, later (after Decem
ber) in Portugal. The latter observation has been 
confirmed by Guerra & Gaudencio (q.v. this vol
ume). Data from S. Britain, Eire and France 
(Evans, 1953; Orton et al., 1956; Choquet, 1966; 
Thompson, 1980; Hatch, 1977) and from Orkney 
(Baxter, 1982) fit into this gradient of spawning 
times, though hitherto the pattern for sw. England 
has been regarded as the norm. 

Although the earliest spawnings have been 
recorded in NE. England, this might simply reflect 
the more frequent sampling there, over a longer 
period, and the difficulty of widespread syn-



chronous sampling. In the NE, August releases 
were not recorded until 1981 and 1982 (September 
spawning being previously earliest), when other lo
calities could not be visited. A very small mid
August release in mid-Wales in 1985 suggests that 
all British vulgata populations might be capable of 
spawning from August onwards, though where 
regular runs of gonad data are available over sever
al years it is clear that release normally starts earlier 
in the north than in the south (Bowman, 1985). 
Consequently, gonad redevelopment and multiple 
release were most common in northern Scotland, 
whereas gonads were regularly found to be more
fully developed in late October in southern Britain, 
suggesting an absence of early spawning. 

The length of the potential breeding period also 
showed a north/south gradient: except very rarely 
few ripe gametes remained unspawned by mid
December in the north, whereas in the south major 
spawnings regularly occurred as late as January, 
and the Portuguese study (q.v.) extends this into 
March. After the last release, any remaining ga
metes were re-absorbed over the resting period, as 
described by Orton et al., (1956), so that sex became 
morphologically indiscernible. Whereas 'resting' 
gonads in other regions resembled those described 
by Orton in being also histologically unsexable, 
through complete regression of the germinal 
epithelium, in NE England this was not the case: 
the germinal epithelium for the following season's 
gametes here appeared towards the end of the cur
rent breeding season and persisted over the resting 
period. These over-wintering gonads were therefore 
of appreciable thickness, in contrast to those of 
other populations, and their past and/or future sex 
could·usually be identified histologically. In such a 
condition, sex-change could be seen to have oc
curred in a high percentage of previously-male 
gonads. Thus, although there appears to be in any 
given year no appreciable geographical difference 
in time of onset of gametic proliferation, in NE 
England it begins from an already-present germinal 
epithelium which elsewhere has first to be 
produced. This might explain the apparently-faster 
rate of gamete development in NE populations, 
though it is not easy to compare development rates 
accurately, because of local and annual differences 
in energy budgets and partitioning (Workman, 
1983; Wright & Hartnoll, 1981). 

47 

Spawning & redevelopment 
Spawning in P. vulgata had previously been 

linked to rough seas (Orton et al., 1956), but though 
this was undoubtedly true in many years at Robin 
Hood's Bay (Bowman & Lewis, 1977) it was not to
tally convincing, nor did suggested differences in 
'ripeness' of gonads/gametes satisfactorally explain 
the observed spawning differences. There was also 
no explanation for annual (and regional) differ
ences in the frequency and amount of redevelop
ment after an initial major release. Yet in some 
years a very broad pattern of breeding and spawn
ing time existed: thus in 1977 and 1978 spawning 
began earlier than usual throughout Scotland and 
NE England, and these breeding periods were un
usually prolonged, with considerable redevelop
ment, especially at Robin Hood's Bay. By contrast, 
in 1973 and 1974, spawning in all Scottish regions 
began relatively late and little or no redevelopment 
followed (Bowman, 1985). The scale of such events 
suggested that again a climatic factor might be in
volved. 

Comparison of the regions' potential spawning 
periods (Fig. 3) with the mean sea temperatures in 
each area (Fig. 4) shows a rough coincidence with 
the time from the annual peak of monthly mean 
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Fig. 4. Inshore sea temperatures around the British Isles. Mean 
monthly temperatures at the stations shown in Fig. I, for the 
period 1966-75 (Meteorological Office data). 
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temperature to when it drops below about 10 ° C. 
Since on exposed coasts, even in S. England, the 
peak sea temperature rarely exceeds 16°C, the 
spawning period therefore coincides with the pro
posed temperature 'window' optimal for spat set
tlement and survival. It also appears that the main 
spawning time for each region occurs during the 
period when mean sea temperature drops below 
12 dc. 

Spawning of molluscs in response to a rise in sea 
temperature occurs in the limpets Nacella concinna 
Strebel (Picken, 1980; Picken & Allen, 1983) and 
Acmaea spp. (Fritchman, 1962a, 1962b), and sever
al bivalves (Nelson, 1928; Ansell & Lander, 1967; 
Lammens, 1967). Spawning in response to a drop in 
temperature past a critical level is rarer, but found 
in the Bay scallop (Barber & Blake, 1983) and possi
bly in the South African Patella oculus (Branch, 
1974). At Robin Hood's Bay the sea temperatures 
could originally be taken only at low tide in shallow 
water in the bay, where considerable inshore warm
ing was known to occur. Though storms usually 
produced a drop in sea temperature, no correlation 
between this and spawning could be demonstrated. 
When, however, the nearest available daily inshore 
sea temperature records (for Humber, about 
100 kms south and 0.7 km. offshore) were com
pared with the Robin Hood's Bay breeding cycles 
from 1967 to 1980, two connections became obvi
ous (Table 2): a) The season's first spawning was 

Table 2. P. vulgata: Relations between Humber sea tempera
tures (Meteorological Office data), spawning and re-ripening at 
Robin Hood's Bay, N. Yorks. 

Sea temp. Spawning Sea temp. Gonads 
fell < 12°C first then rose re-ripened 
on: found on: above 12°C 

67 18 Oct 10 Nov No No 
68 12 Oct 14 Oct Yes Yes 
69 29 Sept 29 Sept Yes Yes 
70 9 Oct 13 Oct No No 
71 27 Sept 6 Oct Yes Yes 
72 21 Oct 23 Oct No No 
73 26 Sept 27 Sept Yes Yes 
74 30 Sept 1 Oct No No 
75 29 Sept 2 Oct Yes Yes 
76 9 Sept 10 Sept No No 
77 18 Sept 21 Sept Yes Yes 
78 19 Sept 21 Sept Yes Yes 
79 21 Sept 1 Oct No No 
80 16 Sept 17 Sept Yes Yes 

recorded by the first gonad sample taken after the 
Humber sea temperature first fell below 12°C. 
With rare exceptions, spawning had been pinpoint
ed even to the day of occurrence because gonad 
samples were always taken at the first opportunity 
after a rough sea, to check for release, and 900/0 of 
the spawning drops in temperature accompanied 
the heavy swell set up by north-westerly gales (ei
ther locally or further north). b) After an initial 
spawning, gonads redeveloped only in years when 
the sea temperature rose above 12°C after the 
spawning drop: laterspawning(s) occurred when 
the temperature next fell to < 12°C. Altogether 20 
out of 24 recorded spawnings followed drops to 
< 12°C, 3 of the remainder being end-of-season 
spawnings during storms when the sea temperature 
was already < 12°C. 

Since 1981, temperature recorders installed at 
MTL on the shore at Robin Hood's Bay have 
shown 'actual' sea temperature, (ie. that ex
perienced by the mid-littoral for 85% of the high
water period) to be up to 6°C colder (in sum
mer/autumn) than that taken by hand at the sea's 
edge. The connection between storms, changes in 
sea temperature and spawning has therefore been 
compared directly, as shown in Fig. 5. The figure 
shows no consistent connection between spawning 
and temperature drops per se: the first spawning 
occurs only when the sea temperature first drops to 
< 12°C. This is shown particularly well in Sept. 
1984. The August 1982 release was the earliest yet 
recorded, but small because few gonads had ripe 
gametes so early in the season. These gonads con
tinued to develop during September, with no fur
ther release, despite a few storms, until the next 
time the temperature fell below 12 °e. It did not 
rise significantly above 12°C that season, and 
redevelopment was minimal, the Gonad Index fall
ing during storms in early October, then at the final 
release in mid-November. In 1984, after the first 
(major) release, most of the populations' gonads 
redeveloped when the sea temperature rose again 
above 12 °e. The next release followed a subse
quent drop to < 12°C, after which the temperature 
stayed below 12 °e and there was no further 
redevelopment, only a limited amount of reripen
ing in some males, before the final spawning after 
a mid-November storm. Similar relationships- were 
found in 1981 and 1983 (Bowman, 1985), so that 
during 1981-1984 11 out of 14 spawnings were 
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Fig. 5. P. vuigata: Correlation between sea temperature and spawning at Robin Hood's Bay, N. Yorks. Graphs show the daily minimum 
sea temperature; vertical bars = percentage of spawned limpets in the sample (bumps on the baseline indicate a sample with no spawned 
limpets) - when this percentage decreases between samples, redevelopment has occurred. Symbols below the baseline indicate occur
rence of seiches (star), and duration of storms and heavy swells. 

recorded immediately after a drop to < 12°C at 
Robin Hood's Bay, the remainder being late-season 
releases when sea temperature was already < 12 °C 
and were recorded after storms. 

The connection between sea state and tempera
ture was also clarified. Thus, in August, considera
ble warming of inshore water could occur during 
spells of calm sunny (anticyclonic) weather, only to 
cool as quickly when the calm spells ended, as in 
August 1984. Similarly, marked drops in sea tem
perature could occur in late autumn during calm 
cold anticyclonic spells, often with night frosts, as 
in late October in 1982 and 1984. These falls in tem
perature did not result in spawning. Temperature 
drops causing spawning were almost always as
sociated with heavy swells, set up by NW gales ei
ther locally or in more northerly waters (N/NW 
storms off northern Scotland usually produced at 
Robin Hood's Bay, three days later, a tidal elevation 
of 0.2-1 m. and a heavy swell even without an ac-

companying wind, as in mid-August 1982). Such 
swells presumably brought inshore a body of colder 
bottom or offshore water, whereas the rough seas 
produced by local easterly gales presumably result
ed in mixing of inshore water which did not always 
result in a drop in temperature, particularly on the 
open coast, hence presumably the mismatches with 
early spawnings. 

A comparison of spawning on adjacent exposed 
and embayed shores suggests that spawning is not 
induced by a change in some character of the water 
mass other than temperature. In September 1983 
the season's first release occurred simultaneously at 
exposed shores along 200 km. of the NE coast, 
when the sea temperature fell to < 12°C for the 
first time that year. However, in embayed positions, 
with sea temperatures 4 - 6 ° C above 'true' sea tem
perature, the fall left bay temperatures still> 12°C 
and spawning did not occur: similar phenomena 
had previously been recorded in Scotland. A simi-
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lar event in October 1985 followed a swell which in
troduced a body of visibly 'different' (less turbid) 
water into the bays under observation. The marked 
separation of warm embayed water from cold deep 
water on either side of Filey Brigg (N. Yorks.) has 
regularly resulted in asynchronous spawning, the 
time-lag between first releases on its exposed and 
sheltered sides has been 48 days (1981), 25 days 
(1983), ca. 36 days (1984) and 12 days (1985). 

Recent data from NW Scotland not only provide 
further examples of local exposure/shelter spawn
ing differences, and confirm that 12°C appears to 
be critical there, but also indicate the widespread 
effect of a major NW storm. Thus, in September 
1983, > 80070 spawning was found in both NW 
Scotland and NE England immediately after the 
same storm, while in early September 1984 a storm 
causing heavy spawning in Nand NW Scotland 
also caused a temperature drop in NE England 
(though not to < 12°C on this occasion - Fig. 5). 
In August 1982, a severe northerly storm in the N. 
Atlantic not only set up the seiche which produced 

A 

B 
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B 

a large temperature drop and triggered spawning in 
NE England (Fig. 5, starred) but also caused tem
perature falls of similar magnitude in northern 
Scotland and Portugal. 

Whether or not 12°C is critical in the SW re
mains undecided, because of recorder breakdowns 
and collection difficulties, but it is suspected that a 
slightly higher temperature might be involved. 

Patella aspera 

Recruitment variation and breeding 
Unlike P. vulgata which occurs throughout the 

littoral zone on exposed and sheltered shores in the 
British Isles, P. aspera has a much more limited dis
tribution, being restricted to exposed shores and 
confined to permanently-wet rock and coralline 
pools in the mid- and low-littoral. In Sw. Britain 
and Ireland the main population and primary set
tlement areas occur below MLWN, but towards the 
north of Britain (and therefore in most of our study 
areas) the greatest numbers and most regular 

Fig. 6. P. aspera: Annual breeding cycles and recruitment at Robin Hood's Bay, N. Yorks. A: Gonad Index. B: Recruitment ~ peak 
number per square metre recorded of each year class. Data from size-frequency analyses, 1967 ~69, and as the mean of the two main 
observation pools, 1970~84. Shading indicates percentage deviation of recruitment from the long-term mean: stippled = -25 to 
-1000/0; striped = ± 200/0; hatched = > 1000/0. 



recruitment are found in mid-littoral pools. Most 
recruitment data described here were obtained from 
such pools, though breeding and recruitment in a 
variety of habitats was studied wherever possible, 
and their differences are still being elucidated. 

Whereas vulgata was regarded as a winter breed
er (Orton et al., 1956), aspera was reputedly a sum
mer breeder, and, as it approaches its northern ge
ographical limit (S. Norway) in northern Britain, 
local populations in N. Yorkshire were confidently 
expected to show frequent recruitment failure, pos
sibly as a result of incomplete gonad development. 
From 1967 to 1972 this expectation seemed to be 
confirmed, as there were considerable annual 
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differences in peak Gonad Index - much greater 
than in vulgata - which showed a marked similari
ty to the size of the subsequent recruitment (Fig. 6). 

The size-frequency histograms of the local (NE) 
population for these years (Fig, 7 A) show clearly 
the prolonged effect of the 'missing' 1968 year
class, exacerbated by a poor 1967 crop, on the 
population structure. Samples collected from 
around the British Isles in April/May 1971 
(Fig. 7B) showed a similar scarcity of mid-sized 
animals in most northern and western populations, 
but those in the south (exemplified by SW Eire in 
Fig. 7B) had no such missing year-class(es), their 
size-frequency structure being typical of popula-
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Fig, 7, P. aspera: Recruitment variation as shown by population size-frequency distributions. A: At Robin Hood's Bay, N. Yorks., 
1968-73. B: Regional populations in spring 1971. Sample size = ca. 400; arrows indicate position of the 1968 year-class. Samples from 
N. Ireland and Eire kindly collected by Dr. R. Seed and Dr. O. B. Thompson. 
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tions with regularly-high recruitment, fast growth 
and short life (cf. low-littoral vulgata populations: 
Lewis & Bowman, 1975). Such a widespread 
recruitment failure around the north, and its coin
cidence with poor gonad development in NE. En
gland in a summer now on record as the coldest in 
the last 23 years (deviations from monthly mean air 
temperatures, Whitby, 1968: May -2.7°C; June 
- 0.8 DC; July - 2.5 DC; August -1.3 0c) convinc
ingly substantiated the original prediction. 

Though there is probably an element of truth in 
this explanation of the 1968 recruitment failures, 
after 1972 the correlation between gonad develop
ment and recruitment success broke down, demon
strating (if nothing else!) the need for long-term 
data in such studies. Fig. 6 shows that there was 
nothing exceptional about the G.l.s preceding the 
very good recruitments of 1973 and 1980, or the 
poor inputs of 1974 and 1981. Though in 1977 (the 
next-coldest summer after 1968) a low G.1. preced
ed poor recruitment, the small gonad size here 
resulted from early spawning of incompletely-ripe 
gonads, followed by continued development and re
lease of the rest of the gametes, as described earlier 
for vulgata. In fact it became clear that in aspera 
such multiple spawnings are very common, espe
cially in pool-dwelling populations, which tend to 
be the first to spawn. 

When spat first appeared on the shore in early 
autumn, good recruitment usually followed: in 
poor recruitment years spat were not found in the 
observation pools until the following spring, and 
were often stunted and atypically coloured (Bow
man, 1981), continuing to grow unusually slowly 
and often dying in their second or third year. After 
the initial regional pattern shown in Fig. 7B, it 
proved difficult to distinguish any consistent 
regional similarities. Though the 1973 recruitment 
was of record proportions in NE. England, N. and 
NW. Scotland, it failed in W. Scotland; the 1980 
recruitment, again very good in NE. England, 
failed in all other observed regions except S. Devon, 
Brittany and Portugal. There was a tendency to
wards similar recruitment throughout the Scottish 
regions, and (from the limited data available) also 
throughout S. Britain, Europe and possibly Eire, 
though the picture was occasionally confused by 
contrasting recruitment success at different shore 
levels/habitats. As aspera is regarded as a 'south
ern' species it was expected that hot summers might 

boost its breeding and recruitment in the north, but 
in the exceptionally-hot summers of 1975 and 1976 
this did not occur: in the NE., although spawning 
began early (July/August), poor recruitment result
ed, which negated a simple 'early = good, late = 

poor' spawning/recruitment relationship. The 
Scottish data also seemed anomolous, in that poor 
recruitment tended to follow hot, sunny summers 
whereas good recruitment followed dull summers. 

Geographical variation of breeding cycles 
Compared to aspera in NE. England, the size of 

juveniles in their first spring, and their later emer
gence onto 'open' rock or in the observation pools, 
in Scotland and southern Britain (Bowman, 1981) 
suggested that they settled later and/or grew more 
slowly over-winter, and this was found to apply to 
Irish and Breton populations also. Figure 8 shows 
that aspera does breed earlier in NE. England than 
in the other regions; it also has the shortest poten
tial spawning period. Thus in NE. England > 800;0 
of gametes have been discharged by the end of Sep
tember in most years, whereas in Scotland and SW. 
England the gonads usually contain abundant ga
metes until the end of October and November 
respectively. Since multiple spawnings regularly oc
cur during the breeding season in these other 
regions, redevelopment must here be able to recur 
later in the year than is possible in the NE. No
where else has a gonad development as poor as that 
of 1968 in NE. England been recorded: on the con
trary, the Gonad Index in other regions, including 
N. Scotland, regularly peak at a value of >4.0, de
spite multiple releases. The spawning pattern is 
therefore not a simple north/south one as in vulga
ta, as the NE. English population is behaving as 
though it was further 'north' than the Scottish 
ones. 

The other major difference in the regional breed
ing cycles of aspera compared to vulgata is that in 
any given year there is a marked difference in time 
of onset of gametic proliferation, starting (in Brit
ain) earliest in Sw. England and getting progres
sively later clockwise towards NE. England. Time 
of onset also varies annually, within each region 
(see Fig. 6 for NE. England), proliferation seeming 
to begin later in years with below-average spring sea 
temperatures. The possibility of a temperature link 
with gonad development fits the pattern of regional 
spring sea temperatures (see Fig. 4), which are 
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Fig. 8. P. aspera: Regional differences in breeding periods, 1973 - 85. Key as for Fig. 3. 

markedly colder in NE. England than in N. Scot
land from autumn to spring. The later maturation 
of gonads in N. Scotland compared with NE. En
gland could reflect the lower summer temperatures. 
Despite their later start, gonads apparently mature 
faster in Scotland and NE. England than in the 
south, because the germinal epithelium for the next 
season's gametes is produced towards the end of the 
current season, as it is in local (NE.) vulgata. As in 
vulgata this 'pre-development' enables the gonads 
to be sexed histologically during the 'resting peri
od', and sex-change can be seen occurring in a high 
proportion of males - a situation previously only 
inferred (Thompson, 1979). 

Because of the relative inaccessibility of the local 
(NE) aspera populations during neap tides and 
rough weather, it has proved difficult to pinpoint 
spawning as accurately as with vulgata. Early evi
dence again suggested storms as a possible trigger 
(cf. Thompson, 1979), and in recent years the 
aspera have certainly spawned during the same 
swells as caused first release in vulgata. In 1983 first 
release in aspera preceded that of vulgata, occur
ring between 10th and 13th August when a moder-

ate NW wind and heavy swell arose during a very 
calm period; the sea temperature fell but remained 
above 12°C and vulgata did not spawn. However, 
in August 1982, the large temperature drop which 
triggered vulgata spawning was not accompanied 
by swells or gales (see Fig. 5) and aspera did not 
spawn. Recent evidence from the sea-temperature 
recorder suggests that spawning requires a protract
ed (> 18 hours?) period of exposure to surf plus 
continuous (lowered) sea temperature, resulting 
from swells breaking across the mid-littoral during 
nominal low-water, but the data are still too few to 
be conclusive. 

Determination of the effect of temperature and 
settling time on aspera spat, using settlement 
plates, has been hindered by a succession of poor 
recruitments, so experimental laboratory studies 
are still lacking. However, studies in progress in 
NE. England, in littoral pools with known differ
ences in temperature regimes during low water, are 
indicating that the rules governing vulgata spat es
tablishment also apply to aspera spat, but that 
aspera spat are less tolerant of temperature varia
tion, and more susceptible to storm damage, than 
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vulgata spat. They grow more slowly than vulgata 
spat at any given temperature, growth being op
timal between ca. 12 -16 ° e and effectively ceasing 
at < 10 °e. Low temperatures produce severe shell 
deformities in aspera spat even as large as 2 mm. 
diameter, so spat in regions with lowest winter sea 
temperatures must reach a larger pre-winter size to 
maximise their chances of over-winter survival, sea 
rather than air temperature being important in this 
respect as the main aspera habitats are rarely unco
vered over the winter. Larger pre-winter size is 
achieved in NE. England when spawning/settle
ment occurs early in the breeding season when the 
sea temperature is > 12 °e and still rising, and/or in 
habitats such as pools where temperature, and 
therefore spat growth, are boosted by insolation, 
though over-heating can adversely affect growth 
and survival, as found for vulgata spat. Although 
this evidence is not yet complete, it seems to explain 
the observed settlement/survival and recruitment 
variations, and strongly suggests that, once again, 
geographical differences in breeding times might 
mirror the time of year when the temperature range 
optimal for growth is likely to occur. 

P'depressa 

Recruitment variation 
In Britain, good depressa populations are con

fined to Sw. England, so this species could be stud
ied only briefly, between 1976 and 1983. Significant 
recruitments were recorded only on the North 
Devon shores studied: as shown in Table 3, recruit
ment varied similarly in the two habitat types 

Table 3. P. depressa, N. Devon: Mean Peak Annual Recruit
ment at observation sites. Recruitment expressed as mean num
bers per sq. m. for high/mid-littoral pool sites and mid/low lit
toral rock sites. Brackets indicate counts taken well before or 
after expected time of peak recruitment. 

Pools Rock Rank 

1976 (15) (24) 2 
1977 8.0 11.3 4 
1978 3.2 4.0 5 
1979 170.0 47.0 1 
1980 8.6 13.0 3 
1981 0 3.0 7 
1982 0 3.0 7 

1983 (0) (4) 6 
Mean 25.6 15.0 

monitored, though the range of variation differed. 
1979 was clearly an outstandingly-good recruit
ment year, and (significantly?) also a year when 
large numbers of very young spat appeared on the 
shore in late autumn. It is difficult to assess the 
relative success of the earlier years' recruitment, as 
primary-settlement observation sites were not es
tablished till 1979, when the numbers given were 
recorded; however, earlier counts and clearances at 
a variety of habitats and levels suggest that proba
bly only 1976 can be regarded as 'good'. The 
1981-1983 recruitments were clearly 'failures'. In 
June 1982, poor 1980 and worse 1981 depressa 
recruitments were found on various shores in Brit
tany, which agreed with the Devon pattern. The 
1979 crop in Brittany was also sparsely represented; 
this might not disagree with the Devon pattern as 
the very good 1979 recruitment which peaked in 
Devon in March 1980 had virtually disappeared 
from the sites by October 1980. This disappearance, 
almost certainly mortality induced by over-heating, 
highlights both the need for regular, and well
timed, sampling, and the dangers of assessment 
based on data taken too long after settlement. 

Breeding cycles 
Our gonad data are intermittent, but agree with 

Orton & Southward (1961) and Hatch (1977) that 
depressa in Britain can breed from May/June to 
October/November, with multiple spawnings and 
redevelopment similar to those found in aspera and 
vulgata but sometimes so extensive that they resem
ble separate breeding seasons. Thus in 1978 (and 
probably similarly in 1980) a large spawning in 
June/July, dropping the 0.1. to 2.9, was followed 
by marked redevelopment and a later spawning in 
October/November, whereas in 1979 spawning in 
early July was apparently not followed by 
redevelopment. No spat were recorded on the sites 
from the June 1978 spawning, but that in July 1979 
was presumably responsible for the abundant spat 
found that autumn. In the absence of any data 
from settlement/survival/growth studies using set
tlement plates, the fate of spat from these spawn
ings remains speculative. Better information on 
spawning times, over a wider geographical range 
than is available in the British Isles, is needed be
fore any conclusions can be reached for this spe
cies, and in this context the Portuguese studies (op. 
cit.) provide a valuable contribution. 



Discussion 

The breeding cycles of P. vulgata and P. aspera 
show shifts in spawning time, relatively earlier to
wards regions of cold winter-sea temperatures, later 
towards regions of high summer temperatures. 
Considering that the temperature tolerance range 
of the adults of both species is < 0 °C to ca. 42°C 
(Evans, 1948), the spat of both species apparently 
have a remarkably low tolerance of temperature 
variation and a narrow temperature range for op
timal growth. Since survival depends on fast initial 
growth during the vulnerable phase immediately 
after settlement, it seems unlikely to be a coinci
dence that regional spawning periods bracket the 
time of year when the optimal temperature is most 
likely to be experienced. In the 'north' (not neces
sarily geographic north), earlier spawning lessens 
the debilitating effects of severe or prolonged win
ter cold and rough weather; in the 'south' delayed 
spawning avoids the equally-disastrous effects of 
high shore (and sea?) temperatures: particularly for 
pool-settling spat overheating from strong insola
tion is the problem, not desiccation. Yet even in 
'northern' populations there is evidence that early 
settlements can fail because of experiencing too
high temperatures, and late settlements in the 
'south' could certainly fail in stormy or unusually
cold winters. Because of this, and because of annu
al climatic differences, an extended breeding period 
with several releases might increase the chance of 
some settlement success, particularly towards the 
limits of a species' range. Since, in the 'north' , early 
settlements have a disproportionately better chance 
of survival, the breeding cycles here have apparent
ly adapted to produce gametes as fast as possible, 
by starting next season's gametogenesis before the 
end of the current season. 

Spawning of P. vulgata in response to a sea
temperature drop to below the critical 12°C, what
ever the physiological mechanism involved, tends to 
synchronise local spawning and ensures that the 
young limpets experience optimal sea temperatures 
at least while in the plankton. In NE. England, es
pecially during warm summers, such a temperature 
drop is usually produced only by the strong NW 
gales which follow in the wake of a deep depression 
passing over the British Isles. Such storms, which 
also appear to have been responsible for some 
aspera releases, tend to affect a wide area, and are 

55 

likely therefore to cause widespread spawning, 
probably explaining supra-regional patterns of 
recruitment success, particularly in the north. It is 
uncertain whether a higher critical temperature is 
involved in the extreme south of vulgata's continen
tal range, where the winter sea temperature rarely 
drops below 12°C. Conversely, it is not clear what 
triggers spawning in the extreme north if the sum
mer sea temperature does not exceed 12 DC, though 
very recent data suggest that in such a situation 
spawning (and rates of gonad development) are un
usually asynchronous in different habitats across 
the shore (for vulgata and aspera). 

The asynchrony of spawning found at adjacent 
exposed and sheltered shores (in vulgata) or at 
different shore levels (in aspera) also increases the 
spread of the potential settlement period, which 
may be advantageous in years (or localities) when 
conditions curtail the period of gonad development 
in some habitats. Though the evidence indicates 
that vulgata populations tend to spawn first, and 
early settlements survive better, on exposed shores, 
it is uncertain whether early or late settlements are 
more likely to contribute most to sheltered-shore 
recruitment, where the spat will encounter less wave 
action but more extreme temperature variation (in 
summer and winter). Conceivably, the low vulgata 
recruitment/density on sheltered shores, and the 
absence of aspera even if littoral coralline pools are 
present, indicates that conditions in shelter are 
much less favourable for settlement or survival of 
spat of either species. 

As the shore is not a uniform environment, the 
time when conditions favour spat survival must 
vary with habitat as well as seasonally. For example, 
a temperature 'window' requiring moderately-warm 
sea and equable shore temperatures would be more 
likely to occur in the lower-littoral and in shaded 
mid-littoral pools in summer; in autumn, if sea 
temperatures were only marginally warm enough, 
spat might be able to grow fast enough to survive 
only in pools whose temperatures were boosted 
during low-water by solar heating. The littoral dis
tribution of a species over its geographical range 
would therefore be set by the tolerance range of its 
spat and the ability of its adults to migrate from the 
main recruitment areas. This would explain why 
limpets in the south become progressively restricted 
to the low-littoral of exposed shores (eg. vulgata in 
Portugal, aspera in the Mediterranean), but in the 
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north occupy progressively higher shore levels (eg. 
aspera in NE. England and northern Scotland). 
Geographical limits of a species' range would then 
be reached when a temperature 'window' was not 
available somewhere on the shore with sufficient 
frequency for recruitment to maintain a popula
tion. As limpets seem to have a remarkable ability 
to adjust their breeding period to cope with the sea
sonal vagaries of a littoral environment, the onus 
for setting their geographical limits is thus shifted 
from breeding failure to spat survival. 
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Abstract 

Three species of the genus Patella were studied on the Portuguese coast as a specific contribution to the 
COST 647 programme. With little prior information existing, this paper presents new basic data on the ge
ographical distribution, relative abundance, habitats, size-structure of populations, and reproductive cycles 
of P. depressa Pennant, 1777, P. aspera Roding, 1798, and P. vulgata L. 1758. Comparisons with N.w. Europe 
provide evidence of distinct latitudinal trends in the population dynamics and reproductive biology of these 
species. 

Introduction 

Limpets play a fundamental ecological role in 
controlling the quantity of algae on the shore. As 
grazers, they destroy large quantities of algae, 
mainly at the early sporeling stages (Lewis, 1964). 
They are widely distributed around the coasts 0f 
western Europe and the British Isles, variously in
habiting moderately-sheltered to fully-exposed 
shores, making them ideal candidates for inclusion 
in the rocky-littoral studies of the COST 647 
programme. 

In Portugal, limpets are abundant over all the in
tertidal rocky shore. Together with mussels and 
trochids, they form part of the staple diet of the 
poorer populace, especially in the north. Apart 
from Nobre's work on Molluscs (1931, 1938-40), 
there were no general studies on limpets in Portu
gal, and no information on population dynamics. 
In 1981, the Instituto Nacional de Investiga~ao das 
Pescas started to collaborate with COST 647 by 
studying the three limpet species already under in
vestigation by the rocky-shore group in England, 
i.e. Patella depressa Pennant, 1777, P. aspera Rod
ing, 1798, and P. vulgata L. This paper presents 
some aspects of the ecology of these species. 

Geographical distribution and habitat 

The distribution of the three species on the Por
tuguese coast is shown in Fig. 1. 

P. depressa 
This species extends from N. Africa to S.w. En

gland and Wales (Fretter & Graham, 1976). In Por
tugal it replaces P. vulgata as the dominant intertid
al limpet on exposed and sheltered shores, 
occurring at all shore levels, on horizontal and ver
tical surfaces, and in pools lined with Lithophyllum 
incrustans (where it usually co-exists with P. 
aspera). 

In the upper shore the shells are usually steeply
conical, and very thick, whereas at lower levels they 
are polygonal, very flattened, and thin. Shell length 
also varies according to shore level, thus at high lev
els, particularly those with dense Chthamalus cov
er, the maximum length is 25 mm, but at low levels 
it reaches 30-35 mm. On very exposed shores the 
shells of limpets on verticals are frequently almost 
completely eroded. 

Juveniles are found mainly at low levels and al
ways in damp situations e.g. in small pools or 
cracks, around the edges of mussel patches, on 
Mytilus or on wet, bare rock. 
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Fig. 1. Distribution of Patella depressa, P. aspera and P. vu/gata 
on the portuguese coast. • Sampling sites: 1 - Moledo do 
Minho; 2 - Cabo Raso; 3 - Praia da Luz. 

Patella aspera 
This is also a southern species, extending from 

the Mediterranean to SW. Norway (Lewis et al., 
1982). It is also abundant in Portugal, but seems to 
be less resistant to desiccation than depressa, oc
curring only in the middle and lower shore and al
most always co-existing with depressa. It is found 
particularly on rocks exposed to strong wave
action, among mussels and the algae Corallin a, En
teromorpha and Lithophyllum spp., and in the 
mid-shore it is mainly restricted to coralline pools 
containing small patches of mussels. 

Shells are usually oval in shape and often much 
larger than in depressa. The largest specimens 
(45 - 49 mm) were found in the lower shore where 
their shells were almost always covered by dense al
gal growth, making them unrecognisable to all but 
the expert eye. 

Juveniles are always found around the edges of 
mussel patches, or in very small water-filled pits in 
the Lithophy/lum covering permanently-wet rock. 

Patella vulgata 
This is a northern species, extending from N. 

Norway just into the Mediterranean (Fretter & Gra
ham, 1976). It is thus close to its southern limit on 
the Portuguese coast, where it is abundant only in 

the north. Progressing southwards, it becomes in
creasingly rare until only a few specimens can be 
found among the other species (mainly depressa). 
It inhabits mainly low shore levels, always in the 
shade, on damp platforms or in pools with aspera 
and depressa. In the mid-shore it is found mainly on 
vertical walls, in the shade. 

The largest specimens are found at low levels, at 
up to 40 mm in length, the shells being circular to 
oval and a little flattened, whereas in the mid-shore 
they are mostly conical. 

Juveniles were always found only at low shore 
levels, in damp sites, e.g. on bare rock having wet 
pits or cracks where they are able to avoid desiccation 
during tidal emersion, or among mussels, which also 
provide shelter from desiccation (Lewis & Bowman, 
1975). 

Material and methods 

Limpets were collected from the north, centre 
and south of the Portuguese coast (Fig. 1), always 
from low shore levels, between March 1981 and 
March 1984. Samples were usually of a minimum 
of 50 animals per month, per species. After sam
pling, shell length was measured to the nearest mm, 
and the gonad state was macroscopically 
categorised in order to determine the mean gonad 
condition by the method described by Orton et al., 
(1956). Areas of 1 m2 were also established in the 
same localities, where monthly in situ size
frequency analyses were taken for determination of 
recruitment times and longevity. 

Gonad cycles 

Patella depressa 
Figure 2 shows the gonad cycles of P. depressa in 

the three regions. It is clear that the reproductive 
pattern differs from north to south. In the north 
and centre, breeding is very asynchronous, so that 
during the three years of the study neuter, develop
ing, spawning and spent gonads were found in al
most every monthly sample. Such asynchrony sug
gests that frequent spawnings during the breeding 
season were followed by bursts of gonad re
ripening or redevelopment, as described for P. vu/
gata in Britain (Bowman & Lewis, 1977; Bowman, 
1985). 



Fig. 2. Gonad index (-) and percentage of gonads in the 
spawning condition ( ••• ) of Patella depressa. 

In the north, the appearance of neuter gonads in 
midsummer and midwinter suggests that develop
ment (and/or redevelopment) briefly ceases during 
these times in some animals, so that the breeding 
period appears bimodal. 

Rapid spring development is followed by spawn
ing(s) and a brief resting period (June-July) in 
some animals, followed by a fresh burst of autumn 
development and spawning, and a somewhat 
smaller February- March resting period, in fewer 
animals. This bimodal pattern somewhat resembles 
that described for P. depressa in Britain (Hatch, 
1977; Bowman, pers. comm.), where a major spring 
spawning can, in some years, be followed by con
siderable redevelopment to a second peak gonad 
size and spawning, though in Britain the main (very 
short) resting period occurs over the winter. 

In southern Portugal, the summer resting period 
is much more distinct, and involves most of the 
population (though this varies annually). Rapid de
velopment in late summer is followed by a long 
over-winter period when the gonads remain fat and 
ripe, in spite of occasional small releases, presuma-

59 

bly because redevelopment is virtually continuous 
but hard to distinguish in very ripe gonads. 

In the central region the breeding situation is 
confusing, because either the gonads retain large 
numbers of unspawned gametes over the presumed 
resting periods, or small releases and redevelop
ment occur virtually continuously throughout the 
year. 

Patella aspera 
Figure 3 shows the gonad cycles of P. aspera for 

the three regions. Development began in late sum
mer, with the main spawning between October and 
December in the north and centre, Decem
ber/January in the south. A considerable amount 
of redevelopment after spawning, particularly in 
the south, meant that the gonads remained ripe un
til early spring, when further spawning preceded a 
brief 'resting' period when the maximum number 
of neuter gonads were found, although not all 
animals passed into a resting phase. 

Patella vulgata 
Data on the reproductive cycle of this species 

.. 

" 
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Fig. 3. Gonad index (-) and percentage of spawning gonads 
(. • .) of Patella aspera. 
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come exclusively from the north, since it was im
possible elsewhere to find a shore with enough vul
gata to guarantee a sample of 50 limpets a month. 
Figure 4a shows the gonad cycles at Moledo do 
Minho. This species has the shortest reproductive 
cycle, development starting in July/August. Spawn
ing begins in September/October, though, because 
of continued gonad ripening or redevelopment, the 
main spawning does not occur until Novem
ber/January. By May, all the gonads are in the neu
ter resting condition and remain so until the onset 
of the next breeding season. 

Size frequencies 

P. depressa 
Most observations derive from the central re

gion, from a marked 1-metre square in the low
littoral, on 'bare' rock with a great number of 
crevices and a small patch of mussels. Juveniles 
( < 5 mm) were observed every month (Fig. 5), 
which can be explained in terms of continuous 
spawning, but it is difficult to estimate when they 
settled, as they were not detected until they emerged 
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from their settlement crevices at a size of 2-3 mm, 
aged probably 2 - 3 months (cf. problems with de
tecting P. vulgata settlement - Lewis & Bowman, 
1975). Peak numbers of juveniles were found from 
January to March, then a scarcity of very small lim
pets was followed by further emergence from July 
to September. From the fast growth rates of limpets 
in the low-shore it seems likely that the Janu
ary/March peak resulted from an Oc
tober/November spawning/settlement, and the 
summer emergence from possibly a June spawning. 

In the south, a few observations were made on a 
similar low-littoral site, and juvenile numbers 
peaked in November to January, again possibly 
from an autumn release. 

In the north, the only habitat available was at a 
high level and Chthamalus dominated. Juveniles 
were scarce, and maximum numbers were found in 
January and April. On such dry HL sites juveniles 
often do not emerge until 6 months or more after 
settlement (Lewis & Bowman, 1975), so it is diffi
cult to assign these depressa to one or other of the 
observed spawning times. Probably both peaks re
sult from the emergence of settlements from vari
ous releases during the autumn spawning period. 

Settlement of P. depressa throughout Portugal is 
therefore probably most successful during autumn 
and winter, with early-summer settlement succeed
ing only at low shore-levels where spat will be large
ly protected from the adverse effects of high tem
peratures during low-water. 

Analysis of the size-frequency data suggests 
these limpets have a life-span of no longer than 
three years. 

Patella aspera 
Size-frequency data were obtained from the 

south coast (Fig. 6). The site was a marked I-metre 
square in a large mid-littoral pool, lined with 
Lithophyllum incrustans and containing some 
patches of mussels and Enteromorpha. Such a pool 
must experience high temperatures during low
water in summer, which could adversely affect the 
growth, survival and rate of emergence of the spat 
(Bowman, pers. comm., and cf. P. vulgata). 

Newly-emerged juveniles at 2-3 mm first ap
pear during March/April to June, then, after a lull 
during the summer, numbers build up (probably 
through emergence of further limpets from the 
mussel patches) to a peak in October/November. 
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These two emergence periods in 1983 probably 
resulted from settlements from different spawnings 
during the breeding season, i.e. the juveniles emerg
ing in April derived from the January/February re
lease (see Fig. 3), and later settlements from end
of-season spawnings, while those appearing in 
February/March 1984 possibly settled in October 
1983. It is clear from the March numbers of l-year
aids in 1983 and 1984 that the former recruitment 
was very much larger than the latter. 

The size-frequency data suggest that these Por
tuguese P. aspera rarely live for more than four 
years. 

Patella vulgata 
Size-frequency data were obtained in the north 

from a marked I-metre square in the lower shore. 
The site was shaded and permanently damp, with 
a relatively dense cover of mussels, features which 
have been found to favour settlement and survival 
of spat (Lewis & Bowman, op. ciL). Juveniles start
ed to appear in late October (Fig. 7), but the large 
numbers which emerged in March suggest that set
tlement(s) derived from the later part of the spawn
ing period are most successful. 
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Fig. 7. Size-frequencies of Patella vulgata in the north of the country, from March 1983 to March 1984 (number of individuals in rela
tion to shell length (mm)). 

Again, the data suggest a life-span of only three 
or four years. It should be noted that these pro
posed longevities of the three species, obtained 
from interpretation of the size-frequency data of 
the observation-site populations, need to be fol
lowed up by in situ studies of growth and survival 
of marked animals, to take into account those 
animals which migrate off the observation sites 
into areas of lower settlement/greater food availa
bility, etc. 

Sex ratio 

All the limpets collected in all regions to deter
mine the breeding state of the populations were 
also measured, and the size-frequency of these 
sexed animals suggested the following conclusions 
on maturation times and the incidence of sex
change in the three species. 

P. depressa 
Males were more numerous than females, com

prising 570/0 of the total sexable limpets (Fig. 8), 
and the difference in numbers of males and females 

at all sizes and in all regions is highly significant 
(p < 0.001). Individuals of both sexes were found 
over the same size range, i.e. 12/13 mm to 
38/40 mm shell length in the three regions, with the 
bulk of the breeding population at between 
24- 30 mm. There was no appreciable change in 
the proportions of the sexes with increasing size 
(and age?). 

These data suggest that most P. depressa mature 
in their second year, and that sex is probably fixed 
from the outset in at least some individuals, which 
agrees with the observations of Orton & Southward 
(1961) on depressa in SW. England. However, in 
view of the small size (6-10 mm) at which the Brit
ish depressa matured, and their fast growth and ex
tended settlement period in Portugal, it is not im
possible that here they might mature before the end 
of their first year on the shore. To check this it 
would be necessary to examine animals of all sizes 
and known age throughout the annual cycle. 

P. aspera 
In this species, males again outnumbered females 

significantly, comprising 580/0 of the sexable popu-
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lation (Fig. 9). However, males were found at sizes 
from 9-48 mm, females from 13-49 mm, and the 
proportion of males to females tended to decrease 
with increasing size/age. This suggests that aspera 
mature in their second year as males, and that sex
change does occur in a proportion of animals in 
subsequent years. This agrees with the findings of 
Thompson (1979) for aspera in Sw. Ireland, 
though he found only 70/0 of animals matured in 
their second year. He also found that smaller mem
bers of an age group matured later in the breeding 
season than their larger contemporaries, which 
might also occur in Portugal in view of the extend
ed breeding and settlement periods found. It is, 
however, possible that some aspera might mature as 
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females in their first breeding period, as the 
sex/size difference of small animals is not as 
marked as in Irish and British populations. Exami
nation of a greater number of small individuals of 
known age is required to check these possibilities. 

P. vulgata 
In this species, 40070 of the animals examined for 

breeding condition were found to be neuter, be
cause of the long resting period, but of those sexa
ble, 72% were male (Fig. 4b). The size of males 
ranged from 13 - 40 mm whereas females were 
21- 40 mm, and this agrees with the findings of Or
ton et af. (1956) in that vulgata maturation begins 
in the second year of shore life with all animals 
starting as males and an increasing proportion 
changing sex in subsequent breeding seasons. The 
relatively low proportion of females in vufgata 
compared to the proportion of aspera females 
might suggest that relatively fewer vulgata change 
sex, or it might be a result of the shorter lifespan 
of these vulgata. Again, examination of popula
tions of individuals of known age would help to re
solve this. 

Discussion 

The reproductive cycles of the three Patella spe
cies show some interesting geographical changes 
along the Portuguese coast, and it is likely that 
these are linked with the regions' different climatic 
conditions. P. depressa is regarded as a summer 
breeder in SW. England, where it is near its north
ern limit: spawning time there seems to coincide 
with maximum air temperatures and wave action 
(Orton & Southward, 1961; Fretter & Graham, 
1976), and there is a short winter resting period. In 
Portugal the reproductive behaviour was different. 
In the south, nearer the species' southern limit, the 
decrease in gonad activity coincided with the in
crease in air and sea temperatures over the summer, 
and thus seems to reflect the adverse influence of 
excessive warmth near southern limits postulated 
by Lewis et al. (1982). Late-summer development 
was rapid, and the number of individuals spawning 
increased steadily through autumn and winter to 
early spring, though successful settlements seemed 
to result only from those spawnings occurring dur
ing the falling temperatures of autumn and early 

67 

winter. In the north, there were several spawning 
peaks during the year, with minimal gonad activity 
during the periods of highest summer and lowest 
winter temperatures. This pattern was similar in the 
central region in 1981, when more extreme summer 
and winter temperatures were experienced than 
during 1982 -1984, when in this region spawning 
and gonad activity was at a continuous high level. 
It seems unlikely that differences in air temperature 
are alone responsible for the differences in breeding 
cycles, particularly in these sampled low-shore 
populations which are more subject to sea than to 
air temperatures. There was certainly no connec
tion between spawning times and air temperature, 
since air temperatures over the spawning periods 
ranged from 6 - 27 DC in the north, 9 - 23 DC in the 
centre and 7 - 26 DC in the south. The mean sea 
temperatures (1956 -75) for northern and central 
Portugal are similar in the summer but higher in 
the winter compared to those in SW. England 
(Bowman, 1985), i.e. 12.2 (Jan.)-16.2 (Oct) DC in 
the north, 13.0 (Jan.)-17.0 (Sept.) DC in the centre; 
those in the south are markedly higher: 14.1 
(Jan.)-20.4 (Aug.) DC. It is therefore possible that 
in the central region the equable sea and less ex
treme air temperatures might explain the continu
ous gonad development, with spawning occurring 
on periods of rough seas, whereas the high summer 
air and sea temperatures in the south, and the low 
winter air temperatures in the north, might slow the 
rate of gonad development until temperatures 
ameliorated. 

The spawning of Patella aspera occurs while tem
peratures are falling, in Britain, e.g. during Au
gust/September in N.E. England (Bowman, 1981), 
where it is near its northern limit; August to 
November in SW. Ireland, where spawning has 
been closely linked with gales and wave action 
(Thompson, 1979). In Portugal the species shows 
several peaks of spawning and development, be
tween August and early spring, with gonads re
maining ripe later in the south (i.e. into 
March/April) than in the north, but in all regions 
spawning reaches its maximum during the gales 
and low temperatures of winter. Since spawning ap
pears to involve falling water temperatures and 
wave action, the delay in the spawning period on 
the Portuguese coast in relation to NW. Europe, 
might possibly be explained by the progressively 
higher summer sea temperatures towards the south. 
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The limpets have thus to wait for sea temperature 
to decrease sufficiently for storms to stimulate 
spawning. The frequency of storms on the Atlantic 
coast of Portugal is higher than that on the south 
coast, so limpets in this region might therefore take 
longer to release all their gametes. 

Patella vulgata was formerly regarded as a winter 
breeder, but in northern Britain spawning regularly 
starts in August/September, earlier still (July/Au
gust) at its northern limit in N. Norway (Bowman 
& Lewis, 1977). Bowman (1985) has shown that in 
N.E. England and N.\V. Scotland spawning starts 
when the sea temperature first falls below 12°C, 
which is linked with the heavy swells produced by 
north-westerly gales, and also that redevelopment 
after such spawnings occurs only when the sea tem
perature rises above 12°C again. In Portugal the 
monthly mean sea temperature falls to around 
12 °C only in midwinter (Dec.- Feb'/Mar.), and 
does so only rarely in the south. This would explain 
the extended breeding season in Portugal compared 
to that in northern Britain. It has not been possible 
to study daily variations in sea temperature and 
limpet gonad states as described by Bowman (op. 
cit.), but from the Portuguese temperatures ob
served it seems possible that here spawning could 
be in response to a drop to below a slightly higher 
sea temperature. However, the Atlantic coast of 
Portugal is notorious for sudden storms, which 
could bring inshore colder Atlantic water and thus 
provide the necessary temperature drops and stimu
late spawning at any time during autumn and win
ter. The incidence of these storms might well be 
responsible for much of the annual and local varia
tion in spawning of the three species of Patella in 
Portugal, but more detailed meteorological and 
reproductive data are needed to investigate this fur
ther. 

In all regions, settlements of the three species 
seemed to be most successful if they occurred in 
late autumn/early spring, and this is possibly con
nected with the apparent sensitivity of newly
settled limpets to temperature variations during 
their early shore-life (Bowman, pers. comm.). Thus 
the temperatures thought to be necessary for suc
cessful establishment of settlements of P. vulgata 
and P. aspera would most likely be encountered in 
Portugal in Nov.!Dec., and Mar.!Apr., and in the 
south only then in the lower shore. Data on direct 
settlement from settlement plates, as described by 

Bowman (1985), are needed to check on settlement 
periods, and to determine the relative success of 
different spawnings/settlements. 

It is clear that in Portuguese patellids, growth is 
fast, and longevity less than is generally found else
where in N.\V. Europe. Lewis et al. (1982) have sug
gested that species near their northern limits may 
attain greater sizes and live longer than they do fur
ther south, features that appear to be linked with 
infrequent recruitment and low population densi
ties. Thus P. depressa in S.\V. England usually 
reaches 45 mm shell length (Orton & Southward, 
1961), P. aspera in S.\V. Ireland reaches almost 
60 mm shell length and has a potential life-span of 
longer than ten years (Thompson, 1979), and P. 
vulgata in Britain reaches 57 mm, while longevity 
ranges from 4- 5 years in a low-littoral bare-rock 
habitat to 15 -17 years in a high-littoral dense
barnacle habitat (Lewis & Bowman, 1975). Growth 
rates on British coasts are very variable, particular
ly in juvenile limpets, apparently reflecting compe
tition for food within a year-class rather than be
tween adults and juveniles, as well as food 
availability, algal production, shore level, feeding 
times etc. and also settlement time (Bowman, 1981). 
In Portugal, shore densities of P. depressa and P. 
aspera are high, presumably as a result of more 
regular recruitments than in Britain, but early 
growth rates are also higher than those recorded 
from similar habitats in Britain and Ireland, and 
maximum size and longevity are less. P. vulgata, 
close to its southern limit in Portugal, occurs at 
lower densities, with poorer recruitment, yet also 
shows rapid growth but smaller maximum size and 
shorter life-span than in equivalent habitats in Brit
ain (although it is possible that the natural life
span/maximum size of all limpet spp. in northern 
Portugal might be lowered by the continuous heavy 
human predation of the largest available animals). 
In general, therefore, it seems likely that, in limpets, 
growth rates are more a function of temperature 
and metabolic rate, which are higher in the south 
than further north and therefore result in shorter 
life and smaller maximum size. This could have im
portant implications regarding the breeding strate
gies of the species, and might possibly be responsi
ble for the apparently-earlier maturation of 
Portuguese limpets compared with those in Britain 
and Ireland. 



Conclusion 

Populations of three species of Patella in Portu
gal have shorter life-spans and smaller maximum 
size than those in NW. Europe. Their reproductive 
behaviour seems to be influenced by warm sea and 
air temperatures, which provide the potential for 
long breeding periods, of which only a limited peri
od might result in successful recruitment, depend
ing on the habitat and location of the populations. 
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Abstract 

Inside the COST 647 Rocky Subtidal Programme, as well as before this came into operation, a co
operation has been developed between Swedish and Norwegian groups working with rocky subtidal ecology 
in the Skagerrak area. Along a coastline of more than 300 km, and additional large fjord systems, natural 
fixed-site rocky subtidal communities have been stereophotographically recorded more or less seasonally over 
a considerable number of years (15 in Sweden and 7 in Norway). Additional experimental studies have been 
undertaken in situ. 

Inter-site comparisons revealed many examples of co-variation in long-term population fluctuations. A 
common 7-year cyclic pattern was clearly illustrated for the asci dian Ciona intestinalis and the echinoid Echi
nus esculentus. Similar long-term trends were found in populations of Asterias rubens, Ascidia mentula, 
Sabella penicillus, Crania anomala and Protantea simplex over the time periods available for comparison. 
Locally deviating populations were also found, however. 

Major structuring factors, as well as key species, appeared to be largely the same over the geographic range 
studied. By comparing all of our results (mostly based on already published data), recruitment and predation 
were found to be the most important locally organizing factors. Recruitment strategies and patterns in
fluenced both community structure and long-term trends. Predation by echinoderms and gastropods modi
fied the structure of established communities. The common key predator in the area, Asterias rubens, largely 
influenced community structure by selective predation on the dominant competitors Ciona intestinalis and 
Mytilus edulis which, in the absence of predation, appeared to be highly capable of substrate monopolization 
in various parts of the studied communities, depending on depth and exposure. 

The results indicate the existence of large-scale structuring factors, probably linked to climatic events. This 
is considered as an important pre-requisite for the future recognition and understanding of local deviations, 
e.g. as results of pollution. This study also pinpoints some species and processes that should be focussed 
upon in monitoring programs. 

Introduction 

The rocky subtidal is one of the least studied ma
rine environments with respect to quantitative eco
logical aspects. This is no doubt largely due to inac
cessibility in combination with lack of suitable 
sampling techniques in the past (Lundiilv, 1971). 
Beginning in 1969, a technique for non-destructive 
quantitative studies on rocky subtidal communi-

ties, based on stereo photographic recordings of 
fixed sites and photogrammetrical analysis, was de
veloped in Sweden (Lundiilv, 1971, 1974, 1985a; 
Torlegard & Lundiilv, 1974). The utilization of this 
technique permits similar studies subtidally that 
have since long been carried out in the rocky inter
tidal and that have contributed substantially to eco
logical theory (e.g. Connell, 1972; Dayton, 1971; 
Paine, 1966; Lewis, 1964, 1976, 1977). 
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For long-term recording of biological change, 
rocky-bottom epibioses offer a number of interest
ing possibilities compared to most other biological 
systems in the sea (Lundalv, 1971, 1974, 1985a; 
Christie, 1985). Most important of these is perhaps 
the scope for non-destructive sampling of perma
nent test areas dominated by sessile organisms, 
eliminating many of the uncertainties associated 
with most random sampling programmes. While 
the best practical opportunities are offered by inter
tidal communities, due to accessibility and ease of 
study, their usefulness in long-term monitoring 
programmes may be questioned on the basis of 
their position in an extreme environment and ex
posure to a highly variable physical environment in 
many parts of the world. In the geographic area of 
the present study (Skagerrak) random and short
term climatic extremes are likely to have less in
fluence subtidally, thereby facilitating the detection 
and interpretation of long-term trends. Still, how
ever, certain important questions have to be an
swered before the usefulness of these communities 
for monitoring purposes can be considered fully es
tablished. One of the questions relates to the 
representativeness of fixed sites as mirrors of large
scale and long-term events. In a specific study on 
this problem Lundalv (1985a) concluded that 1.5 m2 

sites over a geographical range of approximately 
60 km were indeed closely reflecting large-scale 
events in a small number of considered species 
populations. There was little evidence that small
scale random processes were significantly influenc
ing the long-term patterns observed. 

Another pre-requisite for the successful interpre
tation of results yielded by monitoring programmes 
is a reasonable understanding of natural processes 
causing change in the studied communities (e.g. 
Lewis, 1976, 1984). As pointed out by Lewis (1984), 
some factors of possible significance, such as long
term climatic influences, are difficult to isolate and 
evaluate within a small-scale national programme. 
Access to intercalibrated data over a wider ge
ographical range could greatly improve the scope 
for accurate interpretation. This line of thought 
forms the basis for a European research co
operation in benthic ecology termed COST 647. 
This co-operative programme includes a subprojekt 
directed towards rocky subtidal communities. The 
longest record of collaboration within this 
programme as well as before it came into operation 
is between Norway and Sweden. 

In this paper we present some of the data cur
rently available for comparison and covering a ge
ographical range of approximately 300 km between 
the south of Norway and the Swedish west coast. 
The basic questions asked are whether or not there 
were common trends in population dynamics and 
community regulation over the temporal and ge
ographical scales studied. Further we try to (1) sum
marize what is currently known about the most im
portant common trends and regulating 
mechanisms in rocky subtidal communities in the 
Skagerrak area, (2) identify possible common key
species, which by their presence or absence are 
capable of determining much of the dynamics in 
the communities where they exist, and (3) evaluate 
the implications for the design and utilization of 
future monitoring programmes. 

Material and methods 

The basic technique used for data aquisition was 
photogrammetric analysis of stereophotographs 
from fixed sites on subtidal rock walls. 

Fixed sites were marked by underwater rock
drilling utilizing a small pneumatic drilling ma
chine. Each site normally consisted of a horizontal 
strip of six consecutive quadrats, each measuring 
0.5 xO.5 m (making a total of 1.5 m2). The test 
areas were defined by two plastic dowels, separated 
by a horizontal distance of approximately 3 m, 
from which a rod could be suspended. The rod in 
turn provided support for a photography frame 
(0.5 X 0.5 m) with attached stereo-cameras that 
could be moved along the rod to six well-defined 
positions. In Sweden, two synchronized 70 mm 
Hasselblad SWC cameras equipped with corrective 
front ports and motor drives were used most of the 
time. In Norway, two synchronized Nikonos III 
cameras equipped with 15 mm lenses were used. 

The stereophotographs were analysed in a Wild 
Stereocomparator MSTK (Sweden) or in stereo
~copes constructed from two aligned stereomicro
scopes (Green, 1980) (Norway and Sweden). Deter
mination of faunal densities were made by careful 
systematic examination (by aid of grid lines) of the 
colour transparancies at magnification rates be
tween 12 and 25 x . 

For estimates of cover (1170), point sampling of 
slides was used. For further studies of processes, in 
situ settlement- and predator/prey experiments 



were performed in addition to the stereophoto
graphic recordings. More detailed accounts of the 
methods and instrumentation used are given in 
Christie (1980, 1983b), Christie et al. (1985), Green 
(1980), Lundalv (1971, 1974, 1985a, b) and 
Torlegard & Lundalv (1974). 

Analysis of correlation between density varia
tions in Norwegian and Swedish populations was 
performed by means of Spearmans rank correla
tion coefficient (cf. Siegel, 1956). The analysis was 
based on pairs of interpolated data in order to elim
inate effects of varying sampling times. Four inter
polated values per year (weeks 13, 26, 39 and 52) 
were used. Their derivation was based on the as
sumption of linear change between actual sampling 
occasions. Adaption of cyclic variations in Ciona 
intestinalis (L.) and Echinus esculentus (L.) to har
monic series was performed according to models 
described in Bliss (1970). 

Characterization of sites studied 

The map (Fig. 1) shows the sites studied in the 
Swedish (S2, G4, G6) and Norwegian (HI, Dl, n, 
F4, Aro) part of this co-operation. The sites cover 
in distance a coastline of almost 300 km with addi
tional large fjord systems and archipelagos. 

The Swedish sites were recorded each year since 
1969, the Norwegian recordings started on one sta-

Fig. 1. Map showing localities covered by subtidal rocky-bottom 
monitoring in the Skagerrak area. The Swedish sites are marked 
by dots and the Norwegian ones by arrows. The sites referred to 
here are labelled by their station names. 
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tion (F4) in 1976 and between 1978 and 1980 on the 
others. All sites are on near vertical rocky surfaces, 
and each station was sampled at different depths 
between 10 and 25 m. All sites were situated within 
roughly the same hydrographical regime (c.f. Svans
son, 1975). While the deeper Skagerrak waters are 
of oceanic character, the upper layer is influenced 
by the brackish Baltic current slowly increasing in 
salinity while it moves north along the Swedish 
west coast and further along the Norwegian 
Skagerrak coast. The archipelagos and fjords pro
vide local gradients of exposure, hydrography and 
pollution. 

The rocky subtidal habitats in the area are 
characterized by a stable surface of free rocky space 
(or microfoulers) and encrusting algae. Upon this 
'surface' species settle and occur with differing pat
terns of fluctuations (Christie, 1980, 1983b; Lun
dalv, 1985a; Svane, 1983; Svane & Lundalv, 1981, 
1982a, b). Christie (1980) recorded more than 60 
species throughout one year in one community. 
Only a few were abundant or of presumed impor
tance as structuring elements while most belonged 
to the category 'secondary species' (Lewis, 1976; 
Christie, 1980). The sites included in this co
operation will totally host much more than 60 spe
cies, but of interest for our comparisons there will 
only be the few species that are: abundant and 
characteristic, dominating, or of importance in 
community organization ('key species'). As recom
mended in the COST 647 core programme (Lun
dalv, 1985b, COST 647 Activity report), this paper 
largely deals with ascidians and echinoderm preda
tors. 

Results and discussion 

The parallel sampling of rocky subtidal commu
nities in Norway and Sweden has resulted in com
parable data on population fluctuations. Some ex
amples are given below. 

Cyclic fluctuations 

Figure 2 shows the fluctuations of Ciona intes
tinalis at four Swedish sites throughout 14 years 
compared to the one Norwegian site (F4) recorded 
over the last 6 of these years. The observed data are 
plotted in Fig. 2A which shows both long-term and 
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Fig. 2. Fluctuations of Ciona intestinalis (ind. m -2). A: Observations plotted from four Swedish and one Norwegian (the bold line) sites. 
B: Annual means of the observed data. 

seasonal fluctuations, while Fig. 2B illustrates the 
annual means. The observations presented were 
fluctuating in a cyclic pattern best fitted to a period 
of 7 years (based on calculations of periodic regres
sion, Bliss, 1970). The amplitudes of the fluctua
tions are somewhat different between the different 
sites and between the two different 7-yr periods, 
but all data (as far as the recordings permit) fits in 
with a 7 yr cyclic pattern with maximum densities 

in 1973 and 1980, and minimum values in 1969 and 
1976. 

A similar (and almost parallel) long-term (7 yr) 
cyclic pattern was also found for Echinus esculen
tus populations from sites in both countries 
(Fig. 3). As far as these data permit calculations of 
harmonic series, they fit in with a common 7 yr cy
clic pattern where calculated maximum densities 
are found to occur between the 1973 and 1974 ob-
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Fig. 3. Annual means (ind. m -2) of Echinus esculentus from two depths on the Swedish station S2 and the Norwegian station F4. The 
arrow indicates the first year of Norwegian recordings. 

servations and between 1980 and 1981, and with a 
calculated minimum value in 1977. 

These two species showed comparable cyclic fluc
tuations over both shorter and longer geographic 
ranges, and also between different depths and be
tween coastal and fjord sites. Hydrographic cycles 
of the same (7 yr) and the half (3.5 yr) period 
(most typical for temperature) have been shown 
from different stations in the Skagerrak area (Gray 
& Christie, 1983). Cyclic fluctuations in popula
tions trends are rewiwed by Gray & Christie (1'983) 
and among a variety of cycles, there seems to be 
several species in the North Atlantic that have been 
observed to fluctuate in a cyclic pattern with a 7 yr 
period. It is likely that these cycles were triggered by 
hydrographical events (see also below). The same 
cyclic fluctuation of Echinus following Y2 -1 yr af
ter the Ciona fluctuation could also occur due to 
the fenomenon that prey organisms (here Ciona) 
attract predator organisms (Echinus), as found for 
the Mytilus-Asterias interrelationship from the 
same area (Christie, 1983a; Lundalv et al., this vol
ume). 

The cyclic fluctuations found here are not pre
dictable according to the conclusion of Gray & 
Christie (1983). We will then not predict the future 
fluctuations of the two species mentioned, but state 
that our observed data on the two species do fit to 

a cyclic fluctuation with a 7 yr period and that the 
same cyclic pattern was observed all over the geo
graphic range studied. 

Long-term trends 

In addition to the 7 yr cycle described above, 
other cycles of longer duration have been suspected 
to influence population fluctuations along with 
shorter ones (e.g. Gray & Christie, 1983). Our data 
series were generally of too short duration to give 
any indication of cyclic phenomena with a period 
longer than c. 10 yrs. It is thus, at present, not pos
sible to judge whether trends in our material lasting 
over the entire observed period are part of long
term cycles or represent true uni-directional trends 
in response to some 'permanently' (e.g. caused by 
anthropogenic activity) changing environmental 
factors. 

Most of the characteristic species (dominant in 
number or individual size) compared between our 
rocky Skagerrak sites seemed to fluctuate along 
roughly common trends. Comparisons of Nor
wegian and Swedish data for the 5 species Asterias 
rubens (L.), Ascidia mentula (O.F. Muller), Sabella 
penicillus (L.), Crania anomala (o.F. Muller), and 
Protanthea simplex (Carlgren) are shown in Fig. 4. 
For the first two of these species (Fig. 4A, B) a 
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Fig. 4. Comparisons of long-term trends (ind, m -2) in 5 species 
from different Swedish (04, 06, S2) and Norwegian (F4, HI, 
Tl, lomfrul. = Aro) sites. 

Spearmans' rank correlation analysis yielded sig
nificant correlation between Norwegian and Swed
ish data (p < 0.02), although the fit was not perfect. 
In the case of the sedentary polychaete Sabella 
penicillus (Fig. 4C), all sites compared (4 Nor
wegian and 2 Swedish) exhibited a marked drop in 
densities down to virtual extinction over the period 
1979-82. The decline came somewhat later in Nor
wegian sites as compared to the two Swedish sites 
(G4 and G6, 20 m). 

The anthozoan Protanthea simplex was one spe
cies exhibiting a very marked long-term trend of de
cline in the Swedish sites (Fig. 4D). This trend also 
applied to three additional sites not illustrated here 
(c.f. Lundalv, 1985a). Norwegian data pertaining to 
this species only covered the period 1980 - 82, but 
still fitted a possible trend of decline. 

The brachiopod Crania anomala was one species 
that exhibited a relatively steady trend of increase 
in the available Norwegian data over the period 
1976- 82 (Fig. 4E). A Swedish analysis of a Crania
population at the beginning and end of this period 
may also fit with a similar trend of increase . 

When considered together, the observations 
reported above strongly indicate that most major 
trends in population fluctuations did occur in a 
roughly synchronized pattern over the entire geo
graphic range studied. The same conclusion was 
reached on a smaller geographic scale (c. 62 km), 
but based on considerably longer time-series of 
data, after a comparison of population fluctua
tions in five different species between varying num
bers (2 -7) of the Swedish sites (Lundalv, 1985a). 

Comparisons of long-term population fluctua
tions over geographic ranges have rarely been made 
in benthic communities. A few examples of species 
where common trends seem to occur over a geo
graphic range have been reviewed by Gray & Chris
tie (1983). Short-term population fluctuations have 
been recorded much more often. The importance 
of access to data over a wide geographic range, be
fore interpreting such data in relation to local pol
lutants, has been demonstrated by Bowman (1978) . 

In addition to the populations treated above, and 
showing varying degrees of co-variation, it should 
be noted that there were also a few populations 
compared that did not adapt well to a common pat
tern. One example was the Ciona-population at F4, 
20 m (not illustrated), which did not fall into the 
cyclic pattern exhibited by all other Ciona-



populations illustrated here. The same was true for 
a Swedish Ciona-population at station G6, 25 m, 
and it may well be that these deviations were as
sociated with the vertical separation of different 
hydrographic regimes, which may also be different 
between Norwegian and Swedish sites. We have not 
had access to data, however, permitting a detailed 
hydrographic characterization of all studied sites. 

Physical factors 

Since our studied sites were situated in an area 
largely influenced by the same broadscale climatic 
and hydrographical conditions, it is reasonable to 
relate the population fluctuations to the physical 
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factors. Figure 5 shows temperature observations 
from one Swedish and one Norwegian site flanking 
the whole area of studies. The temperature data 
from both countries shows a similar pattern, e.g. a 
period of high temperatures during the mid of the 
1970's, and several smaller comparable peaks and 
depressions. Gray & Christie (1983) have listed vari
ous broad-scale shorter- and longer-term hydro
graphic fluctuations, also based on the Norwegian 
salinity and temperature data, and concluded that 
they generally are reflected in population fluctua
tions. Svane (1984) has found a relation between 
temperature and recruitment in one asci dian spe
cies. This gives an indication of how temperature 
fluctuation may cause a population fluctuation, 
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but still our knowledge is sparce concerning these 
interrelationships. 

It is likely that the Swedish sites were influenced 
by less saline waters than the Norwegian ones. 
This could be one reason why some represen
tative (dense) populations of the subtidal species 
recorded at the 15 - 20 m level in Sweden were best 
reflected at the 10 m level in Norway. Physical fac
tors also affect community structure. By classifica
tion Christie (1985) showed a similarity in commu
nity structure between all coastal sites on 10 and 
20 m depth. These were clustered apart from the 
fjord sites. Swedish studies also indicate a similar 
pattern in population dynamical features (Lundalv, 
1985a; Svane, 1984). 

Community organizing mechanisms 

In addition to the long-term fluctuations 
presented here, our data show considerable short
term (mostly seasonal) fluctuations (e.g. Fig. 2A). 
Christie (1983b) found that most species (on station 
Dl) showed regular (predictable) seasonal cycles or
ganized by a seasonal recruitment followed by pre
dation or gra~ing. Judging from Swedish and Nor
wegian data, recruitment and predation were the 
most important structuring factors in the rocky 
subtidal communities in the area (Christie, 1980, 
1983a, b; Svane, 1983, 1984; Svane & Lundalv, 1981, 
1982a). 

By regular community monitoring and by the use 
of immersed artificial settling panels, settlement 
was found to take place all through the year, but the 
recruitment of significance for community struc
ture took place only during a few months in the 
summer-autumn season (Christie, 1980, 1983b; 
Svane & Lundalv, 1981). The structuring impact of 
a heavy seasonal settlement is obvious and might 
be illustrated by the increasing parts of the peaks in 
Fig. 2A. Settlement has been considered as an im
portant factor in controlling rocky community de
velopment and fluctuations (Lewis, 1964; Suther
land & Karlson, 1977). The rapid decrease of most 
of the peaks in Fig. 2A was found to be a result of 
predation. How the predator Asterias rubens con
trols populations of dominant species has been 
documented in both the Norwegian and Swedish 
studies. Figure 6 illustrates the results of one of our 
experiments (Christie, 1983b). The curves show 
occurrence of organisms on panels exposed to nor-
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Fig. 6. Total percent cover of organisms on settlement panels. 
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(From Christie, 1983b). 

mal densities of benthic predators compared to 
panels where benthic predators were excluded. Af
ter an intense period of recruitment, Asterias 
rubens entered the predator-exposed panels and 
preyed down the sessile organisms from an occur
rence of almost 100070 cover to approximately 20%. 
On the predator exclusion panels organism occur
rence increased, and at the end of the experiment 
the panels were totally dominated by Mytilus edulis 
(L.). A similar experiment was described by Lun
dalv (1985b, COST 647 Activity report). Panels pro
tected from Asterias predation were totally domi
nated by Ciona, while on panels exposed to normal 
Asterias-predation Ciona never reached very high 
numbers and more species co-existed. 

Data from Sweden also illustrate Asterias preda
tion controlling Mytilus dominance. Lundalv et al. 
(this volume) recorded a sudden increase in Mytilus 
populations on the smallest depths (5 and 10 m) in 
one of their localities leading to total Mytilus
dominance by the end of the 1970's. The increase 
in Mytilus was followed by an increase in Asterias 
that preyed on the Mytilus-population and elimi
nated most of it during the early 1980's. The identi
cal phenomenon was observed in shallow waters 
along the Norwegian Skagerrak coast, but was not 
quantified further than recording an identical trend 
of Asterias as shown in Fig. 4A. The same trend of 
Asterias has also been shown from the Norwegian 
fjord site Dl during the same years (Christie, 
1983b). 

These results illustrate that Asterias all over the 



area is the key predator preventing monopolization 
of the substrate by the two competitively dominant 
species Mytilus and Ciona. The fact that dense 
Mytilus-populations attract Asterias was shown ex
perimentally by Christie (1983a), and aggregations 
of Asterias are known to cause heavy predator im
pact on mussel beds (e.g. Sloan & Aldridge, 1981). 
Data on the importance of Asterias-predation on 
Ciona has also been provided by Gulliksen & 
Skjaeveland (1973). The phenomenon of echino
derm key predators structuring rocky communities 
by providing space for diverse recruitment when 
preying down dominant competitors has been 
widely documented (e.g. Paine, 1966; Karlson, 
1978; Peterson, 1979). 

Of lesser significance than Asterias, but also of 
common importance in structuring the rocky subti
dal communities of the Skagerrak are nudibranchs 
(Coryphella sp) and sea urchins (Echinus esculen
tus, Psamechinus miliaris Gmelin) (Christie, 1980, 
1983b; Hernroth & Grondahl, 1985; Lundalv, 
1985a). 

Conclusions 

- The species of importance in dominance, abun
dance or functional roles were mainly the same all 
over the studied Swedish and Norwegian Skagerrak 
rocky subtidal communities. 
- A similar (and parallel) 7 year cyclic pattern was 
illustrated for the species Ciona intestinalis and 
Echinus esculentus. 
- Significantly correlated or otherwise similar 
long-term curved or linear trends in population 
fluctuations were observed in a number of abun
dant or otherwise important species. In cases where 
a species could be recorded representatively, the 
common trends were often found in all sites over 
the geographic gradient, fjord gradients and depth 
gradients. 
- Community structure all over the studied area 
seemed to be organized by the same regulating 
mechanisms. Both seasonal and long-term fluctua
tions of different populations were structured by 
common patterns in settlement/recruitment and, in 
some cases, a following predation by the same spe
cies of predators. 
- The potentially dominant faunal competitors of 
the area, Ciona intestinalis and Mytilus edulis, were 

79 

effectively controlled by the common key predator, 
Asterias rubens. 
- Common patterns in hydrographic conditions 
and fluctuations, as well as large-scale climatic 
events must not be overlooked as important initia
tors of the trends. 
- The results provided by the collaboration inside 
COST 647 has strongly contributed to increase the 
ecological understanding of communities along 
our coast and also inside the fjords. 
- The existence of large-scale structuring factors 
and trends is an important pre-requisite for a recog
nition and understanding of local deviations e.g. as a 
result of pollution. The empirical experiences from 
this study pinpoint species and processes that 
should be carefully looked for in a monitoring con
text. Then a large-scale study (or collaboration) 
should be a great advantage for objective explana
tions of reasons behind strange fluctuations or pat
terns than might be observed in our coastal waters, 
influenced by increasing eutrophication, or in the 
polluted fjords of the Skagerrak area. 
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Abstract 

Rocky subtidal communities on the Swedish west coast were monitored over approximately 16 years 
(1970-1985) by means of stereophotographic recordings, at intervals, of fixed sites. 

Dominating elements of community structure were studied at the 5- and 10 m depth levels of an outer ar
chipelago locality. Excluding seasonal variations, the basic community structure, largely dominated by the 
perennial phaeophycean Halidrys siliquosa (L.), remained relatively stable over the first 7 - 8 years of study, 
but with an increasing trend in cover of filamentous epiphytic red algae. Later, the structure of the studied 
communities changed radically. The changes initially involved intense settling of the blue mussel Mytilus edu
lis L. and reduced cover of red algae. The mussels settled largely on Halidrys plants which eventually broke 
down almost completely. Later, there was intensive predation on Mytilus by the starfish Asterias rubens 
Linne. After the elimination of Mytilus, the studied test areas were dominated by filamentous ephemeral red 
algae for the rest of the study period, but with some regeneration of Halidrys at the 5 m level. 

The observed changes were thought to be indicative of a major disturbance in the coastal ecosystems off 
the Swedish west coast during the studied period. This notion is discussed in relation to studies of other com
ponents of the ecosystem during the same time period and in relation to possible causes. Among the latter 
may be mentioned a suspected eutrophication process, long-term temperature anomalies and resulting effects 
on biological interrelationships such as competition, predation and chemical defense. 

The observed trends included a shift in dominance from slow-growing perennial algae to fast-growing 
ephemeral algae. If this shift was a general phenomenon, for which there is some circumstantial evidence, 
it could have important repercussions on the cycling of nutrients and organic matter in the coastal ecosystem. 
Possible effects are discussed on hypothetical terms in relation to observed anomalies in phytoplankton 
blooms and benthic oxygenation. 

Introduction 

The increasing awareness that man's activities 
may be causing large-scale and long-term changes 
in the marine environment has led to an increasing 
interest in the study of long-term biological 
changes in the sea over the last decades (e.g. Hart
noll & Hawkins, 1980; Lewis, 1976, 1984). Still, 
however, the number of long-term (> 5 years) 
studies are few (e.g. Lewis, 1976, 1980) and have 
largely been directed towards a limited number of 

biological systems, such as fish populations (e.g. 
Cushing, 1975), sediment communities (e.g. Beuke
ma et al., 1983; Buchanan et al., 1978; Josefson, 
1985) and plankton communities (e.g. Colebrook, 
1982). This selection is probably related to the 
availability of standard techniques for quantitative 
assessment as well as to economic importance 
(fish). 

The subject of this study, rocky subtidal commu
nities, belongs to the ecologically least studied bio
logical subsystems within the continental shelf 
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realm. In contrast, intertidal epibenthic communi
ties have been the subject of many important con
tributions in marine ecology (e.g. Bowman & 
Lewis, 1977; Connell, 1972; Dayton, 1971; Lewis, 
1964, 1976; Paine, 1966). They have also been sug
gested as suitable for long-term monitoring pur
poses (e.g. Lewis, 1976). Positive features include 
accessibility, possibilities of field experimentation 
(e.g. Connell, 1974) and the use of non-destructive 
sampling techniques (e.g. Hawkins & Hartnoll, 
1983). They also have the advantage of including 
both primary producers and a number of higher 
trophic levels. It may still be argued, however, that 
rocky intertidal communities are unsuitable for 
such studies in many parts of the world, since they 
may be heavily affected by various short-term natu
ral influences that could easily conceal man-made 
chronic effects (c.f. Lewis, 1980). In the area of the 
present study (Swedish west coast), examples of 
such influences are occassional ice-scoring during 
the winter, heavy rains or storms and long periods 
of low water during hot or cold spells associated 
with high air pressure. Hawkins & Hartnoll (1983) 
also argued that intertidal test areas of manageable 
size are often not representative for general 
phenomena, although this conclusion may be 
challenged on the basis of their relatively short 
period of observation (Lundiilv, 1985). 

The effects of natural short-term perturbations 
could be expected to decrease with increasing 
depth, thus rendering subtidal habitats more suita
ble for long-term monitoring purposes. Utilizing a 
technique based on stereophotography of fixed 
sites and photogrammetric analysis of biological 
processes (Lundiilv, 1971, 1974, 1985; Torlegard & 
Lundiilv, 1974) the possibilities for studies in the 
rocky intertidal can largely be transferred to the 
subtidal. Experience to date also indicates that 
fixed sites of the type employed in this study reflect 
large-scale processes reliably (Lundiilv, 1985; Lun
diilv & Christie, this volume). 

At the Swedish west coast, monitoring of rocky 
subtidal communities by underwater photogram
metry was started in 1969; Some of the more dra
matic examples of structural changes in the studied 
sites over the period 1969- 85 relates to communi
ties dominated by algae in relatively shallow water 
(5 -10 m). In this paper we describe these changes 
in one locality thought to be representative for the 
open coast system. The changes are discussed in re-

lation to possible causes and to possible interac
tions with other parts of the coastal ecosystem 
showing signs of abnormal conditions simultane
ously. Similar changes in communities dominated 
by macro algae have earlier been described from the 
Oslo Fjord (Rueness, 1973) and the Baltic (e.g. 
Kangas et at., 1982) and have variously been 
ascribed to eutrophication (op. cit.), hydrographi
cal changes (Hiillfors et at., 1984) or simply 'pollu
tion' (Rueness, 1973). 

Materials and methods 

Sampling design 

The basic sampling principle, employed in this 
study, was stereophotographic recording of fixed 
sites, followed by photogrammetric analysis (for 
detailed accounts see Lundiilv, 1971, 1974, 1985; 
Torlegard & Lundiilv, 1974). Test areas were marked 
by underwater pneumatic rockdrilling and plugging 
with plastic dowels into near-vertical subtidal rock
faces. One site was defined by two dowels separated 
by a horizontal distance of c. 3 m. The dowels 
formed a support for a long rod with 6 fixed posi
tions for a photography frame, measuring 
0.5 x 0.5 m (0.25 m2). The photography frame, in 
turn, held a support for underwater stereocameras 
and strobes, the design of which have varied over 
the years covered by this study. Originally, a single 
Hasselblad SWC camera was moved between two 
well-defined positions on the support in order to 
obtain a stereoscopic pair of photographs. From 
1977, a motorized and synchronized pair of Hassel
blad cameras were employed and from 1985 a syn
chronized pair of Nikonos IV cameras fitted with 
15 mm in-water lenses were employed. By moving 
the frame with attached stereocameras along the 
supportive rod, a total of six well-defined test 
quadrats, covering an area of 1.5 m2, were record
ed on each site and sampling occasion. 

Sites were marked every fifth meter between 5 m 
and 25 m depth (to an accuracy of 0.5 m) at the lo
cality considered here. The sites were revisited and 
recorded photographically at intervals over the time 
period late 1969-1985. The frequency of record
ings varied and was generally higher during the 
period 1970-75 (4-7 times per year) than during 
the period 1976-85 (2-3 times per year). This ac
count covers the depths 5 -15 m. 



Analyzing techniques 

The stereophotographs were analyzed in a Wild 
Microstereocomparator, MSTK, or in stereoscopes 
constructed from two aligned stereo microscopes 
and equipped with a co-ordinate table for syn
chronized movement and analysis of the two 
stereophotographs from each test quadrat. A varie
ty of analyzing techniques can be used (Lundalv, 
1971, 1985; Torlegard & Lundalv, 1974). This study 
was primarily based on estimates of cover (070) ob
tained by a point-sampling technique. Plots of 100 
systematically dispersed points on a transparent 
film were imposed over each 0.25 m2 quadrat and 
the photographs were analyzed at magnification 
rates of 12 - 25 x. Organisms penetrated by a verti
cal axis through the points were registered, and in 
this way 600 points from each site (1.5 m2) were 
analyzed on each sampling occasion. Cover was es
timated as the percentage of these points that 
penetrated a certain species. Cover was estimated at 
three different levels: (1) The first level was primary 
substrate occupance and related to portions of the 
organisms attached directly to primary (dead) sub
strates. (2) The second level was secondary sub
strate occupance and related to portions of the or
ganisms attached to other living organisms. (3) The 
third level was denoted as canopy and related to 
portions of the organisms not in contact with the 
substrate that were penetrated by a point. In the 
results presented here, these three levels were added. 
Total estimates of cover in excess of 100% were 
therefore normal. 

Most workers employing point-sampling tech
niques have used plots of random points (e.g. 
Sutherland, 1974). By comparison of random and 
systematic plots, we found that 100 systematic 
points gave approximately equivalent results to 300 
random points in 10 different tests, the reason be
ing that randomization introduces variation. Care 
has to be taken, however, that investigated organ
isms are not distributed in a pattern similar to the 
systematic plot (cf. also Green, 1980). By systemat
ic pointsampling of test-figures with known cover, 
we empirically estimated the error in our sampling 
technique to be less than 3%. This relates to relative 
figures obtained by one person for well-defined ob
jects. It must be anticipated that differences be
tween persons could be greater due to differential 
basic judgements. 
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Characterization oj the studied sites 

The locality (Station SI) mainly considered in 
this paper is situated in an exposed group of islands 
(Vaderbarna) outside the northern part of the 
Swedish west coast (Fig. 1). There were no signifi
cant domestic or industrial effluents within a range 
of more than 40 km and the locality should be 
representative for the general conditions in the out
er archipelago. The sites were positioned on a steep 
rock wall facing SSE on the island St. Sundskar. 
Some shelter from the open sea and predominant 
SW- and W-winds was provided by islands to the 
west and southwest. The locality could still be 
characterized as highly exposed, especially to winds 
and swell from the south and southwest. 

The area is characterized by vertical stratification 
of hydrographical properties. The mean depth of 
the main halocline is between 10- and 15 m but the 
depth of the halocline is highly variable. The water 
above the halo cline is influenced by run-off from 
the Baltic through the Baltic current (variable salin
ity < 300/ 00) following the Swedish west coast to 
the north. The water below the halocline ('Skager
rak water') originates from the Skagerrak and ulti
mately the North Sea (salinity 31- 350/ 00), At the 
locality considered here, the surface water can also 
at times be directly influenced from the Skagerrak 
and the North Sea through the Jutland current, 
originating in the North Sea. Sea surface tempera
tures normally range between -1°C - + 21 DC. 
The range of variation is continually dampened 
with increasing depth. 

Results 

5 m-depth level 

In Fig. 2, changes in cover (%) over a I5-year 
period are shown for four dominating components 
of the community at St. SI, 5 m. Over a long peri
od of time (1970-77) this site was largely dominat
ed by the perennial phaeophycean Halidrys siliquo
sa (L.), with a cover varying between 50-80% 
(Fig. 2A). Short-term variations over this period 
can be explained partly by small seasonal varia
tions, but also by the fact that individual plants 
close to the test-area borders can be variously posi
tioned inside or outside the test areas due to ran-
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Fig. l. Map showing the position of the studied locality (Station SI) on the island St. Sundskiir in the island group Viideroarna. Inset: 
Map showing the position of the study area (rectangle) on the northern part of the Swedish west coast. 

dom swaying caused by water turbulence. Over the 
period 1970-75 there was a weak trend of increase 
in Halidrys. Over the period 1977 - 81, there was a 
general trend of decreasing cover in this algae, with 
marked drops in 1978 and 1979-80. In 1981, the 
cover of Halidrys reached a minimum of 11 070 and 
then showed a steady trend of increase towards July 
1985, when 45% cover was measured. The increase 
in cover was largely brought about by growth and 
branching of remaining Halidrys-individuals in 
bad shape at the minimum in 1981. Some recoloni
zation of new individuals was also noted, however. 

Coinciding with periods of rapid decline in 
Ha/idrys, high cover of the blue mussel Mytilus 
edulis Linne was registered. At 5 m depth, the first 
massive settling was registered in December 1977 
(70% cover - Fig. 2A). After a decline in Mytilus
cover during 1978 and early 1979, a new massive 

settling was registered in October 1979 (97% cover). 
The initial intense Mytilus-settling was observed 
prior to any marked declines in Halidrys-cover. 

The bulk of settled Mytilus-individuals were con
fined to the rock itself and to crust-forming or low
growing algae (especially Lithothamnion sp. and 
Corallin a officinalis L.), thus forming a continuous 
layer over large areas of the substrate. The patches 
often completely surrounded the attachment plates 
of Halidrys. While the Halidrys plants themselves 
were seldom heavily infested by Mytilus, it was fre
quently observed that small portions of the plants 
supported dense aggregations of Mytilus. These 
portions usually appeared unhealthy and inactive 
by discoloration in comparison with normal parts 
of the plants. 

Changes in cover at the 5 m-Ievel of a third spe
cies, the predatory starfish Asterias rubens Linne, 
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Fig. 2. Variations in cover (070) of dominating organisms at the 5 m depth levd of Station Slover the period 1970-1985. 

is also documented in Fig. 2A. The cover of Aster
ias remained below 10070 during the time-period 
prior to intense Mytilus-settling. A marked eleva
tion of Asterias-cover (15 %) was first observed in 
September 1978. Due to long intervals between 
photoregistrations at this time, it was not possible 
to follow the timeschedule of Asterias build-up in 
detail. Available data suggest, however, that there 
was a time-lag of at least 6 months between the oc
currence of dense Mytilus-settling and marked ele
vations of Asterias quantities. Excluding one ob
servation in June 1979, Asterias-cover remained 

high (> 10%) during the remaining period of high 
Mytilus-cover as well as during a period of more 
than one year thereafter. The maximal observed 
Asterias-cover of 35% in October 1979 correspond
ed to a density of at least 235 indo m -2. Minor 
peaks in Asterias-cover were also observed during 
the period 1970-75. These peaks seemed to be as
sociated with minor peaks in Mytilus-cover, but 
with a tendency of some retardation. There was. 
thus, in general, a good correlation between occur
rences of Mytilus and Asterias. 

Variations in cover of other quantitatively im-
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portant floristic components on the 5 m-site are il
lustrated in Fig. 2B. These data were based on sum
mations of several different species of annual 
filamentous red algae. They do not include crust
forming, clacareous or other coarse forms. The rea
sons behind the summation of different species 
were (1) the difficulty of identifying filamentous 
red algae to the species level from photographs and 
(2) our belief that the general type of algae was the 
most important characteristic in relation to the 
problems discussed in this paper. It may be noted, 
however, that Ceramium spp. highly dominated the 
group of unidentified algae. Since the occurrence 
of these algae was highly seasonal, with marked 
maxima in late summer, it should be noted that 
sampling times are critical for their quantification. 
In years with low frequency of sampling, it must 
therefore be assumed that peak levels of cover were 
often overlooked. Certain reliable comparisons 
could stilI be made, and especially over the period 
1972-76 there was a good seasonal cover of 
recordings. 

The variations in cover of filamentous red algae 
(Fig. 2B) reveal a few significant patterns .. Dis
regarding seasonal variations, there was a general 
trend of increasing cover over the period 1971- 76, 
resulting in more than a doubling of the quantities. 
The red algae occurred both on the primary sub
strate and, increasingly, as epiphytes on Halidrys. 
During the second half of 1977, and coinciding 
with massive settling of Mytilus, the filamentous 
red algae were practically eliminated on the 5 m test 
area and then remained on a low level during the 
period of high Mytilus-cover. In the summer of 
1981, the cover of red algae increased again and has 
remained at a high level up to the present time 
(1985). It should be noted that the low levels of cov
er recorded in 1984 could be explained by sampling 
times outside peak occurrences during the summer. 

10 m-depth level 

At the 10 m depth level (Fig. 3), the basic varia
tion patterns were similar to those at 5 m but with 
some noteworthy discrepancies. Initially, Halidrys 
showed a similar, relatively stable, occurrence vary
ing between 45 - 80070 cover and showing a trend of 
increase over the period 1971-77, interrupted by a 
short set-back in late 1974 (Fig. 3A). While dramat
ic reductions in Halidrys-cover commenced in 1978 

at the 5 m-Ievel, the main decrease was retarded by 
at least one year at 10 m. Over the period 1979- 81 
Halidrys-cover went down from almost 60070 to a 
few 070. Contrary to the situation at 5 m, there was 
no significant regeneration of Halidrys over the 
period 1981-85. 

The occurrence of Mytilus at the 10 m-level 
differed from the 5 m-level mainly by the fact that 
there was no sign of the intense settling noted in 
1977 at 5 m (Fig. 3A). Intense settling, however, 
was recorded in 1979 (> 90070 cover) and was again 
coinciding with a sharp decline in Halidrys-cover at 
this depth. Settling of Mytilus on Halidrys was 
notably more intense at the 10 m-Ievel than at 5 m. 

The intense settling of Mytilus at 10 m was 
rapidly followed by a marked build-up in Asterias
cover. The maximum cover recorded was 36070 in 
October 1980, corresponding to a density of at least 
327 indo m -2. At this time, most Mytilus individu
als had already been eliminated by Asterias preda
tion. High, but declining, figures of Asterias-cover 
were recorded over a year after the virtual elimina
tion of Mytilus. 

Filamentous red algae at the 10 m-level (Fig. 3B) 
initially showed a similar trend of increase over the 
period 1971-76 that was recorded at 5 m. Unlike 
the 5 m-level, a sharp decline was not recorded un
til 1979 - 80, again coinciding with high Mytilus
cover. Relatively high cover was reached again over 
the period 1982- 85. 

The substrate choice in the group of filamentous 
red algae is a matter of possible significance. 
Generally, these algae appeared on a wide variety 
of substrates such as bare rock, various crust
forming and calcareous algae and epifauna present 
(e.g. Balanus spp. and bryozoans). The dominating 
phaeophycean, Halidrys siliquosa, remained rela
tively free of epiphytes during the first years stud
ied. However, during the years of maximal red algal 
cover, especially in 1975 -76, massive epiphytic 
growth of red algae was also noted on this species, 
both at the 5- and 10 m levels. 

15 m-depth level 

Variations in cover of filamentous red algae were 
also recorded at the 15 m depth level (Fig. 4). At 
this depth, the red algae were quantitatively less im
portant and also largely confined to a shorter peri
od in the summer. There was no clear trend in the 
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Fig. 3. Variations in cover (070) of dominating organisms at the 10 m depth level of Station Slover the period 1971-1985. 

development of red algal cover during the first 5 
years studied, but a maximum was recorded in 
1976, largely corresponding to a maximum at the 5-
and 10 m levels. Reduced frequency of photoregis
trations during the following years limited the pos
sibilities of detailed recording of quantitative 
change. It still seems clear, however, that red algal 
cover remained at a very low level over the period 
1977 - 81 and then exhibited a marked trend of in
crease over the period 1982-85. 

Discussion 

The results given above were indicative of major 
structural changes, involving dominants in the 
studied communities, especially at the 5- and 10 m 
depth levels, over the studied period. When con
sidering possible causes and repercussions of these 
changes, it should be noted that anomalies were 
also observed in other parts of the coastal ecosys
tem of western Sweden during roughly the same 
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period of time. Thus, marked phytoplankton 
blooms, that were thought to be ab-normal, were 
observed in the Gullmar Fjord in the years of 1978, 
1979 and 1981 (Lindahl & Hernroth, 1983). A simi
lar bloom was observed further south in the La
holm Bight in 1980 (Edler et al., 1982). In connec
tion with these blooms there were reports of 
varying degrees of adverse effects to marine life. 
The described effects ranged from severe mortality 
in benthic organisms due to anoxia in stagnant wa
ter bodies (e.g. 10sefson, 1981; Rosenberg & Edler, 
1981) to mortality in wild and caged fish as well as 
littoral invertebrates coinciding with discoloration 
of the water ('red tides') (e.g. Lundalv, 1982). Long
term changes in benthic sediment communities, 
which were believed to be associated with organic 
enrichment, have been described by 10sefson 
(1981). A number of reports on phenomena indica
tive of a general eutrophication process along the 
Swedish coasts, including the Skagerrak coast, have 
also appeared (e.g. Rosenberg, 1985). 

In the following we discuss, largely on a specula
tive basis due to lack of pertinent basic knowledge, 

possible causes for the changes described in this pa
per as well as possible effects of these changes on 
other parts of the ecosystem. 

Possible causes for the described changes 

1. Eutrophication and related effects 
There is hardly any direct evidence of eutrophica

tion along the northern Swedish west coast. In 
partly enclosed water bodies, such as the Gullmar 
Fjord and the water system inside the islands of 
Orust and Tjorn, which have been more intensely 
studied, several pieces of indirect evidence have 
been reported, however. These include increasing 
occurrence of oxygen depletion in semi-stagnant 
water bodies (e.g. 10sefson, 1981; Svansson, 1984) 
and reduced depth penetration in benthic macroal
gae (Michanek, 1971). Further evidence has been 
cited above. 

The initial phase of the changes described at the 
5- and 10 m depth levels involved increased quanti
ties of annual filamentous red algae, largely as epi
phytes on the perennial phaeophycean Halidrys 



siliquosa. Increased quantities of annual filamen
tous algae, sometimes at the expense of perennial 
algae, have often been attributed to eutrophication 
(e.g. Kangas et al., 1982; Larsson, 1984; Rueness, 
1973 and Wallentinus, 1983). Most studies have 
been dealing with annual green- and brown algae in 
shallow waters, however. The mechanisms involved 
in such changes have been ascribed to changes in 
the competitive relationship between annual and 
perennial algae. When nutrients are highly limiting 
during the growth season, perennial algae often still 
have a capacity for growth by utilization of internal 
reserves of nitrogen (e.g. Chapman & Craigie, 
1977). Annual algae, on the other hand, do not 
have the opportunity of storing nutrients during 
the winter period. Their capacity for growth is 
therefore dependent on the availability of nutrients 
during the growth season, and should increase with 
increasing nutrient levels. Relationships between 
annual and perennial seaweeds with respect to nu
trient uptakes have been documented by Wallenti
nus (1984a, b). 

The structural changes observed in our commu
nities over the period 1970-76 (Figs. 2 and 3) could 
well be explained by the processes described above, 
under the influence of eutrophication. Further sup
port for this hypothesis is given by a tendency of in
itial increase in Halidrys-cover, since nutrient en
richment during the growth season has been found 
to increase the capacity for growth also in perennial 
algae (Chapman & Craigie, 1977). 

The development on our sites after 1976 could 
hardly be fully explained as direct effects of eu
trophication, but possibly as a consequence. Part 
of the explanation is probably related to defence 
mechanisms in Halidrys against epibionts. Two 
different defense-mechanisms have been described 
in the literature: (1) Actively growing parts of 
Halidrys have been shown to continuously cast-off 
outer layers of cell walls, thereby also removing 
newly settled epibionts (Moss, 1982). (2) Extracts 
of Halidrys have shown antibiotic activity (Hom
sey & Hide, 1974), and the likely chemical agents 
are polyphenols (e.g. Glombitza & Sattler, 1973; 
Glombitza et at., 1980; Sattler et at., 1977). The effi
ciency of these mechanisms, and especially the 
first, are probably related to the vitality of in
dividual plants. If we assume that the increasing 
epiphytic growth of annuals on Hatidrys (as a con
sequence of eutrophication) impaired the vitality of 
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Halidrys due to shading, decreased rates of water 
exchange or direct competition for nutrients, this 
could explain why intense settling of Mytilus be
came possible and eventually led to the breakdown 
of Halidrys. This was further supported by our ob
servations of discoloration of the parts of Halidrys 
where intense settling of Mytilus was observed. 

Initial settling of Mytilus on Halidrys seems to 
be a common feature. We have examined Halidrys 
plants and found mean densities of newly-settled 
Mytilus ranging between 200- 300 individuals per 
plant. Normally, however, these mussels seem to 
disappear before they reach sizes above 2 - 3 mm, 
possibly as a consequence of epidermis cast-off. 

One puzzling detail is why Mytilus-settling ap
peared two years later at the 10 m-Ievel than at the 
5 m-Ievel. A simple explanation could be that, due 
to hydrographic stratification, Mytilus-spat did not 
occur in sufficient numbers at 10 m in 1977. An
other possibility is that the competitive advantage 
of annual red algae was less pronounced at the 
deeper site due to generally lower light levels and 
higher nutrient levels. This could lead to a slower 
break-down of defence mechanisms in Halidrys. 

One feature of the development after the elimi
nation of Mytilus in 1980 is hard to explain as a 
consequence of eutrophication. That is the partial 
recovery of Halidrys on the 5 m site. Only time will 
show if this was a temporary feature, perhaps relat
ed to a high proportion of young and actively grow
ing shoots with efficient antifouling mechanisms 
during the initial period, or if a complete recovery 
will eventually be reached. Relatively high quanti
ties of annual red algae during the same period still 
provide a partial support for the eutrophication 
hypothesis. 

The variations in cover of filamentous red algae 
at the 15 m site can probably not be directly related 
to a possible eutrophication process. One reason is 
that nutrients are probably very seldom limiting at 
this depth. It is more probable that light is a limit
ing factor, and that the variations in cover indicate 
changes in water turbidity. This is in agreement 
with the fact that frequent plankton blooms were 
recorded over the period 1978 - 81 (Lindahl & 
Hernroth, 1983), when algal cover exhibited 
marked minima. Phytoplankton quantities have 
been considerably lower over the period 1982 - 85 
(Lindahl, personal communication), when an in
crease in red-algal cover was recorded. 
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2. Changes in hydrographical properties 
A possible alternative hypothesis for explaining 

the structural changes observed is related to long
term temperature anomalies. In Fig. 5, monthly 
temperature deviations at 5 m over the period 
1965 - 83 are depicted. The data were obtained 
from daily recordings at the Borno Hydrographical 
Station in the inner part of the Gullmar Fjord 
(courtesy Fishery Board of Sweden, Hydrographi
cal Laboratory). A comparison of the temperature 
data with the changes observed in the studied sites 
reveal a few features of possible significance. (1) 
The first period of increase in red-algal cover 
(1972 -76) coincided with a period of pronounced 
positive temperature anomalies. Positive anomalies 
were again recorded in 1982-83, when relatively 
high red-algal cover was recorded. Hydrographical 
data were not available after 1983, but it is likely 
that negative anomalies occurred in 1984- 85, 
which is not in accordance with the relatively high 
figures of cover recorded in 1985. Alternatively, it 
could be noted that negative anomalies occurred 
over the period 1976-80, coinciding with the main 
decrease in Halidrys-cover. 

We have no information about the significance 
of temperature for the considered algal popula
tions. It could also be noted that there was not a 
very consistent relationship between temperatures 
and the algal populations, in spite of the observa
tions noted above. We do not consider it a likely 
factor explaining the observed changes, but are 
presently not able to completely dismiss it as a fac
tor of possible significance. 

3. Population-dynamic processes 
A third factor that should be considered is the 

possible significance of population structure in the 
studied Halidrys-populations. It is conceivable that 
a homogenous population of ageing Halidrys
plants could gradually loose vitality with a result
ing weakening of defense-mechanisms against foul
ing. In the present case, we had no knowledge 
about the population structure in Halidrys at the 
start of the study. Although this was not studied 
specifically, there was no indication of intense 
recruitment during the studied period. The ob
served fact that most of the regeneration of 
Halidrys-cover over the period 1981- 85 was ob
tained by regrowth of remaining old individuals 
contradicts this hypothesis. It is still a possibility 
that cannot be completely discarded. 

A summary of the alternative, and possibly inter
acting, factors mentioned above that could explain 
the shift in algal composition is given in Fig. 6. 

4. Predator-prey relationships 
One important factor, influencing the communi

ty development in the studied sites, was the rela
tionship between Mytilus edulis and its' principal 
predator, Asterias rubens. Our data demonstrated a 
close relationship between the occurrence of 
Mytilus-settling and a resulting gradual build-up of 
Asterias-densities. After the first intense settling of 
Mytilus at the 5 m level, it took relatively long (c. 
2 yrs) before this build-up was complete. The proc
ess was much faster on the lO m site, probably due 
to the fact that large numbers of Asterias were al-
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Fig. 5. Running means of temperature deviations over the period 1965 -1983 at 5 m depth. Data from Borno Hydrographical Station, 
inner part of the Gullmar Fjord. 
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Fig. 6. Summary of a few interactions of possible significance for the observed structural changes in algal-dominated communities. 

ready present close-by. The data also suggest a 
higher degree of seasonal variation in the occur
rence of Asterias at the 5 m-Ievel. It can be con
cluded that Asterias-predation prevented a long
term substrate monopolization by Mytilus, which is 
in accordance with findings elsewhere (e.g. Paine, 
1966, 1969). 

Possible repercussions on other parts of the coastal 
ecosystem 

A critical factor when judging possible effects of 
the changes reported here on the coastal ecosystem 
at large, is the degree of generality of these changes. 
There was little direct evidence to judge this, but 
much circumstantial evidence supporting the idea 
that the changes reported here were of a general na-

ture: (1) Lundalv (1985) showed that fixed sites of 
the type employed in this study were capable of 
reflecting largescale changes in a number of case
studies. Available data from sites in the Gullmar 
Fjord area, although situated in an environment 
very different from the one discussed here, also 
reflected partly similar long-term changes (c.f. 
Edler, 1984), including a minimum in algal cover 
towards the end of the 1980-ies and a co-inciding 
maximum in faunal opportunists (mainly Ciona in
testinalis). (2) Long-term data on Asterias-densities 
in southern Norway correlated well with Swedish 
data (Lundalv & Christie, this volume). This could 
be viewed as in-direct evidence of similar changes 
going on in Norway, although direct observations 
on algal-dominated communities were not ob
tained. (3) Much 'subjective' evidence supported 
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the generality of observed trends. This included 
much public concern over increasing quantities of 
filamentous annual algae along the entire northern 
Swedish west coast, and leading to rotting masses 
of algae in enclosed water bodies as well as deterio
ration of established bathing sites. Experienced 
marine botanists also noted declines in several spe
cies of perennial macro algae (M. Pedersen, pers. 
comm.). Interviews with fishermen along the 
southern Swedish west coast also indicated changes 
in accordance with the ones reported here (Almer, 
1979, 1982). During the same time-period 
(1980- 85), inshore fishing also seems to have de
teriorated markedly and many experienced divers 
have reported expanding areas of oxygen-depleted 
sediments (e.g. personal observations; H. Hallback 
& L.-O. Loo, pers. communication). 

If we thus assume that the changes recorded here 
were of a general nature, it should be meaningful to 
make some rough calculations about possible con
sequences. 

1. Effects of decreasing quantities of perennial 
macroalgae 

There are almost no published data on normal 
quantities of perennial macro algae along the north
ern Swedish west coast. Our own unpublished data, 
as well as other data (Ulmestrand, pers. communi
cation), suggest that quantities varying between 
1500-2000 g d.wt·m- 2 are common within the 
depth range 1-10 m. It has been estimated that 
there is a total bottom area of approximately 
100 km2 in the depth range 0-3 m (the effect of 
small-scale topography to greatly increase the actu
al surface available for epibenthic organisms has 
not been taken into account) along the northern 
Swedish west coast between the city of Gothenburg 
and the Norwegian border (E. Degerman, pers. 
communication). It should be reasonable to as
sume that the bottom area in the depth range 
0-10 m is then at least 200 km2• If we assume that 
perennial benthic macroalgae occupy half of this 
area and that their biomass decreased by 1 000 g 
d.wt·m- 2 over the period 1977-81, it could be in
teresting to speculate over the consequences for nu
trient cycling in the coastal region. Perennial mac
roalgae are known to have a capacity for storing 
large quantities of nitrogen in the late autumn and 
winter period (e.g. Wallentinus, 1984a). Literature 
reports indicate that this storage could amount to 

between 2~4O/o (e.g. Chapman & Craigie, 1977) of 
the biomass (dry weight). 

Under these assumptions, it could be calculated 
that the decrease in biomass of perennial algae 
would bring about a decrease in nitrogen uptake by 
perennial algae over the autumn- and winter period 
of about 2000 tons N. This could be compared to 
uncertain estimates of nitrogen-inputs from land
drainage along the same coastal area varying be
tween 1400-19000 tons yr- 1 (Thorell, 1981; Berg
gren, 1982). If our calculations are in the right or
der of magnitude, the changes in algal community 
structure could thus mean a significant extra con
tribution to a possible eutrophication process, at 
least over part of the year. It is also interesting to 
note that ab-normal phytoplankton blooms were 
recorded exactly over the period when quantities of 
perennial algae were at a minimum (1978-81). The 
blooms were most pronounced relatively late in the 
autumn (October- November). This co-incides 
with the time of year when nitrogen storage by 
perennial macroalgae should have started. It is 
therefore conceivable that a reduction of these al
gae could have favoured the build-up of plankton 
blooms by increasing the pool of available nitrogen 
in the free water. Alternative hypotheses to explain 
the plankton blooms, involving shifts in pelagic 
food-web patterns, have been suggested (Lindahl & 
Hernroth, 1983). The latter hypothesis is not neces
sarily contradictory to the one given here. Instead, 
several factors, including a possible general eu
trophication process (op. cit.; Rosenberg, 1985), 
could have contributed to the observed anomalies. 

2. Effects of increasing quantities of annual algae 
Our data, as well as a wealth of 'subjective' evi

dence partly mentioned above, indicated a marked 
and general increase in the production of annual, 
mostly filamentous, algae over the studied period. 
Annual algae differ from most perennial species in 
that there is a rapid overturn of algal biomass dur
ing the growth season. Parts of the algae constantly 
become dislodged or die off. By the end of the 
growth season almost all of these algae die off. Dis
lodged and dying algae largely sink to deeper bot
toms where they decay under the consumption of 
oxygen and release of nutrients. Such decaying 
masses of algae can often be observed in bottom 
depressions while diving. This shift in algal compo
sition from perennials to annuals should further in-



crease the de-stabilization of annual nutrient cycles 
(c.f. Wallentinus, 1984a, b). 

Parallel to what has been said about perennial al
gae, there is very little quantitative information 
about actual biomasses of annual algae along the 
Swedish west coast. However, drip-free wet weights 
ranging between a few kg up to 60 kg· m - 2 were 
obtained in shallow estuaries along the northern 
Swedish west coast in the summer of 1984 (Lundiilv 
& Ulmestrand, unpublished data). Production rates 
have not been studied at all. 

The observed increase in the production of annu
al algae should lead to an increased transport of or
ganic matter in the form of decaying algae to deep
er bottoms. Let us assume that the annual 
production of ephemeral algae increased on the 
average by 1000 g d.wt· m - 2 over 100 km2 along 
the northern Swedish west coast over the period 
studied. This would imply an increased transport 
of organic matter to deeper bottoms ranging per
haps between 50000-100000 tons d.wt 'yr- 1, de
pending on how much of the production that was 
consumed by herbivores or exported. The figures 
used are of course tentative and could be higher or 
lower, but should still be realistic enough to imply 
that shifts in macroalgal community structures 
could be quantitatively important in coastal areas 
of the type considered here. Further support for 
this notion, as mentioned above, is offered by 
numerous observations by divers of expanding 
areas of oxygen-depleted bottoms (covered by sul
phuric bacteria) along the Swedish west coast over 
the last few years. This phenomenon could not be 
readily explained by increased phytoplankton 
production/sedimentation, since existing data indi
cated relatively low phytoplankton quantities after 
1981 (0. Lindahl, pers. comm.). Increasing cover of 
red algae at our 15 m site during the same time 
period also indicated low turbidity. 

Conclusions 

1. A marked shift in the structure of algal
dominated rocky subtidal communities along the 
northern Swedish west coast occurred over the time 
period 1970-85 and especially 1977 -82. The basic 
element of this shift was an increase in ephemeral, 
largely filamentous, algae at the expense of coarser 
perennial algae. 
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2. The reasons for the observed change are un
certain, but available evidence seems to indicate 
that a general eutrophication process has con
tributed. The changes recorded in this study could 
also possibly be partly related to long-term temper
ature fluctuations and/or internal population dy
namical processes. 

3. Hypothetical calculations concerning possible 
repercussions on other parts of the coastal ecosys
tem from shifts in the structure of macroalgal com
munities, together with circumstantial evidence 
from pelagic and benthic environments, seem to in
dicate that macroalgal communities could be quan
titatively more important for the cycling of 
nutrients and organic matter than hitherto antici
pated, at least in a coastal system of the type con
sidered here. The sparse evidence presented seems 
to motivate further studies into these problems. 

4. Long-term substrate monopolization by the 
blue mussel Mytilus edulis, after intense settling, 
was efficiently prevented by a rapid build-up of pre
dation pressure from the common starfish Asterias 
rubens. 

5. Photographic recording of sublittoral fixed 
sites seems to provide costefficient and sensitive 
means for long-term monitoring related to primary 
production. 
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Introduction 

Prior to 1969, no study of marine epibenthic 
communities as such had been conducted in Irish 
coastal waters. Over the previous half century the 
sessile invertebrates of the Irish sublittoral had been 
singularly neglected. 

As part of a continuing investigation, which 
seeks to determine the structure and functioning of 
'clean' benthic communities in Greater Galway Bay 
(on the west coast of Ireland), Kbnnecker (1973, 
1977) and Kbnnecker & Keegan (1983) have partly 
described the epifaunal associations of the area. 
Within this same programme, Shin (1981) used test 
panels to follow changes in the structure of a sessile 
community. More recently, Costelloe & Keegan 
(1984) and Costelloe (1985) have reported on the 
first of a number of autecological investigations on 
suspected 'key' (Lewis, 1978) epibenthic species. 
Within the broad objectives of some of this work, 
a long term programme was initiated to record the 
development of sessile assemblages on natural and 
artificial substrates. This was concentrated on a 
single site and was pursued against a background 
of synoptic data on the physical and chemical en
vironment. With the advent of the COST-647 pro
ject, however, this was completely redressed to the 
extent of changing the study location and introduc
ing the recommended 'core' protocol (COST 47 Ac
tivity Report) of photographic non-destructive 
sampling on vertical surfaces. 

Because of the general paucity of information on 
the Irish epibenthos, and justifying the attention to 
ascidian dominated assemblages, a description of 

'Contribution number 266 to the School of Marine Science 

the methodology and some of the findings of the 
precursor programme are included hereunder with 
those of the COST-647 investigations. 

Study areas 

For the pre-COST-647 programme, artificial 
panels were placed on the Black Rock Reef in the 
inner Galway Bay area (Fig. 1; see also Ryland & 
Nelson-Smith, 1975 and Keegan et al., 1976). The 
reef projects from the northern granitic shoreline 
and extends westward for some 2 Km. With a maxi
mum depth of 15 m, the area is strewn with glacial 
debris, from small pebbles to boulders a few meters 
in diameter. For the most part, intermittent sandy 
patches otherwise blanket the bedrock. Salinity, 
temperature and dissolved oxygen values showed 
recurring annual patterns at the Black Rock· Reef 
from February 1979 to March 1981. Peak surface and 
bottom temperature recordings were 17 DC, while 
minimum surface and bottom recordings were 6 
and 5°C, respectively. Surface salinity recordjngs 
ranged between 14.5%0 and 34%0 and fluctuated er
ratically. Bottom salinity values, however, were 
more stable, varying between 32 and 34%0. Dis
solved oxygen values were lowest at both the sur
face and the bottom (5.8 and 4.9 mIlL, respective
ly) over the summer period. Maximum recorded 
winter values were 8 mIlL and 7 mIlL at the sur
face and the bottom, respectively. 

A more suitable study location (Bird Rock) with 
vertical surfaces was chosen in Kilkieran Bay (Fig. 1; 
see also Kbnnecker & Keegan, 1983) to facilitate the 
COST-647 core programme. Kbnnecker (1977) and 
Kbnnecker & Keegan (1983) designated the epi
faunal communities below 10 m at this location to, 
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Fig. 1. Study locations in Galway and Kilkieran Bays. 

what he termed, the 'Raspailia-Stelligera Associa
tion'. This association sequentially follows the 
'Laminaria saccharin a Association' with increasing 
water depth and is, in general, found below the level 
of the macrophytic algae. These associations are 
found in moderate to slack current flow and appar
ently thrive in conditions of high turbidity. 

Since August 1983 to September 1985 the 
Cost-647 programme has been concentrated on 
near vertical granitic surfaces at the Bird Rock lo
cation. Here a shelf, covered in muddy sediment 
and with occasional boulders, slopes gradually to a 
depth of 8 -12 m. The ground thereafter falls away 
as a series of granitic cliffs interspersed with boul
der fields. This continues to a depth of 30-35 m, 
before giving away to deposits of biogenic gravel. 
Previous work has shown the current pattern, at 
this site, to be complex. Whilst the incoming tide 
runs along the cliff in a west-east direction, a re
verse flow has not been observed. Instead a backed
dy from the channel runs in the same direction 
(Fig. 2) during the ebb tide. Current strength varies 
but has not been found to exceed one knot. 

Two positions, at 15 and 25 m depth, were select
ed for on-going study with near vertical surfaces. A 

shallower site, as specified in the COST-647 core 
programme, could not be established due to the 
lack of suitable vertical surfaces in this region. 

Salinity and temperature recordings at Bird Rock 
showed little variation between those taken on the 
surface and on the bottom (25 m). This is probably 
due to the complex nature of the current pattern at 
this site which results in vertical mixing of the water 
column. Mean mid-summer and mid-winter tem
peratures at both the surface and the bottom 
ranged between 15 and 16.5 °C, and 6.4 and 6.9°C, 
respectively. Similarly, mean mid-summer and mid
winter salinity values at both the surface and the 
bottom ranged between 34.3 and 34.7%0, and 30.02 
and 32.4%0, respectively. 

Materials and methods 

Settlement/colonization experiments were car
ried out at the Black Rock Reef over a 14 month 
period, from February 1980 to April 1981. Roofing 
slates (30 x 30 x 0.5 cm), fabricated from a mixture 
of asbestos and cement, were employed as ex
perimental surfaces. Supporting panels of hard 
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Fig. 2. Kilkieran Bay. 

plastic or marine plywood were first sandwiched 
between pairs of slates, before being attached over 
the entire horizontal surface and along two of the 
vertical sides of metal frames (Fig. 3). One to three 
horizontal and vertical plates, exposed from the ini
tial day of submergence, were lifted at regular sam
pling intervals. On each surface, the percentage 
cover of individual species was estimated using a 
random point system modified from that of 
Sutherland (1977). Each plate was divided into a 
I x 1 cm modular grid of 900 points. Two hundred 
computer generated random points were taken and 
the species under each of these location points were 
identified under a dissecting microscope. The per
centage cover of each species was calculated from 
the formula: 

The number of points a species occupies 
Percentage cover = The number of points in the modular grid X 100 
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RASPAILIA - STELLIGERA Association 

Only those species which were attached directly to 
the slate surface were counted in the estimation. 

Within the COST-647 core programme at Bird 
Rock two sampling locations (15 and 25 m) have 
been monitored since August 1983 to the Septem
ber 1985. Vertical stakes have been secured 4 m 
apart, against vertical rock surfaces and on each 
sampling occasion a horizontal bar with 0.5 m in
tervals is first suspended from hooks on the vertical 
stakes. At each depth, 16 x 0.25 m2 (8 above and 8 
below a horizontal dividing bar) were 
stereophotographed. Stereophotographs are taken 
at each interval using a metal frame (50x50 cm), 
with flanking data plates similar to that described 
by Lundalv (1971) in Sweden and R0rslett et al., 
(1978) in Norway. The frame extends from a camera 
assembly which incorporates two Nikonos II 
cameras with 15 mm lenses. Each camera is syn
chronised with its own electronic flash (Oceanic 
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Fig. 3. (a) Frame and settlement panels. (b) Settlement panel 
with supporting sheet of marine plywood. 

2002 and 2003). Mounted in parallel, with a dis
tance of 20 cm between the centre of the lenses, the 
cameras are simultaneously fired by adjustable ex
tensions of a common trigger bar. The distance be
tween lens face and reference frame is 60 cm. 

In practise, the camera frame is moved along 
both the upper and lower sides of the horizontal 
reference bar. Eight stereophotographs are taken on 
each side and the resulting transparencies are exam
ined under a viewer constructed from two 
stereomicroscopes. Individual animals are counted, 
indentified to species level where possible and esti
mates taken of the percentage cover they occupy. 
Percentage cover estimates are calcualted using a 
systematic or random point quadrat technique. 
This is achieved by either using the intersects (110 
points) on a grid graticule eyepiece or placing a 
small sheet of acetate with pin head random points 
(150 points) directly on the transparencies and ob
serving directly the species occuring under each 
point. Only those individuals attaching direcdy to 

the underlying substrate are considered in this anal
ysis. Percentage cover of each species is calculated 
as described above. The areas below the horizontal 
bar were denuded of their animal/plant life at the 
beginning of the study. 

Augmenting the stereophotography, 3 panels 
(30x30x0.5 cm), as employed on the Black Rock 
Reef, are interchanged and suspended vertically at 
both depths on each sampling occasion. General 
epifaunal collections are also made at regular inter
vals. Animals are identified and qualitative esti
mates are made of their abundances. 

Following preliminary observations it became 
apparent that the tunicate, Ciona intestinalis, was 
the dominant species at both the 15 and the 25 m 
site. Ten to fifteen individuals were subsequently 
taken at regular intervals for gonad analysis. 
Gonads and adjoining sections of the alimentary 
tract were fixed in Bouins fluid and stored in 70070 
alcohol. Tissues were dehydrated in graded alcohols 
and were subsequently cleared in xylene or toluene. 
Samples were then embedded in 56°C mp paraffin 
wax, sectioned on a rotary microtome at 4 - 8 /Lm 
and stained with Ehrlich's haematoxylin and eosin . 

Sections were examined under a light microscope 
to assess the stage of maturity, and to allow size fre
quency counts of, the oocytes of the female. Meas
urements of 100 or more oocytes were taken from 
each female and the results grouped into 20 /Lm size 
classes. Oocyte measurements were taken across the 
greatest axis and only from those cut across the nu
cleus. 

Results 

Settlement panels at the Black Rock Reef 

The developmental sequence of epifaunal assem
blages at the Black Rock Reef varied considerably 
between plates, depending on their angles of incli
nation. Assessment of the percentage cover oc
cupied by the major taxa during the study period 
indicated an almost complete dominance by ascidi
an species on all but the horizontal upper surfaces 
and particularly the horizontal lower exposures 
(Fig. 4). The major contributors to this dominance 
were the species Ascidiella aspersa, Ascidiella 
scabra and Ciona intestinalis with lesser COver of 
Aplidium pallidum, Aplidium punctum, Trididem-
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Fig. 4. Variations in the cumulative percentage cover of the dominant sessile species on 30 x 30 cm settlement panels, at the Black Rock 
Reef. 
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mum tenerum, Leptoclinides jaeroensis, Diploso
ma listerianum, Corella parallelogramma, Ascidia 
mentula Ascidia Vlrglnta, Polycarpa gracilis, 
Botryllus sch/osseri, Botrylloides /eachii, Pyura tes
sel/ata and Mo/gula comp/anata. In addition to this 
dominance of the occupied percentage cover, the 
ascidians also occupied high percentages of the to
tal space available for settlement. This was particu
larly prevalent on the lower surfaces where the per
centage cover occupied by the Ascidiacea was 
generally greater than 65070 of the total cover. By 
comparison, their occupation of the upper surfaces 
was less than 1 % while that of the vertical surfaces 
generally ranged in value between that of the 
horizontal upper and lower surfaces. 

Species composition at Bird Rock 

The sessile epifauna occurring at Bird Rock is 
both varied and rich. Records of the species present 
were made from general observations, collections 
and settlement panels throughout this study. A to
tal of 131 species were recorded (Table 1) of which 
3 belong to the Phylum Protozoa, 35 to the 
Porifera, 24 to the Coelenterata, 40 to the Ec
toprocta, 2 to the Entoprocta, 1 to the Mollusca, 4 
to the Annelida, 2 to the Crustacea and 20 to the 
Ascidiacea. Spirorbidae spp. and Anomia spp. were 
not identified to species level. 

The epifaunal communities recorded below 10 m 
at the two study locations fall broadly into the 
'Raspai/ia - Stelligera Association' (Konnecker, 
1973, 1976; Konnecker & Keegan, 1983). In Kilkie
ran Bay, this association dominates the rocky sub
strates of the Gurraig Sound and Camus bay and 
is also found below 20 m off Kilkieran Point, in the 
entrance of Rosceeda Bay and in the deeper part of 
the channel to the south-east of Maan island 
(Fig. 2). 

The dominant members of this association are 
the poriferans, the bryozoans and the ascidians. 
Within the association, the species distribution 
manifests different habitat preferences in terms of 
substrate topography, particularly in the degree of 
inclination. While many species settle on and colo
nize all available surfaces, those which seemingly 
react to substrate inclination include Raspailia 
ramosa f. pumila, Stelligera stuposa, Polymastia 
boletiformis, Ascidia virginea, Tethya aurantium 
and Corella para/lelogramma favouring upper sur-

Table I. Species list compiled from general collections and set
tlement. 

Phylum Protozoa 

Folliculina ampulla (0. F. Muller) 
Folliculina gigantea Dons 
Haliphysema tumanowiczii Bowerbank 

Phylum Porifera 

Leucosolenia botryoides (Ellis & Solander) 
Clathrina coriacea (Montagu) 
Scypha ciliata (Fabricius) 
Scypha compressa (Fabricius) 
Leuconia barbata (Duchassaing & Michelotti) 
Pachymatisma johnstoni (Bowerbank) 
Poecilastra compressa (Bowerbank) 
Stryphnus ponderosus (Bowerbank) 
Stelletta grubei Schmidt 
Dercitus bucklandi (Bowerbank) 
Polymastia boleti/ormis (Lamarck) 
Tethya aurantium (Pallas) 
Prosuberites epiphytum (Lamarck) 
Suberites carnosus (Johnston) 
Cliona celata Grant 
Cliona vasti/icata Hancock 
Mycale rotalis (Bowerbank) 
Mycale contarenii (Bowerbank) 
Hemimycale columella (Bowerbank) 
Jophon hyndmani (Bowerbank) 
Stylopus dujardini (Bowerbank) 
Hymedesmia paupertas (Bowerbank) 
Hymedesmia sp. 
Amphilectus fucorum (Esper) 
Plocamia coriacea (Bowerbank) 
Hymeraphia stelli/era Bowerbank 
Haliclona rosea (Bowerbank) 
Haliclona oculata (Pallas) 
Haliclona cinerea (Grant) 
Halisarca dujardini Johnston 
Aphysilla rosea Schulze 
Aphysilla sU/furea Schulze 
Dysidea fragilis (Montagu) 
Stelligera stuposa (Montagu) 
Raspai/ia ramosa (Montagu) 

Phylum Coelenterata 

Clas.s Hydroidea 

Coryne fruticosa Hincks 
Tubularia indivisa Linnaeus 
Bougainvillia ramosa (Van Beneden) 
Clythia johnstoni (Alder) 
Calycella syringa (Linnaeus) 
Laomedae flexuosa (Hincks) 
Obelia geniculata (Linnaeus) 
Obelia dichotoma Linnaeus 
Campanularia angulata Hincks 
Halecium halecinum (Linnaeus) 
Sertularella polyzonias (Linnaeus) 
Sertularia operculata (Linnaeus) 
Sertularia cupressina (Linnaeus) 



Table 1. Continued. 

Sertularia argentea (Linnaeus) 
Nemertesia anteninna (Linnaeus) 
Nemertesia ramosa (Linnaeus) 
Plumularia catharina Johnston 
Plumularia setacea (Ellis & Solande~) 
Antennella secundaria (Gmelin) 
Hydrallmania falcata (Linnaeus) 

Class Anthozoa 

Alcyonium digitatum (Linnaeus) 
Parerythropodium coral/oides (Pallas) 
Gonactinia prolijera (M. Sars) 
Actinothoe spyrodeta (Gosse) 

Phylum Bryozoa 

Scruparia ambigua (d'Orbigny) 
Scruparia chelata (Linnaeus) 
Electra pilosa (Linnaeus) 
Chartella papyracea (Ellis & Solander) 
Callopora lineata (Linnaeus) 
Callopora dumerilii (Audouin) 
Alderina solidula (Hincks) 
Amphiblestrum flemingii (Busk) 
Scrupocellaria scruposa (Linnaeus) 
Scrupocellaria reptans (Linnaeus) 
Bicellariella ciliata (Linnaeus) 
Beania mirabilis Johnston 
Bugula plumosa (Pallas) 
Bugula flabellata (Thompson in Gray) 
Cribrilina radiata (Moll) 
Escharoides coccinnea (Abildgard) 
Parasmittina trispinosa (Johnston) 
Escharella immersa (Fleming) 
Escharella variolosa (Johnston) 
Schizomavella linearis (Hassall) 
Schizomavella auriculata (Hassall) 
Microporella ciliata (Pallas) 
Fenestrulina malusii (Audouin) 
Hippothoa divaricata (Lamaroux) 
Hippothoa flagellum (Manzani) 
Cellepore/la hyalina (Linnaeus) 
Cellepora pumicosa (Pallas) 
Schizotheca divisa (Norman) 
Turbice/lepora avicularis (Hincks) 
Crisidia cornuta (Linnaeus) 
Crisia ramosa (Lamarck) 
Crisia dentieulata (Lamarck) 
Crisia eburnea (Linnaeus) 
Berenicea patina (Lamarck) 
Berenicea suborbicularis Hincks 
Disporella hispida (Fleming) 
Tubulipora liliacea (Pallas) 
Nolella dilatata (Hincks) 
Amathia lendigera (Linnaeus) 
Alcyonidium gelatinosum (Linnaeus) 

Phylum Entoprocta 

Pedicellina cernua (Pallas) 
Barentsia gracilis (Sars) 

Phylum Mollusca 

Class Bivalvia 

Anomia sp. 

Phylum Annelida 

Class Polychaeta 
Pomatoceros triqueter (Linnaeus) 
Pomatoceros lamarcki (Rioja) 
Hydr6idea norvegica (Gunnerus) 
Spirorbis spp. 

Phylum Crustacea 

Class Cirripedia 

Balanus erenatus Brugiere 
Verruca stroemia (O.F. Muller) 

Phylum Ascidiacea 

Clavelina lepadijormis (Muller) 
Pycnoclavella aurilucens (Garstang) 
Polyclinum aurantium Milne-Edwards 
Sidnyum turbinatum Savigny 
Diplosoma listerianum (Milne-Edwards) 
Leptoclinides faeroensis Bjerkan 
Ciona intestinalis (Linnaeus) 
Perophora listeri Forbes 
Corella parallelogramma (Muller) 
Ascidiella aspersa (Muller) 
Ascidiella scabra (Muller) 
Aseidia virginea Muller 
Ascidia mentula Muller 
Dendrodoa grossularia (Van Benden) 
Botryl/us schlosseri (Pallas) 
Botrylloides leachii (Savigny) 
Microscosmus claudicans (Savigny) 
Pyura tessellata (Forbes) 
Pyura squamulosa (Alder) 
Pyura microscosmus (Savigny) 
Trididemnum tenerum (Verrill) 
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faces; Ciona intestinalis, Prosuberites epiphytium, 
and Alcyonidium gelatiriosum favouring vertical 
surfaces; Ascidia mentula, Serupoeellaria serupo
sa, Serupoeellaria rep tans and Crisia spp. favouring 
overhanging (Le. horizontal lower) surfaces. In 
general, the substrate preferences stay constant for 
all depths. The distribution and intensity of coloni
zation, however, does vary to some degree with 
depth. Figure 5 shows the topography, the location 
of the two stereo photographic sites and the distri
bution of C intestinalis at Bird Rock. The most 
striking feature of this area is the high percentage 
cover of Ciona in test ina lis. Below 25 m it gradually 
gives way to an Aseidia virginealPyura sp. domi
nance while above 8 -10 m it yields to the 
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Fig. 5. The Bird Rock location. 

'Laminaria saccharina Association' (Ki:innecker, 
1973). Within which, heavy algal growth limits the 
epifauna to vertical or overhanging surfaces and to 
the algal surfaces themselves. Onces more the dom
inant faunal elements are the ascidians, particularly 
Dendrodoa grossularia, Ascidia and Ascidiella spp. 

Stereophotographic results over a 25 month peri
od have shown that the ascidian, C. intestinalis, was 
the dominant member, in terms of spatial distribu
tion at both the 15 and 25 m sites (Fig. 10 and 11). 
Twenty one sessile and four vagile species have been 
identified photographically from both these sites 
(Table 2). The Porifera, are numerically dominant 
with the species Haliclona oculata and Pachymatis
ma johnstoni being the more conspicuous members 
of the group. However, due to slow growth of the 
sponge species over the relatively short study peri
od and the frequent masking of other species due 
to overgrowth by the ascidians, the results are con
fined to C. intestinalis. 

Reproductive cycle oj Ciona intestinalis 

Oocyte size frequency histograms (Fig. 6) taken 
from October (1983) through to June 1985 indicate 
a single annual spawning period in early summer 
for C. intestinalis. Primary oocytes are numerous 
and undergo little change in size over the winter 
months. During this period they range between 10 
and 80 /tm in diameter and, in general, are still at
tached to the germinal epithelium. In early spring, 
oocytes undergo a rapid increase in mean diameter. 
When they become detached from the germinal 
epithelium, at about the 60- 80 /tm stage, the ova 
acquire a complete cover of cuboidal inner follicu
lar cells and a thin sheet of squamous outer follicu
lar cells. At a late stage of development, many pri
mary oocytes are still forming in the lumen of the 
gonad. This results in the rapid maturation of later 
developing oocytes and a wide range of oocyte size 
categories being present at the onset of spawning. 
The entire contents of the gonads are rarely shed at 
spawning and it is presumed that residual gametes 



Table 2. Species recorded from stereophotographs. 

Sessile species 

Phylum Porifera 

Haliclona oculata (Pallas) 
Pachymatisma johnstonia (Bowerbank) 
Tethya aurantium (Pallas) 
Scypha ciliata (Fabricius) 
Stelligera stuposa (Montagu) 
Leucosolenia botryoides (Ellis & Solander) 
Cliona sp. 
Myxilla sp. 
Sponge sp. l(unidentified) 
Sponge sp. 2(unidentified) 

Phylum Coelenterata 

Plumularia sp. 
Caryophyllia smithi Stokes 

Phylum ectoprocta 

Crisia sp. 

Phylum Annelida 

Pomatocerossp. 
Hydroidea norvegica (Gunnerus) 
Spirorbid sp. 

Phylum Ascidiacea 

Ciona intestinalis (L.) 
Clavelina lepadijormis (O.F. Muller) 
Botryllus schlosseri (Pallas) 
Pyura sp. 

Phylum Rhodophyta 

Lithothamnion sp. 
Vagile species 

Phylum Mollusca 

Calliostoma zizyphinum (L.) 

Phylum Echinodermata 

Henricia oculata (Pennant) 
Asterina gibbosa (Pennant) 
Echinus esculentus L. 

are resorbed subsequent to spawning. Mature 00-

cytes typically range between 160-180 t-tm in di
ameter. 

Throughout the reproductive cycle, varying 
quantities of sperm were found surrounding the 
alimentary tract of C. intestinalis. Spermatogenic 
activity greatly increases in early spring and by ear
ly summer dense quantities of sperm surround the 
alimentary tract. 
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Settlement of Ciona intestinalis 

Evidence from stereophotography, settlement 
panels and histology indicate that settlement of C. 
intestinalis occurs over a single period between 
April and July each year. The greatest intensity of 
settlement was recorded during the months of May 
and June. At both depths settlement rate was in
tense with greater than 400 individuals settling per 
30 x 30 x 0.5 cm settlement plate (Fig. 7). This rate 
of settlement would be equivalent to greater than 
3500 individuals settling/m2 on virgin surfaces. 
Settlement rates remained relatively consistent over 
the two year period at the different depths with the 
exception of the 25 m site during the summer of 
1985. At this location, heavy settlement, with great
er than 800 individuals per settlement panel was 
recorded between April and June. 

Population dynamics of Ciona intestinalis 

Preliminary stereophotography results from both 
depth locations at Bird Rock would seem to indi
cate that the total numbers and percentage cover of 
C. intestinalis follow a recurring annual pattern. 
Recruitment, as already noted on settlement 
panels, occurred in early summer at both depth lo
cations. Due to the small size, overcrowded condi
tions and the tiering effect, the absolute numbers 
of C. intestinalis present at this time were impossi
ble to discern. The highest intensity of settlement 
was generally observed between May and June with 
between 500 and 1000 per 0.25 m2 on both cleared 
and undisturbed surfaces (Fig. 8 and 9). However, 
> 1000 individuals per 0.25 m2 were observed on 
cleared surfaces at the 25 m2 site in June 1984. Fol
lowing the early summer settlement, the numbers 
of C. intestinalis declined rapidly in late summer 
and autumn. This was mainly due to loss of in
dividuals in overcrowded conditions and mortality 
among adults which generally seem to have a maxi
mum life span of 15 to 16 months at Bird Rock. 
Animals which settle in early summer spawn the 
following summer and subsequently die in early au
tumn. The loss of individuals became greatly 
reduced over the winter and early spring, with the 
net result of between 50 and 150 individuals per 
0.25 m2 at the 15 and 25 m locations present prior 
to spawning (Fig. 8 and 9). In early autumn 1985, 
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Fig. 6. Histograms of Ciona intestinalis oocyte size-frequencies grouped in 20 {1m size-classes. 
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however, the population numbers declined rapidly 
subsequent to settlement and resulted < 100 in
dividuals per 0.25 m2 on all surfaces. The· mean 
percentage cover occupied by C intestinalis at the 
15 m and 25 m sites at Bird Rock followed a similar 
pattern to that of population numbers (Fig. 10 and 
11). New recruitment in early summer may account 
for > 80070 of the total cover at the 15 m sites and 
> 60% cover at the 25 m sites. In both 1983 and 
1984 this was followed by an initial and substantial 
drop in percentage cover which then stabilized over 
the winter-spring period at 30-50% of the total 
cover at each location. As already outlined, when 
population numbers declined over this period, in
dividual growth maintained and, in some instances, 
increased the percentage cover occupied prior to 
spawning. In 1985, however, population cover at 
both depths fell to < 10% of the total cover follow
ing initial high recruitment. Settlement rates of C 
intestinalis showed higher recruitment rates on 
cleared surfaces in the first year. However, popula
tion recruitment, numbers and percentage cover oc
cupied on initially cleared surfaces subsequently 
varied little from those of undisturbed surfaces. 

Discussion 

Black Rock Reef 

The investigation at the Black Rock Reef is in
cluded here through being the immediate precursor 
of the COST-647 programme and also serves to 
highlight the dominance of solitary ascidians at 
this location. The only comparable work in Irish 
coastal waters is that of Shin (1981) who found 
similar orientation preferences and dominance of 
the total percentage cover by solitary ascidians, es
pecially Ascidiella aspersa. Both studies serve to 
highlight the dominant role of ascidians in the shal
low sublittoral on the Irish west coast. It was unfor
tunate that the topography on the Black Rock Reef 
did not allow for the use of the stereophotogram
metric method. This apart, the results do throw 
light on the regulating effect of solitary ascidians 
with large annual variations in population densities 
and will be treated in a further paper. 

Bird Rock 

Recent work by K6nnecker & Keegan (1983) has 
shown that the epibenthic assemblages of Kilkieran 
Bay can be allocated to seven discrete 'Associations' 
which are named for one or more of their faunal or 
floral elements. The 'Raspailia-Stelligera Associa
tions' found below 10 m in Camus Bay, Rosceeda 
Bay, off Kilkieran Point, south-east of Maan island 
and the Gurraig Sound generally belong to a eury
haline and eurythermal inshore regime. Sponges 
and ascidians feature prominently in this associa
tion which, as already outlined, displays a rich and 
diverse fauna below 10 m at Bird Rock. 
Stereophotographs of permanently marked test 
areas at 15 and 25 m have shown that the ascidian, 
C intestinalis, is dominant in terms of spatial cover 
at this location. 

C intestinalis is a hermaphrodite and generally 
displays cross fertilization (Morgan, 1945). Evi
dence from settlement panels and histology would 
seem to indicate that spawning occurs over a single 
spawning period between April and early July at 15 
and 25 m at Bird Rock in Kilkieran Bay. A variety 
of factors, including temperature (Runnstrom, 
1927, 1936; Dybern, 1965; Gulliksen, 1972; 
Nomaguchi, 1974) and light (Berril, 1947; Lambert 
& Brandt, 1967; Whittingham, 1967; Georges, 1971) 
has been suggested to influence spawning. Dybern 



(1965) suggests that the lower temperature limit for 
normal embryonic development seems to be about 
8°C and spawning generally takes place at temper
atures between 8 and 12°C. The temperatures 
recorded at Bird Rock at the time of spawning of 
C. intestinalis would seem to agree with these find
ings. The length and frequency of spawning varies 
considerably, depending on seasonal fluctuations, 
as well as regional variations of water temperature. 
In temperate regions spawning is generally restrict
ed to the summer months. Both Runnstrom (1927) 
and Dybern (1965) found two distinct spawning 
periods, one in spring and the other in summer on 
the Swedish coast. Gulliksen (1972) found a similar 
spawning pattern to that found at Bird Rock but 
also recorded some Ciona larvae in the plankton 
over the winter period. 

For warmer waters, Yamanouchi (1975) recorded 
continuous breeding of C. intestina/is throughout 
the year and that the number of eggs released at 
each spawning ranged between 2000 and 3000. The 
single spawning period of C. intestinalis at Bird 
Rock was preceeded by a gradual development and 
build up of gametes over the winter. In Meditterra
nean material, Peres (1952) has shown experimen
tally that after winter the ovary is first to develop 
and influences the development of the testicular 
follicles. This would also appear to be the case for 
the Bird Rock population which, at the onset of 
gametogenesis, shows a narrow range of oocyte di
ameters. However, as oogenesis and spermatogene
sis proceed, mature oocytes, measuring 
160-180 /-tm in diameter, coexist with new develop
ing oocytes. Dybern (1965) found a similar range of 
oocytes in the gonad prior to spawning and also 
noted that mature oocytes measured 150 to 170 J.tm 
in diameter. The gonoducts are generally emptied 
and residual gametes resorbed subsequent to 
spawning of C. intestinalis at Bird Rock. Similar 
phagocytosis of the sex cells in the ovary and the 
testicular follicles have been reported by Peres 
(1952) and Dybern (1965). 

The basic requirement for settling species is 
space which, is often one of the main limiting 
resources of fouling organisms, especially in physi
cally stable environments (Dayton, 1971; Paine, 
1974). The ability of epifaunal species to colonize 
free space depends on such factors as larval availa
bility, competitiveness and subsequently the biotic 
and abiotic factors governing community develop-

109 

ment. Svane (1983) recognized four asci dian 
reproductive patterns within coexisting species with 
very similar ecological characters and larval types. 
He considered C. intestina/is as belonging to 'Type 
l' which are essentially oviparous and annual 
producing large numbers (> 105) of small eggs 
(200 /-tm) and undergoing semelparous reproduc
tion in summer (June-July). 'Type l' reproductive 
strategies typically show large annual variations in 
population densities, mainly caused by fluctuations 
in recruitment and adult mortality. At Bird Rock 
the mean density and percentage cover of C. intes
tinalis are highly variable although they show an 
annual recurring pattern. Dybern (1965) and 
Nomaguchi (1974) were of the opinion that growth 
and life span of C. intestinalis are closely related to 
temperature. Individuals which settle and survive at 
Bird Rock generally live up to 15 -16 months. 
Dybern (1965) found that populations living close 
to the surface in the Gullmarfjord may live for two 
breeding seasons. However, in general, he noted 
that populations between 0-7 m and 15-30 m 
lived for 12 months. Millar (1952) found a similar 
life expectancy for Scottish populations but report
ed that a number of individuals attained an age of 
18 months. 

The loss of individuals subsequent to new settle
ment at Bird Rock may be attributed to a variety of 
factors including mortality of adults, dislodgement 
due to overcrowding, biological interference and 
possibly predation. Subsequent to spawning, adult 
populations generally die leaving new available 
space by late summer-early autumn. Svane (1983) 
suggested that C. intestinalis allocates most of its 
energy to reproduction leaving a less protective tu
nic and a less secure hold on the substrate. In addi
tion, many newly settling larvae settle in high num
bers on existing adults thereby increasing drag 
effect which results in their eventual dislodgement. 
Further to natural adult mortality, dislodgement of 
juveniles due to intraspecific competition for space 
results in reduction of the population densities and 
the percentage cover occupied at Bird Rock. Gullik
sen & Skjaevaland (1973) and Yamaguchi (1975) 
noted that predation on C. intestinalis is an impor
tant population regulating factor. There was no evi
dence of predation at Bird Rock. However, small 
numbers « 1 per 4 m2)) of Echinus esculentus 
were noted foraging over the test areas and these 
may dislodge settled ascidians. Lundalv (1985) has 
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suggested that the foraging of E. esculentus may 
account for local scale variations in population 
densities. Following the heavy settlement and the 
subsequent drop in the high densities and percent
age cover occupied, C. intestinalis stabilize at 
30-50070 of the total cover prior to spawning. 
However, in 1985 shortly after settlement, the 
population at Bird Rock fell to < 10070 of the total 
cover. Over this period hydrographic conditions 
(salinity and temperature) did not show any signifi
cant deviations from expected values. However, 
foul weather, causing turbulent water conditions 
with heavy suspended load, persisted throughout 
the summer of 1985 when C. intestinalis was pa
tently overcrowded. Natural mortality of adult 
populations, intraspecific competition for space, 
turbulent conditions, biological dislodgement and 
possibly, in some instances, smothering of the 
juveniles would account for the substantial drop in 
populations by the end of the summer. 

The settlement and survival of C. intestina/is on 
cleared and undisturbed surface differed little once 
the cleared surfaces had been colonized. The latter 
sites initially present low competition substrates for 
settlement; with time they rapidly stabilize and 
show similar C. intestinalis densities and percent
age covers to undisturbed surfaces. 

The short duration of the Bird Rock experiment 
to date has not afforded the authors previous ex
perience of the reduction in numbers of C. intes
tinalis which has been such a feature of 1985. It re
mains to be seen if the situation is redressed with 
the next spawning or if the relatively low numbers 
endure for a longer period as has characterized C. 
intestinalis populations in other geographicalloca
tions. 
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Abstract 

Population fluctuations over a twenty year period in the macrobenthic communities of Loch Linnhe and 
Loch Eil, on the western coast of Scotland, are related to changing organic inputs to the area and to long
term temperature changes. It is suggested that the carrying capacity of sedimentary benthos is dependent 
on organic input, but that the species composition of the communities may be modified by climatic fluctua
tions acting on the spawning success and subsequent recruitment of particular species. Confirmation of such 
hypotheses generated from field time-series data should be obtained by experimentation. 

Introduction 

Studies of the fluctuations in the benthic popula
tions of Loch Linnhe and Loch Eil, a sea loch sys
tem on the west coast of Scotland, have been in 
progress since 1963. The distribution of popula
tions throughout the system at that time have been 
described (Pearson, 1970, 1971a) and subsequent 
changes, attributable to the influence of the dis
charge of pulp and paper mill effluent to the sys
tem which first occurred in 1966, have been detailed 
(Pearson, 1971b, 1975). Discharge of effluent to the 
system was greatly reduced in 1980 following clo
sure of the pulp mill. Throughout the period of ef
fluent discharge carbon inputs to the benthic eco
system were greatly enhanced (between 4 x and 
14 x mean input from planktonic sources, Pearson, 
1982) and the considerable fluctuations in popula
tions and changes in species composition recorded 
during this period were largely explained as a con
sequence of this carbon enrichment. Following the 
cessation of pulp mill effluent input in 1980 (a low 
level of organic effluent input from the paper mill 
continues to be discharged to the loch) changes in 
the benthic populations have followed, to a great 
extent, the patterns predictable as a consequence of 
declining organic enrichment (Pearson & Rosen-

berg, 1978). However over the twenty year period 
covered by the observations there have been con
siderable fluctuations in other major environmen
tal variables in the system in addition to organic in
put. The possibility that long-term variation in 
winter temperature minima and means could be 
responsible for subsequent variation in species 
abundance and succession in benthic communities 
off the Northumberland coast was suggested by 
Buchanan et aI., (1978). These authors suggested 
that a reversal in 1971 of the overall temperature re
gime from a period of cold winters in 1965 to 1970 
to a warmer period of winter temperatures in 
1971-76 might explain an observed switch in the 
benthic communities. In the later, warmer, years 
small polychaete species predominated over the 
larger, previously dominant, species. Since some of 
the species noted by Buchanan et al., as becoming 
predominant on the Northumberland grounds in 
the warmer, post 1971, period, are the same as those 
noted as increasing in Loch Linnhe and Loch Eil in 
the period following effluent input, it seems pru
dent to examine the full data set to establish what, 
if any, role temperature variation may have played 
in mediating the faunal successions observed in the 
Linnhe/Eil system. 
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Study area 

Loch Linnhe and Loch Eil form the inner end of 
the Firth of Lorne, an extensive fjordic complex on 
the west coast of Scotland (Fig. 1). The two lochs 
are separated by a narrow and shallow sill, a region 
of considerable tidal mixing into which effluent is 
discharged. Data from a single sampling station in 

LOCH ElL 

each loch will be considered, Station 24 at 34 IT! 

depth near the head of Loch Eil, and Station 53 at 
120 m depth in the centre of Loch Linnhe. A fur
ther station, LY1, in the central Firth of Lome 
some 38 km SW of the sill dividing Loch Linnne 
from the rest of the Firth, has been sampled in 
1975 -76 and from 1980 onwards. Since this area is 
populated by communities similar to those origi-

Fig. 1. Map of the study area, showing the sampling stations mentioned in the text: Station 24 in Loch Eil; Station 53 in Loch Linnhe; 
Station LYI in the Firth of Lome near Oban. 



nally documented in the Loch Linnhe/Eil system 
and is well beyond any possible influence from the 
effluent discharged to that system this data is in
cluded for comparison. 

Short-term changes in benthic populations in re
sponse to fluctuations in effluent input 

Detailed studies of changes in many aspects of 
the benthic ecosystem of Loch Eil in response to 
fluctuations in effluent input were undertaken in 
1975 -76 (Pearson, 1981, 1982a & b). These sug
gested that the macrobenthic populations respond
ed to changes in effluent input with a time lag of 
between two and six months (Fig. 2). Such essen
tially short-term changes were largely confined to 
populations of small annelid worms, whose oppor
tunist life history strategies are suited to the rapid 
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Fig. 2. Monthly variation in biomass (wet weight g/m2) at two 
sampling stations in Loch Eil during 1975 and 1976 compared 
with fluctuations in effluent input. Station E2 was situated in 
deep water 2.5 km from the effluent discharge point. Station 24 
was situated at the head of the loch 8 km from the discharge 
point. At both stations a fall in effluent discharge levels was fol
lowed by a decline in benthic biomass after a period of between 
6 and 8 weeks. 
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exploitation of ephemeral resources. Such popula
tions were predominant at Station 2, situated 
closest to the source of effluent in the narrows be
tween the two lochs. At Station 24 near the head of 
the loch, whilst not predominant, they formed a 
significant proportion of the populations. 

Annual fluctuations in benthic popUlations 

Changes in the total biomass (wet weight) of 
macrofauna occurring at the two stations in Loch 
Linnhe and Loch Eil over the twenty year period 
1964 - 83 in relation to the amount of effluent dis
charged and the prevailing temperature regime are 
shown in Fig. 3. Effluent input, recorded as the an-
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Fig. 3. Variation, over a 20 year period, in the total benthic bi
omass (annual mean g wet weight per m2) and the mean annual 
abundance of two dominant species (Amphiura chiajei and 
Myrtea spinijera at Station 53 [solid lines]; A. chiajei and 
Thyasira flexuosa at Station 24 [pecked lines]) compared with 
fluctuations in effluent inputs (annual mean tonnes suspended 
solids per day) and in temperature anomalies (sum of number 
of months in each year in which positive and negative deviations 
from the long-term mean were recorded). Note the 
predominantly negative anomalies prior to 1971 and the 
predominantly positive anomalies in the period 1972-78. 



116 

nual mean tonnes per day of suspended solids dis
charged, commenced in 1966 and between then and 
1969 fluctuated between 10 and 15 tonnes per day. 
Between 1969 and 1971 the mean daily input fluctu
ated between 15 and 25 tonnes per day but there
after declined to fluctuate between 10 and 15 
tonnes until 1979. By 1982 it had declined to less 
than 5 tonnes per day. The trends in temperature 
over the period are shown as accumulative monthly 
temperature anomalies for each year i.e. the sum of 
the number of months in each year in which posi
tive and negative deviations from the long-term 
mean were recorded. These detailed records are 
from an area in the Firth of Clyde some 110 km 
south of the study area (Barnett & Watson, in press 
and pers. comm.), but where the prevailing temper
ature regime is comparable to the Firth of Lorne 
area. The records demonstrate that in the period 
1964 to 1970 negative temperature anomalies 
predominated. There was an abrupt switch in 1971 
and for the subsequent eight years positive anoma
lies were most evident. Thus the two periods when 
the effluent inputs to the system were changing 
most rapidly, i.e. in 1970 - 72 when inputs increased 
substantially and 1979-81 when they decreased 
most markedly, the temperature regime was switch
ing to and from a warmer sequence of years. The 
overall biomass recorded at Station 24 in Loch Eil 
(Fig. 3) showed an overall decline in both 1970-71 
and in 1979-80, whereas at Station 53 in Loch 
Linnhe there was no deviation at either time from 
the steadily increasing trend recorded over almost 
the entire period. Abundance records over the peri
od for three particularly important species are also 
illustrated in Fig. 3. The brittle star Amphiura 
chiajei is an important community member at both 
stations. At the head of Loch Eil numbers remained 
only slightly greater than the 1964 levels for much 
of the period, but rose substantially from 1980 on
wards. At Station 53 numbers rose progressively to 
be six times their original level by 1979. Thereafter 
no further increases occurred. The bivalve mollusc 
Myrtea spinijera increased substantially in numbers 
at Station 53 following the introduction of effluent 
to the system, to reach 30 times its original density 
in 1972-73. Thereafter it declined progressively to 
be about 8 times its 1964 density in 1983. Myrtea 
did not occur in any numbers at Station 24, but an
other small bivalve, Thyasira f/exuosa, which first 
appeared as a regular member of the community 

there in 1971, reached high numbers in 1979 and 
again in 1982, following a decline in 1980-81. 

Changes in the principal population statistics at 
the two Linnhe/Eil stations and at the Firth of 
Lorne control station are compared with effluent 
and temperature fluctuations over the period 
1971-1983 in Fig. 4. At the stations at the head of 
Loch Eil all three statistics fluctuated considerably 
throughout the period. These general changes ap
pear to correspond more closely to the changes in 
effluent input than to temperature but there are no 
close correlations in either case. At Station 53 in 
Loch Linnhe biomass and species numbers fluctu
ated between relatively narrow limits during the 
period, but total abundance varied considerably 
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Fig. 4. Changes in the principal population statistics at the Sta
tions in Loch Linnhe and Loch Eil over a twelve year period, 
and at the Station in the Firth of Lome 1980-84, compared 
with annual mean fluctuations in effluent input and with tem
perature anomalies. T, total number of taxa recorded; A, total 
abundance (number per m2); B, total biomass (g wet weight per 
m2). 
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and followed the trend in effluent input relatively 
closely. At the reference station in the Firth of 
Lome for the brief period when records are availa
ble total abundance varied little but biomass and 
species numbers changed markedly, although not 
obviously in response to temperature. Fig. 5a-d 
compares changes in the abundances of some dom
inant species in each area with fluctuations in ef
fluent input and in temperature. These can be clas
sified in three categories: (1) those whose 
fluctuations appear to be a response to changing 
effluent input; (2) those which apparently respond 
to both effluent input and temperature; and (3) 
those which appear to have no great response to ei
ther. In the first category include the sub-surface 
deposit feeders Pectin aria koreni and Thyasira flex
uosa, the surface deposit feeders Amphiura chiajei 
and Diplocirrus glaucus and the sub-surface preda
tors Goniada maculata and Nephthys hystricis. In 
the second group are the subsurface deposit feeders 
Nucula sulcata, Nucula tenuis and Levensenia 
gracilis, the surface deposit feeders Prionospio cir-
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rifera and Terebellides stroemi and the surface 
predator Pholoe minuta. The feeding mode of the 
sub-surface dwelling Ancistrosyllis groenlandica is 
unknown. The only species showing little popula
tion response to either variable is the sub-surface 
carnivore Glycera alba. 

Discussion 

This synopsis of some of the gross population 
changes which have occurred in the Linnhe/Eil sys
tem over a twenty year period provides little evi
dence to support a major revision of the conclu
sions drawn previously as to the cause of those 
changes: namely that the benthic populations and 
communities of the area have fluctuated in re
sponse to gross changes in organic inputs to the sys
tem (Pearson, 1975, 1982b). Thus the major 
changes in species numbers, abundances and bi
omass at the stations in both lochs appeared to re
spond to changes in organic input and not to tem-
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perature. Moreover the species showing the greatest 
changes are those known to be sensitive to changes 
in organic enrichment in a variety of different areas 
(Pearson & Rosenberg, 1978). However examina
tion of the population trends for a number of such 
species suggested that some may be responsive to 
the temperature regime in addition to the organic 
enrichment. Thus the populations of Terebellides, 
Prionospio and Levensenia all peaked in 1974-75 
at Station 24 during the period when the greatest 
positive and lowest negative temperature anomalies 
were being recorded, and when effluent inputs were 
relatively stable. Buchanan et al., (1978) noted that 
during the same period Levensenia (recorded as 
Paraonis gracilis) and another Prionospio species, 
P. malmgreni, become predominant in the soft mud 
communities off the Northumberland coast. In 
that area, during the period of high winter temper
ature, a suite of species dominated by small poly
chaete worms replaced a suite in which larger poly
chaetes predominated. This succession was not 
dissimilar from that observed to be taking place in 
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Fig. 5a-d. Changes in the abundance (annual mean numbers 
per m2) of some dominant species at Station 24 (broken line), 
Station 53 (continuous line) and Station LYI (solid dots) over a 
twelve year period, compared with fluctuations in effluent input 
and with temperature anomalies (see Fig. 4 for units). 

Loch Linnhe and Loch Eil under the impact of 
pulp mill effluent, and it is possible that the switch 
in the prevailing temperature regime may have had 
some influence on the species composition of the 
less radically impacted communities of the area. 
Despite the changes recorded in community com
position the overall production of the Northumber
land populations remained essentially unchanged 
(Buchanan et aI., 1974), suggesting that climatic 
changes were reflected, not in the carrying capacity 
of the habitat, but in the species composition. 
Similarly in the Linnhe/Eil system climatic change 
did not appear to influence the principal popula
tion parameters (species richness, biomass and to
tal abundance) but may have been reflected to a 
certain extent in species composition. Thus it may 
be suggested that the carrying capacity of sedimen-



tary benthos is dependent on the organic input, i.e. 
food availability, but that the species composition 
of the communities may be modified by climatic 
fluctuations. The mechanisms by which such 
modifications might be imposed are not immedi
ately obvious, but it is probably through some tem
perature sensitive influence on spawning success 
and larval survival and hence recruitment. Barnett 
& Watson (in press) have demonstrated that recruit
ment of an infaunal bivalve species to the benthos 
of a shallow area in the Firth of Clyde was greatly 
enhanced by higher than normal temperatures in 
the period prior to spawning. Similarly spatfall 
failures were related to subnormal prespawning 
temperatures. Thus abnormally high or low tem
peratures during the spawning period may exert an 
influence on which species successfully recruit in 
any particular year. A complete assessment of the 
influence of temperature on spawning success and 
subsequent recruitment will necessitate more 
detailed observations. These could most usefully be 
made using manipulative experimentation, or by 
the use of mesocosms in which both organic inputs 
and temperatures can be controlled (c.f. Oviatt et 
aI., 1984) rather than by further necessarily exten
sive field observations. Nevertheless it is only by the 
use of extensive time series of benthic data such as 
those accumulated in Loch EiliLinnhe that the 
potential impact of both short and long-term en
vironmental change can be assessed. Moreover it is 
equally obvious that a more geographically wide
spread data series would have provided a better as
sessment of the relative impacts of organic enrich
ment and temperature fluctuations on the benthic 
communities. 
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Abstract 

Biannual sampling (March and September) has been carried out over the period 1972 to 1985 at a muddy 
sand station, 55 m depth, with fauna belonging to the deeper offshore edge of Petersen's Amphiurafiliformis 
community. 

During the period 1974 to 1980 the community exhibited a high degree of persistence stability. This stabili
ty was lost between 1980 and 1983, with rising total numbers and biomass and changes in species ranking. 
There is some evidence of a downward reversal between 1984-85. 

Evidence suggests that the principal stabilising process is density dependent mortality mediated by compe
tition in a food limited environment. The principal destabilising process appears to be periodic fluctuations 
in the organic flux to the bottom. A secondary destabilising process is clearly concerned with fluctuating 
winter temperature. In competitive terms, cold winters favour increased survival in the dominant species at 
the expense of the lesser ranked species. This process is, however, more ephemeral and subject to adjustment 
within the time scale of a year. 

Introduction 

This paper summarises the temporal variability 
encountered between 1972 and 1985 at a silty sand 
station (Ml) at a depth of 55 m, 6.5 miles offshore. 
in terms of its faunal constitution this station 
would be regarded in the classical Petersen sense as 
belonging to the deeper outside edge of the Am
ph iura filiformis community. In terms of produc
tion, however, the community is dominated by de
posit feeding polychaetes, and A. filiformis is in 
fact the only significant suspension feeder. The 
monitoring has witnessed a comparitively 
prolonged period of persistence stability during the 
years 1974-80, followed by a period of change and 
instability during the years 1981- 85. This latter 
period has involved changes in species ranking, to
tal numbers and total biomass. Periods of change 
and periods of stability are clearly both of con
siderable biological interest. 

The sampling station and sampling methods 

The sampling regime and techniques have been 
fully described in Buchanan & Warwick (1974) and 
have been standardised throughout. Macrofauna 
are considered to be those animals held on a 
0.5 mm sieve. The nature of the bottom sediment 
has remained stable throughout the exercise, and 
consists of a mixture of fine and medium sand 
(0.125 - 0.5 mm) together with 20070 by weight of 
silt « 0.063 mm). Based on the experience of the 
earliest surveys the station was sampled in March 
and September corresponding to the low and high 
points respectively of the total numbers of in
dividuals in the annual cycle. A quantitative assess
ment of recently settled macrofauna of meiofaunal 
size « 0.5 mm) was made by analysing ten sub
cores, five from each of two 'Haps' cores (Kan
neworf & Nicolaisen, 1973). 
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Analytical methods 

For the purpose of data analysis, the full data set 
was reduced to include only those taxa which oc
cured with a density of at least 6 individuals per 
square metre in anyone sample. This reduced the 
data set to 125 taxa. 

The year to year similarities have been compared 
using Czekanowski Percentage Similarity (CPS) 
(Pielou, 1984). This is taken as -

min (x·! x'2) 
CPS = 200 x ~ I' I 

'-' (xii + XiZ) 

where Xii and Xi2 are the amounts of species i in 
samples 1 and 2 respectively (i= 1, 2, 3 .... , s). 

The between sample (year) matrix derived from 
the CPS analysis was then subjected to two further 
analyses: 
a) Linear Graphical Ordination - a graphical 
method devised to describe the similarity trends of 
individual or grouped years. 
b) Principal Coordinate Analysis (Gower, 1967) -
an eigenvector method of ordination that proceeds 
from any distance or dissimilarity matrix. Transfor
mation of the CPS matrix into distance matrices 
was carried out with the Manhattan metric. 

General review of variability 1972-85 

The total numbers of individuals together with 
the ash free dry weight biomass are shown in Fig. 1 
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Fig. 1. Variation in the total number of individuals (N, joined), 
and the biomass (ash free dry weight), per square metre. 
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Fig. 2. Principal Coordinate Analysis (first two axes) of sam· 
pIes from station MI, using Czekanowski Percentage Similarity. 

for March samples from 1972 to 1985. Total num
bers are seen to oscillate between approximately 
2000 and 3000 per square metre during the period 
1972-80. Between 1980 and 1981 this cycle was 
broken and there is a sharp rise in numbers to 4348, 
and in 1982 to 5730 per square metre. Numbers 
then oscillate between 4000 and 6000 for the re
maining years. Sample biomass may be seen to fol
low a similar trend, at least with respect to the 
marked rise between 1980 and 1981. 

The ordination, Fig. 2, derived from Principal 
Coordinates Analysis of a Czekanowski distance 
matrix suggests that the monitoring period can be 
broken into three sub-periods. A. The starting years 
of the monitoring exercise (1972-73) appear to be 
the final stage of a period of faunal instability. B. 
1974-80, a period of high persistence stability. C. 
1981- 85, a second shorter period of stability but 
fluctuating and at a higher level of biomass and to
tal numbers. This rise in numbers and biomass was 
accompanied by changes in ranking as is shown in 
Table 1. The introduction of Mysella bidentata and 
Heteromastus fili/armis into high ranking posi
tions in the average top twenty species was clearly 
an important change. 

In Fig. 3 a graphical method of comparing the 
two periods has been devised which preserves the 
chronological continuum and allows an assessment 
of the time scales involved in the period of the 
change. The similarities between one sample (year) 
and all the other years (x axis) are plotted from left 
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Table 1. Mean number of individuals per square metre for the twenty top ranked species in each of the two defined periods. 

Period B 1974-80 

Prionospio malmgreni 
Paraonis gracilis 
Thyasira flexuosa 
Magelona minuta 
Amphiura filiformis 
Myriochele oculata 
Chaetozone setosa 
Nephtys spp. 
Phoronis muelleri 
Harpinia antennaria 
Tharyx sp. 
Owenia fusiformis 
Spiophanes bombyx 
Lucinoma borealis 
Ampharete baltica 
Pholoe min uta 
Nemertea spp. 
Abra nitida 
Glycera rouxii 
Ampelisca tenuicornis 
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Period C 1981- 85 

Prionospio malmgreni 
Mysella bidentata 
Amphiura filiformis 
Heteromastus filiformis 
Chaetozone setosa 
Paraonis gracilis 
Pholoe min uta 
Myriochele oculata 
Spiophanes bombyx 
Tharyx sp. 
Phoronis muelleri 
Nemertea spp. 
Nephtys spp. 
Nucula tenuis 
Oligochaete spp. 
Thyasira flexuosa 
Montacuta ferruginosa 
Harpinia antennaria 
Ampharete baltica 
Owenia fusiformis 
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Fig. 3. Linear presentation of between sample similarities (Czekanowski Percentage Similarity). For construction details see text. 
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to right and joined with a continuous line. This is 
repeated for each year in turn, and these lines may 
then be grouped into bands of years that follow a 
similar path. In Fig. 3 these bands can be seen to 
correspond to the defined periods and it shows that 
the second 'stable' period is not as stable as it might 
seem from the ordination. In fact the 1985 sample 
shows a marked divergence from the rest of the 
period, suggesting that the community may be 
changing once more. 

The effect of temperature 

During an earlier stage in the monitoring exercise 
(Buchanan et al., 1978) it was suggested that varia
bility in winter temperatures (averaged between De
cember and May) had an important effect on 
faunal variability resulting in 'cold winter states' 
and 'warm winter states'. This hypothesis is no 
longer supported by the data, but winter tempera
tures are shown to have a clear influence on 
ephemeral changes in the diversity of the March 
sample. In Fig. 4 the variability in the Shannon
Weiner index of community diversity is plotted 
alongside the variability of the winter temperature 
anomaly. Warm winters result in the March sample 
having a high diversity, whilst cold winters result in 
a reduced diversity. The relationship is very con
vincing (r=0.883, p= <0.001) and is almost wholly 
due to changes in equitability rather than species 
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Fig. 4. Variation in Shannon-Weiner index (H(s» for March 
samples (solid line), and temperature anomaly from mean win
ter sea-water temperature (December-May) (dashed line). Mean 
is 6.41 DC. 

richness. Correlation of Shannon-Weiner diversity 
(H) against equitability (1) for March samples gives 
a coefficient (r) of 0.9064 whilst correlation of H 
against log2S (where S= total numbers of species) 
gives a coefficient of only 0.4558. This effect is 
short-lived and winter temperature does not appear 
to have any effect on diversity of the following Sep
tember sample (r= -0.2382). 

The effect of increased organic input 

The marked rise in total numbers of individuals 
and biomass suggests that benthic production has 
risen and, assuming that food is limiting, this sug
gests that there has been an increase in organic in
put to the community. Without direct measurement 
of organic content of the bottom sediments or of 
organic input to the bottom it is not possible te, 
prove or disprove this hypothesis. There is, however, 
circumstantial evidence to support the hypothesis 
from phytoplankton abundance data for the North 
Sea. 

A crude but effective measure of phytoplankton 
abundance in the sea area adjacent to the North
umberland coast (area C2) is carried out by means 
of the Continuous Plankton Recorder. This meas
ure is a 'Net colour' index and is carried out by a 
visual comparison of net greeness. A greeness scale 
is calibrated to give a numerical estimate of actual 
phytoplankton abundance by tests based on ace
tone extractions (Reid, 1978). 

In Fig. 5 the net colour index has been summed 
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Fig. 5. Variation in the 'Net colour' index of phytoplankton 
abundance for the North Sea (area C2), actual (solid line) and 
three year running average (dashed line). The start of the ben
thos monitoring programme (s) and the stable period (B) are in
dicated. 



for each year and plotted over the period 1968 to 
1984. It shows that during the period 1973 to 1980 
the net colour index of phytoplankton abundance 
was low in comparison to the five previous years 
(1968 -72) and that in 1981 and 1982 there was an 
abrupt rise followed by an equally abrupt fall in 
1983 and 1984. In the benthos, the stable period 
with low numbers and biomass ('B' in Fig. 5) can 
be seen to correspond almost exactly with the peri
od of low phytoplankton abundance. 

Density dependent mortality 

The seven years 1974-80 represented a period of 
relatively high persistence stability with year to year 
faunal similarity (Czekanowski Percentage Similar
ity) constantly within the range of 60-70070 and 
the total numbers of individuals in March within 
the range of 2000-3000 per square metre (Figs 1 
and 3). Considering this period in more detail, the 
fluctuations in total numbers of individuals are 
shown in Fig. 6, taking into consideration the Sep
tember as well as the March samples. These repre
sent the high and low points respectively of the an
nual cycle. In Fig. 6 the twenty top-ranked species 
are shown separately (Fig. 6b) and account for be
tween 70 and 80070 of the total individuals in any 
one year. The lesser ranked species, accounting for 
20 - 30070 of the individuals are shown in Fig. 6a. In 
either case the curves are substantially similar sug
gesting that almost the entire community is syn-
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Fig. 6. Number of individuals represented by the twenty top 
ranked species (b), and the remaining species (a), in samples 
from March (m) and September (s). 
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chronised in a distinct pattern of fluctuation. The 
annual cycle shows that in each year there is a peri
od of sieve recruitment, March to September, fol
lowed by a period of mortality, September to 
March. It can be shown that this cycle is not depen
dent on the settlement times of the constituent spe
cies. Although each individual species has a well 
defined settlement period there are as many species 
settling in autumn and winter as in spring and sum
mer, and indeed the settlements are spread fairly 
evenly throughout the year. Spring and summer, 
however, appears to be the time of maximum so
matic growth in most species, leading to greater 
sieve recruitment from April to September. 

In addition to the annual cycle, there is also clear 
evidence of a biennial cycle (Fig. 6) where a low 
March figure is followed by a high September and 
a high March figure by a correspondingly low Sep
tember. This high-l ow-high sequence held steady 
for the entire period 1973 - 80. If the March figure 
is high, then sieve recruitment between March and 
September is proportionally low, but a low March 
figure is invariably followed by higher recruitment. 
This relationship is shown in Fig. 7 where sieve 
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Fig. 7. Calculated regression of rise in numbers of individuals 
from March to September against numbers of individuals pres
ent in March. Percentage mortality at two points on line is indi
cated. 
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Fig. 8. Calculated regression of reduction in numbers of in
dividuals from September to March against numbers of in
dividuals present in September. Percentage mortality at two 
points on line indicated. 

recruitment is graphed against the March total 
numbers. A power curve regression line has been 
fitted (r=0.877, p= <0.02). In addition, a higher 
proportional mortality invariably follows a high 
September figure for total individuals and a com
paratively low mortality follows a low September. 
Fig. 8 shows the power curve relationship of this 
mortality (r=0.975, p= <0.01). Both curves repre
sent strong evidence for density dependent relation
ships. 

It is tempting, but in some ways misleading, to 
regard the two power curves as dealing with recruit
ment on one hand and mortality on the other. In 
fact only 'sieve recruitment' is represented by the 
curve in Fig. 7. Sieve recruitment may be far re
moved in time from the actual recruitment of a co
hort to the bottom. Unless an impracticably small 
sieve mesh is employed, there is generally a time-lag 
between actual settlement of a cohort on the bot
tom and complete sieve recruitment. To illustrate 
the point, two examples of recruitment are shown 
in Figs 9 and lO. These deal with the polychaetes 
Nephtys hombergi (Fig. 9) and Heteromastus 
lUifarmis (Fig. lO). Data from meiofaunal cores 
have been combined with data from a 0.5 mm sieve 
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Fig. 9. Combined survivorship and sieve recruitment curve for 
Nephtys hombergi. Times of settlement (S) and breeding (B) are 
indicated. 

in order to follow the progress of a cohort from set
tlement on the bottom to the time of breeding. In 
effect this provides a survivorship curve (curve a) 
together with a sieve recruitment curve (curve b). 
For both of the species considered, full sieve 
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Fig. 10. Combined survivorship and sieve recruitment curve for 
Heteromastus IUifarmis. Times of settlement (S) and breeding 
(B) are indicated. 



recruitment of the cohort is not achieved until a 
year or more after actual bottom settlement. These 
species are in no way unusual in this respect and 
many of the small-bodied polychaetes, which dom
inate the community, show quite similar patterns. 
The peak of sieve recruitment occurs where the 
curve b meets the survivorship curve and the actual 
height of this peak will in effect reflect the mortali
ty which has already taken place in this cohort 
since the time of settlement. Returning to the power 
curves (Figs 7 and 8) it is clear that the rise in num
bers from March to September and the fall in num
bers from September to the following March are 
both in fact measures of mortality. This mortality 
apparently serves to adjust the survivorship of each 
species according to the total number of individu
als present in the community. 

Discussion 

The community is dominated by deposit feeding 
polychaetes and the rapid response to the post 1980 
organic enrichment suggests that food limitation 
plays an important role. The principal stabilising 
process appears to be density dependent mortality 
acting, with varying severity on different constitu
ent species, through inter-specific and intra-specific 
competition for the finite food resource. In the sta
ble period 1974- 80, these processes maintained a 
stable ranking order together with stability in total 
numbers of individuals. After 1980, organic enrich
ment released the constraint of food limitation and 
almost all species exhibited a rising upward trend in 
numbers and the accurate density dependent con
trol ceased to act. At the same time, it is clear that 
the period of enrichment altered the competitive 
balance within the community resulting in a quite 
different ranking, with a number of species, nota
bly Heteromastus fili/armis, reacting rapidly and 
with opportunism to the changed environmental 
circumstances. Between 1972 and 1980 this species 
had always maintained a modest presence at a den
sity of 20-40 individuals per square metre, but af
ter 1980 there was a tenfold increase to 300 - 500 in
dividuals. 

The expectation would be that if the higher or
ganic input persisted, the fauna would stabilise at 
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the new higher level. However, evidence suggests 
that the input has already fallen and that many of 
the species populations have shown a substantial 
fall in 1984- 85 from their previous high levels. The 
linear presentation (Fig. 3) certainly indicates that 
the fauna has already embarked upon a further 
period of change. 

The evidence from the monitoring suggests that 
the principal stabilising process is density depen
dent mortality mediated by competition in a food 
limited environment. The principal destabilising 
process appears to be periodic fluctuations in the 
organic flux to the bottom. A secondary destabilis
ing process is clearly concerned with fluctuating 
winter temperature. In competitive terms, cold 
winters favour increased survival in the dominant 
species at the expense of the lesser ranked species. 
This process is, however, more ephemeral and sub
ject to adjustment within the time scale of a year. 
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Abstract 

The soft bottom fauna of the western Baltic Sea and the Sound has been sampled and analysed every year 
since 1979 under the Baltic Monitoring Programme. Furthermore, benthos studies have been carried out in 
the area at intervals from as far back as 1871. In the area a distinct halocline exists between the overlying 
low saline Baltic water and the high saline North Sea water. 

The variation in the species richness, abundance and biomass of the soft bottom fauna is mainly related 
to 3 abiotic factors. 

First, many species live at the limit of their distribution. The low salinity of the Baltic Sea prevents their 
penetration into the Baltic proper. However, the marine species may be able to survive and grow but not to 
reproduce. Consequently, the population will depend on an influx of larvae for it's survival. 

Second, the distinct halo cline prevents the transport of oxygen to the deeper parts of the Baltic Sea. Oxy
gen will be supplied under special weather conditions where inflow of high-saline oxygen rich North Sea wa
ter occur. The incidences of salt water inflow have increases in the last four decades. 

Third, an increasing load of the Baltic Sea with nutrients and organic matter has influenced the fauna. 
The result have been an increased biomass of the benthos above the halocline. Below the halocline the result 
has been a decrease in the biomass and a change in the species composition. 

Introduction 

The Baltic Sea is an inland sea consisting of two 
distinct. water bodies, i.e. outflowing freshwater 
from the large rivers of East Europe and inflowing 
salt water from the North Sea. The entrance to the 
Baltic Sea, through the Danish Straits, the socalled 
Transition area, is narrow and shallow. The Baltic 
Sea may be regarded as a huge fjord with a strati
fied brackish water system (Melvasalo et al., 1981). 

The low saline Baltic water and the high saline 
North Sea water mix very slowly, and a distinct 
halocline is maintained, often supported by a ther
mocline. The halo cline is at a depth of approxi
mately 15 meters with distinct seasonal variation in 
the transition area decreasing to about 80 meters in 
the central Baltic Sea. 

The freshwater input exceeds the evaporation, 
the result being a net transport out of the Baltic Sea 
through the Danish Straits. The total water trans
port through the transition area is 3500 km3 per 
year (JErtebjerg Nielsen et al., 1981) or more than 
four times the volume of this area (Melvasalo et al., 
1981). 

The inflow of high saline water is irregular and 
depends on weather conditions. Occasionally un
der westerly storms, large amounts of North Sea 
water are pressed through the transition area and 
into the deeper parts of the Baltic Sea. These intru
sions stabilize the halocline and supply oxygen to 
the bottom layer in the deeps. 

Also the outflow is greatly influenced by weather 
conditions. The tidal range is only some cen
timeters but the wind may press surface water back 
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into the Baltic Sea and raise the sea level a couple 
of meters. This process may change the surface wa
ter current in the transition area from northgoing 
to southgoing. 

The hydrographical conditions of the Baltic Sea 
have been studied since 1877 (Matthaus, 1979). 
From the beginning of this century the salinities of 
both the bottom and the surface waters have in
creased significantly (Matthaus, 1978 & 1979) 
presumably due to an increased frequency of salt 
water intrusions (Kullenberg & Jacobsen, 1981). In 
the bottom layer of the Gotland Deep the increase 
is approximately one per mille to 12.6°/00 , 

Reliable measurements of nutrients - nitrate 
and phosphate - in the Baltic Sea exist from the 
last 20- 25 years (Gundersen, 1981) as well as meas
urements of oxygen content of the water and salini
ty from a 30 year period (Launiainen et al., 1986). 
From 1979 an intensive programme is proceeding in 
the Joint Baltic Monitoring Programme. In the 
Baltic Monitoring Programme macrozoobenthos 
samples from a series of stations in the Baltic Sea 
and the transition area have been analysed once a 
year. The results of these efforts may be compared 
to results from earlier investigations in the same 
area dating as far back as to 1871 (Zmudzinski et 
al., 1986). Though the Baltic Monitoring 
Programme fixes a certain procedure for macro
zoobenthos assessment (Anon, 1984a) the compari
son with previous investigations is difficult due to 
changes in sampling procedures, taxonomic group
ing, and problems in the judgement of the reliabili
ty of old data. 

The changes in the composition and abundance 
of the soft bottom fauna in the western Baltic are 
under major influence of three factors of which the 
two are caused by the hydrographical structure of 
the Baltic area. The weather may change the cur
rent picture and make the halocline move up and 
down, especially in the transition area, and may oc
casionally lead to the salt water intrusions into the 
deeper parts. For the marine species this leads to ir
regular larval recruitment and occasional extermi
nation of populations. The third factor is increas
ing supply of organic matter to the bottom fauna 
due to eutrophication. Other factors such as 
reduced predation by fish as proposed by Persson 
(1981) may also lead to long term changes in the 
benthic communities. 

Recruitment 

The salinity of the bottom water in the Baltic 
area decreases from about 30% 0 in the Kattegat to 
about 10% 0 in the central Baltic Sea. Thus, most 
of the true marine species of the benthos disappear 
in that area (Jarvekulg, 1979). At the edge of their 
distribution these species live in a zone where they 
are able to survive as adult specimens but require 
an influx of settling larvae to maintain the popula
tion, which is often vulnerable to changes in the en
vironmental conditions. 

Amphiura jiliformis lives in the transition area 
through the Sound and has its distributional limit 
off Copenhagen. The structure of populations of 
A. jiliformis has been described from Galway Bay, 
Ireland (O'Connor, 1983) and in the northern 
Sound (Muus, 1981). Both found a slow and regular 
recruitment of the very long lived species resulting 
in one-peak size class histograms for the year class
es older than the O-generation, where the individual 
yearclasses cannot be discriminated. 

Size class distributions in 1982 and 1983 of a 
population of A. jiliformis from a sampling station 
in the Sound south of the island of Ven (Fig. 1) just 
north of the margin of A. jiliformis' limit of 
penetration into the Baltic are depicted in Fig. 2. 
The histograms represent 249 specimens. The two 
years differ in the way that in the 1982 samples no 
supply of settlers from the previous years can be 
observed, while this is the case in 1983 illustrating 
the irregularity of larval recruitment. The 
phenomenon probably also contributes to the vari
ations of the abundance of the species (Fig. 3). 

Sampling of macrozoobenthos has been carried 
out at this station since 1979 following the proce
dure outlined in the Baltic Monitoring Programme 
(Anon, 1984a). Many of the true marine species dis
appear just south of this station. Also other species 
living at their salinity limit show this fluctuating 
abundance (Fig. 3). They are aU long lived marine 
species, A. jiliformis, Thyasira j/exuosa and Cor
bula gibba have their limit of distribution just 
south of the station while Cyprina islandica is also 
found in Arkona Basin. 

In 1984 A. jiliformis has disappeared from the 
station. Measurements in the Baltic Monitoring 
Programme have shown that in the autumn 1983 
low values of oxygen content followed by a winter 
with a relatively long period of low salinity and low 
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Fig. 1 The sampling stations in the Sound and the western Baltic Sea. 
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temperature of the bottom water were observed. 
These conditions may have contributed to the ex
termination of the population. 

The average number of species sampled per year 
is 43.2 (sd=7.l). Only three species have been sam
pled every year, i.e. Cyprina islandica, Corbula gib
ba and Scoloplos armiger. Six species have not been 
present in one of the years of sampling, and the re
maining species have not been found two years or 
more. 

Fig. 2. Size distribution of Amphiura filiformis in the Sound 
south of Ven 1982 and 1983. 



132 

Abundance Ind /m2 

250.0 

\lhyas:ra tlexuQsa 

\ 
200.0 

150.0 

100.0 

50.0 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

Corbula glbba 

0.0 +----1'--,----4"'---,-----';----"';;-_ 

78 79 80 81 82 83 84 85 
Year 

Fig. 3. Abundance of 4 marine species at the station in the 
Sound 1979-84. 

The phenomenon of a population living in a 
place where it does not reproduce but depends on 
an influx of larvae has also been observed in the 
northern Sound where a stock of Pecten oper
culads is maintained exclusively on imported larvae 
(K. W. Ockelmann, pers. comm.). In its extreme the 
invasion of larvae may only occur at rare occasions 
and one cohort of a long-lived species may be a sig
nificant element in a community for years without 
any reproduction. An example has been seen in the 
northern Sound where the sea-star Luidia sarsi sud
denly appeared after one successful spatfall (Fen
chel, 1965). 

Salt water intrusions 

Since the start of the Baltic Monitoring 
Programme in 1979 macrozoobenthos samples 
have been taken at 3 stations using the same proce
dure (Anon, 1984a), i.e. the Sound south of Ven, 
Arkona Basin and Bornholm Deep (Fig. 1). 

The total abundance of the macrozoobenthos 
has fluctuated simultaneously at the three stations 
all with a distinct peak in 1980 (Fig. 4). This corre
lation is not likely to be explained by irregular lar
val recruitment as the stations contain different 
species spawning at different time of the year etc. 
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Fig. 4. Abundance of macrozoobenthos at 3 stations (figure 1) 
1978-84 (from Zmudzinski et aI., 1986 and own results). 

The reason for this fluctuation should be searched 
in quite large scale events in the Baltic Sea. In the 
winter 1980 stormy weather gave rise to a relatively 
large intrusion of salt water into the Baltic, which 
contributed to both an increase in salinity and in 
oxygen content of the near-bottom water (Fig. 5). 

Comparisons with previous investigations of the 
soft bottom benthos in the Baltic Sea could give an 
idea of the influence of the salt water intrusions on 
the fauna. However, comparisons suffer several 
problems. Sampling and laboratory treatment have 
changed, the taxonomy has become more and more 
sophisticated, and the purpose of those investiga
tions was different, often to estimate the amount of 
available fish food, which influenced the accuracy. 



The very large fluctuations in the occurrence and 
abundance of the species from one year to another 
makes it difficult to discriminate the effect of salt 
water intrusions from other short term fluctua
tions. 

However, if occasions of salt water instructions 
are compared to the species richness of macrozoo
benthos samples from Arkona Bassin and Born
holm Deep over the period 1957 - 83 a pattern of 
similarity occur (Fig. 6). Periods of increased salin
ity lead to an increased number of taxa in the sam
ples. 

In 1951 an exceptionally great inflow of salt wa
ter was followed by a very long period of bottom 
water stagnation and low oxygen levels. At the 
Bornholm Deep station the percentual contribu
tion of the major taxa to the total biomass changed 
drastically at that time. Bivalvia constituted about 
90070 of the total biomass up to the fifties. After 
that they were totally replaced by polychaetes, 
which now constituted more than 90070 (Andersin 
et ai., 1978; Zmudzinski et al., 1986). 

Eutrophication 

The amount of nutrients leaking from agricul
tural and forest areas into the Baltic Sea and the 
amount of nutrient from sewage discharge have in
creased in the last decades (Pawlak, 1980; Anon, 
1984b). Consequently the nutrient levels in Baltic 
water have increased. The concentrations of phos
phate and nitrate in the surface layer in winter have 
increased in the whole Baltic area. In the surface 
water of the Gotland Deep the winter concentra
tion of phosphate has increased from approx 0.2 to 
approx 0.7 umolll and the nitrate from approx 2.0 
to approx 4.5 umolll from 1960 to 1983. The rea
son for this long-term increase is believed to be an 
interacting effect of human activities and the more 
frequent occurrence of salt water intrusions (Nehr
ing, 1986). 

In the central Sound the total content of nitrogen 
in the surface water in winter has increased about 
40% in the period from 1975 to 1984, and a similar 
trend has been observed in the content of phosphate 
since the 1950's (0resundskommissionen, 1984). 

The accumulation of nutrients in the surface lay
er during winter results in a vernal bloom of 
phytoplankton. The size of this bloom is directly 
correlated to the available amount of nutrients. 
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Fig. 5. Variations in salinity and oxygen content of near bottom 
water at Bornholm Deep 1957 - 84 (from Launiainen et al., 
1986). 
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Fig. 6. Species richness at Arkona Basin (X) and Bornholm 
Deep ( 0) (from Zmudzinski et al., 1986). 

They are totally consumed and no further supply 
takes pl(j.ce from the bottom layer in that period, 
where the stratification between the two water bod
ies normally is distinct. Direct measurements of the 
size of the vernal bloom are difficult because the 
duration is short and it does not take place at the 
same time from year to year, and even more than 
one distinct peak may occur (iErtebjerg, pers. 
comm.). 

It has been shown that in the Baltic Sea the 
sedimentation of the spring bloom is the main con
tribution of organic matter to the bottom (Kan
neworff & Christensen, 1986; Peinert et al., 1982). 
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Hence, there is very good reason to believe that the 
amount of sedimentated organic matter has in
creased significantly. 

The influence of the increasing eutrophication 
on the soft bottom fauna in the Baltic Sea and the 
transition area has been investigated by several 
authors (Andersin et al.J 1978; Cederwall & Elm
gren, 1980; K6lmel, 1979; Pearson et al.J 1985). 

The increased supply of organic material to the 
bottom due to the eutrophication may cause two 
different developments. 

If the oxygen supply to the bottom fauna is still 
high, which is mostly the case above the halo cline, 
the trend will be increasing biomass of the macro
fauna. This has been demonstrated in the Baltic 
proper by Cederwall & Elmgren (1980). They found 
that the biomass had increased 4 - 7 times over the 
period from 1921 to 1976 - 77. It is difficult to ex
clude the possible role of the changes in the fish 
stocks, and this may also have contributed to the 
increase in benthos biomass. However, increases in 
benthic biomass related to eutrophication have also 
been demonstrated in other Baltic areas, i.e. in the 
Kiel Bay above the halo cline (Brey, 1986) and along 
the Swedish west coast below the halocline where 
the oxygen situation probably is more favourable 
(Smith, 1985). Also Persson (1981) found an in
crease in the biomass along the Swedish coast. 
However, he contributes the increase to changes in 
the fish stock caused by commercial fishery. 

In areas where the oxygen supply to the bottom 
is more slow and where oxygen depletion may occur 
more readily - below the halocline - the develop
ment of the soft bottom fauna has been almost re
verse. At the station of the Baltic Monitoring 
Programme in the Bornholm Deep the macrozoo
benthos has been sampled frequently since 1949, 
a dramatic decrease of the biomass has been ob
served from approx. 25 to below 1 g/m2 (Zmudzin
ski et al., 1986). At the station in the Sound south of 
Ven the biomass of the macrozoobenthos was 
103 g/m2 wet weight in average in 50 samples 
(Petersen, 1913). In the Baltic Monitoring 
Programme the sampling at this station was done 
with the more efficient Van Veen grab instead of 
the Petersen grab and sieving was done through a 
I-mm screen instead of a 1.7-mm. Despite that the 
average biomass of 15 samples was only 70 g/m2 
wet weight. This indicates a decrease of the benthic 
biomass here, too. 

A recent investigation in the northern Kattegat 
showed a significant decrease in the biomass and 
the specimens were smaller compared to Petersen's 
results from the beginning of this century (Pearson 
et al.J 1985). A similar trend towards smaller speci
mens has been reported by Smith (1985). 

At the Bornholm Deep station the long lived bi
valve species Macoma calcarea and Astarte borealis 
have been replaced by polychaetes amongst which 
the opportunistic species Capitella capitata and 
Heteromastus filiformis (Anders in et al.J 1978; 
Zmudzinski et al.J 1986). This change could very 
well be accelerated by an increasing load of organic 
material (Pearson & Rosenberg, 1978). 

Stations in the Arkona Basin have been sampled 
since 1922 (Persson, 1981; Zmudzinski et al.J 1986). 
No trend is distinct here and a change in the com
position of the percentual contribution of the 
different taxa to the biomass can not be observed. 
The halocline in the Arkona Basin is very close to 
the bottom and minor inflow of salt water often oc
cur. This leads to great fluctuations in the oxygen 
content of the bottom layer through the year. The 
effect of this may veil the effect of eutrophication. 

Conclusion 

The macrozoobenthos of the soft bottom of the 
western Baltic Sea and the Sound has shown large 
changes in abundance, biomass and composition in 
the last decades. The increasing eutrophication of 
the area has resulted in an increasing supply of or
ganic matter. The development follows the pattern 
as described by Pearson & Rosenberg (1978). 

In areas with a poor oxygen supply, mainly be
low the halocline, the development has reached the 
point of a changed species composition towards 
opportunistic polychaete species and the total bi
omass has decreased. 

In areas where the oxygen supply is better, main
ly above the halocline, the species composition has 
not changed and the biomass has increased. 

Simultaneous with this development the fauna is 
influenced by incidents of salt water intrusions into 
the deep layer of the Baltic Sea, which has occurred 
more frequently in the last decades and resulted in 
increased salinity. 

Also the short-term, days or hours, changes in 
currents and salinity picture influence the macro-



fauna leading to irregular larval recruitment of the 
marine species in the area. 

The short-term changes and the salt water intru
sions result in year-scale fluctuations in species 
composition, abundance and biomass of the soft 
bottom macrozoobenthos, which veil the long-term 
trends in the development caused by e.g. increasing 
eutrophication. 
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Abstract 

Benthic samples were collected from 1982 to 1985 in two stations in La Corufia Bay in order to study the 
temporal changes of two subtidal benthic assemblages: (1) a Tellinaja~ula - Paradoneis armata community, 
and (2) a Thyasirajluxuosa facies of an A bra alba community. The Tellina station is located in an area with 
little human disturbance, whereas the Thyasira station is located inside the organically polluted harbour area, 
where dredging operations took place at the beginning of this study. Temporal changes in both communities 
follow quite different patterns. The sedimentary environment of the Tellina station remains fairly constant 
through time: sediment size ranges from 2.80 to 3.85 11>, and organic matter content (loss by ignition) varies 
between 3.15 and 4.53070. In the Thyasira station these sedimentary variables cover a much wider range: 3.10 
to 5.75 II> mean diameter and 5.19 to 17.05% organic matter. 

Community structure is quite stable in the Tellina station. The mean similarity of every sample with the 
following ones is relatively high and stable, and diversity (H ') and evenness (J ') fluctuations are small. How
ever, in the Thyasira station the community structure has changed drastically after dredging operations ended 
as a result of the recolonization and further stabilization of the community. 

At the Tellina station biomass varies between 10 and 32 g ash free DW m - 2, and it does not show a dis
cernible temporal pattern. However, at the Thyasira station biomass increased from less than 1 gash-free 
DW m -2 during the dredging period up to 16 gash-free DW m -2 18 months after the end of dredging. In 
conclusion, the Tellina jabula community seems very stable through time, whereas the Thyasira flexuosa fa
cies has wider fluctuations due to human disturbances. 

Introduction 

The study of the natural spatial and temporal 
variability of benthic communities is necessary in 
order to evaluate the changes that may occur due to 
catastrophic or man induced disturbances of the 
environment and the subsequent recovery of the 
community. In the framework of the COST 647 
Project, benthic studies were undertaken in the Ga
lician Rias Bajas (LOpez-Jamar, 1981, 1982; Lopez
Jamar & Mejuto, 1986). The infaunal benthos 
of the Rias Bajas is greatly affected by human ac
tivities, such as mussel culture on rafts (Lopez
Jamar, 1982; Tenore et aI., 1982), paper mill dis-

charges (Lopez-Jamar, 1978; Mora et al., 1982), ur
ban sewage and fish trawling. These disturbances 
usually cause the benthos of the Rias Bajas to be 
very unstable in relation to time. The Rias Altas, lo
cated farther North, are smaller bays which are less 
affected by human activities, so the long-term 
study of the benthic communities should be more 
meaningful to understand the natural patterns of 
variation through time. 

The spatial distribution of the infaunal commu
nities of La Corufia Bay has been described earlier 
(LOpez-Jamar & Mejuto, 1985). The two main 
benthic assemblages are: (1) a Tellina fabula -
Paradoneis armata community, inhabiting hard-
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packed fine sand in a large area of the Bay; and (2) 
a Thyasira flexuosa facies, inhabiting organic-rich 
mud inside the polluted harbour area. Temperature 
and salinity conditions of the bottom water in both 
sites vary very little throughout the year: tempera
ture ranges between 11 and 13 °C, and salinity is al
ways higher than 330/ 00 , The place selected for the 
study of the Thyasira assemblage is located in an 
area where harbour dredging was carried out, and 
it was almost completely defaunated during the 
dredging operations (LOpez-Jamar & Mejuto, in 
press c). Moreover, in this site many human distur
bances take place because of its proximity to an im
portant dock, whereas the Tellina community is lo
cated in a shallower area where the effect of human 
activities is much smaller. 

This paper presents the results of three years of 
study of the temporal variations of these two 
faunal assemblages, comparing community struc
ture, biomass, diversity and sedimentary environ
ment. 

Material and methods 

Benthic samples were collected from July 1982 to 
September 1985 in two stations in La Corufia Bay 
using a Bouma box corer (0.0175 m2 surface are 
and 10 to 20 cm deep sediment samples. The Telli
na station (9 m deep) is located outside the harbour 
area, whereas the Thyasira station (16 m deep) is 
placed inside the harbour (Fig. 1). Five samples 
were taken at each station for community structure 
and biomass determinations, although at the Telli
na station ten samples were collected to follow the 
Tellina fabula population dynamics. This sample 
size was decided after estimating the minimum area 
required to have good estimates of the temporal 
variation of the common species with a reasonable 
effort. Although the rare species could be not ade
quately collected with this sample size, the sam
pling frequency and the high abundance of the in
faunal dominants made nearly impossible to 
sample a larger area. A subsample was also taken 
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Fig. 1. Situation of the sampling stations in the study area. A: Tellina station; B: Thyasira station. The shaded area indicates the zone 
that was dredged. 



for sediment analysis and organic matter content 
determinations. 

Particle size analysis was performed by a combi
nation of dry sieving and sedimentation techniques 
(Buchanan, 1984). Organic content of the sediment 
was estimated as the loss in weight of dried samples 
(100°C, 24 h) after combustion (500°C, 24 h). The 
faunal samples were sieved through a 0.5 mm mesh, 
anaesthetized with a menthol solution, and then 
preserved in 5 % buffered formaldehyde previously 
containing Rose Bengal as a staining agent to facili
tate the sorting of organisms (Mason & Yevich, 
1967). Most benthic ecologists recommend using 
the 0.5 mm mesh instead of the 1 mm for succes
sional studies of infaunal benthos. Moreover, a 
previous study of the benthos of La Corufia Bay in
dicated high abundances of small polychaetes (Spi
onidae, Cirratulidae), that could be underestimated 
bv using the 1 mm sieve. After each cruise, the 
preserved samples were sorted and wet weight of 
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each species recorded. Wet weight to ash-free dry 
weight (AFDW) correlations had been previously 
determined and were used to estimate biomass. The 
Morisita index (Morisita, 1959) modified by Horn 
(1966) was used to calculate faunal similarity 
among samples. Diversity was calculated using 
abundance data with the Shannon function (Shan
non & Weaver, 1963). Evenness was also estimated 
as defined by Pielou (1966). 

Results 

Sedimentary environment 

At the Tellina station, temporal variations of 
sediment size are relatively small; mean diameter 
ranges from 2.80 4> (143 tLm) to 3.60 4> (82 tLm), 
and there is no discernible temporal pattern 
(Fig. 2). At this station sediment is composed of 
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Fig. 2. Temporal variation of organic matter content and sediment size in both stations. A: Tellina station; B: Thyasira station. Arrows 
indicate the dredging period. 
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very fine to fine sand. The organic matter content 
is low to moderate (3.35 to 4.53% DW) and it varies 
very little through time. However, at the Thyasira 
station both sediment size and organic content have 
a much wider variation. Mean diameter ranges 
from 3.10 <I> (116 /lm) to 5.75 <I> (19 /lm). At the 
end of the dredging period the mean diameter was 
relatively large (3.70 <1» because dredging removed 
preferentially the finer fractions. After dredging 
ended (November 1982), mean diameter decreased 
gradually until September (5.70 <1», but in
creased thereafter (3.10 <I> in February 1985) 
(Fig. 2). During the final period of this study (sum
mer 1985) sediment size tends to decrease again 
(5.00 and 5.45 <I> in July and September 1985, 
respectively). Sediment at this station is very heter
ogeneous, consisting of black mud mixed with a 
variable fraction of sand and gravel. Dead shells of 
Thyasira flexuosa constitute an important fraction 
of the sediment. Organic content is moderate dur
ing the dredging period (5.19 to 7.38% DW), but in
creased regularly after dredging concluded, reach
ing values higher than 16% DW 15 months later. 
However, organic content decreased sharply start
ing in September 1984, and values lower than 100/0 
DW were recorded in several sampling dates 
(Fig. 2). The sulphide smell in most of the sediment 
samples of this station was evident, suggesting that 
anoxic conditions prevail. 

Community structure 

At the Tellina station species richness ranges 
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from 29 to 59 species. The highest values occur in 
late summer, and they decreased in the winter 
months (Fig. 3). This pattern of variation has also 
been noted by Dauvin (1979) in a similar communi
ty from the Bay of Morlaix (Atlantic coast of 
France). Total number of species recorded at this 
station during the study period was 93. Polychaetes 
are the major group (57 species), followed by mol
luscs (22 species). The dominant organisms are the 
polychaetes Paradoneis armata (2389 to 7321 in
dividuals m -2), Spio filicornis (16 to 8595 in
dividuals m -2), Spiophanes bombyx (251 to 2012 
individuals m -2), Pseudopolydora kempi (0 to 
3349 individuals m -2), Capitella capitata (0 to 
1554 individuals m -2), and the bivalve Tellina fab
ula (932 to 1871 individuals m -2). Table 1 shows 
the maximum and average values of abundance 
and biomass of the dominant species in this sta
tion. This benthic assemblage was described in 
more detail by Lopez-Jamar & Mejuto (1985), 
and it can be included in the boreo-lusitanian Telli
na community described by Stephen (1930) from a 
Scottish shore. A very similar community was 
described by Shin et al., (1982) from the subtidal 
area of Galway Bay (West coast of Ireland). 

The Thyasira station has a lower number of spe
cies, varying from 13 to 38. Obviously, the lower 
values occurred during the dredging period (13 to 
15 species), and species richness increased there
after (Fig. 3). Total number of species recorded 
over the whole study period was 80. Again, poly
chaetes are the dominant group (47 species), fol
lowed by molluscs (19 species). The most abundant 
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Fig. 3. Temporal variation of species richness in both stations. Symbols as in Fig. 2. 
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Table 1. Maximum and average abundance (number of individuals m- 2) and biomass (mg m- 2 AFDW) of the dominant species of 
the Tellina station. Only species occuring at least in 50070 of the samples are listed. 

Taxa Abundance Biomass 

Max. Aver. Max. Aver. 

Polychaetes 
Sigalion mathildae Aud. & M. Edwards 57 34 200 62 
Phyllodoce laminosa Savigny 194 48 458 97 
Eteone sp. 240 48 77 20 
Exogone sp. 69 16 1 
Nephtys hombergi Savigny 103 26 1123 207 
Glycera rauxii Audoin & M. Edwards 212 93 368 119 
Hyalinoecia bilineata Baird 149 55 1483 475 
Lumbrineris gracilis (Ehlers) 149 115 3309 966 
Schistomeringos caeca (Webster & Ben.) 240 69 3 1 
Ophryotrocha sp. 46 14 2 
Spio filicornis (Miiller) 8595 3208 438 218 
Prionospio malmgreni Claparede 309 151 16 8 
Prionospio cirrifera Wiren 69 15 2 
Pseudopolydora kempi (Southern) 3349 414 1521 156 
Spiophanes bombyx (Claparede) 2012 1157 836 314 
Magelona sp. 522 229 169 57 
Chaetozone sp. 375 85 109 23 
Paradoneis armata Glemarec 7321 4416 1630 929 
Capitella capitata (Fabricius) 1554 619 34 9 
Notomastus latericeus Sars 171 67 846 307 
Mediomastus sp. 1749 856 351 144 
Owenia fusiformis delle Chiaje 114 32 112 16 
Myriochele heeri Malmgren 217 55 7 2 
Brada villosa (Rathke) 457 164 1273 373 
Polycirrus sp. 23 9 100 12 

Molluscs 
Tellina fabula Gmelin 1871 1255 11128 540 
Venus striatula (da Costa) 594 151 5126 765 
Abra alba (Wood) 103 48 1142 225 
Thracia phaseolina (Lamarck) 331 91 2083 458 
Mysella bidentata (Montagu) 34 11 2 1 
Thyasira flexusa (Montagu) 251 53 567 85 
Pharus legumen (L.) 80 36 6674 1883 
Mactra sp. 217 86 2595 415 
Bivalve indet. 160 45 4 1 
Nassarius reticulatus (Strom) 46 16 7248 2783 
Cylichna cylindracea (Pennant) 69 23 70 18 

Echinoderms 
Leptosynapta inhaerens (0. F. Muller) 11 5 1072 167 
Leptosynapta bergensis (Ostergren) 67 28 592 135 

Crustaceans 
Cumacea indet. 514 194 8 5 
Ostracoda indet. 354 98 23 4 

Others 
Peloscolex sp. 229 42 3 1 
Nemertina indet. 389 230 7083 1378 
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Table 2. Maximum and average abundance (number of individuals m - 2) and biomass (mg m -2 AFDW) of the dominant species at 
the Thyasira station. Only species occuring at least in 50% of the samples are listed. 

Taxa Abundance Biomass 

Max. 

Polychaetes 
Pholoe minuta (Fabricius) 183 
Phyllodoce laminosa Savigny 263 
Ophiodromus jlexuosus (d. Chiaje) 514 
Glycera rouxii Audouin & M. Edwards 160 
Lumbrineris gracilis (Ehlers) 606 
Ophryotrocha sp. 1657 
Spio jilicornis (Miiller) 1474 
Prionospio malmgreni Claparede 343 
Pseudopolydora kempi (Southern) 1371 
Scolelepis jUliginosa (Claparecte) 800 
Chaetozone sp. 3326 
Cirrijormia sp. 343 
Capitella capitata (Fabricius) 2343 
Notomastus latericeus Sars 411 
Mediomastus cf. jragi/is Rasmussen 411 
Brada vi//osa (Rathke) 617 
Ampharete acuti/rons (Grube) 389 

Molluscs 
Thyasira jlexuosa (Montagu) 22071 
Mysella bidentata (Montagu) 57 
Abra alba (Wood) 926 
Abra nitida (Miiller) 208 
Tellina jabula Gmelin 69 
Nassarius incrassatus (Strom) 160 
Philine aperta (L.) 229 

Echinoderms 
Leptosynapta inhaerens (0. F. Miiller) 91 

Crustaceans 
Cumacea indet. 69 

Others 
Peloscolex sp. 240 
Cerianthus sp. 69 
Nemertina indet. 80 

organism is the bivalve Thyasira flexuosa (8 to 
22071 individuals m -2), followed by the poly
chaetes Chaetozone sp. (103 to 3326 individuals 
m -2), C. capitata (183 to 2343 individuals m -2), 
Ophryotrocha sp. (0 to 1657 individuals m -2), S. 
filicornis (0 to 1474 individuals m -2), and P. kem
pi (0 to 1371 individuals m -2). The maximum and 
average abundance and biomass values of the dom
inant species are listed in Table 2. 

A similarity analysis was performed in order to 
evaluate temporal changes in the community struc
ture. In both stations, faunal similarity of each 

Aver. Max. Aver. 

42 6 
77 653 61 

167 138 69 
38 53 11 

180 213 32 
440 17 3 
116 7 2 
55 54 8 

375 652 105 
88 213 43 

1032 2310 322 
95 108 24 

756 226 35 
135 1013 223 
62 41 7 

158 286 41 
65 119 15 

7528 7121 2734 
14 3 1 

236 6473 1552 
87 1213 337 
21 4 1 
37 2894 819 
40 1962 138 

28 786 84 

16 4 

52 10 2 
24 1418 365 
18 26 4 

sample with the following ones was calculated, and 
the results were plotted against time (Fig. 4). The 
patterns obtained were very different at each sta
tion. In the Tellina station, the similarity of each 
sample to the next ones is usually higher than 60070, 
and a temporal pattern cannot be distinguished. 
However, at the Thyasira station, these values are 
very low at the beginning of the study, and they 
start to be high and relatively constant six months 
after the dredging concluded. Thus, the community 
structure at the Tellina station is quite stable 
through time, whereas in the Thyasira station the 
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Fig. 4. Faunal successive similarity in both stations. Each line corresponds to the similarity of one sample with the following ones. Sym
bols as in Fig. 2. 

community changed rapidly after dredging and it 
reached a certain degree of equilibrium six months 
later. The oscillations of the similarity values since 
the Thyasira station recovered are smaller than 
those of the Tellina station. This fact could suggest 
a greater stability at the Thyasira community, but 
it is rather related to the high dominance of T. flex
uosa, which causes the similarity of successive sam
ples to be very high once the community has been 
recovered. 

Diversity and evenness 

Diversity follows different temporal patterns in 
each station. In the Tellina community relative 
maxima occur in late summer coinciding with the 
highest number of species. Minimum values occur 
in the winter months due to a lower species richness 

as well as to a slightly reduced evenness. In this 
community diversity ranges from 2.92 to 4.13, and 
its variations through time are relatively smooth 
and display a cyclic pattern. Evenness varies from 
0.51 to 0.72, and its variations are approximately 
parallel to those of diversity (Fig. 5). 

In the Thyasira station diversity and evenness in
creased initially at the beginning of the postdredg
ing period, but then decreased sharply to much 
lower values, reaching the minimum in August 1983 
(H' = 1.23; J' = 0.28). From this date on, diversi
ty and evenness increased regularly until February 
1985, when they started to decrease again. This 
temporal pattern of diversity is mainly caused by 
the variation in the abundance of T. flexuosa. Just 
after dredging ended, the input of new species to 
the area causes a rise in diversity and evenness 
values; however, T. flexuosa soon becomes over-
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Fig. 5. Temporal variation of diversity (H ') and evenness (1') in both stations. Symbols as in Fig. 2. 

whelmingly dominant, causing a sudden drop in 
diversity. As recolonization goes on, other species 
reach their natural densities while T. flexuosa abun
dance decreases. This fact causes a gradual increase 
in diversity and evenness. Nevertheless, in 1985 the 
recruitment of T. flexuosa was very successful and 
this species reached very high densities; conse
quently, diversity and evenness decreased again. At 
this station the range of variation of diversity and 
evenness is wider than that of the Tellina communi
ty (1.23:5H' :53.76; 0.28:5J' :50.79) (Fig. 5). 

Temporal variations of the dominant species 

Tellina station 
The polychaete P. armata is the dominant species 

in terms of abundance in most of the samples. Its 
density was always higher than 2000 individuals 
m -2 (Fig. 6). The highest abundance occurred in 
June (7321 individuals m -2) and November 1984 

(6938 individuals m -2), but its temporal variation 
does not follow a distinct pattern. S. filicornis is 
another very abundant polychaete in this station. 
Two relative maxima occur in both winters 
1983-84 and 1984-85, but the highest densities 
were recorded during late summer in 1985 (6378 
and 8595 individuals m- 2 in August and Septem
ber, respectively) (Fig. 6). Dauvin (1979) pointed 
out that the highest density of this species also oc
curred in late summer in the Bay of Morlaix. Al
though density of S. filicornis in La Corufia Bay is 
very variable, it shows a tendency to increase since 
this study started. 

The dominant bivalve in this community is T. 
fabula. Its density is quite constant throughout the 
study period, usually varying between 1 000 and 
2000 individuals m - 2. In La Corufia Bay this spe
cies shows lower abundance oscillations than those 
of a similar community in the German Bight (Salz
wedel, 1979). The polychaetes Mediomastus sp. 



and C capitata also vary little through time, al
though C capitata densities are slightly higher in 
summer. The abundance of S. bombyx is also very 
constant, except during the winter of 1983 - 84, 
when it has much lower values. The opportunistic 
species P. kempi is usually present at very low den
sities, but in August 1984 it reached a high abun
dance (3349 individuals m -2) (Fig. 6). 

Thyasira station 

The dominant species in this station is the bi
valve T. flexuosa, whose density usually accounts 
for more than 50070 of the total at every sample. 
During the dredging period this species was present 
at very low densities, but soon after dredging end
ed, its abundance increased very rapidly, reaching 
10000 individuals m -2 5 months later. The abun-

8 o--<l Paradoneis armata 
7 0---0 Mediomastus sp . 

..... _ ... Capitella capitata 
6 <-----K Pseudopolydora kempi 

'0 5 
'7 
~ 4r 
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7 ...-·-e Spio filicornis 
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dance remained very high during 1983 and in
creased even more in the first half of 1984 due to 
a successful new recruitment, reaching densities 
higher than 20000 individuals m-2. However, in 
summer 1984 its abundance started to decrease 
down to ca. 3000 individuals m- 2• In July 1985 a 
new recruitment occurred and high densities (up to 
12000 individuals m - 2) were present again 
(Fig. 7). 

In this station there are several opportunistic spe
cies that reached high densities during the first 
stages of the recolonization, but whose abundance 
usually remained lower once the community has 
recovered. C capitala densities were relatively high 
after dredging ended (> 2000 individuals m -2), 
but decreased later to much lower values. P. kempi 
also showed a sharp increase during the first 
months of succession (> 1 300 individuals m - 2) 
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Fig. 6. Temporal variation of population density of the dominant species in the Tellina station. 
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and decreased thereafter. This species shows a 
marked peak again in summer 1984, and another 
smaller one in summer 1985. The polychaete 
Chaetozone sp. displays strong oscillations in its 
abundance, although it seems to have a tendency to 
increase with time (Fig. 7). 

Biomass 

In the Tellina station biomass ranges from 11.9 to 
32.0 g m -2 AFDW. Every year the maximum 
values occurred in summer, whereas the winter bi
omass is usually lower (Fig. 8). Molluscs are the 
dominant group in terms of biomass, and they 
usually account for more than 50070 of total bi
omass in every sample. T. jabula (1.8 to 11.1 g m- 2 

AFDW) and Nassarius reticulatus (0 to 7.2 g m- 2 

AFDW) are the two species that constitute the 

highest proportion of the total. Polychaetes are the 
second most important group. Their contribution 
to total biomass varies from 12.1 to 48.6%. The 
dominant species in terms of biomass are P. armata 
(0.3 to 1.6 g m -2 AFDW), Lumbrineris gracilis 
(0.3 to 3.3 g m -2 AFDW), Brada vil/osa (0.1 to 
1.3 g m -2 AFDW), Hyalinoecia bilineata (0 to 
1.5 g m - 2 AFDW) and S. bombyx (0.1 to 0.8 g 
m -2 AFDW). The rest of the taxonomic groups 
usually form a small fraction of total biomass. 

In the Thyasira station total biomass varies be
tween 0.7 and 16.7 g m- 2 AFDW. Biomass values 
are very low during and immediately after dredg
ing, but later they steadily increase, reaching the 
maximum values in summer 1984, 20 months after 
dredging ended. A slight tendency to decrease can 
be noticed after that time. 

During the dredging period polychaetes are the 
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Fig. 8. Temporal variation of total faunal density, total biomass, and proportion of the total biomass of the different groups in the 
Tellina station. 

most important group, but molluscs soon start to 
dominate, mainly due to the contribution of T. 
flexuosa (Fig. 9). Six months after dredging ended, 
molluscs always constitute more than 50% of the 
total biomass. T. flexuosa is the dominant species 
(0.1 to 7.1 g m -2 AFDW). Abra alba (0 to 6.5 g 
m -2 AFDW) and Nassarius incrassatus (0 to 2.9 g 
m - 2 AFDW) also constitute an important fraction 
of the total, although their biomass values are very 
irregular with time. Among the polychaetes, the 
dominant species are Chaetozone sp. (0.1 to 2.3 g 
m-2 AFDW), B. villosa (0 to 0.3 g m-2 AFDW), 
and Notomastus latericeus (0 to 1.0 g m- 2 

AFDW). The anthozoan Cerianthus sp. can occa
sionally be important in biomass. 

Discussion 

Most coastal soft-bottom benthic communities 
exhibit seasonal and long-term variability. In tem
perate latitudes, population density may change 
substantially due to the seasonal patterns of 
reproduction. This fact can be noticed in the 7ellina 
community, where diversity and evenness display a 
seasonal pattern due to a higher abundance of 
several species (mainly S. fi/icornis) in winter. Thus, 
in this community diversity and evenness are lower 
in these months (Fig. 5). 

The great fluctuations of the sediment features 
at the Thyasira station may be a result of man in
duced disturbances, such as dredging at the begin-
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ning of the study, as well as minor and more fre
quent disturbances associated with large ship 
traffic. By contrast, the sediment stability at the 
Tellina station is related to the lack of natural or in
duced disturbances of the environment during the 
study period. 

In the Tellina community of La Coruna Bay, the 
present study has not detected major changes in 
community structure over a three-year period. Spe
cies composition remained very stable, and the 
population density of the dominant species (ex
cluding S. jilicornis and P. kemp/) varied very little 
through time. Dauvin (1979) reported that S. 
jilicornis population density exhibits wide tem
poral fluctuations in the Bay of Morlaix. P. kempi 
is an opportunistic species whose population size 
can dramatically increase under certain conditions, 
i.e., after an oxygen defficiency during summer. In 
the Tellina station, P. kempi population density 
showed a marked peak in summer 1984, probably 

as a response to low oxygen conditions in the bot
tom water. Nevertheless, the abundance of other in
faunal dominants in this community, such as T. 
jabula and S. bombyx, remains fairly stable during 
the study period. However, Ziegelmeier (1963, 
1970) found population irruptions of S. bombyx 
and temporary extinctions of T. jabula in a very 
similar community of the German Bight during a 
17 -year study. Thus, the apparent stability of the 
Tellina community in La Coruna Bay may be relat
ed to the lack of natural or man induced distur
bances during the relatively short time of study, 
and an extended time-series would probably reveal 
a long-term variability. 

The Thyasira station exhibits a much wider vari
ation of community structure, biomass and diversi
ty. This fact is the result of: (1) a short-time, major 
disturbance, such as the dredging operations car
ried out during the second half of 1982; and (2) a 
series of minor and more frequent disturbances 



related to the harbour activities: large ship traffic, 
accidental dumping, etc. As Flint & Younk (1983) 
pointed out, large ship traffic can cause bottom 
sediment disruption and high turbidity, thus affect
ing the infaunal community. This fact can explain 
the wide-range variations of the sediment features 
at the Thyasira station. These authors indicated 
that in an area influenced by ship traffic, the ben
thic community exhibited lower species number, 
densities, and diversity than the adjacent areas not 
affected by the large ship traffic, and these findings 
agree with the results of this study. 

The occurrence of the bivalve T. flexuosa as the 
first macroinfaunal colonist after dredging is relat
ed to the fact that the end of dredging coincided 
with the main peak of the settlement of this species 
in La Corufia Bay. Without this synchronism, the 
first colonizers probably would have been small 
polychaetes. Nevertheless, T. flexuosa remained as 
the dominant organism during the whole period 
studied. This species is known to increase its abun
dance after drastic disturbances such as oil spills 
(Dauvin, 1982). In La Corufia Bay there is an oil 
terminal close to the Thyasira station, and heavy 
metal and hydrocarbon concentrations in the sedi
ment are very high (Cabanas, personal communica
tion). Thus it is likely that T. flexuosa is not affect
ed very much by this type of pollution, and then its 
recovery after dredging can be faster than that of 
other organisms. This species has an opportunistic 
behaviour, reaching very high densities in a short 
time after dredging ended. 

In the Thyasira station, the community composi
tion and structure remains as one that is typical of 
a pioneering assemblage during the three years of 
study. The continual minor disturbances, both in 
time and space, of the sediments in this area can 
probably keep this community in a state of con
tinual disruption. This allows the opportunists to 
persist more successfully than non-opportunistic 
species (Flint & Younk, 1983). Under conditions of 
frequent disturbance, only those species with a high 
population growth rate can be successful. 

In La Corufia Bay, as well as in other estuaries 
affected by industrial and urban activities, the oc
currence of frequent and small-scale disturbances 
can impose different patterns of community struc
ture than those found in areas where these events 
do not accur. The results of this study agree with 
the model of benthos response suggested by Boesch 
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& Rosenberg (1981): (1) communities in less con
stant environments are more resistant to distur
bance; and (2) colonists in inconstant environments 
affected by disturbance are usually species already 
dominant in the community rather than alien op
portunistic species. In La Corufia Bay, the benthos 
that recolonized the dredged area is composed of 
the same species that were dominant in the sur
rounding areas (LOpez-Jamar & Mejuto, in press), 
and they seem to be very successful after a major 
disturbance (dredging). 

In summary, this study of the temporal variation 
of the benthos of La Corufia Bay indicates that: (1) 
a community composed mainly of opportunistic 
species can persist under continuous disturbance 
conditions (the Thyasira community); and (2) the 
study period was not long enough to detect tem
poral trends in an undisturbed benthic assemblage 
(the Tellina community). Consequently, longer 
term studies are needed to understand adequately 
the natural patterns of variability in coastal benthic 
communities, and observations of the benthos of 
La Corufia Bay will continue in subsequent years. 
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Introduction 

Amphiura filiformis dominated muddy-sand as
semblages have been described at a number of lo
calities from shallow European waters (see O'Con
nor et al., 1983 for review). One location in Galway 
Bay, with consistently high densities of A. filifor
mis, has been under examination since 1974 (except 
for the period October 1976-0ctober 1978) and 
has been reported upon several times in the litera
ture: Keegan et al. (1976) outline the distribution of 
macrofaunal assemblages in Inner Galway Bay and 
list the species which are prominent at the study 
site; O'Connor & McGrath (1980), Bowmer (1982), 
Bowmer & Keegan (1983), O'Connor et al. (1983) 
and O'Connor et al. (1986) describe various aspects 
of the ecology and biology of A. filiform is. The 
two other numerical dominants in the assemblage 
i.e. the polychaete Pholoe minuta Fabricius and the 
bivalve MyseUa bidentata (Montagu) have also been 
studied (Heffernan et al., 1983; O'Foighii et al., 
1984; Heffernan, 1985). 

In 1980, the study methods were adapted to con
form to the protocol of the COST647 project (Kee
gan et al., 1982). Data are presented here from 
July 1980-0ctober 1985 on community structure 
and dynamics at the monitoring site. These data are 
discussed in the light of monitored environmental 
factors and are compared with similar studies in 
other geographical localities. 

Study area and methods 

Station description 

For the present work, all samples were taken at 

the Margaretta station, Inner Galway Bay 
(53 D13.16'N, 9D6.30'W) at a depth of 18 m. The 
sediment is a poorly sorted fine-sand (ca. 80070 fine 
sand) with an organic component of ca. 7%. Tem
perature and salinity data, collected since 1973, 
show bottom temperatures to remain within the 
range 5.8 -16.5 DC and salinities stay above 33.5. 
O'Connor et al. (1983) demonstrated that during 
the years 1972-1979, there was a two degree drop 
in bottom temperature. Since then there has been a 
recovery of 2.1 DC. Oxygen levels are always saturat
ed and bottom current speeds are in the region of 
0.25 m·sec- I . Harte et al. (1982) have demon
strated the presence of a gyre in Inner Galway Bay 
based on residual flow patterns. This 
anticlockwise-turning gyre is at, or close to, the 
centre of the highest A. filiformis densities. (For 
further site description see Keegan et al., 1976). 

Sampling procedure 

Five replicate faunal samples and one sediment 
sample were taken four times a year with a modi
fied 0.1 m2 van Veen grab (0.5 mm mesh doors 
fitted to the upper surface). The grab performed 
consistently well on the sediment at the monitoring 
station taking a sample of between 7 -9 L to an 
average depth of 11-13 cm. Faunal samples were 
placed in 0.5 mm mesh sieves and the finer sedi
ment washed out by 'puddling' in a large tray filled 
with seawater. The material remaining on the sieve 
after washing was stained with eosin red and 
preserved in either 70070 alcohol or neutral buffered 
formalin. Samples were split into 1 and 0.5 mm 
fractions in the laboratory and the 1 mm fraction 
was directly sorted under a binocular microscope 
(x 10 magnification) or after elutriation in a flui-
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dised sand bath (P. Barnett, unpublished MS). (The 
0.5 mm fraction was retained for examination of 
post-larval settlement). All the major taxa were 
identified (with the exception of the Nemertea and 
Tanaidacea) and counted. Only those determined 
to species level were used for analysis. 

Data analysis 

The fauna from the five replicates were amalga
mated to form one sample, representing 0.5 m2, 

for each sampling session from 1980 to 1985. Spe
cies were given unique 6 character codes based on 
the first three letters of their generic and specific 
epithets e.g. AMPFIL = Amphiura filiform is. 
These codes and species counts were entered on a 
data file for analysis of community structure, dy
namics and diversity. Rank (Boesch, 1977) and In
verse analyses were performed to determine com
munity dominants, with the former being run on 
the complete data set and the latter on a trans
formed (log n(x + 1» and reduced set (i.e. omis
sion of species which occurred less than twice). 
Group Average sorting (Clifford & Stephenson, 
1975) was employed to cluster the values generated 
using the Bray-Curtis dissimilarity index (Bray & 
Curtis, 1957). 

Normal analysis was used to elucidate communi
ty dynamics on the transformed and reduced data 
set. The pseudo-F test (Boesch, 1977) was used to 
determine those species which characterise sample 
clusters. Diversity as Shannon-Weiner (Pielou, 
1975) and Brillouin (Washington, 1984) indices, 
evenness (Pielou, 1975), richness (Margalef, 1958) 
and numbers of individuals were used to describe 
the assemblage. 

Results 

Of the 231 species of benthic macrofauna identi
fied, 120 remained after reduction. This latter 
group was used in the statistical analyses. 

Community structure 

The dendrogramme resulting from Inverse analy
sis (Fig. 1) on the data shows a cluster which fuses 
at a level of 0.345 and contains 46 species (Table 1) 
which are deemed to be most typical of the assem-

blage at large. Based on present knowledge, an ex
amination of the feeding types within these taxa 
shows that 28 are deposit feeders, 12 are carni
vores/scavengers and 6 are suspension feeders. The 
results from the Rank analysis are listed in Table 2. 

Community dynamics 

Normal analysis of the time series data resulted 
in the dendrogramme presented in Fig. 2. Whilst 
the level of fusion of all clusters is below that which 
is considered to be statistically significant i.e. ca. 
0.6, four groups are clearly visible. Reading from 
left to right, the first contains ten samples from 
August 1980- December 1982 and fuses at 0.27; the 
second group, fusing at 0.3 and with five samples 
includes the months May 1983 -August 1984. 
Group three has the lowest fusion coefficient of 
0.21 and comprises four samples, November 
1984- May 1985, while the last group has the 
highest coefficient of 0.37 and contains the Febru
ary samples from 1983 and 1984. These four 
clusters will be referred to as A, B, C and D respec
tively. 

In order to explain this pattern in terms of faunal 
change, a pseudo-F test was run on the clusters. 
This test identifies those species which characterise 
these groups and these are listed under different 
headings in Table 3. 'Rare species' are those which 
occur in densities of less than 10 per sample while 
those listed under 'Sporadic Occurrence' appear ir
regularly in high numbers during the study. Certain 
species are known commensals and are so listed 
while those under the heading 'Small Species' are 
either small, surface dwelling polychaetes or juve
nile bivalves whose adults are rarely if ever record
ed. The fifth category includes those species which 
show upward, downward or other trends in densi
ties. The first four categories are not considered 
further here as their densities are too low, their oc
currence too sporadic or dependant on the presence 
of known hosts, or, in the case of small species, the 
sampling technique is likely to be inadequate to col
lect them efficiently. Within the fifth group, the 
following variations have been noted: Pholoe, 
Mysella and Eulima show clear downward trends 
over the duration of the study, Lumbrineris and 
Nephtys show a downward trend in the early part 
of the study, and an upward trend latterly, while 
Echinocardium shows an increase in numbers in the 
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Fig. 1. Dendrogramme of Inverse analysis on the reduced data set from the Margaretta station, Galway Bay 1980-1985. 

Table 1. Species contained in arrowed cluster of Fig. 1. (Order 
as in dendrogramme). 

Pholoe min uta 
Amphiura filiformis 
MyselJa bidentata 
Prionospio malmgreni 
Nucula turgida 
Minuspio cirrifera 
Chaetozone setosa 
Magelona minuta 
Aricidea catherinae 
Cylichna cylindracea 
Thracia phaseolina 
Lumbrineris gracilis 
Nephtys hombergii 
Ampelisca tenuicornis 
Owenia fusiformis 
Phthisica marina 
Diplocirrus glaucus 
Leptosynapta bergensis 
Thyasira flexuosus 
Onoba vitrea 
Harmothoe andreapolis 
Leucothoe lilljeborgi 
Spisula subtruncata 

Ophiodromus flexuosus 
Montacuta ferruginosa 
Cerianthus llyodii 
Magelona alieni 
Spio martinensis 
Harpinia pectinata 
Paranaitis kosterensis 
Eulima glabra 
Venus striatula 
Melinna palmata 
Spiophanes bombyx 
Harpinia crenulata 
Mediomastus fragiJis 
Goniada maculata 
CuJtelJus pelJucidus 
Harpinia antennaria 
Gyptis capen sis 
Echinocardium cordatum 
Notomastus latericeus 
Leptopentacta elongata 
Sthenelais limicola 
EudorelJa truncatula 
Corbula gibba 

Table 2. Result of Rank Analysis. 

Rank analysis (maximum score 210) 

Amphiura fiJiformis 
MyselJa bidentata 
Pholoe min uta 
Lumbrineris gracilis 
Nucula turgida 
Nephtys hombergi 
Ampelisca tenuicornis : 
Prionospio malmgreni : 
Minuspio cirrifera 
Chaetozone set os a 

201 
189 
172 
110 
58 
52 
48 
45 
36 
24 

second half of the study (Fig. 3). Although not list
ed in Table 2, Amphiura densities, shown in Fig. 4, 
remain relatively stable. 
The computed community statistics, i.e. diversity, 
indices, evenness, richness and numbers of in
dividuals per sample are shown in Fig. 5. As can be 
seen from the last index, the samples from Febru
ary 1983 and 1984 differ from the others in having 
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Fig. 2. Dendrogramme of Normal analysis on the reduced data set from the Margaretta station, 1980-1985. 

less than 1 000 individuals. This difference is 
reflected in the other indices only for the 1983 sam
ple because of the low number of species (45) 
recorded on that date compared to 61 for the same 
month in the following year. In both samples, small 
species such as Minuspio and Prionospia were ei
ther absent or represented by single individuals and 
both Phalae and MyseUa had diminished densities. 
Fig. 2 (Cluster D) highlights the similarity and 
overall discreteness of these two samples. They were 
taken during severe sea conditions and both grab 
performance and on-board processing of the sam
ples suffered as a result. Further examination of 
Fig. 5 shows that the evenness, Shannon-Weiner & 
Brillouin indices demonstrate little change. The 
number of individuals per 0.5 m2 and species rich
ness values show a downward trend, especially in 
the latter half of the study. 

Discussion 

To the authors' knowledge, the lack of seasonal 
cycles and significant variation in the long-term 
quantitative composition of the A. flli/armis as
semblage has not been previously recorded for oth
er soft-bottom benthic communities. Buchanan et 
al. (1978) working on a somewhat similar commu
nity off the English East coast do, however, com
ment that ' ... the faunal groupings and the delinea
tion of associations are entirely similar to those 
found by Buchanan (1963), and it must be assumed 
that the broad features of faunal distribution have 
remained stable for somewhat more than a decade' . 
They nonetheless note a clear annual cycle in terms 
of numbers of species and biomass and also show 
a long-term change in faunal composition. 'Gain
ing', 'losing' and 'neutral' species, i.e. those with 



Table 3. Categories of species showing variable trends in densi
ty over the study period. 

Rare species 
Paranaitis kosterensis 
Eteone longa 
Gyptis capen sis 
Goniada maculata 
Phthisica marina 
Diastylis laevis 
Harpinia antennaria 
Harpinia crenulata 
Leucothoe lilljeborgi 
Ophiura affinis 

Commensals 
Harmothoe andreapolis 
Harmothoe lunulata 
Devonia perrieri 
Montacuta ferruginosa 

Small species 
Aricidea catherinae 
Minuspio cirrifera 
Prionospio malmgreni 
Chaetozone setosa 
Magelona minuta 
Mediomastus fragilis 
Nucula turgida 
Spisula subtruncata 
Corbula gibba 
Thyasira flexuosa 

Downward trend 
Pholoe minuta 
Eulima glabra 
Mysella bidentata 

Variable trend 
Lumbrineris gracilis 
Nephtys hombergi 

Upward trend 
Echinocardium cor
datum 

Sporadic occurrence 
Scalibregma inflatum 

increasing, decreasing and stable densities respec
tively, are recorded over the six year period of their 
study. Other long-term data in the literature e.g. 
Pearson & Rosenberg (1978), Rachor (1980) and 
Reid (1979), report changes in benthic assemblages 
which are attributed to aperiodic stresses such as 
the impact of industrial wastes or major, atypical 
climatic events. 

Buchanan et al. (1978) attribute such changes as 
they observed to a gradual increase in sea tempera
ture. However, Buchanan & Moore (1986) now sug
gest that the more likely cause of the observed 
changes is increased organic load due to sewage 
dumping. Conversely, while Pearson & Rosenberg 
(1978) pointed to the waste from a pump mill as the 
most likely cause for changes in species abundances 
at their study site, Pearson (1986) points out the 
correlation between such fluctuations and a con
commitant change in sea temperature. Temperature 
variation, in terms of air temperature, has also been 
used by Glemarec (1979) and Princz et al. (1984) to 
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Fig. 3. Mean densities per 0.1 m2 of species pairs P. minutalM 
bidentata, N. hombergilL. gracilis and E. glabralE. cordatum 
from the Margaretta station, 1980-1985. 

explain the temporal evolution of what is again a 
very similar assemblage to that reported here. As 
noted above, long-term change in bottom tempera
ture has been recorded at the monitoring site in 
Galway Bay. This temperature change cannot be 
correlated with such density fluctuations as have 
been observed at the site. Moreover, the extent to 
which a 2°C variation in temperature can effect 
species (e.g. Pholoe, Nephtys, Lumbrineris and 
Mysella) which are well within their geographic 
ranges has yet to be demonstrated. Amphiura itself, 
with no significant change over time, does not ap
pear to have responded to this change in tempera-
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ture. Density changes in some species may represent 
parts of long-term cyclic patterns in abundance 
such as have been documented by Gray (1981). 

The data presented here, and in O'Connor et al. 
(1983), show that A. filiformis densities have re
mained stable since at least 1969. The latter workers 
and Muus (1981) suggested a life-span of at least 20 
years for this ophiuroid. In terms of both numbers 
and biomass, it is the macrofaunal dominant and is 
presumed to have a key role in structuring the as
semblage (Ockelmann & Muus, 1978; O'Connor et 
al., 1983). It is interesting to speculate as to whether 
it is the very long-term constancy of the A. filifor
mis population which has maintained the composi
tional character of the assemblage at large. 

Apart from the density fluctuations in the spe
cies referred to above, the assemblage has remained 
largely unchanged in macrofaunal composition 
over the period considered here. Indeed there are 
data to suggest that this situation has persisted 
since 1976. O'Connor et al. (1983) present data 
from the October months of 1978 -1980 inclusive 
which show that it was stable over that time period. 
Samples collected in August 1976 and processed in 
the same way as described above, were added to the 
data set for July 1980-0ctober 1985 and are in
cluded in Fig. 1. It suggests little or no difference in 
the assemblage between 1976 and 1980. 

Given its constancy over this 10 year period, the 
A. filiformis assemblage in Galway Bay can be seen 
as an equilibrium community sensu Rhoads & Boy
er (1982). It displays a number of characteristics at
tributed to mature or 'Stage III' phases in soft
bottom marine assemblages by Rhoads et al. (1978) 
but differs in being dominated by the largely sus
pension/surface deposit feeding ophiuroid, A. 
filiformis rather than strictly infaunal deposit feed
ers. Nonetheless, infaunal deposit feeders, though 
low in numbers, are represented e.g. Echinocardium 
cordatum (Pennant), Notomastus latericeus Sars 
and Leptosynapta bergensis (Ostergren). A charac
teristic feature of equilibrium stages is the presence 
of large deep-burrowing species which, in addition 
to those listed above, include Upogebia spp, 
Calianassa subterranea (Montagu) and Thracia 
pubescens (Montagu), (Keegan et aI., 1976). Their 
burrowing range precludes them from being col
lected routinely by the van Veen grab. Just how long 
the equilibrium has been maintained is not known 
but the earliest samples collected in 1969 showed 



that A. filiformis was numerically dominant even 
then. Thus the assemblage appears to have persist
ed for at least 17 years. 

Just how long this assemblage will endure is a 
matter of speculation. Glemarec (1979) discussing 
the causes of change in benthic communities, high
lights seasonality, aperiodic stress-induced change 
and periodic stresses, cyclic in nature, which he re
lates to sunspot cycles. No such changes have been 
noted in the A. filiformis population, but the latter 
two might explain density fluctuations in other spe
cies of the assemblage. Equilibrium communities in 
other ecosystems persist for longer time scales than 
are currently known for sublittoral benthic systems 
and it may be that Amphiura communities, if not 
upset by anthropogenic activity, may persist for 
comparable periods. However, it is also possible 
that natural aperiodic perturbations, such as severe 
storms, might disrupt the Galway Bay assemblage. 
Such effects have been noted by Rees et al. (1977) 
and Rachor & Gerlach (1978) inter alios. 

The persistent character of stable assemblages 
may simply be due to the survival of longevous spe
cies (Connell, 1985). Connell & Sousa (1983) have 
suggested that, to avoid this difficulty, numbers be 
compared over an interval in which complete turn
over of all individuals has occurred. It is not known 
whether the Amphiura population consists of one 
or few successful recruitments which have persisted 
through the period of investigation or whether it is 
composed of many year classes with continuous 
low-level recruitment offsetting mortality. To date, 
answering this question has been frustrated by the 
inability to age Amphiura (O'Connor et al., 1983). 

A. filiformis assemblages with low densities of 
the brittle star are wide-spread in Galway Bay 
(O'Connor & McGrath, 1981). This present study 
however, has been carried out on a site which ex
hibits the highest density of A. filiformis in the area 
(O'Connor et at., 1983) and is at or near to the 
centre of a gyre demonstrated by Harte et al. 
(1982). Whether the results presented here are 
representative of the A. filiformis assemblage 
throughout the Bay or whether the gyre may in
fluence the assemblage remains to be ascertained. 
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Summary 

The northern part of the Bay of Biscaye consists of muddy areas which were the subject of many surveys 
conducted from the early sixties revealing important modifications. Communities living in these muddy areas 
are very rich in quality as well as quantity and with high interactions between the different species. With 
their trophic ethology, their biogenic actions, these species modify largely the sediment quality, its compact
ness for example is related to the tubicolous species presence. The disappearance of certain dominant species 
is due to some climatic anomalies causing an important disturbance of the ecosystem. In the infralittoral 
muddy areas, Zostera beds had been replaced momently by the abundant populations of Melinna. In the 
coastal muddy sites the recent disappearance of the Maldane cause a momentary imbalance, and for many 
long years, an equilibrium based on a new dominant species may appear. The intervention of an allogenic 
factor may in this case, opposite autogenic succession of the community or call the eqUilibrium which seems 
established in question again. 

Introduction 

Depuis quelques annees, un effort particulier est 
consacre aux theories de la succession ecologique 
afin de comprendre les phenomenes dynamiques 
intervenant au sein des communautes benthiques. 
Sans que soit encore clairement definie une reelle 
theorie de la perturbation, il est sur que celle-ci est 
devenue un veritable outil experimental, simulee 
parfois au laboratoire, etudiee par ailleurs en vraie 
grandeur dans Ie cas de defaunation a la suite d'eve
nements naturels (marees rouges) ou accidentelles 
(marees noires), ainsi ont ete definis des modeles de 
dynamique successionnelle. En Bretagne, les 
methodes d'evaluation quantitative a l'aide de ben
nes ne sont utili sees que depuis moins de 20 annees, 
mais peut-eire est-il possible aujourd'hui, sans 
beaucoup de recul, d'aborder cette reflexion sur ce 
que sont les modifications a long terme des ecosys
temes sedimentaires marins. Celles qui sont liees aux 
fluctuations climatiques a petite echelle sont mieux 

connues aujourd'hui, ainsi que les fluctuations plu
riannuelles. Au cours des vingt dernieres annees, les 
etudes des vasieres de Bretagne sud revelent des 
changements importants dont la premiere cause 
semble etre d'ordre climatique, liee a une tendance 
seculaire qui s'est inversee apres 1965. Encore 
faut-il pour identifier un tel phenomene, que soient 
clairement distinguees les fluctuations qui relevent, 
soit de l'activite propre des organismes, soit du 
developpement autogenique des ecosystemes. D'un 
autre cote, il ne faut pas exclure les facteurs alloge
niques non climatiques. Si les actions anthropiques 
de type polluant semblent limitees dans les secteurs 
concernes, a moins qu'elles soient diffuses, les indi
ces d'un envasement progressif, lie a une forte ero
sion des sols, les modifications des apports tell uri
ques, sont a prendre en compte. La Bretagne 
meridionale offre differents sites d'etude, dont trois 
sont retenus par leur richesse et par les modifica
tions importantes de leurs peuplements depuis 
1962 (Fig. 1). 
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Fig. 1. Localisation des sites d'etude de Bretagne meridionale. 1- Golfe du Morbihan. 2- Baie de Concarneau, 3- Baie de Vilaine. 

Les vasieres du golfe du Morbihan 

La partie orientale de ce golfe est tres peu pro
fonde, tout y est envase et les platiers largement 
etendus peuvent heberger des herbiers de Zosteres. 
Comme dans l'ensemble de l'Atlantique nord-est, 
ces herbiers ont subi, a partir des annees 1930, une 
destruction presque totale. Des la fin des annees 
1960, il y a renaissance des herbiers sur l'ensemble 
du secteur touche, celle-ci pouvant apparaltre de 
fa90n relativement brutale en Bretagne. La carte 
biosedimentaire (Fig. 2), etablie en 1961 (Glemarec, 
1964), montre les platiers subtidaux, sans herbiers, 
fortement erodes et constitues de vase compacte 
hebergeant un peuplement tres dense de Melinna 
palmata (Polychete Ampharetide). Ce peuplement 
n'avait jamais ete decrit auparavant, depuis, Hily 
(1984) en rade de Brest a montre que cette espece 
tubicole a de fortes potentialites pour recoloniser 
les vasieres placees sous un flux particulaire impor
tant. Seul a l'abri de l'Ile d'Ars, un herbier restreint 
s'est maintenu. Le phenomene d'erosion, consecutif 
a la disparition des herbiers, est illustre par la pre
sence de sables heterogenes envases, habites par de 
riches populations de bivalves suspensivores, Tapes 
aureus, Solen marginatus ... ceci dans Ie souffle du 
chenal passant entre les iles d'Ars et d'Ilur. 

Le meme travail de bionomie, renouvele en 1975, 
met en evidence la recolonisation des platiers par 
les herbiers au nord et a l'ouest de l'ile Tascon. 

Le facies d'erosion est considerablement reduit, 

car Ie retour des herbiers a favorise une sedimenta
tion active. Ce suivi permet de situer la reprise des 
Zosteres apres 1965, comme a Roscoff ou dans 
l'archipel de Glenan. Nous ne pouvons qu'etre frap
pes par l'anologie existant entre Ie declin des her
biers entre 1930 et 1965 et Ie 'cycle de Russell' decrit 
par les planctonologistes (Southward et al., 1975). 
Sans reprendre ici l'hypothese d'un phenomene 
cyclique lie aux cycles solaires (Glemarec, 1979), 
nous restons convaincus que seul un phenomene 
climatique est responsable d'une dynamique suc
cessionelle d'une telle ampleur sur un secteur aussi 
vaste. Billiet et Servain (1979), en analysant les 
series mensuelles de temperature de surface de 1960 
a 1970 dans un secteur proche de la Bretagne (Car
reau Mardsen 145) montrent 'que sur la periode 
couvrant 110 ans, de 1860 a 1970, les annees les plus 
froides eurent lieu de 1922 a 1924, tandis que 1957 
et 1959 correspondent aux annees les plus chau
des'. Les courbes d'anomalies de temperature 
(Fig. 3) epousent relativement bien l'evolution de la 
moyenne annuelle du nombre de WOLF R, repre
sentatif de l'activite solaire, avec une periode evi
dente de 11 ans. 

Cayan (1985) developpe une approche similaire 
sur les cotes est-americaines et met en evidence, 
dans Ie secteur concerne par les herbiers de Zosteres 
(400N-700W), entre 1949 et 1984, les plus fortes 
temperatures dans les annees 1950 et les plus faibles 
autour de 1965. 

II est frappant de constater que Ie declin des her-
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Fig. 2. Distribution des her biers subtidaux et des differentes entites biosedimentaires, en 1961 et en 1975. On notera entre ces dates la 
colonisation des platiers par les herbiers et la reduction du facies d'erosion, les sables heterogenes envases. 
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Fig. 3. Moyennes courantes sur trois ans des anomalies annuelles de la temperature de la mer en surface ( • ) et valeur annuelle du nom
bre de WOLF ( 0) au niveau du carreau Marsden nO 145, d'apres Billiet & Servain. 

biers correspond au maximum de la tendance secu
laire du rechauffement, decrite par les climatolo
gues. La cause initiale doit donc @tre d'ordre 
climatique comme I'ont pretendu des 1954 Martin, 
puis Rasmussen en 1973. Den Hartog, dans une 
revue (sous presse) des divers facteurs impliques, 
n'est pas aussi convaincu par cette hypothese. A 
notre avis, un tel declin n'est pas dfr a une cause 
accidentelle, il n'aurait pas interesse un secteur 
aussi vaste et avec un tel synchronisme. Le rechauf
fement des eaux a pu constituer, pour cette espece 
vegetale, des conditions adverses, puisqu'elle est 
d'affinite holarctique. Elle sera alors predisposee a 
l'attaque des agents pathogenes (,mysterious was
ting disease') et ensuite l'erosion sera une conse
quence de cet affaiblissement, mais ces facteurs ne 
peuvent constituer les causes premieres du declin. 
La reprise des her biers ayant ete brutale, dans Ie cas 
des sites bretons par exemple, il y a necessairement 
ensuite stabilisation, regulation du phenomene, 
puis les atteintes anthropiques croissantes que subit 
Ie milieu littoral, pourraient etre les responsables 
d'un nouveau declin vers la fin des annees 1970. 

Les vasieres de la baie de Concarneau 

Cette baie constitue l'extremite occidentale de la 
depression prelittorale sud-americaine (Pinot, 
1974) et son fond plat est tapisse entre 15 et 35 
metres de profondeur par des vases et des sables 
envases qui s'y maintiennent grace a l'abri des hou
les dominantes d'ouest, forme par les iles comme 
les Glenan, les Moutons (Fig. 4). La premiere cou
verture bionomique de la baie en 1964 (Glemarec, 
1969) a permis d'etablir une carte biosedimentaire. 
D'ouest en est, et faisant suite aux sables fins situes 
au pied des massifs rocheux, ce sont d'abord les 
sables fins envases (15 a 30070 de pelites) qui heber
gent la communaute a Amphiura filiformis, puis 
les vases sableuses (30 a 80% de pelites) a Maldane 
glebifex. Au centre de ces vasieres, dans Ie secteur 
Ie plus abrite, des populations tres denses de 
l'Amphipode Haploops tubicola, de l'ordre de 
5 000/m2, se surimposent au peuplement a Mal
dane. Dix annees plus tard, en 1974 et 1975, Menes
guen (1980), a partir de nouvelles campagnes de 
prelevements et a I'aide d'analyses factorielles, met 
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Fig. 4. Les entites biosedimentaires des sediments envases de la baie de Concarneau en 1964, designees par I'espece leader. Aa: Abra 
alba, Af: Amphiura jUijormis, M: Maldane glebijex, H: Haploops tubicola. 

en evidence la parfaite cOIncidence de I'ordination 
des stations representatives de ces peuplements 
selon Ie premier axe facto riel et I'augmentation de 
la teneur en pelites. Deux faits nouveaux apparais
sent, l'essentiel du peuplement a Maldane glebifex 
a fait la place a une peuplement a Nucula turgida 
et Abra alba caracterisant toujours des vases 
sableuses mais de bien moindre consistance. 
D'autre part, les populations d' Haploops ont 

envahi, vers Ie nord, une large part des vases a Mal
dane. En 1977, une nouvelle couverture de la baie 
est realisee et ces faits evolutifs majeurs se confir
ment; Ie peuplement a Nucula turgida et A bra alba 
(Aa sur la figure 5), a peine represente en 1964 
selon un axe nord-sud entre deux entites de vase 
compacte, occupe en 1977 la piupart de la superfi
cie occupee precedemment par les Maldane dans 
cette partie nord de la baie. Les Haploops ont migre 
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Fig. 5. Evolution temporelle des entites de peuplement en 1977 
et en 1983. Parmi les nombreuses stations, celles utilisees pour 
la Figure 6 sont designees a, b, c, d. Le perimetre concerne est 
indique sur la Figure 4 il J'aide de quatre croix. 

vers Ie nord jusqu'au 47°50'N et Ie peuplement a 
A mph iura fUi/ormis gagne aussi des sediments plus 
envases sous forme de facies d'appauvrissement. 

Vne etude similaire effectuee en 1983 montre la 

stagnation des Haploops tandis que les vases 
sableuses moUes a Nucula turgida et Abra alba se 
restreignent a deux taches dont l'une a la con
fluence du chenal d'entree vers Ie port de Concar
neau et de la sortie de la baie de la Foret (Le Guel
lec, 1984). 

Vne analyse de l'evolution des peuplements et de 
leur composition, a quatre stations particuliere
ment choisies, est resumee par la figure 6. En 1964, 
les methodes d'echantillonnage n'etaient pas reeUe
ment quantitatives (drague au lieu de benne), aussi 
cet examen ne peut-il se faire que sur les dominan
ces qui revelent clairement l'importance relative des 
principales especes. 

La station a, situee a la limite occidentale de la 
vasiere, a fait l'objet d'une etude suivie (Princz et 
al., 1983). D'importantes fluctuations' internes, liees 
notamment a la demographie de l'espece domi
nante Amphiura jili/ormis, ne remettent pas en 
cause la structure du peuplement. Le declin de cette 
espece est evident en 1982 et 1983, mais il n'est pas 
possible de con firmer l'hypothese d'un envasement 
croissant de ce secteur sur plus de dix annees, 
comme l'ont suspecte Delanoe et Pinot (pers. com
mun.). 

Les stations b et c etaient representatives des 
vases sableuses compactes a Maldane en 1964. 
Cette espece ayant considerablement regresse, en 
1974 apprait une destructuration du peuplement 
sans aucune dominance avec des especes ubiquistes 
comme Notomastus latericeus, Abra alba .. , et 
illustree par un modCle similaire de dominances 
relatives des especes. II faut attendre 1977 et 1983 
pour as sister a une evolution avec la predominance 
d'Amphiura fUi/ormis dans Ie cas de la station b et 
celIe d'Abra alba a la station c. A l'aide des preleve
ments realises a la benne Aberdeen, il est possible 
de chiffrer Ie declin des Maldane depuis 1969. En 
effet, a cette date, la densite de cette espece variait 
entre 250 et 450/m2. En 1974, Menesguen indique 
des valeurs oscillant entre 100 et 120/m2, enfin en 
1983 et 1985 cette densite ne depasse nuUe part 
301m2• Dans Ie cas de la station d, on retrouve 
egalement ce declin des Maldane qui en 1964 domi
naient nettement les Haploops, les premieres dispa
raissent presque completement ensuite. 

Pour essayer d'interpreter ces phenomenes tem
porels, il est necessaire de revenir a l'ethologie ali
mentaire des especes dominantes car, dans ces 
vasieres, les densites sont suffisamment importan-
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Fig. 6. Evolution temporeIJe des dominances des principales especes dans les quatre stations a, b, c, d. Aa: Abra alba, Am: Ampelisca 
sp., Af: Amphiurajilijormis, d: divers, H: Haploops tubicola, M: Maldane glebijex, No: Notomastus latericeus, Nt: Nucula turgida. 



166 

tes pour que de fortes interactions entre especes 
interviennent, pouvant aller jusqu'a l'exclusion 
competitive (Woodin, 1978). En effet, les biomasses 
peuvent atteindre plus de 30 g de POS/m2• Mal
dane glebi/ex, Polychete de la famille des Maldani
des, construit un manchon de vase de 2 a 3 cm de 
diametre, pouvant depasser 10 cm de longueur. Le 
ver dont la partie cephalique est depourvue de tout 
appendice capte les particules a l'aide de sa trompe 
a la surface du sediment, il est deposivore et cons
truit son tube en les disposant de fa<;on concentri
que. Ce sont de veritables boudins de vase durcie 
qui ne se desagregent que tres lentement au sein du 
sediment une fois l'animal mort. Leur compacite 
est suffisante pour supporter les remaniements a 
l'echelle geologique (Babin et al., 1971). 

Haploops tubicola construit aussi un tube, long 
de quelques centimetres mais aplati, depassant lar
gement du sediment dans lequel il est plante verti
calement, les Amphipodes suspensivores se nour
rissent en se tenant a la partie superieure du tube. 
I..:ensemble des tubes dresses est si dense, qu'il cons
titue une veritable foret. 

A mph iura jili/ormis est une espece deposivore et 
suspensivore qui vit enfouie a quelques centimetres 
dans Ie sediment envase, que ce soit des sables enva
ses ou des vases a condition qu'elles restent molles 
et ne soient pas consolidees. 

Les bioperturbateurs, par leur activite alimen
taire maintiennent une instabilite de la couche sedi
mentaire et creent ainsi un facteur limitant pour les 
suspensivores tubicoles pour lesquels, une certaine 
stabilite et une compacite restent favorables a !'ins
tallation des larves. Cette theorie de l'amensalisme 
entre groupes trophiques de Rhoads & Young 
(1970) peut etre evoquee dans Ie cas des phenome
nes decrits en baie de Concarneau. Dans Ie cas des 
Maldane vis a vis des Haploops, it est clair que leur 
action se traduit plus par la construction du tube 
que par Ie remaniement de la surface a des fins ali
mentaires. La presence nombreuse de tubes occupes 
par des animaux vivants ou inoccupes trans forme 
Ie sediment original et favorise l'implantation des 
Haploops. C'est un exemple parfait de ce que peut 
etre un modele de facilitation parmi les modeIes de 
succession definis par Connell & Slatyer, 1977. 

Par la creation de tubes, Maldane favorise l'ins
tallation des Haploops et inhibe Ie propre develop
pement de sa population. De meme, Ie role des 
Haploops est d'accroitre la consolidation du sedi-

ment aussi leur developpement n'apparait dans un 
premier temps, qu'a l'abri des remaniements crees 
par les houles lors des tempetes. Une faune associee 
aux Haploops apparalt, c'est une epifaune de gran
des Ophiothrix /ragilis, de crabes, de pagures qui 
mig rent des terrasses de maerl voisines et parmi 
l'endofaune, de palourdes caracteristiques de gra
viers heterogenes (Venerupis rhomboides). Tout 
ceci peut se rapporter au modele de facilitation. Les 
Maldane ayant regresse, les Amphiura jUi/ormis 
migrent sur ces vases sableuses dont la compacite 
est amoindrie par l'activite de deposivores de sur
face comme les Bivalves Nucula turgida et Abra 
alba et d'autres plus profonds, Notomastus lateri
ceus par exemple. 

Par contre, la theorie de l'amensalisme entre 
groupes trophiques prend tout sa valeur dans Ie cas 
de ces vases sableuses molles a Nucula turgida et 
Abra alba que les Haploops ne peuvent coloniser et 
I'on est surpris de voir les Amphipodes stoppes 
dans leur extension geographique tant que les 
Bivalves deposivores ou les Amphiura maintien
nent une certaine fluidite de la surface sedimen
taire. Ceci rappelle Ie modele d'inhibition de Con
nell & Slatyer. 

Les apports sedimentaires actuels sont relative
ment faibles dans cette baie, car les rivieres sont 
peu importantes, les vases fluides sans cesse ali
mentees par des apports telluriques n'existent pas. 
Les evolutions decrites peuvent donc s'expliquer 
uniquement par les interactions entre organismes 
sans que soit necessairement recherchee une cause 
allogenique. Les constructeurs de tube fournissent 
une explication 'mecanistique' aux modeles de suc
cession qui peuvent etre resumes dans la figure 7. 

Le declin des Maldane reste a expliquer. Le 
recours aux modeles de succession fournit une pre
miere hypothese; en effet, Ie modele de facilitation 
peut expliquer la quasi disparition des Maldane au 

F F 
MALDANE --_. HAPLOOPS --_. EPIFAUNE VAGILE 

\ / 
NUCULA TURGIDA 

ABRA ALBA 

AMPHIURA FILIFORMIS 

Fig. 7. Sequence possible de modeles de succession sur les sedi· 
ments envases: I modele d'inhibition, F modele de facilitation. 



profit des Haploops puisque Ie sediment devient 
moins favorable pour les Maldane. Par contre, leur 
declin dans les zones qui ne sont pas colonisees par 
les Haploops, et ou s'installent des bivalves deposi
vores de surface et des especes ubiquistes qui lais
sent supposer qu'il y a de l'espace disponible ou 
destructuration du peuplement, ne peut etre com
pris qu'en faisant appel a une cause allogenique. 
Venvasement croissant suggere par certains (op. 
cit.) ne peut etre evoque, car it est necessairement 
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favorable aux Maldane. Vexamen de la distribution 
geographique fait apparaftre que cette espece tem
peree chaude et tropicale atteint sa limite septen
trionale dans Ie nord du Golfe de Gascogne, elle est 
tres peu abondante en rade de Brest (Hily, 1984). 
BIle est connue du Golfe de Guinee en profondeur, 
de la Mediterranee, de l'Adriatique, mais ne semble 
pas penetrer en Manche tandis qu'en province tem
peree froide, elle est remplacee par une espece vica
riante Maldane sarsi Malmgren. Pour Maldane gle-

Fig. 8. Distribution des peupiements en baie de Viiaine en 1962. Les Maldane et les Haploops (M-H) n'occupent pas Ie centre de la 
baie, mais seulement des vases consolidees it I'ouest ou au sud-est it l'abri des massifs rocheux. S: peuplement des vases moUes it Stern as
pis scutata, Virgularia tuberculata. 
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bifex espece a affinite chaude, son extension 
maximale en 1964, par rapport a ce qu'elle est 
depuis 1974, peut etre comparee mais de fa90n 
inverse au declin et au retour des Zosteres dans 
notre region. Le rechauffement maximal de la fin 
des annees 50 a pu favoriser Ie developpement des 
Maldane tandis que Ie refroidissement intervenu 
apres 1964 a pu restreindre l'extension des Maldane 
sans gener d'autres especes a affinite plus froide, 
sans exclure totalement les Maldane. Ces dernieres 

sont limitees par la competition qui est toujours 
forte sur ces vasieres c6tieres. 

La Baie de Vilaine 

En 1962, cette partie orientale de la depression 
prelittorale est composee d'une vasiere tres etendue 
ou Ie taux de pelites est toujours voisin de 900/0. 
Partout la vase est molle, habitee par Ie peuplement 
a Sternaspis scutata, Virgularia tuberculata et 

Fig. 9. Distribution des peuplements en baie de Vilaine en 1985. Les Haploops ont envahi la vasiere vers i'est, les Sternaspis ont gagne 
la rade du Croisic, tandis que partout les Maldane ont regresse. 



Amphiura filiform is. EIle est en communication 
directe avec l'estuaire de La Vilaine par Ie biais d'un 
delta sous-marin (Fig. 8). A l'ouest elle est limitee 
par des massifs rocheux (Ie plateau de la Recherche, 
Ie plateau d'Artimon) a l'abri desquels la vase 
sableuse heberge un peuplement a Maldane et 
Haploops. Ce type de peuplement existe aussi au 
sud-est, en rade du Croisic, a l'abri de plateaux 
rocheux qui limitent cette baie au sud. 

Un barrage est construit sur La Vilaine a partir 
de 1965, et une nouvelle couverture bionomique, 
realisee en 1985, revele de profondes modifications 
au niveau du delta, Ie barrage ayant diminue 
l'action erosive des forts courants lies aux apports 
d'eau douce, lors des crues notamment. Au-dela de 
ce delta, au centre de la baie des changements sont 
aussi intervenus (Fig. 9). Les Haploops ont colo
nise la vasiere centrale a partir des zones abritees 
occidentales, ce qui suppose une consolidation du 
sediment favorisee par l'activite pro pre de ces crus
taces. De fa<;on inverse, les vases sableuses compac
tes du sud de la baie hebergent Ie peuplement carac
teristique des vases molles. Aujourd'hui Ie flux 
particulaire de la Vilaine ne parvient que partielle
ment au centre de la baie, ce qui a pu favoriser 
l'implantation progressive des Haploops sur la vase 
molle, atteignant des densites de 2 a 3000/m2, tou
jours a l'abri des houles d'ouest. I.;evolution sedi
mentologique et biologique au sud de la baie ne 
trouve pas aujourd'hui d'explication claire, eIle sup
pose un acroissement de l'envasement puisque les 
vases sableuses a Maldane et Haploops deviennent 
des vases franches flu ides comme l'indiquent les 
Sternaspis scutata par exemple. Si la Vilaine semble 
peu impliquee a la latitude du Croisic pour expli
quer cette evolution, la partie sud de cette baie peut 
etre influencee par Ie chenal nord de la Loire et l'on 
sait que les equilibres hydrodynamiques entre 
Vilaine et Loire ont ete modifies a la suite de grands 
travaux d'amenagement sur les deux estuaires. 

Selon les secteurs, les Haploops se sont develop
pes ou ont disparu a la suite de causes allogeniques 
liees a l'apport des flux de particules sedimentaires. 
Partout les Maldane sont en diminution ce qui ren
force l'hypothese climatique developpee en baie de 
Goncarneau, puis que Ie changement c1imatique 
evoque ne peut interesser qu'une vaste region 
comme Ie golfe de Gascogne et pas seulement une 
partie de la baie de Concarneau. 

A l'abri de l'ile Dumet, dans une station de vase 
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sableuse, la densite des Maldane est encore de 
170/m2 en absence d'Haploops, ce qui laisse sup
poser aussi que les rapports de competition restent 
predominants. Lorsque les Haploops envahissent 
les vases molles en l'absence de Maldane ceci mon
tre egalement que dans une telle succession, les 
Maldane ne constituent pas une etape obligatoire, 
elle est facultative mais peut alors faciliter Ie deve
loppement des Haploops. 

Conclusion 

La distribution des especes en fonction du gra
dient d'envasement constitue un ecoc1ine ou un 
continuum ou la place de chaque espece est tres liee 
aux rapports de competition entre especes. Par ail
leurs, au facteur envasement, se surimpose Ie carac
tere fluidite du sediment, aussi voit-on deux 
sequences possibles selon l'envasement croissant; la 
premiere sur vases consolidees: 

- A mph iura filiform is - Maldane glebifex -
Haploops tubicola; 

la deuxieme sur vases molles: 
- Amphiurafiliformis - A bra alba - Nucula 
turgida - Sternaspis scutata, Virgularia tuber
culata, A mph iura filiformis. 

A mph iura filiformis limitee vers 30% de pelites 
par les Maldane glebifex et par la compacite du 
sediment voit son spectre de distribution etendu 
lorsque la vase reste fluide; elle cotoie alors les Vir
gularia et les Sternaspis, ce qui montre bien que 
l'action des Maldane se traduit par une compacite 
accrue du sediment lors d'une dynamique tempo
reUe, la succession autogenique peut expliquer Ie 
passage des vases a Maldane a ceIles a Haploops, 
puis a une epifaune. Le rOle des tubicoles est donc 
essentiel dans la consolidation des sediments, par 
contre les deposivores non tubicoles ont un rOle 
inverse en maintenant la fluidite du sediment de 
surface. Cette evolution peut etre modifiee par une 
perturbation allogenique et les trois sites etudies 
apportent des elements de reflexion complementai
res. La disparition des herbiers et leur remplace
ment dans les vasieres infralittorales du Golfe du 
Morbihan par un peuplement de tubicoles 
(Melinna palmata) met en evidence Ie role des her
biers dans la sedimentation, sur un site ou les 
apports telluriques sont relativement eleves. 
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Dans la baie de Vilaine, les flux particulaires 
ayant ete modifies, les Haploops tubicola peuvent 
coloniser les vases molles, leur role est bien de con
solider Ie substrat. Dans cette baie et en baie de 
Concarneau, Ie declin des abondantes populations 
de Maldane a des consequences importantes et mo
difie les rapports d'equilibre entre les differents 
peuplements. l!annee 1974 temoigne des desequili
bres importants ou les especes ubiquistes sont tou
tes d'egale importance, ensuite de nouvelles domi
nances apparaitront. Le role des facteurs 
allogeniques est de perturber Ie cours normal d'une 
evolution autogenique, dans Ie cas des vasieres cette 
derniere est essentiellement liee au role biopertur
bateur de certaines especes et au rOle inverse des tu
bicoles, qui ne sont pas tous des suspensivores. Cet
te dynamique successionnelle est d'autant plus 
evidente que les peuplements sont tres riches, sans 
doute a leur maximum de capacite de charge, que 
ce soit dans l'infralittoral du golfe du Morbihan, ou 
dans les vasieres cotieres de la depression prelittora
Ie du nord du golfe de Gascogne. Independamment 
de tous les criteres habituels de variabilite temporel
Ie, il existe done sur ces vasieres une evolution per
manente et une succession liee a l'action des especes 
sur Ie sediment. 
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Abstract 

Long term monitoring for eight years of the fine sand community from the bay of Morlaix has allowed the 
determination of the principal stages of its structural evolution. 

Principal component analysis on the general trends of 43 species has permitted the division of the chronologi
cal series into six successive periods. The rapid evolution of the community during the first four years after the 
Amoco Cadiz oil spill indicates a period of perturbation which is followed by a stabilisation of the macroben
thos. This evolution is a function of changes in direction in gradients within the populations. 

The resemblance metric and the dissimilarity correlograms were used after regrouping the species into six 
trophic groups. The Mantel test allowed measurement of the contrasts between equilibrium and restructuration 
periods. The extended variogram function showed different behaviour of trophic groups related to demographic 
strategies. The generalization of these methods in benthic studies should allow the comparison in space and 
time of the scale of the physical factors responsible for the observed phenomena. 

Introduction 

En Manche occidentale, on observe dans les 
baies un gradient granulometrique et biocenotique 
tres marque depuis les cailloutis du large jusqu'aux 
vases sableuses du fond des baies; les peuplements de 
sediments fins, les plus productifs de cette zone, 
presentent une repartition discontinue en taches 
isolees separees par de vastes etendues de nature 
differente. Cevolution a long-terme de la macro
faune de l'une de ces unites insulaires a ete sui vie 
pendant huit annees (1977 -1985). Cette unite cor
respond au peuplement des sables fins peu envases 
a Abra alba - Hyalinoecia bilineata de la Pierre 
Noire dans la partie orientale de la baie de Morlaix. 

Survenant apres une annee d'observation, l'arri
vee des hydrocarbures de l'Amoco Cadiz au niveau 
du fond, au printemps 1978, a profondement modi
fie la structure quantitative du peuplement, notam
ment par la destruction ou la reduction de popula-

tions d'Amphipodes dominantes (Dauvin, 1984). 
Evoluant dans un milieu aux caracteristiques 
hydrosedimentaires ne presentant que de faibles 
variations annuelles et interannuelles, la pollution 
a He l'element perturbateur essentiel du systeme au 
cours de la peri ode d'echantillonnage. 

Bien que les methodes d'analyses multivariees, 
telle l'analyse en composantes principales, soient 
appliquees couramment pour la cartographie des 
peuplements macrobenthiques (Lie & Kelley, 1970; 
Souplet & Dewarumez, 1980; Elkaim et al., 1982), 
dans la plupart des series pluriannuelles d'observa
tion du macrobenthos les phenomenes sont simple
ment decrits a partir de l'evolution des 'S.A.B: 
(richesse en especes, abondances, biomasses) et de 
celles des principales especes (Pearson et aI., 1982; 
Rees & Walker, 1983; Bonsdorff & Osterman, 
1984). Aussi dans cette publication no us . avons 
essaye, a partir d'analyses en composantes princi
pales, de determiner objectivement les phases 
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caracteriques de l'evolution pluriannuelle du peu
plement; l'interpretation de la segmentation de la 
serie temporelle a ete recherchee en relation avec les 
evolutions d'abondances des 43 especes selection
nees. Ensuite, la variation temporelle des ressem
blances entre les observations a ete etudiee en te
nant compte du classement des especes par groupes 
trophiques. Cette approche, inusitee dans Ie 
domaine benthique ou l'evolution temporelle des 
groupes trophiques est generalement etudiee a par
tir des variations des dominances numeriques des 
differents groupes (Maurer et al., 1979; Bachelet, 
1981; Pearson et ai., 1982), a ainsi permis de mettre 
en evidence des peri odes de plus grande heteroge
neite temporelle revelatrice de restructuration du 
peuplement. Enfin, l'etude scalaire de l'evolution 
des groupes trophiques a mis en evidence leurs dif
ferences adaptatives. 

Ces resultats s'inscrivent parmi ceux du projet 
COST 647 d'etude de la variabilite temporelle des 
populations et des peuplements macrobenthiques 
des mers Nord-Europeennes; ils fournissent un 
exemple d'evolution du macrozoobenthos subtidal 
dans une region avec de faibles variations annuelles 
et pluriannuelles des parametres hydrologiques. 

Materiels et methodes 

Site et echantillonnage 

Le peuplement des sables fins peu envases a A bra 
alba - Hyalinoecia bilineata de la Pierre Noire 
(Cabioch, 1968) est localise dans la partie orientale 
de la baie de Morlaix ou il forme une tache de sable 
fin thixotropique par 15 a 20 m de profondeur. Les 
mecanismes de sedimentation (Auffret & Douville, 
1974), les caracteristiques physico-chimiques et bio
logiques (Boucher et al., 1984; Dauvin, 1984) et les 
conditions hydrologiques de ce peuplement sont 
maintenant bien connus. 

Le point de prelevement 'Pierre Noire' se situe a 
0,28 mille au sud-est de la balise de la Pierre Noire, 
par 17 m de profondeur par rapport au zero des 
cartes dans la partie la plus riche du peuplement. 
La mediane du sediment, comprise entre 148 ~m et 
184 ~m, varie peu au cours du temps; la fraction 
fine inferieure a 63 ~m depasse legerement 1070. Le 
milieu correspond a une zone relativement oligo
trophe avec une teneur en carbone organique de 

0,47% du poids sec du sediment (Beslier, 1981) et une 
teneur en azote organique de 0,035% (Chamroux & 
Mevel, sous presse). 

Apres un premier echantillonnage en avril 1977 
les prelevements ont ete realises mensuellement 
d'aout 1977 a mars 1982 puis a raison de cinq rele
yes annuels de juin 1982 a mars 1985, soit un total 
de 71 observations. A l'exception des trois premiers 
releves (5 prelevements de 0,28 m2 a la benne 
Hamon), l'echantillonnage a ete realise au moyen 
d'une benne Smith Mc Intyre a raison de dix prele
vements unitaires de 0,1 m2, soit une surface totale 
de 1 m2• Tous les echantillons ont ete laves sur un 
tamis a ouverture circulaire de 1 mm de diametre et 
tries deux fois apres coloration au rose bengale. On 
designera ci-dessous par N Ie nombre d'individus 
sur 1 m2 (ou 'densite') d'une espece. 

Choix des descripteurs et lissages des donnees 

388 especes macrobenthiques ont ete recensees a 
partir des 71 releves, mais seules les especes bien 
representees en frequence et en nombre d'individus, 
soit 43 (Tableau I), ont ete conservees dans les 
analyses, a l'exclusion des especes trop temporaire
ment abondantes ou accidentellement disparues. 
En effet, certaines especes principales du peuple
ment, comme Ampelisca armoricana Bellan
Santini & Dauvin et Ampelisca tenuicornis (Lilje
borg), ont ete temporairement ou totalement elimi
nees du peuplement au printemps 1978 lors de la 
pollution des fonds par les hydrocarbures de 
l'Amoco Cadiz (Dauvin, 1984); d'autres especes, 
comme Polydora antennata Claparecle, ne presen
tent que des proliferations estivales passageres 
(Dauvin, 1984). En definitive, 43 descripteurs ont 
ete selectionnes (Tableau I). 

Les series presentent un grand nombre d'observa
tions manquantes (71 valeurs mensuelles echantil
lonnees sur 96). En se rHerant aux profils d'abon
dance, on a pu verifier que les tendances locales 
etaient presque toujours exponentiellement erois
santes ou decroissantes. Pour regulariser Ie pas 
d'eehantillonnage, les donnees ont done ete trans
formees en logarithmes puis les valeurs manquan
tes interpolees lineairement entre deux valeurs suc
cessives. Les valeurs arithmetiques sont ensuite 
deduites par transformation reciproque. Cette 
interpolation n'a, en fait, servi qu'a la representa
tion graphique des abondances et pour les traite-
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Tableau 1. Caracteristiques statistiques (densites (nombre d'individus sur I m2): donnees brutes) des 43 especes selectionnecs. 

Numero dans Densite Ecart-type Densite Densite Nombre 
les analyses Moyenne Minimale Maximale de valeurs 
numeriques nulles 

Abra alba (Wood) I 135,2 114,1 7 575 0 
Abra prismatica (Montagu) 2 39,2 36,8 202 0 
Ampe/isca brevicornis(Costa) 3 92,8 78,6 0 501 29 
Ampelisca sarsi Chevreux 4 990,6 1594,9 I 6641 0 
Ampelisca typica (Bate) 5 113,6 115,1 0 737 26 
Ampharete acutifrons Malmgren 6 43,0 42,2 0 295 2 
Apherusa ovalipes Norman & Scott 7 8,5 12,8 0 113 37 
Apseudes latreillei (Milne-Edwards) 8 23,2 23,1 0 173 46 
Aricidea cerrutii Laubier 9 49,9 27,2 0 122 I 
Aricidea fragilis Webster 10 122,2 43,6 15 327 0 
Aricidea minuta Southward 11 11,5 8,7 0 51 9 
Bathyporeia elegans Watkin 12 53,9 42,1 0 342 10 
Bathyporeia tenuipes Meinert 13 19,4 13,2 0 78 
Chaetozone setosa Malmgren 14 226,4 140,8 0 725 
Clymene oerstedii Claparede 15 34,1 22,1 174 0 
Cu/te//us pellucidus (Pennant) 16 7,7 6,0 0 31 10 
Diplocirrus glaucus (Malmgren) 17 6,7 4,1 0 31 9 
Eteone longa Fabricius 18 7,5 3,6 0 29 
Eulalia sanguinea Oersted 19 35,0 25,0 0 150 7 
Exogone hebes (Webster & Benedict) 20 17,3 25,1 0 167 3 
Heterocirrus alatus (Southern) 21 59,6 100,0 0 668 7 
Hyalinoecia bilineata Baird 22 22,9 9,4 2 69 0 
Lanice conchilega (Pallas) 23 60,1 49,4 0 482 9 
Marphysa bellii (Audouin & M. Edwards) 24 168,2 92,6 15 634 0 
Mediomastus fragilis Rasmussen 25 38,4 22,9 0 190 2 
Nephtys hombergii Savigny 26 87,5 74,0 4 446 0 
Notomastus latericeus Sars 27 42,2 34,9 0 208 4 
Nucula hanleyi Winckworth 28 6,0 2,6 0 20 5 
Nucula turgida Leckenby & Marshall 29 7,7 3,7 I 26 0 
Odontosyllis gibba Claparede 30 38,7 27,5 0 161 4 
Ophiura albida Forbes 31 14,9 8,8 1 51 0 
Paradoneis armata Glemarec 32 410,0 134,9 26 850 0 
Pariambus typicus (Kroyer) 33 18,0 17,8 0 154 28 
Perioculodes /ongimanus (Bate & W. Wood) 34 36,S 20,5 0 195 1 
Phtisica marina (Bate) 35 44,1 37,9 0 248 45 
Phyllodoce groenlandica Oersted 36 14,9 16,2 0 94 24 
Seoloplos armiger (Miiller) 37 123,8 84,4 11 405 0 
Spio filicornis (Miiller) 38 525,2 380,7 37 3101 0 
Spiophanes bombyx (Claparecte) 39 31,6 24,7 7 144 0 
Tellina fabula Gmelin 40 3,9 2,9 0 18 12 
Thyasira flexuosa Montagu 41 70,3 81,1 0 364 8 
Urothoe pulchella (Costa) 42 130,0 103,2 1 426 0 
Venus ovata Pennant 43 37,5 31,8 0 135 2 

ments multivariables nous n'avons tenu compte que que pn!sente moins d'arbitraire que les lissages 
des donnees reeIIes (voir plus loin). Dans de prece- polynomiaux ou par rrioyenne mobile: il n'y a pas 
dents travaux (Ibanez, 1983, 1984), nous avons sou- de choix arbitraire a faire sur l'ordre du polynome 
ligne les proprietes du lissage des points moyens. (variable suivant Ie descripteur utilise) et les 
Cet ajustement consiste a definir la ten dance gene- valeurs aux extremites du signal ne sont pas elimi-
rale d'un processus temporel, comme Ie lieu des nees. Les phenomenes de basse frequence sont inte-
points situes a egale distance de son enveloppe infe- gralement conserves et on observe que seules les 
rieure et superieure (Figures 4, 5 et 6). Cette techni- oscillations de periode inferieure a cinq preleve-
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ments sont supprimees. Mais la propriete la plus 
remarquable de ce lissage est de rendre l'analyse en 
composantes principales tout a fait adaptee a 
l'etude des structures temporelles multivariables: 
l'ordination des observations dans l'espace factoriel 
conserve leur connexite temporelle, et permet un 
decoupage de la serie en peri odes homogenes par 
rapport aux correlations entre les descripteurs (Iba
nez, 1983, 1984). En outre, il rend inutile une trans
formation prealable des donnees compte tenu de la 
stabilisation des variances par lissage. 

Analyses en composantes principales 

Apres avoir ainsi estime les tendances generales. 
des 43 descripteurs a partir des 96 valeurs observees 
ou interpolees, nous avons applique une ACP sur 
les resultats du lissage afin de realiser une segmen
tation de la serie temporelle: nous l'appellerons 
'ACP sur les tendances'. Toutefois comme nous ne 
disposions a l'origine que de 71 valeurs effective
ment echantillonnees, il nous a semble plus rigou
reux d'effectuer la methode d'ACP avec donnees 
manquantes: chaque valeur lissee correspondant a 
une interpolation prealable est donc eliminee du 
traitement. Legendre et al., (1984) proposent de cal
culer d'abord la matrice de correlation basee sur un 
nombre variable de degre de liberte pour chaque 
couple de descripteurs (en enlevant les couples 
d'observations contenant au moins une donnee 
manquante) puis d'extraire les axes principaux. 
Comme, dans ce cas, la matrice de correlation n'est 
pas necessairement definie positive, nous avons uti
lise la methode iterative de Wold (Bouvier, 1977) 
qui part directement du tableau des donnees initia
les. 

Les correlations entre les descripteurs et les pre
miers axes principaux (les saturations) permettent 
une representation graphique des proximites entre 
les especes sans pour autant indiquer objectivement 
des groupes bien individualises. Nous avons donc 
choisi de proceder a une methode de classification 
des descripteurs. Par souci d'homogeneite avec 
l'ACP precedente sur les tendances, nous avons 
considere dans un premier temps les correlations de 
Bravais-Pearson entre les profils lisses des especes. 
Ces correlations sont ensuite changees en mesures 
de distance par la transformation arc cosinus et 
normees entre 0 et 1 en divisant par 7T (Blumenthal, 
1953). Le modele general de groupement par agglo-

meration hierarchique de Lance & Williams (1967) 
a ete utilise pour definir des classes de descripteurs 
(methode de groupe flexible avec [3 = -0,30), qui 
ont ete reportees sur la projection sur les plans 
principaux. 

Analyse de l'evolution des groupes trophiques 

Nous avons recherche, dans un deuxieme temps, 
a definir d'autres analyses pour etudier la variabi
lite temporelle des organismes ayant les memes 
besoins trophiques. Les especes ont ete regroupees 
en six categories trophiques (Tableau 2). Les espe
ces a la fois suspensivores et deposivores de surface 

Tableau 2. Repartition des 43 especes en six principaux 
groupes trophiques. 

Groupe 1: S 
(suspensivores et mixtes) 

16 Cultellus pellucidus 
43 Venus ovata 
3 Ampelisca brevicornis 
4 Ampelisca sarsi 
5 Ampelisca typica 

23 Lanice conchi/ega 
38 Spio jilicornis 
41 Thyasira jlexuosa 

Groupe 3: DSS 
(deposivores de subsurface) 

8 Apseudes latreillei 
12 Bathyporeia elegans 
13 Bathyporeia tenuipes 
15 Clymene oerstedii 
21 Heterocirrus alatus 
27 Notomastus latericeus 
37 Scoloplos armiger 
42 Urothoe pulchella 

Groupe 5: H 
(herbivores) 

20 Exogone hebes 
30 Odontosyllis gibba 

Groupe 2: DS 
(deposivores de surface) 

1 Abra alba 
2 Abra prismatica 
6 Ampharete acutifrons 
7 Apherusa ovalipes 
9 Aricidea cerrutii 

10 Aricidea jragilis 
11 Aricidea minuta 
14 Chaetozone setosa 
17 Diplocirrus glaucus 
25 Mediomastus jragilis 
32 Paradoneis armata 
28 Nucula hanleyi 
29 Nucula turgida 
39 Spiophanes bombyx 
40 Tellina jabula 

Groupe 4: C 
(carnivores) 

18 Eteone longa 
22 Hyalinoecia bilineata 
24 Marphysa bellii 
26 Nephtys hombergii 
36 Phyllodoce groendlandica 

Groupe 6: 0 
(omnivores) 

19 Eulalia sanguinea 
31 Ophiura alb ida 
33 Pariambus typicus 
34 Perioculodes longimanus 
35 Phtisica marina 



(mixtes) ont ete reunies avec les suspensivores stric
tes; les deposivores de surface, dont Ie regroupe
ment avec les suspensivores a ete propose par ce~
tains auteurs, ont cependant ete considerees comme 
un groupe trophique independant. 

Variation des ressemblances entre les observations 
seton tes groupes trophiques 

La mesure de la res semblance entre les echantil
Ions est basee sur leur proximite dans l'espace des 
especes (Rn). La longueur du vecteur liant un point 
echantillon de cet hyperespace a l'origine des axes 
represente l'abondance totale d'organismes en ce 
point, alors que sa direction figure les relations de 
dominance entre les especes. Nous voulions compa
rer les changements de communaute in depend am
ment des variations liees a l'abondance des especes 
considerees. La mesure de corde (Orloci, 1978), est 
une mesure de distance (ou de dissemblance), qui a 
deja ete utilisee par Mackas & Sefton (1982) et 
Mackas (1985) pour un raisonnement voisin en 
planctologie. Elle correspond a une distance eucli
dienne calculee sur les abondances normees a I 
pour chaque echantillon. Si on appeUe x la densite 
de l'espece i a la station j, on doit avoir (apres nor
malisation): 

n 2 • 
E Xi]' = 1; J = 1,2 .... , p. 

i=l 

Tous les vecteurs echantillons j ont alors un 
module unitaire bien que leur direction reste 
inchangee dans l'espace Rn. La distance de corde 
s'ecrit: 

Elle est nulle si deux echantillons possedent les 
memes especes dans les memes proportions, elle est 
maximale et egale a deux quand les especes diffe
rent totalement d'un prelevement a I'autre. Elle per
met donc de comparer la composition faunistique 
d'un prelevement a un autre sans subir l'influence 
des variations temporelles de forte amplitude dues 
a une minorite d'especes. 

Pour un groupe trophique particulier, la ressem
blance entre p stations s'exprimera par une matrice 
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des carres des distances, d'ordre p. Le test de Mantel 
(1967), repris par Sokal (1979), permet de tester la 
similitude de deux matrices de distances d'ordre p. 
Nous I'avons utilise pour savoir si la classification 
des prelevements a partir d'un groupe trophique 
donne etait differente de celIe obtenue avec chacun 
des autres groupes. Le test consiste a effectuer Ie 
produit vectoriel des deux matrices puis de compa
rer Ie nombre z ainsi calcule avec sa moyenne, para
metre que l'on estime ainsi que son ecart-type par 
simulations en permutant au hasard les lignes et les 
colonnes de l'une quelconque des deux matrices. 
r.;ecart entre z et sa moyenne, nor me par l'ecart 
type, suit une loi de t de Student, Ie nombre de 
degres de liberte correspondant au nombre de 
simulations effectuees. 

Eechelle temporelle de la ressemblance entre les 
echantillons: Ie distogramme 

De me me que la fonction Auto-D2 (Ibanez, 
1984) est une extension au cas multivariable de la 
fonction d'autocorrelation, nous appellerons 'dis
togramme' une extension de la fonction de struc
ture ou variogramme (Matheron, 1970). Cette der
niere donne une estimation de la variance d'un 
processus selon differentes echelles de temps (ou 
d'espace). Si on considere la distance de corde 
moyenne a entre des stations separees successive
ment par des intervalles de temps (h) de plus en 
plus grands, on definit une fonction de dissem
blance a(h) (Ie distogramme), qui exprime la modi
fication scalaire de la communaute statistique. 
D'apres Mackas (1984) Ie distogramme theorique 
(dans un milieu turbulent) s'ajuste a une courbe 
d'allure parabolique: pour des echelles tres vastes, il 
n'existe plus de correlation entre les echantillons et 
la dissemblance tend vers sa valeur maximale possi
ble. Ne disposant pas d'echantillons preleves simul
tanement a la me me station, la distance moyenne a 
ne peut etre calculee pour un decalage nul (h=O). 
On peut l'estimer en extrapolant la fonction jusqu'a 
son intersection avec l'axe des ordonnees. Dans 
notre cas, cette distance minimale reste toujours 
legerement superieure a 0, traduisant un effet de la 
variabilite aleatoire locale (comparable a l'effet 'de 
pepite' des variogrammes). 
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Resultats 

4.nalyses en composantes principales 

Ordination des pretevements 
Vordination par l'analyse en compos antes princi

pales des 71 prelevements seIon les axes 1 et 2 et les 
axes 2 et 3 est representee sur les figures 1 et 2; 
l'inertie des trois premiers axes forme plus de 
53070 de l'inertie totale (ler axe: 20,86070; 2eme axe: 
19,67070 et 3eme axe: 12,86070). Dans cette analyse 
sur les donnees lissees, comme la dependance entre 
les prelevements successifs est amplifiee, les preleve
ments proches dans Ie temps sont voisins dans 
l'espace factoriel (Ibanez, 1983). 

Ainsi en joignant les observations successives 
dans l'espace des deux premiers axes, on obtient une 
ligne brisee reIativement lissee d'allure parabolique 
ce qui indique que Ie premier axe est une fonction 
quadratique du second (effet Guttman: Benzecri et 
coil., 1973). II convient donc d'interpreter globale
ment les projections des observations dans Ie pre
mier plan propre plutot que de considerer separe
ment les axes 1 et 2. 

La branche superieure de la parabole correspond 

PI 

$/~juilletl~ 

~,) 
$ 

avril 1977 

P2 

a la derive temporelle progressive du peuplement a 
la suite de sa perturbation par la pollution de 
l'Amoco Cadiz: entre 1978 et 1980. La composition 
specifique atteint en septembre 1980 un maximum 
de divergence par rapport a celle du debut des obser
vations. 

La branche inferieure de la parabole marque un 
retour progressif a la situation initiale, comme si 
apres s'etre ecarte au maximum d'une position 
d'equilibre en 1980, l'ecosysteme tendait a retrouver 
la meme structure interactive entre les especes. 
Cependant, l'opposition entre les observations au 
debut et a la fin de l'echantillonnage est evidente: 
eIle rend compte de la reduction des densites au 
cours de trois dernieres annees des especes precise
ment abondantes au debut de l'observation (Parao
nides) et, inversement, de l'augmentation d'abon
dance d'especes rares au debut des rei eves (Urothoe 
pulchella). 

Hill (1973) preconise l'examen du troisieme axe 
factoriel chaque fois que l'on est en presence de 
l'effet Guttman. Cet axe oppose les prelevements 
avec une forte densite totale et ceux avec une faible 
den site totale. Ainsi, on observe une decroissance 
reguliere de la densite depuis aoiit 1977 (13164 
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Fig. 1. Ordination des 71 echantillons dans Ie plan des deux premiers axes de I'ACP sur Ies tendances avec identification des groupes 
obtenus par agglomeration hierarchique (pI: peri ode I, ... ; I: echantillon l. .. ). 
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Fig. 2. Ordination des 71 echantillons dans Ie plan des deuxieme et troisieme axes de l'ACP sur les tendances. 

ind'm- 2) jusqu'a novembre 1978 (2887 ind'm- 2) 

puis elle atteint un maximum en septembre 1980 
(5069 ind· m -2) et montre par la suite une ten
dance decroissante a l'exception des periodes estiva
les de 1981 et de 1982. En resume, finalement, les 
axes 1 et 2 traduisent des changements de la com
position specifique et l'axe 3 ['evolution de la den
site. 

Le regroupement des prelevements par agglome
ration hierarchique de Lance & Williams (1967) a 
partir des trois premieres composantes de l'analyse 
factorielle permet a un seuil de similarite de 0,80 de 
separer la serie en 6 groupes de prelevements, Ies
quels se suivent de fa90n chronoIogique sans inser
tion de releves eloignes dans Ie temps. Les six perio
des sont: p 1, avril 1977-juillet 1978; p 2, aoilt 
1978-juillet 1979; p 3, aoilt 1979-avrilI980; p 4, mai 
1980-janvier 1981; p 5, fevrier 1981-janvier 1982 et 
p 6, fevrier 1982-mars 1985. Les cinq premiers grou
pes correspondent a des periodes de 9 a 16 mois, la 
sixieme peri ode regroupe les prelevements effectues 
au cours des trois dernieres annees du suivi. l!evo
lution rapide de la structure numerique du peuple
ment au cours des quatre premieres annees apres la 
pollution (ete 1978-hiver 1982) indique ainsi une 
periode de perturbation laquelle est suivie d'une 
periode de stabilisation de l'ecosysteme benthique. 

Ordination des especes 
l!ordination des 43 descripteurs biologiques a 

seulement ete representee selon les deux premiers 
axes (Fig. 3). Cependant, Ie regroupement des espe
ces par agglomeration hierarchique a ete effectue a 
partir des trois premieres composantes de l'analyse 
factorielle. Trois principaux groupes bien indivi
dualises sont mis en evidence (au niveau de simila
rite de 0,9); Ie groupe A, lequel est subdivise en 
trois sous-groupes, correspond aux especes mon
trant au moins un maximum d'abondance entre 
avril 1979 et avril 1981; Ie groupe B comportant 
deux sous-groupes, reunit les especes qui presentent 
des abondances plus soutenues a partir d'avrilI981; 
a l'oppose Ie groupe C, comportant deux sous
groupes, renferme les especes plus abondantes au 
debut du suivi. Dans l'espace factoriel des deux 
premiers axes, l'axe 1 est caracterise par ['opposition 
du groupe A (notamment du sous-groupe AI) et 
du groupe C2; l'axe 2 contribue a separer les espe
ces du groupe C1 de celles du groupe B2. Les deux 
premiers axes differencient les groupes d'especes en 
fonction de leurs successions quantitatives. l!axe 1 
reflete les successions d'abondance en relation avec 
la perturbation: dans un premier temps, forte 
regression des populations du groupe C2 puis sti
mulation des populations du groupe Al et dans un 
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Fig. 3. Ordination des 43 especes dans Ie plan des deux premiers 
axes de I'ACP sur les tendances avec identification des groupes 
obtenus par agglomeration hierarchique (I, 2, ... : numeros 
d'ordre des especes: Tableau 1). 

deuxieme temps, reconstitution des populations du 
groupe C2 et declin des populations du groupe AI. 
En ce qui concerne I'axe II, il traduit Ie remplace
ment des especes abondantes au debut de l'etude 
(C1) par celles abondantes a la fin de l'etude (B2). 
On rejoint done les conclusions precedentes, tirees 
de l'effet Guttman sur les preIevements: les diffe
rentes phases de l'evolution de l'ecosysteme benthi
que mises en evidence par I'ACP sur les preleve
ments sont Ie reflet des modifications d'abondance 
des principales especes groupees comme il vient 
d'etre fait. 

Le Tableau 3 donnant la dominance des dix pre
mieres especes a chacune des six peri odes p 1 a p 6 
fournit egalement un element d'interpretation de la 
dynamique a long terme du peuplement: 

Periode p 1: avril 1977 II juillet 1978 (avant la pol
lution): dominance des especes du groupe C 
notamment d'Ampelisca sarsi (Fig. 4a) et de Para
doneis armata (Fig. 4b); fortes densites: 5362 
ind . m - 2 en moyenne. 

Periode p 2: aoat 1978 II juillet 1979 (premiere 
annee apres la pollution): tres forte reduction des 
Ampeliscides et de la densite moyenne totale du 

Tab/eau 3. Dominance des dix premieres especes (donnees lis sees) rangees par ordre de dominance decroissante au cours des six peri-
odes distinguees par I'analyse en compos antes principales. 

pi avril 1977 - juillet 1978 p2 aoilt 1978 - juillet 1979 p3 aoilt 1979 - avril 1980 

070 % % 
Ampelisca sarsi 45,3 Paradoneis armata 24,5 Spio jilieornis 28,4 
Paradoneis armata 16,7 Spio jilieornis 21,6 Paradoneis armata 13,1 
Spio jilieornis 6,0 Chaetozone setosa 9,0 Chaetozone setosa 11,8 
A rieidea jragilis 4,5 Heteroeirrus a/atus 7,2 Abra alba 5,9 
Chaetozone setosa 4,1 Aricidea jragilis 6,1 Se%plos armiger 5,8 
Marphysa bellii 4,0 Abra alba 5,6 Marphysa bellii 4,6 
Arieidea cerrutii 2,5 Marphysa bellii 4,0 Thyasira jlexuosa 4,4 
Nephtys hombergii 1,7 Arieidea cerrutii 3,8 Aricidea jragilis 3,7 
Hyalinoecia bilineata 1,4 Perioculodes longimanus 2,6 Venus ovata 2,3 
Mediomastus jragilis 1,2 Abra prismatiea 1,6 Urothoe pulchella 1,8 

p4 mai 1980 - janvier 1981 p5 fevrier 1981- janvier 1982 p6 fevrier 1982 - mars 1985 

% % % 
Paradoneis armata 11,6 Ampelisca sarsi 16,2 Ampelisca sarsi 24,6 
Spio jilieornis 10,7 Paradoneis armata 13,5 Spio jilieornis 13,3 
Chaetozone setosa 9,8 Chaetozone setosa 8,3 Urothoe pu/ehella 9,4 
Marphysa bellii 9,7 Urothoe pulche//a 7,3 Paradoneis armata 8,4 
Abra alba 8,4 Marphysa bellii 6,6 Nephtys hombergii 5,9 
Ampelisca sarsi 6,6 Spio jilieornis 6,5 Se%plos armiger 3,4 
Scoloplos armiger 6,1 Seoloplos armiger 5,5 Marphysa bellii 3,2 
Thyasira jlexuosa 4,8 Abra alba 3,6 Chaetozone setosa 3,0 
Urothoe pu/ehe//a 3,6 Arieidea jragilis 3,2 A rieidea jragilis 2,8 
Arieidea jragilis 3,3 Nephtys hombergii 2,3 Ampelisea typiea 2,6 
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Fig. 4. Profils d'abondance d'Ampelisca sarsi (a), de Paradoneis armata (b) et de Spio filicornis (c) (trait fin) avec trace de la ten dance 
generale (trait gras) de t I (avril 1977) it t 96 (mars 1985). 

peuplement: 2298 ind· m - 2. La dominance revient 
aux especes du groupe Cl et a celles du groupe A3 
parmi Iesquelles on rencontre Spio jilicornis 
(Fig. 4c). Parmi Ie groupe Cl, Ia Polychete oppor
tuniste de petite taille Heterocirrus alatus s'installe 
de fa90n moderee sur Ie peuplement (Fig. 5a). 

Periode p 3: aout 1979 iz avril 1980 (deuxieme 
annee apres pollution): augmentation des densites 
moyennes totales: 3613 ind· m -2. La dominance 
reste aux especes des groupes Cl et A3, debut des 
biostimulations des especes du groupe Al comme 
Abra alba (Fig. 5b): periode de restructuration du 
peuplement. 

Periode p 4: mai 1980 iz janvier 1981 (troisieme 
annee apres pollution): legere augmentation des 
densites moyennes totales: 4140 ind· m -2 et faible 
disparite numerique entre les especes (Tableau 3). 
On observe une stimulation d'especes du groupe Al 
comme Marphysa bellU (Fig. 5c) et du groupe A2 
comme Mediomastus jragilis (Fig. 6a), Ie debut des 

reconstitutions des especes du groupe C2 (Ampe
lisca sars!) et l'augmentation du pourcentage des 
especes du groupe B2 comme Urothoe pulchella 
(Fig.6b). 

Periode p 5: jevrier 1981 a janvier 1982 (qua
trieme annee apres la pollution): periode de transi
tion entre Ie regime perturbe du peuplement et la 
peri ode de stabilisation. Reduction des den sites 
moyennes totaIes: 3122 ind·m-2. Ampelisca sarsi 
redevient l'espece Ia plus abondante; Chaetozone 
setosa et Seoloplos armiger montrent encore des 
densites elevees. On assiste a la fin des biostimula
tions des especes des groupes Al et A2, ala pour
suite de l'installation des especes du groupe B2 et 
a l'installation moderee des especes du groupe Bl 
comme Lanice conchilega (Fig. 6c). 

Periode p 6: jevrier 1982 iz mars 1985: maintien 
des den sites moyennes totales a de faibles valeurs: 
2938 ind· m - 2 (inferieures de moitie a celles de Ia 
periode pI); ralentissement des processus de 
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Fig. 5. Profils d'abondance d'Heterocirrus alatus (a), d'Abra alba (b) et de Marphysa bellii (c) (trait fin) avec trace de la tendance gene
rale (trait gras) de t 1 (avril 1977) it t 96 (mars 1985). 

reconstitutions et stabilisation de la structure du 
peuplement. Les especes des groupes C2, B2 et A3 
deviennent dominantes, a l'inverse la part des espe
ces des groups Cl, B1 et Al se reduit. 

Analyse de l'evolution des groupes trophiques 

Comparaison des distances entre echantillons en 
fonction des groupes trophiques 

La distance de corde exprime les differences entre 
les observations du point de vue de la dominance 
specifique, independamment des valeurs absolues 
des abondances. L:algorithme de Mantel sert a tes
ter l'identite de deux matrices de distances entre 
deux groupes de prelevements. En considerant dans 
un meme groupe d'observations deux types de cate
gories trophiques, ce test permet de com parer les 
resemblances entre les observations en fonction des 
abondances relatives des especes appartenant a 
chaque groupe trophique. Si l'hypothese nulle est 

verifiee cela signifie que la dominance des especes 
de chaque groupe est identique pour la periode 
consideree, en d'autres termes, qu'il n'y a aucune 
competition entre ces populations. 

Le test de Mantel indique, par example, si les dis
tances entre p prelevements dans l'espace des huit 
especes deposivores de subsurface sont statistique
ment identiques a celles des memes p stations con
siderees dans l'espace des carnivores. Avec six cate
gories trophiques (Tableau 2), nous pouvons 
effectuer 15 comparaisons differentes. Les simula
tions pour Ie test ont ete effectuees 20 ou 40 fois 
compte tenu de l'ordre des matrices de distances 
considerees. 

Les tests effectues en prenant l'ensemble des 71 
observations sont tous non significatifs - resultat 
previsible puisque la classification globale sur les 
especes precectentes n'a pas discrimine les groupes 
trophiques. Nous avons voulu ensuite decrire la 
variabilite faunistique pour des echelles de temps 
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Fig. 6. Profils d'abondance de Mediomastus jragi/is (a), d'Urothoe pulchella (b) et de Lanice conchilega (c) (trait fin) avec trace de 
la tendance generale (trait gras) de t I (avril 1977) it t 96 (mars 1985). 

plus courtes et pour lesquelles il peut exister une 
forte autocorrelation entre les prelevements. Le test 
de Mantel a done ete applique aux six periodes 
decelees par I'ACP. 

Les moyennes des 15 valeurs de t pour les six 
periodes sont consignees dans Ie Tableau 4. l!hete
rogeneite maximale se situe au caurs de la periode 
p 3 (aotit 1979 a avril 1980) correspondant a une 
periode de restructuration du peuplement. Cette 
periode est caracterisee par des recrutements 
importants d'especes appartenant a plusieurs grou
pes trophiques: suspensivores: installation de Venus 
ovata, debut des reconstitutions des populations 
d'Ampelisca; biostimulations de deposivores de 
surface: A bra alba, A bra prismatica et de deposivo
res de subsurface, a l'inverse les carnivores et les 
omnivores presentent des populations en declin. 
On assiste par consequent au cours de la peride p 3 
a des tentatives de colonisation du milieu par des 
especes de plusieurs groupes trophiques. 

Dans Ie detail des comparaisons on remarque un 
certain nombre de valeurs de t significatives, seules 
portees dans Ie Tableau 4. La premiere peri ode 
(p 1) est tres homogene et seules les distances entre 
les prelevements dans l'espace des deposivores de 
surface (DS) et de subsurface (DSS) sont significa
tivement differentes. La periode suivante p 2 est 
totalement homogene. D'aotit 1979 a avril 1980 
(p 3) on note une forte variabilite de la composition 
faunistique: les suspensivores (S) et les carnivores 
(C) sont les categories au comportement Ie plus sin
gulier. Seuls les herbivores (H), il est vrai represen
tes par trop peu d'especes, semblent suivre une evo
lution moyenne peu remarquable. La periode p 4 
exprime les differences entre trois groupes, les 
deposivores de surface (DS), les carnivores (C) et 
les omnivores (0). l!avant derniere periode p 5 
montre une opposition entre deposivores de surface 
(DS) et trois categories, suspensivores (S), deposi
vores de subsurface (DSS), omnivores (0). Les car-
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Tableau 4. 'Test de Mantel'. t: moyenne sur 15 comparaisons 
du t de student. t: valeurs du t de student significatives (seuil 
5%). pi: avril 1977 ajuillet 1978; p 2: aout 1978 ajuillet 1979; 
p 3: aout 1979 a avril 1980; p 4: mai 1980 a janvier 1981; p 5: 
fevrier 1981 a janvier 1982 et p 6: fevrier 1982 a mars 1985. DS: 
deposivores de surface; DSS: deposivores de subsurface; S: sus
pensivores; C: carnivores; 0: omnivores. 
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nivores ne se distinguent plus par leur comporte
ment. La sixieme periode (p 6) est relativement plus 
homo gene avec un contraste dans leur evolution 
temporeIIe pour les suspensivores et les deposivores 
de subsurface. 

Etude scalaire de /'evolution des groupes trop
hiques 

La fonction du d2 (distogramme: Figure 7) est 
calculee pour des observations separees de un a 
quarante mois successivement, avec un pas con
stant de un mois. Un point commun a toutes ces 
fonctions est que leur valeur extrapolee pour un 
decal age nul, donnerait une valeur de d2 tres voi
sine de 0: en d'autres termes, la variabilite ponc
tueIIe de I'echantiIIonnage est faible et constante 
quel que soit Ie groupe trophique (ce que l'on n'ob
serve pas avec des donnees planctoniques: Mackas, 
1984). On distingue quatre types de variations bien 
caracteristiques: 
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Fig. 7 Distogrammes pour les six categories trophiques. En abscisse, l'echelle en mois, en ordonnee la distance au carre moyenne entre 
les observations (distance euc1idienne). S: suspensivores et mixtes; DS: deposivores de surface; DSS: deposivores de subsurface; C: carni
vores; H: herbivores et 0: omnivores. 



- Le type 1 (les carnivores (C) et les deposivores 
de surface (DS» presente un cycle annuel recon
naissable mais de faible amplitude, surimpose a 
une tres faible tendance croissante. La proportion 
des especes dans ces deux groupes varie donc tres 
peu au cours du temps. La repartition des or
ganismes est homogene et traduit une evolution des 
populations marquee par une evolution saison
niere. 

- Le type 2 (les herbivores (H) et les deposivores 
de subsurface (DSS» montre une oscillation an
nuelle de periode douze mois tres prononcee. Com
pte tenu d'une assez forte tendance croissante 
generale les communautes sont plus com parables 
d'une annee successive a une autre que separees par 
24 ou 36 mois notamment dans Ie cas des 
deposivores de subsurface. Pour ces deux catego
ries trophiques, I'assemblage specifique varie tres 
rapidement pour des intervalles de temps tres courts 
de deux ou trois mois. 

- Le troisieme type (les omnivores (0» amplifie 
Ie resultat precedent. On note une brutale ten dance 
au changement de communaute des les premiers 
decalages. On distingue une seule oscillation an
nuelle ce qui signifie que les structures evoluent 
egalement a plus long terme meme si Ie processus de 
recrutement reste saisonnier. Au bout d'environ 
18 mois la fonction prend l'allure d'un plateau 
relativement stable qui indique un seuil 
d'heterogeneite maximale pour ce groupe trop
hi que. Les omnivores ont donc un comportement 
plus sensible aux variations de I'environnement 
me me si leur cycle biologique reste assez stable. 

Le type 4 (les suspensivores (S» est nettement 
particulier: Ie cycle saisonnier est pratiquement ab
sent et la fonction prend une allure parabolique 
telle que la decrivait Mackas (1984) pour des or
ganismes planctoniques en regime de turbulence. 
Tout changement d'echelle induit une modification 
des proportions des differentes especes. I!aspect 
tres lisse de la fonction laisse supposer un gradient 
particulier, une ten dance croissante au changement 
a I'echelle de I'ensemble de la serie des observa
tions. 

Discussion et conclusions 

Evolution du peuplement macrobenthique 

I!ACP sur les tendances generales des descrip-
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teurs a montre que les observations formant des 
groupes dans l'espace des especes sont elles-memes 
voisines dans Ie temps: les communautes ben
thiques presentent une forte autocorrelation tem
porelle, leurs changements s'effectuant de fa90n 
graduelle. I!ordination des observations et la clas
sification des especes soulignent l'alteration 
progressive des relations quantitatives entre les or
ganismes, succedant a la pollution par les 
hydrocarbures de l'Amoco Cadiz. Deux ans et demi 
apres cet evenement, l'assemblage faunistique se 
trouve Ie plus profondement remanie. Par la suite 
on note l'indice d'un retour vers la situation avant 
la pollution, sans pour autant que Ie phenomene 
soit strictement reversible, car l'abondance relative 
des differents descripteurs est nettement modifiee 
par rapport a 1977 -1978. 

Ces phenomenes de successions se rapprochent 
ainsi de ceux decrits par Pearson & Rosenberg 
(1978) lors de pollutions de nature organique et de 
ceux decrits par Sanders et al., (1980) et Glemarec 
& Hussenot (1982) lors de pollutions petrolieres. A 
partir du printemps 19821a stabilisation des proces
sus de reconstitution du peuplement, avec une ten
dance au retour a l'ordre hierarchique des especes 
observe avant pollution, semble indiquer que 
l'ecosysteme s'organise dans un nouvel etat d'e
quilibre, avec cependant des densites demeurant 
tres inferieures a celles mesurees avant pollution. 
Vne tendance analogue vers un nouvel etat d'e
quilibre se manifeste pendant Ie meme temps chez 
Ie peuplement de Nematodes meiobenthiques 
(Boucher, 1985). 

Neanmoins, les resultats de l'ACP ne permettent 
pas de conclure si l'ecosysteme est en train de re
joindre Ie point d'equilibre qui correspondrait a Ia 
phase anterieure ala pollution, ou si I'impact de celle
ci I'a fait deriver definitivement vers un nouveau 
type de structure. 

Esai d'interpretation de la segmentation par des 
parametres abiotiques 

Outre l'evolution des abondances des principales 
especes nous disposions de cinq parametres abio
tiques: temperature et salinite de l'eau au niveau du 
fond, hydrodynamisme calcule a partir de l'indice 
d'agitation de la mer, azote total dans Ie sediment 
mesure a partir d'avrill978 (donnees de Chamroux 
& MeveI, sous presse) et les teneurs en hydrocarbures 
(mesurees en spectrophotometrie aux infra-rouges) 
enregistrees d'avril 1978 a fevrier 1981. Excepte 
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l'azote et les hydrocarbures, les trois autres 
parametres presentent des cycles annuels tres mar
ques sans tendance generale ni accident notable 
permettant d'interpreter la segmentation de la serie. 
Les ecarts saisonniers des parametres hydrolo
giques sont faibles: la temperature de l'eau varie or
dinairement de 9°C en hiver a un peu plus de 15°C 
en ete, la salinite passe de 34,5%0 en hiver a 35,3%0 
au debut de l'automne. I.:hydrodynamisme est eleve 
en novembre-decembre puis fevrier-mars et relative
ment faible en ete. 

La reserve organique dans Ie sediment montre 
une augmentation plus ou moins reguliere jusqu'a 
I'autbmne 1981 puis une decroissance jusqu'a I'au
tomne 1984. Les plus fortes valeurs d'azote ont ete 
enregistrees au cours du printemps 1979 et de I'ete 
1981. La peri ode de concentration de I'azote dans Ie 
sediment correspond aux periodes des biostimula
tions et de persistances de densites eIevees chez les 
especes des groupes Al et A2 parmi lesquelles on 
rencontre de nombreuses deposivores. II semble par 
consequent exister une relation directe entre les in
stallations de ces especes et la reserve organique du 
sediment. Apres une phase de pollution primaire 
au cours du printemps et de l'ete 1978 (plus de 
700 jhg. g-1 de sediment sec) et une phase de pollu
tion secondaire au printemps 1979 (460 jhg. g -1) les 
teneurs en hydrocarbures demeurent inferieures a 
50 jhg.g-l dans l'ensemble des releves de juillet 
1979 a fevrier 1981. On releve ainsi que I'inversion 
de la derive du peuplement en 1980 cOIncide avec Ie 
fait que pour la premiere fois apres la man~e noire 
les recrutements printaniers et estivaux ont eu lieu 
sur des sediments dont Ie degre de pollution est 
definitivement tombe en dessous du seuil significa
tif. (50 jhg. g-I). Toutefois, l'evolution temporelle 
de I'azote ou des teneurs en hydrocarbures ne no us 
permet pas d'expliciter plus en detail les 
decoupages de la serie chronologique. 

II semble, par consequent, que Ie peuplement 
evolue en outre en fonction des relations intra- et in
terspecifiques, dont iI est difficile d'apprecier les 
responsabilites respectives. 

Evolution des groupes trophiques 
Le test de Mantel a montre les competitions entre 

les differents groupes trophiques. II a egalement 
mis en evidence Ie contraste entre des periodes d'e
quilibre et des peri odes de restructuration du 
peuplement. Ainsi, deux points essentiels peuvent 

etre soulignes. En premier lieu, ce sont les deposi
vores de surface (DS) qui presentent les evolutions 
les plus notables. En effet, ces especes, qui se nour
rissent a I'interface eau-sediment, sont en competi
tion a la fois avec les suspensivores strictes, les mix
tes (especes ala fois suspensivores et deposivores de 
surface), les omnivores et a un moindre degre avec 
les deposivores de subsurface lors de leur phase 
juvenile. En second lieu, on observe une evolution 
temporelle dans l'opposition des groupes; les peri
odes p 1 (avant pollution) puis p 2 (tres faibles 
recrutements) et p 6 (peri ode de stabilisation) sont 
homogenes. Pendant ces phases d'equilibre, Ie 
peuplement presente peu de competition entre les 
groupes trophiques; elles sont separees par des peri
odes de forte competition entre les especes: peri
odes p 3 a p 5 correspondant a une restructuration 
du peuplement avec des evolutions rapides des 
proportions de chaque groupe trophique. 

Le distogramme traduit des comportements tres 
differents selon les six groupes trophiques. II faut 
cependant noter que pour les echelles de temps su
perieure a 12 mois, les consequences de la perturba
tion due a la pollution de l'Amoco Cadiz prend une 
importance considerable dans les dissimilitudes 
temporelles. Ainsi, la tendance croissante generale 
rend compte essentiellement des reconstitutions des 
populations d'especes au cours du temps, lesquelles 
interviennent a l'echelle de l'annee. Les groupes 
trophiques les moins affectes par les mortalites 
dues a la pollution (carnivores, deposivores de sur
face et de subsurface, les herbivores) ont la ten
dance croissante la plus moderee. A l'oppose les 
omnivores et les suspensivores (parmi lesquels se 
classent les Amphipodes, Phtisica marina, Pariam
bus typicus et les Ampelisca, populations tres forte
ment reduites lors du stress) presentent la tendance 
croissante la plus considerable. 

La saisonnalite affecte tous les groupes tro
phiques a I'exception des suspensivores. On observe, 
effectivement, une concentration des peri odes de 
recrutement de la majorite des especes du peuple
ment du printemps au debut de I'automne (maxi
male en juin-juillet). Ces recrutements, plus ou 
moins abondants selon les annees, surviennent au 
moment des meilleures conditions trophiques de 
l'environnement (Dauvin, 1984): abondance de la 
production primaire et secondaire du plancton, de
veloppement d'une microflore estivale. A partir de 
I'automne, on assiste a de tres fortes mortalites 



pouvant affecter, chez certaines especes, la quasi
totalite des juveniles recrutes en ete. Ces evolutions 
saisonnieres marquees sont assez regulierement 
reproduites d'annee en annee: par consequent on ob
serve de faibles dissimilitudes inter-releves pour des 
echelles de temps voisines de un an. l.?evolution sai
sonniere est faiblement prononcee chez les carni
vores et les deposivores de surface. Parmi ceux-xi se 
rangent surtout des especes a strategie demogra
phique de type 'k' (Pianka, 1970). Dans Ie cas par
ticulier des carnivores les especes Hyalinoecia 
bilineata, Marphysa bellii et Nephtys hombergii vi
vent plusiers annees et presentent une tres grande 
stabilite numerique de leurs populations adultes et 
un rapport recrutementlstock faible, ordinairement 
compris entre 5 et 10. Seule I'espece deposivore de 
surface Mediomastus jragilis se distingue par une 
strategie de type 'r' (opportuniste). On observe ainsi 
une tres forte regulation annuelle des populations 
dans ces deux groupes trophiques. Dans les cas des 
deposivores de subsurface, la majeure partie des es
peces developpent une strategie demographique de 
type 'r': especes annuelles a forte fecondite presen
tant des rapports R/S eleves Uusqu'a plus de 500 
dans Ie cas de la Cirratulidae de petite taille Hete
rocirrus alatus qui a prolifere au cours de l'automne 
1978). De meme, les herbivores, representes par des 
Polychetes Syllidiens, montrent de grandes varia
tions quantitatives annuelles. 

Appreciee a partir des suspensivores, la dissimfli
tude entre les releves ne cesse de croltre. On ren
contre en effet dans ce groupe les cas de recolonisa
tions les plus significatives notamment celle 
d'Ampelisca sarsi, espece dominant numt~rique

ment Ie peuplement (Tableau 3). Les populations 
reduites d'Amphipodes ne se reconstituent qu'a une 
cadence limitee, a la fois a cause de leur distribu
tion insulaire et de leurs caracteristiques biolo
giques: reproduction directe, faible fecondite, vie 
breve (Cabioch et al., 1982). La reconstitution 
s'effectue cependant de fa90n progressive annee 
apres an nee; la dissimilitude inter-releves devient 
par consequent de plus en plus elevee en fonction de 
l'echelle temporelle. 

Prospectives 

Au cours de cette etude, deux types d'analyses 
quantitatives nouvelles en benthologie ont ete 
utili sees, Ie test de Mantel et la fonction du dis-
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togramme. Ces techniques recelent des possibilites 
d'application bien plus vastes que celles que nous 
avons presentees. 

Ainsi, Ie test de Mantel, pourrait etre elargi a 
d'autres types de comparaison: 
- entre deux ensembles d'observations dis tincts 

dans Ie temps etlou I'espace vis-a-vis d'un meme 
groupe d'especes. 
pour un meme ensemble d'observations entre les 
distances obtenues dans l'espace des especes et 
I'espace de parametres du milieu. 

- pour un meme ensemble d'observations entre 
les distances dans l'espace des especes et I'espace 
geographique, afin de tester s'il existe une au
tocorrelation spatiale (et/ou temporelle), et au 
besoin jusqu'a quelle echelle. 

Le distogramme a servi a quantifier les modifica
tions des relations de dominance en fonction de 
l'echelle temporelle pour six groupes trophiques. A 
l'exception des suspensivores tous les groupes ont 
en commun des variations de composition faunis
tique saisonnieres, bien que leur intensite ou leur 
determinisme soient tres particuliers. Le dis
togramme permet une interpretation detaillee des 
strategies demograhiques de chaque groupe et de 
I'impact des changements du milieu. Par cette fonc
tion, on peut estimer, au moins qualitativement, 
I'importance relative de la dynamique des popula
tions et des changements physiques, chimiques, 
sedimentologiques sur la variabilite temporelle des 
populations et des peuplements macrobenthiques. 

Le distogramme a la propriete de pouvoir s'appli
quer aussi a des etudes spatiales (Mackas, 1984). 
Non seulement, il pourrait permettre de connaitre 
l'echelle spatiale des deformations de structure, 
donnant ainsi une estimation de la texture des 
peuplements, mais si on tient compte de differentes 
directions geographiques, il mettrait en evidence 
l'anisotropie structurale qu'il serait utile de relier 
aux gradients des facteurs externes: direction de la 
houle, des courants, eloignement a la cote, gra
dients sedimentaires, hydrologiques, etc ... 

Finalement Ie distogramme pourrait bientot se 
reveler comme l'outil essentiel pour I'etude de 
l'echelle des changements dans l'espace geogra
phi que ou dans I'espace des facteurs externes. Ces 
applications en dehors de I'aspect descriptif 
auraient des consequences fondamentales tant au 
niveau de la planification de l'echantillonnage que 
de la modelisation des ecosystemes marins. 
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Abstract 

The Abra alba community is considered as a faunistical unity well established on coastal areas of North 
Sea. This community shows, since several years, very important recruitments of certain species. Since 1978, 
recruitments of A bra alba, Tellinafabula, Phyllodoce (Anaitides) mucosa, Lagis koreni or Lanice conchilega 
have been observed. However these demographic phenomena does not affect the structure of the community, 
which shows, through rank-frequency diagrams, the characteristic of a mature population, principally con
stituted of 7 species. 

An annual cycle study shows a succession of recruitments of several species. A correspondance factorial 
analysis was realised from grain size datas as well as abundances of 18 main species. This analysis shows 
an annual cycle which seems to be linked to the clay part. Maximal values of clay part appears in summer 
and minimal values at the end of winter or early springtime. 

The hydrological parameters studied, allowed to make the difference between external factors (continental 
contributions, phytoplanctonic activity etc ... ) and benthic activity. 

Introduction 

Le domaine benthique de la partie meridionale 
fran<;aise de la Mer du Nord est constitue de cinq 
unites biosedimentaires majeures: Ie peuplement a 
cailloutis a epibiose sessile, Ie peuplement des gra
viers propres a Amphioxus lanceolatus, Ie peuple
ment des sables moyens propres a Ophelia borealis, 
Ie peuplement de l'heterogene envase et Ie peuple
ment des sables fin envases a A bra alba (Souplet et 
al., 1980). Le principal facteur regissant l'organisa
tion et la distribution de ces peuplements est, sans 
nul doute, l'intensite des courants. Ceux-ci sont dus 
essentiellement au phenomene des marees. Le cou
rant est amplifie au niveau du Pas de Calais (Cap 
Oris Nez et Cap Blanc Nez): il atteint dans ces 
zones 3 noeuds en vive eau moyenne. Cette intensite 
decrolt ensuite vers I'est pour n'etre que de 1,5 
noeud a Dunkerque. Cette attenuation entraine un 
granuloclassement et permet I'installation d'un gra-

dient biosedimentaire dont l'aboutissement est Ie 
peuplement a Abra alba. Ce peuplement occupe 
sur la totalite du littoral une zone cotiere depassant 
rarement I'isobathe -10 m. Il fait l'objet d'une 
etude depuis 1973 (Dewarumez, 1976 et 1979; Sou
plet & Dewarumez, 1980). 

Zone d'etude 

Le peuplement a A bra alba est etudie en une sta
tion situee entre Calais et Dunkerque, a 1,5 mille de 
l'extremite du chenal de l'Aa (Fig. 1). Cette station 
a ete determinee en fonction des differentes etudes 
deja citees. Ene represente les aspects les plus typi
ques du peuplement dans la zone consideree. 

Ce peuplement est installe sur un sediment cons
titue en majeure partie de sable fin: 94070 ponde
raux en moyenne des particules ont une taille com
prise entre 0,1 et 0,5 mm. La fraction fine 
(inferieure a 0,1 mm) est neanmoins abondante: 
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Fig. 1. Zone d'etude. • Station echantillonnee. 

50/0 ponderaux en moyenne avec un taux de pelites 
pouvant atteindre 9,7%. 

Depuis Ie debut de nos observations (1974) la 
salinite de l'eau varie sur un cycle annuel entre 32 
et 350/ 00 , la temperature de l'eau est minimale en 
fevrier (4 0 C) et maximale en septembre (19 0 C). 

Le milieu marin local re90it de nombreux 
apports emanant du continent (Richard et al., 
1978). Ces apports sont amenes par des emissaires 
dans Ie port de Calais, des wateringues dans Ie port 
de Dunkerque, les eaux du petit fleuve l'Aa et de 
nombreux rejets industriels. Ces effluents enrichis
sent en particules en suspension les masses d'eaux 
deja bien chargees apres leur passage devant les 
estuaires picards et les grands ports de la Manche 
orientale. I.;hydrodynamisme intense assure une 
dilution efficace mais il subsiste une zone littorale: 
veritable 'fleuve marin cotier' tres charge en matie
res en suspension sur une largeur pouvant atteindre 
2 a 3 milles selon les conditions de vent (une etude 
sur la determination de son extension reelle est en 
cours). Ce 'fleuve cotier' couvre Ie peuplement a 
Abra alba et l'alimente en particules fines: Ie taux 
de matieres en suspension peut atteindre 50 mg/l 
au moment du maximum printanier. 

Materiel et methodes 

Prelevements hydrologiqu.es 

Les campagnes ont ete realisees a bord du N/O 
Sepia II. Les prelevements d'eau ont ete effectues a 
l'aide de bouteilles de type Niskin. Pour cette etude, 
seule la masse d'eau proche du fond a fait l'objet 
d'analyses multiparametriques: temperature (ther-

mometre a renversement Richter & Wiese), salinite 
(salinometre a induction Beckman), turbidite 
(mesure nephelometrique), taux de matieres en sus
pension (MES). Les pigments chlorophylliens 
(Chla) sont determines par dosage spectrophoto
metrique suivant l'equation etablie par Richards & 
Thomson (1952). Les teneurs en carbone et en azote 
particulaire (CTP, COP, NTP, NOP) sont obtenues 
avec un analyseur C.H.N. (Carlo Erba). 

Prelevements benthiques 

Le prelevement consiste en une serie de prises de 
sediment a l'aide d'une benne Smith-McIntyre 
d'une surface de 0,1 m2. Dans Ie peuplement etu
die 7 replicats sont necessaires pour apprehender 
correctement des donnees telles que la biomasse et 
la diversite specifique (Dewarumez, 1979), pour des 
raisons de commodites de calcul 10 replicats sont 
effectues pour chaque prelevement, la surface 
echantillonnee est donc de 1 m2• Un onzieme pre
levement est utilise pour les analyses granulometri
ques. 

Les prelevements sont tamises sur une maille cir
culaire de 1 mm de diametre puis fixes au formol 
sale a 8%, et colores au rose Bengal. 

Nous avons utilise les categories granulometri
ques suivantes: 

Pelites 
Sablons 
Sable fin I 
Sable fin II 
Sable moyen 
Sable grossier 
Gravier 

taille des particules 

inferieures a 50 t-tm 
de 50 t-tm a 0,1 mm 
de 0,1 mm a 0,2 mm 
de 0,2 mm a 0,5 mm 
de 0,5 mm a 1 mm 
de 1 mm a 2 mm 
superieures a 2 mm 

Le traitement des donnees est effectue par la 
methode de l'analyse factorielle des correspondan
ces sur les donnees non transformees (den sites des 
18 especes principales en nombre d'individus par 
metre carre et proportions ponderales de l'echantil
Ion granulometrique total). Ce type d'analyse per
met de projeter sur un me me plan les points varia
bles et les points observations. Cette projection est, 
certes, un abus de presentation mais elle facilite 



l'interpretation en permettant de situer les observa
tions par rapport a to utes les variables et les varia
bles par rapport aux observations. 

D'autre part, i'evolution et la structure du peu
plement sont apprehendees a l'aide de diagrammes 
rang-frequence (Frontier, 1976). 

Resultats 

Etude hydroiogique 

La courbe de variation annuelle de la tempera
ture presente un maximum en ete et un minimum 
en hiver. Les salinites sont generalement plus ele
vees en periode estivale du fait de i'evaporation, des 
precipitations moins intenses et des apports telluri
ques plus restreints (Fig. 2). 

Cette zone c6tiere est soumise a un brassage 
important; elle re(,:oit des apports continentaux non 
negligeables: les taux de matieres en suspension y 
sont importants. I!observation micros co pique d'un 
echantillon filtre sur acetate de cellulose (0,45 ~m 
de porosite) montre la part importante du materiel 
detritique par rapport au materiel vivant. Les 
valeurs de MES et NTU sont bien correlees (coeffi
cient de correlation: r = 0,92). II est difficile d'eta
blir Ie cycle annuel de la turbidite qui varie en fonc
tion de facteurs externes affectant la masse d'eau 
littorale (vents, courants, apports terrestres ... ) 

Ces valeurs ont notamment tendance a augmen
ter avec Ie coefficient de maree. Les plus fortes 
valeurs sont relevees en periode hivernale (en 
decembre 84: MES = 87,26 mg·I- I ). 

I.:analyse des deux profils (MES et NTU) met en 
evidence un premier pic au mois d'avril, correspon
dant a la reprise de I'activite biologique (Fig. 2). En 
ete, les taux sont plus constants. Ils augmentent au 
debut de la periode hivernale. En effet, la frequence 
des tempetes diminue en ete, tout comme Ie flux des 
apports continentaux (Fig. 3). 

D'un point de vue de I'activite biologique, Ie pre
mier bloom phytoplanctonique a lieu en avril alors 
que la temperature commence a augmenter (Chla, 
Fig. 2). Des Ie mois de mai, les valeurs redeviennent 
faibles et stables jusqu'en aout ou apparait la 
seconde poussee. Toutefois, des populations phyto
planctoniques subsistent tout au long de l'annee, ce 
qui represente une source alimentaire disponible 
pour les communautes benthiques. 
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Ce site co tier est fortement influence par les 
apports telluriques (urbains, agricoles, industriels) 
notamment en peri ode hivernale ou les precipita
tions accrues font augmenter Ie debit des fleuves 
(Fig. 3). La fraction particulaire importante est 
alors constituee de detritus organiques (Fig. 2). 

Les MES sont correlees au carbone organique 
particulaire (r = 0,91). Les profils mettent en evi
dence un pic en avril confirmant la reprise de l'acti
vite biologique. 

Les rapports C/Chla, augmentent de mars a mai, 
alors que les teneurs chlorophylliennes diminuent; 
Ie COP serait d'origine autre que phytoplanctoni
que (apparition du zooplancton par exemple). Ce 
rapport diminue jusqu'en aoilt moment auquel la 
deuxieme poussee algale a lieu. Le COP serait alors 
d'origine chlorophyllienne, notons que Ie COP est 
bien correle pendant l'annee a la Chla (r = 0,92). 
Puis ce rapport C/Chla reprend des valeurs elevees 
pendant la periode hivernale. Par contre, les teneurs 
en azote particulaire sont plus constantes au cours 
de l'annee, hormis une augmentation lors du pre
mier bloom planctonique. 

~etude des variations du rapport C/N donne des 
indications quant a l'evolution de la matiere organi
que au cours de l'annee (Fleming, 1942 et Vinogra
dov, 1935 in Sverdrup et al., 1970). La charge orga
nique est tres importante sur ce site cotier puisque 
les rapports C/N sont toujours superieurs a 10 
(Fig. 2) contrairement aux valeurs trouvees au large 
(Quisthoudt, 1983). Ainsi, les populations benthi
ques disposent d'une source trophique non negli
geable. Nous observons un cycle annuel du rapport 
C/N: la periode hivernale se caracterise par des 
valeurs elevees (Nov. 84: C/N = 22,15; Dec. 84: 
C/N = 24,29). Puis les taux diminuent brusque
ment en avril (C/N = 10,04) lors du developpe
ment des populations planctoniques. II reste voisin 
de 10 jusqu'en juin (Fig. 2) pour reaugmenter pro
gressivement. Ceci correspond a la succession des 
differentes populations phytoplanctoniques, zoo
planctoniques et bacteriennes. Cette derniere cons
titue une source alimentaire dont il faut signaler 
l'importance. 

Evolution pluriannuelle du peuplement a Abra 
alba 

Les donnees enregistrees depuis 1978 ont fait 
l'objet d'une analyse factorielle des correspondan-

:n: 21.4% 
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+ "hoi 

83 
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44,2" 

Fig. 4. Evolution du peuplement it A bra alba entre 1978 et 1984 
(Analyse factorielle des correspondances) (Ugendes Tableau 1). 

ces. Cette analyse porte sur les effectifs des 18 espe
ces les plus abondantes du peuplement. Ces especes 
representent plus de 970/0 des individus recoltes. Les 
prelevements consideres sont des prelevements 
printaniers (fin mai-debut juin) donc anterieurs au 
recrutement des especes prises en compte. Les resul
tats rendent ainsi compte de l'efficacite a posteriori 
des recrutements de l'annee precectente. 

Le plan des axes I et II de l'analyse factorielle 
extrait 65,6% de l'inertie totale (Fig. 4). Ce plan ne 
fait pas apparaltre, en ce qui concerne l'evolution 
des corteges specifiques, de phenomene cyclique 
mais plutot aleatoire. Les differents points
observations (annees) semblent 'tires' par des espe
ces qui ont beneficie l'annee precectente de recrute
ments efficaces. C'est Ie cas d'Ophiura texturata en 
1977, de Tellina fabula en 1977 et 1979, de Lagis 
koreni en 1979, de Phyllodoce mucosa en 1981, 
Eumida sanguinea, Pholoe minuta et Spiophanes 
bombyx en 1982 et A bra alba en 1981 et 1983. Deux 
especes ne semblent pas intervenir dans l'evolution 
du peuplement, il s'agit de Sagartia troglodytes et 
de Nephtys hombergii. Ces especes sont caracteri
sees par une grande stabilite de leurs effectifs. II 
faut noter que l'on observe depuis 1980 une derive 
des saturations selon l'axe I vers des valeurs plus 
faibles. ~annee 1984 se trouve a l'oppose de I'annee 
1978. 

Les diagrammes rang-frequence des prelevements 
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Fig. 5. Evolution des diagrammes rang-frequence depuis 1979. 

eonsiden!s font apparaitre une eertaine maturite du 
peuplement (Fig. 5) sauf en ee qui eoneerne l'annee 
1984 ou Ie diagramme d'allure sigmoi'de est earaete
ristique d'un peuplement juvenile. Notons toutefois 
que Ie point d'inflexion est situe au niveau de la 
dixieme espeee (Phyllodoce mucosa: 0,2070 de 
l'effeetif total). Tout se passe done comme si Ie peu
plement avait une faculte de reponse tres rapide it 
toute 'perturbation' materialisee par des change
ments de l'importanee relative des especes principa
les. 

Evolution de la granulometrie entre 1978 - 79 et 
1983-84 

I..:analyse faetorielle porte sur des analyses granu
lometriques realisees sur deux cycles annuels 
(1978 -79 et 1983 - 84). Le plan faetoriel I - II 
(84% de l'inertie) fait apparaitre une derive entre 
les deux periodes d'etude vers des valeurs plus ele
vees selon l'axe I (Fig. 6). Les valeurs les plus faibles 
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dances). (Ugendes Thbleau I). 
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en 1984 correspondent aux valeurs les plus fortes de 
1978. Les points-observations correspondants a des 
pnmwements effectues au meme moment de l'annee 
montrent un deplacement analogue sauf en ce qui 
concerne les prelevements de mars 1979 et 1984. Les 
faibles saturations (respectivement + 34 et -43) de 
ces points-observations rendent l'ecart peu signifi
catif. I.:axe I semble etroitement lie a la teneur en 
particules fines. I.:analyse factorielle met donc en 
evidence un enrichissement en pelites entre Ies deux 
peri odes etudiees. 

Etude biosedimentaire d'une periode annuelle 

I.:etude porte sur l'evolution de la granulometrie 
du sediment et des corteges specifiques pendant la 
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periode novembre 1983 - octobre 1984. Le plan fac
toriel I - II de I'analyse de ces resuItats (66,8070 de 
I'inertie) peut etre decrit par la granulometrie. I.:axe 
I est determine par les particules fines Uusqu'a 
0,5 mm) tandis que I'axe II est lie a la fraction gros
siere (Fig. 7). II est possible de mettre en evidence 
un cycle annuel centre sur certaines especes con
nues pour etre les plus contributives a I'organisa
tion bionomique du peuplement. II s'agit par ordre 
de poids decroissant d:4bra alba, Tellina jabula, 
Mysella bidentata, Nephtys hombergii, Spisula 
subtruncata, Pholoe minuta et Sagartia troglody
tes. Autour de la surface determinee par Ie cycle 
annuel on retrouve les especes qui deviennent pre
ponderantes lors de certaines periodes du cycle, au 
moment de leur recrutement. Ce recrutement n'est 
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Fig. 7. Etude d'une periode annuelle. Analyse factorielle des correspondances portant sur les especes principales et la granulometrie. 
(Legendes Tableau 1). 
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pas toujours suivi d'un maintien a un haut niveau 
de la population, on note en general une diminu
tion considerable de la den site de ces especes peu de 
temps apres (Fig. 8). Ainsi la densite de population 
d'Eumida sanguinea chute de 41070 en 2 mois; Spio
phanes bombyx: - 89% en 3 mois; Lanice conchi
lega: -74% en 2 mois, Ophiura texturata: -63% 
en 2 mois. 

Etude des populations d'Abra alUa et de let/ina 
Jabula 

Abra alba est connue pour etre une espece 
opportuniste et pour presenter des variations de 
densites tres importantes. Nos resultats confirment 
ces caracteristiques (Fig. 9). Les densites evoluent 
entre 15 et 4957 individus/m2• Le recrutement a 
lieu au debut de l'ete (Dewarumez, 1979) et il est 
possible de mettre en evidence des augmentations 
brutales de la densite en dehors des periodes de 
fixations des larves (Decembre 1978, Novembre 
1980, Janvier-Fevrier 1982, Janvier 1984). La popu
lation s'est maintenue a un niveau eleve de den site 
en 1982 et au 1984: 900 individus/m2• Les resultats 
partiels en 1985 montrent une chute considerable de 
la population apres l'hiver 1984 - 85. Les densites 
printanieres sont de l'ordre de 50 individus/m2 en 
1985. 

Il est possible de mettre en evidence trois perio
des dans Ie suivi demographique de Tellina Jabula 
(Fig. 9): 

- en 1976 et 1978 -1979 la population se main
tient a un niveau de 300 individus/m2 en moyenne. 

- en ete 1979, apres une mortalite printaniere 
tres importante, Ie recrutement estival fut excellent 
(623 individus/m2 en juillet). La population est 

N 
E -..... 

"1:1 .: 
z 
1000 

100 

Abra alba 

Tellina fabula 

77 78 79 80 81 82 83 84 

Fig. 9. Variation des den sites des populations d'Abra alba et de 
Tellina jabula. 
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ensuite entree dans une phase de declin jusqu'au 
printemps 1983 (39 individus/m2). 

- depuis juillet 1983, les variations de densite 
inexpliquees font penser que Tellinafabula adopte 
une strategie demographique identique a celle 
d:4bra alba. 

Discussion et conclusion 

II apparait de prime abord que Ie peuplement a 
Abra alba de la partie meridionale de la Mer du 
Nord est semblable a ce qui a pu etre decrit par ail
leurs en Manche ou dans les mers europeennes. On 
peut sans conteste Ie rattacher par sa composition 
faunistique a la 'Syndosmya (Abra) alba commu
nity' de Petersen (1914) et Thorson (1957). Ce peu
plement est bien connu pour les modifications de 
sa structure bionomique (Gentil, 1976; Dewaru
mez, 1979; Arntz, 1981 ... ). Dans Ie cas de la region 
etudiee, des especes telles que Lanice conchilega, 
Lagis koreni, A bra alba, Eumida sanguinea, Tellina 
fabula et Phyllodoce mucosa peuvent prendre tour 
a tour des importances considerables. Ce sont sur
tout des especes a strategie demographique 
'strategie-r' au sens de Barbault (1976), (duree de 
vie courte, forte croissance, vie larvaire longue et a 
une seule periode de reproduction), soit, en fait, des 
especes colonisatrices. 

En depit de ces evolutions imprevisibles, la struc
ture du peuplement est toujours celle d'un peuple
ment mature, les especes semblant 'interchangea
bles' malgre un role fonctionnel different. La 
domination d'une espece se maintient pendant la 
duree de son cycle, bien que sa densite puisse chuter 
parfois d'une maniere importante. La biomasse en 
poids sec decalcifie reste toujours tres forte: 20 a 
50 g/m2• 

I.:etude du cycle annuel montre que la richesse du 
sediment en pelites n'est pas constante. Les teneurs 
sont beaucoup plus importantes en periode estivale 
(Fig. 10). Ceci correspond a un moment ou les con
ditions hydrodynamiques sont les plus faibles et les 
conditions meteorologiques les plus calmes. II en 
resulte un brassage moins intense des eaux qui per
met la sedimentation des MES. Les masses d'eaux 
locales sont caracterisees par une turbidite impor
tante comme Ie montrent les valeurs du COP. La 
sedimentation de matiere organique procure une 
res source alimentaire capitale pour les peuplements 
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Fig. 10. Evolution de la fraction fine du sediment. 

etablis sur des fonds cotiers au moment ou Ie recru
tement des especes les plus contributives a lieu. La 
matiere organique provient en peri ode estivale des 
populations phytoplanctoniques (voir taux de la 
chla), zooplanctoniques et bacteriennes comme Ie 
montre l'evolution du rapport C/N. Le moment de 
reprise de l'activite planctonique automnale corres
pond d'ailleurs avec la diminution de la teneur en 
fines du sediment, malgre l'accroissement du debit 
des fleuves (Fig. 3). Le brassage des eaux plus 
intense favorise done, dans un premier temps, les 
populations phyto et zooplanctoniques. La forte 
charge hivernale en MES est surtout due a de la 
matiere minerale; la matiere organique est represen
tee par des detritus de grande taille et Ie maillon 
bacterien represente a ce moment-Ia la source la 
plus importante de matiere organique vivante pour 
Ie benthos. Cette production, pour importante 
qu'elle soit, n'alimente que faiblement les fonds en 
raison de l'hydrodynamisme. Cette diminution des 
apports nutritifs correspond d'ailleurs a un 
moment ou les den sites d'especes benthiques sont 
les plus faibles et ou manquent par exemple la plu
part des Amphipodes et des Mysidaces a ten dance 
benthique. 

S'il est possible de mettre en evidence des varia-
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Fig. 11. Evolution des matieres en suspension. 

tions des teneurs en fines du sediment, des pheno
menes d'envasement a long terme sont egalement 
possibles. De telles tendances ont deja ete dec rites 
dans la region (Souplet & Dewarumez, 1980). ~enva
sement mis en evidence par l'etude de l'evolution 
des granulometries entre 1978 et 1984 ne peut etre 
impute a une evolution des taux de matieres en sus
pension dans la meme periode et a une sedimenta
tion plus intense. En effet les teneurs estivales en 
MES en 1978 et 1979 sont en moyenne deux fois 
moindres qu'en 1983 et 1984 (Fig. 11). Cet envase
ment correspond certainement a une evolution 
generale a long terme des conditions sedimentaires. 

Le comportement erratique du peuplement a 
Abra alba tel qu'il est demontre par l'analyse facto
rielle sur les especes entre 1978 et 1984 ne semble 

Tab/eau 1. Abreviations utili sees. 
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pas etre dii a des processus evolutifs du meme type 
que ceux que Mcrit Hily (1983) en rade de Brest. 
Cet auteur met en evidence plusieurs phases corres
pondant a des rearrangements structuraux du peu
plement par association d'especes de groupes tro
phiques differents apres l'etablissement d'un 
peuplement pionnier constitue d'un faible nombre 
d'especes. En accord avec les observations de Arntz 
et Rumohr (1982), on ne peut pas mettre en evi
dence de changements clairs au niveau de la succes
sion d'especes, envisagee selon leur mode alimen
taire (Tableau 2). Dans Ie cas du peuplement etudie, 
la dynamique evolutive semble davantage etre liee a 
la concordance entre certains facteurs edaphiques 
(teneur en fines des fonds par exemple) et la quan
tite de post-Iarves, pretes a se fixer, disponibles sur 
place. Ce type de phenomene s'est d'ailleurs produit 
en 1985 dans Ie meme secteur au sein du peuple
ment a Ophelia borealis (Dewarumez, inedit). Dne 
forte population (1000 ind/m2) de Magelona 
papillicornis (espece vasicole) s'est installee transi
toirement a la faveur de rejets de vase (550000 m3) 

au moment ou les larves de cette espece sont aptes 
a se fixer. 

La population d:4bra alba intervient pour beau
coup dans les modifications bionomiques du peu
plement. ~opportunisme de cette espece a souvent 

Abra = Abra alba Eumi = Eumida sanguinea Lagi = Lagis koreni 
Lani = Lanice conchilega Myse = Mysella bidentata Neph = Nephtys hombergii 
Noto = Notomastus /atericeus Ophi = Ophiura texturata Phol = Ph%e minuta 
Phyl = Phyllodoce mucosa Saga = Sagartia troglodytes Schi = Schistomysis spiritus 
Spip = Spiophanes bombyx Spis = Spisu/a subtruncata Sten = Stene/ais boa 
Tell = Tellina Jabu/a Urat = Urothoe poseidon is Yene = Venerupis pu/lastra 
Pel = Pelites Sa = Sablons SF = Sable fin 
SM = Sable moyen SG = Sable grassier G = Gravier 

Tab/eau 2. Repartition des especes principales du peuplement it Abra selon leur mode alimentaire. 
[(Etablie selon les travaux de Blegvad (1914); Fauchald & Jumars (1979); Arntz (1981); Hily (1984) et nos observations)]. 

Carnivores 
vagiles et sessiles 

Sagartia troglodytes 
Ph%e min uta 
Stene/ais boa 
Phy/lodoce mucosa 
Eumida sanguinea 
Nephtys hombergii 
Ophiura texturata 

Suspensivores 

Lanice conchilega 

Deposivores 
de surface 

Spiophanes bombyx 
Mysella bidentata 
Abra alba 
Tellina Jabu/a 
Urothoe poseidon is 

Deposivores 
de subsurface 

Notomastus latericeus 
Lagis koreni 
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ete signalee (Eagle, 1975; Rachor, 1980 et 1983 ... ). 
Les variations de densites de cette espece peuvent 
etre causees par des facteurs edaphiques comme 
l'instabilite du sediment (Rumohr et aI., 1982), par 
la pollution, par la predation par des poissons 
(Arntz & Brunswick, 1975; Dewarumez et al., 1976; 
Arntz, 1981; Delval & Desmarchelier, 1982). Les 
variations de densite de la population d'Abra alba 
sont dues, en fait, a une action de tous ces facteurs 
combines. II est aussi possible d'evoquer la reparti
tion 'en taches' de cette espece, et les problemes 
d'echantillonnage, voire, peut etre, des problemes 
de migrations passives, les fortes densites notees en 
dehors des peri odes de recrutement etant a cet 
egard tout a fait significatives. 

II se pose dans ce peuplement des problemes de 
competition au niveau de l'exploitation de la sur
face disponible. r.;implantation de Lanice conchi
lega Gusqu'a 60000 postlarves/m2 a la mi-mai -
estimation par biovolumes) et Ie maintien tempo
raire de la population peut empecher la fixation 
d'autres especes dont Ie recrutement est plus tardif 
comme Abra alba et Tellina fabula Guin - juillet). 
Hily et Le Bris (1984) signalent un phenomene ana
logue en rade de Brest avec Melinna palmata. 

La competition interspecifique peut aussi etre 
envisagee, notamment entre Abra alba et Tellina 
fabula. En effet certaines periodes de maximum de 
densite de l'une correspondant a un minimum.de 
l'autre (Fig. 9). Ce probleme de competition ne doit 
pas se regler entre deux especes proches mais au 
sein de la totalite du cortege specifique en tenant 
compte du regime alimentaire de toutes les especes. 
Les deux especes les plus constantes du peuplement 
Sagartia troglodytes et Nephtys hombergii sont 
carnivores et sont donc, par nature, moins depen
dantes des particules fines, deposees ou non. Pour 
ce qui est de Nephtys hombergii, Ie mode ali men
taire est sujet a controverse mais en accord avec 
Retiere (1979), nous estimons que Ie regime carni
vore de cette espece, meme s'il n'esf pas exclusif ne 
peut pas etre mis en doute. Nephtys hombergii par
ticipe egalement aux processus de bioturbation du 
sediment. Cet annelide chasseur creuse dans Ie sedi
ment des galeries tres profondes et ramifiees 
(Retiere, 1979) et sa population se trouve sou vent 
sous echantillonnee, notamment en ce qui concerne 
les individus ages. 

II paraJ't necessaire de completer ces donnees de 
bionomie benthique par une etude fine du devenir 

des particules en suspension et de la dissemination 
des populations de larves, correlee a une etude cou
rantologique adequate. Le peuplement a A bra alba, 
tres productif, qui caracterise l'ensemble des litto
raux des cotes europeennes, s'avere etre un modele 
d'ecosysteme tres interessant a etudier pour preciser 
Ie determinisme du recrutement. 
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Abstract 

During 17 successive years (1969-1985) the macrozoobenthos has been sampled quantitatively in the late
winter/early-spring period at 15 stations scattered over Balgzand (a 50 km2 tidal flat area in the western
most part of the Wadden Sea) and at 5 stations located in a small (3 km2) area 150 km away from Balgzand 
in the eastern part of the Dutch Wadden Sea. In 25 species, numbers per m2 were, in most years, sufficiently 
high at 2 or more of the Balgzand stations to allow between-station comparisons of fluctuation patterns. 
Comparisons were made by rank correlation. Out of a total of 1003 of such comparisons that could be made 
with the Balgzand data, 47070 yielded significantly positive correlations and less than 10J0 significantly nega
tive ones. Thus, nearly half of the fluctuation patterns of the populations living at the 15 stations within 
the Balgzand area showed a high similarity. Synchronization of population fluctuations was augmented par
ticularly by the incidence of severe winters (causing low spring numbers in about a quarter of the species 
that were sensitive to low temperatures and high reproductive success in several species during the subsequent 
summer) and further by the increasing trends in numbers in about half of the species, probably as a conse
quence of eutrophication. 

Similar results as on Balgzand were obtained within the restricted area Groninger Wad in the eastern part 
of the Dutch Wadden Sea (Essink & Beukema, this issue). Comparison of the fluctuation patterns between 
the 2 distant areas also yielded high numbers of significantly positive correlations, though the proportion 
of the patterns that were similar was lower than these proportions were within the 2 areas. 

It is concluded that common patterns of fluctuation in numerical densities of macrobenthic species can 
be assessed over vast areas. Such common patterns will represent the 'normal' or 'base-line' fluctuations that 
may be used to distinguish (as departures from such patterns) the effects of local disturbing influences. 

Introduction 

When a student of population dynamics ob
serves a striking change in numbers in one or more 
of the species living in his area of observation, he 
will be inclined to inquire of his colleagues working 
in adjacent areas whether or not a similar and 
simultaneous change took place there. Such an in
quiry makes sense. If populations are found to fluc
tuate with similar (synchronized, parallel) patterns 
over vast areas, their numerical changes will be 
governed largely by factors that are effective at a 
large geographic scale, like broad climatic changes. 

When such parallel fluctuations do exist over large 
geographic areas, the observation of any local 
departure from the common pattern will, on the 
other hand, point to the influence of a strictly lo
cally operating factor, like a local source of pollu
tion. Thus, it is of some importance to demonstrate 
the existence of similar fluctuation patterns in 
numbers of animal populations over large areas. If 
such patterns did not generally exist, a local depar
ture could not be identified and the attribution of 
a local change in numbers to a specific local cause 
would be more difficult. 

Data are available from a 17 -year sampling 
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programme in a 50 km2 tidal flat area with 15 
sampling stations (with distances between the sta
tions varying from 112 to 10 km) to study in detail 
in a restricted area the degree of similarity in popu
lation fluctuation patterns. A similar data set is 
available from a small tidal flat area located 
150 km away from the above area (Essink & Beuke
ma, this issue). Intercomparison of the fluctuation 
patterns in the 2 areas shows the degree of their 
similarity over a longer distance. 

Material and methods 

The 15 sampling stations at Balgzand are scat
tered over a 50 km2 tidal flat area in the western
most part of the Wadden Sea (see Fig. 1 in Beuke
ma, 1974; Beukema et al., 1983). Among these 15 
sampling stations, 3 are square plots of 900 m2 

each and 12 are transects of 1 km each. All stations 
are marked by iron poles. 

These 15 stations have been sampled in a uni
form way at least annually since 1969. Details of 
the sampling procedure can be found in earlier 
papers (Beukema, 1974, 1979). In short: 9 to 16 
cores of 0.1 m2 (randomly scattered within the 
squares) or 50 cores of 0.018 m2 each (at regular 
distances along the transects) were taken and sieved 
in the field (1 mm mesh). All samples were sorted 
in the laboratory while the animals were still alive. 
Numbers are expressed per m2 and these are close 
to the actual numbers found. Only data from sam
ples taken in the late-winter/early-spring periods 
will be used in the following. 

The 15 sampling stations cover nearly the full 
tidal range. This range is relatively small in the 
westernmost part of the Wadden Sea, with MWH 
at + 58 and MLW at - 78 cm from MTL. Tidal 
flats at MTL are drained for an average of 5 Y2 h 
per cycle of 12Yz h, but emersion is shortened at 
westerly winds and prolonged at easterly winds. 
The 15 sampling stations also cover nearly the 
whole range of sediments from almost pure fine 
sands (silt content below 1070 and median grain size 
about 190 /Lm) at the most exposed stations to silty 
sands and muds (about 30070 silt and a median 
grain size of about 90 /Lm) at the most sheltered sta
tions. 

Long-term monthly means of water temperatures 
in the wester most tidal inlet range from 3°C for the 

coldest to 18°C for the warmest month (Van der 
Hoeven, 1982). For possibly temperature-governed 
changes in numbers, the deviations from the mean 
are more relevant. Winters in the Wadden Sea area 
differ widely in character. In most winters, mild 
westerly winds prevail, air temperature never drops 
below -10 ° C and only during less than 10 days is 
the air temperature below DoC the whole day in the 
westernmost part of the Wadden Sea (from month
ly weather reports issued by KNMI, De Bilt, The 
Netherlands). During the 17-year period of obser
vation, only 2 winters (viz. 1978/1979 and 
1984/1985) were really cold with records below 
-10 °C on more than 5 days and with more than 20 
days showing freezing temperatures all day (see also 
Fig. 1). 

In the eastern part of the Dutch Wadden Sea 
(Groninger Wad), 5 square sampling plots were 
sampled in nearly the same way during the same 
period. These plots are located at short distances 
apart (1 to 2 km) in a restricted area that covers 
only part of the tidal range and sediments. In this 
area the outfall of a pipe-line for industrial waste
water is situated (Essink, 1978; Essink & Beukema, 
this issue). Though the climate in the eastern part 
of the Dutch Wadden Sea is slightly more continen
tal (with more extreme temperatures), the same 
winters were classified as either mild or severe. 

To compare the fluctuation patterns of the popu
lations in the various species at different sampling 
stations, the actual numbers observed were trans
formed to rank numbers (1 to 17 for each of the 
years of observation). If, in more than half of the 
years, a species was absent at any station, the data 
for this station were not used in this species. The 
thus obtained rank numbers were compared for all 
possible pairs of stations (minimally 1 pair when 
the species was sufficiently numerous at 2 stations 
only, and maximally 105 when the species was 
numerous at all 15 stations at Balgzand) by cal
culating Spearman's r. This statistic was evaluated 
by Spearman's rank correlation test (with n = 17, 
i.e. the number of years of observation). 

Results and discussion 

a. Similarity of fluctuation patterns 

In 25 species numbers were, in most years, suffi-



ciently numerous at 2 or more Balgzand stations to 
allow at least 1 comparison of fluctuation patterns 
between stations. In most species many more com
parisons were possible, up to 105 in 1 species (Ma
coma balthica), which was numerous in nearly all 
years at all 15 stations, yielding 
1/2·15·(15-1)=105 comparisons (Table 1). In 
this way a total of 1 003 comparisons was available 
for comparison. A positive correlation was found 
in 897 comparisons, 473 of which were statistically 
significant at the 0.05 level and 273 at the 0.01 level 
(Table 1). Thus, nearly half (47070) of the compari
sons showed a highly similar pattern of fluctuation 
at a station pair within the Balgzand area, with a 
value of Spearman's r exceeding +0.49. 

Negative correlations were far less common (106 
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out of the 1003 comparisons) and were rarely sig
nificant (less than 1 %). Moreover, 8 out of the 9 
significantly negative correlations were confined to 
1 species only (viz. Arenicola marina, see below). 
Though positive and negative correlations were dis
tributed unevenly over the species, positive correla
tions prevailed in all species (Table 1). In half of the 
species all correlations observed were positive ones. 

Particularly high proportions of significantly 
positive correlations (i.e. more than 50% better 
than p < 0.05 or more than 25% better than 
p < 0.01) were found in 10 species, viz. in the 
bivalves Macoma balthica, Angulus tenuis and 
Abra tenuis, in the polychaetes Nephtys hombergii, 
Lanice conehilega, Seoloplos armiger, Nereis diver
sieolor, Heteromastus filiformis and Eteone longa 

Table 1. Numbers and proportions (in 070) of similar (positive correlations) and opposite (negative correlations) fluctuation patterns 
in populations of macrozoobenthic species living at 2 to 15 (n l) stations at Balgzand. Total number of comparisons for each species 
n2 = Y2nl . (nl -I). The type of fluctuation pattern is indicated by either i (increasing), d (decreasing), w (winter sensitive) or n (no such 
trends or dependence). 

species 

Macoma balthica (L.) 
Cerastoderma edule (L.) 
Arenicola marina (L.) 
Eteone longa (Fabr.) 
Heteromastus filiformis (Clap.) 
Nephtys hombergii Sav. 
Scoloplos armiger (O.F.M.) 
Mya arenaria L. 
Nereis diversicolor (O.F.M.) 
Hydrobia ulvae (Penn.) 
Anaitides spec. div. 
Corophium volutator (Pall.) 
Carcinus maenas (L.) 
Antinoella sarsi (Kinb.) 
Crangon crangon (L.) 
Scrobicularia plana (Da Costa) 
Mytilus edulis L. 
Lanice conchilega (Pall.) 
Scolelepis foliosa (A. & M - E.) 
Angulus tenuis (Da Costa) 
Abra tenuis (Montagu) 
Littorina littorea (L.) 
Bathyporeia spec. 
Magelona papillicornis F.M. 
Nemertini spec. div. 
total (25 species) 
proportion of total (%) 

number of correlations 

positive negative 

tot. sign. tot. sign. 

15 105 91 48 
14 91 81 30 
14 91 60 24 
14 91 91 64 
13 78 78 57 
13 78 78 68 
12 66 66 52 
12 66 59 12 
12 66 65 49 
11 55 36 5 
10 45 38 8 
10 45 34 9 
8 28 26 4 
8 28 28 13 
7 21 20 8 
7 21 20 9 
5 10 10 3 
466 6 
4 6 4 
2 
2 
2 0 
2 1 
2 1 1 0 
2 _I _1 ~ 

1003 897 473 
89 47 

14 0 
10 0 
31 8 
o 0 
o 0 
o 0 
o 0 
7 0 
I 0 

19 0 
7 1 

11 0 
2 0 
o 0 

o 
o 

o 0 
o 0 
2 0 
o 0 
o 0 
o 0 
o 0 
o 0 

~ lL 
106 9 

11 

proportion of n2 
statist. signif. 

positive negative 

p<0.05 <0.01 p<0.05 <0.01 

46 
33 
26 
70 
73 
87 
79 
18 
74 

9 
18 
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14 
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30 

100 
17 

100 
100 

o 
100 

o 
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47 

30 
12 
10 
37 
47 
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12 
47 
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4 
4 
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19 
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and in the crustacean Bathyporeia spec. Among 
these species with highly similar fluctuation pat
terns, the following are known to be sensitive to low 
winter temperatures and, therefore, show low num
bers after cold winters: Angulus tenuis, Abra 
tenuis, Lanice conchilega and Nephtys hombergii 
(Beukema, 1979; Beukema, 1984). Fig. 1 shows an 
example of highly synchronized fluctuation pat
terns in 3 different N. hombergii populations. 
These fluctuations are clearly related to the temper
atures prevailing during the immediately preceding 
winter (Fig. Ib). 

Another frequently occurring pattern, common 
to about half of the species, was an increasing trend 
during the period of observation, particularly dur
ing the last decade, probably as an effect of eu
trophication (Beukema & Cadee, 1986). An exam-

a Nephtys hombergli 

70 • vso r= + 090 

r= + 065 
60 ovs~ r=+08J 

50 

70 72 74 76 78 80 82 84 YEAR 

b 

Fig. 1. a. Annual variation in the abundance of the polychae
tous worm Nephtys hombergi (in n·m -2) as observed in spring 
during the 1969 to 1985 period at 3 tidal flat stations at Balg
zand. The fluctuation patterns at the 3 stations are highly simi
lar (values for Spearman's r between +0.65 and +0.90). b. An
nual variation in mean winter temperature during the 1969 to 
1985 period (as departures from the long-term average, in 0c) at 
a nearby weather station. For all 3 stations the numbers of N. 
hombergii are significantly correlated with the mean tempera
ture during the preceding winter (p < 0.01). 

pIe is shown in Fig. 2 for 3 populations of H. 
jilijormis, showing parallel patterns of fluctuation 
with an overwhelming influence of the recent up
ward trend. The above list of species with highly 
similar fluctuation patterns contains more species 
with dramatically increasing trends during recent 
years, viz. M balthica, N. diversicolor, S. armiger 
and E. longa. Only 1 species (Bathyporeia spec.) 
showed a (non-significantly) decreasing trend. 

Thus, patterns of fluctuation are highly similar 
and synchronized especially in species in which 
numbers are related to an environmental factor as 
a cold winter (which is effective over wide areas) or 
in which numbers show a consistent trend (either 
upward or downward). Also in the cases of the (up
wards) trends, a common environmental factor ef
fective over wide areas may be responsible, e.g. bet
ter feeding conditions due to eutrophication. Out 
of the 25 species studied, no less than 19 were either 
sensitive to low winter temperatures (viz. 7 species: 
Beukema, 1979; Beukema, 1984) or showed a sig
nificantly increasing trend (viz. 12 species: Beuke
ma & Cadee, 1986). Among these 19 species, 10 
were listed above as showing a high proportion of 
similar fluctuation patterns. Among the remaining 
6 species only one such species occurred (viz. 
Bathyporeia spec., the one species with a decreasing 

60 Heteromastus flliformls 

50 • vso r= +0 90 

40 

30 

Fig. 2. Annual variation in abundance of the polychaetous 
worm Heteromastus/ili/ormis (in n·m-2) as observed in spring 
during the 1969 to 1985 period at 3 tidal flat stations at Balg
zand. At all 3 stations the numerical densities increased signifi
cantly (p < 0.01) during the period of observation. The fluctua
tion patterns at the 3 stations are highly similar (values for 
Spearman's r between +0.74 and +0.90). 



trend). In all 5 remaining species without consistent 
trends in numbers and not showing sensitivity to 
low winter temperatures, similar fluctuation pat
terns were less common, none fulfilling the above 
criterium of 50070 significantly positive correlations 
(none even exceeding 20% of such correlations, Ta
ble 1). 

b. Negative correlations 

Three species contributed in particular to the to
tal of 106 negative correlations, viz. Arenicola ma
rina, Hydrobia ulvae and Macoma balthica (Ta
ble 1). In these species several pairs of populations 
showed more or less opposite (mirrored) fluctua
tions in numbers. The characteristic these species 
have in common is the phenomenon of an annually 
recurrent migration within the tidal flat area stud
ied (M. balthica: Beukema, 1973; Beukema et al., 
1978; De VIas, 1973; H. ulvae: Dekker, 1979; A. 
marina: Beukema & De VIas, 1979; Farke et al., 
1979). The mass movement from an area contain
ing one group of sampling stations to an area con
taining another group of stations differed in inten
sity from year to year. Especially during severe 
winters a relatively high proportion of the juveniles 
of M balthica and A. marina migrate from the 
high and sheltered tidal flats near the coast (i.e. the 
southwestern part of Balgzand) to the lower and 
more exposed offshore tidal flats (including the 
northern half of Balgzand). After winters with rela
tively high rates of migration, numbers will be rela
tively low (as compared to other years) in the coast
al area and high in the offshore areas and vice 
versa. So on the one hand such migrations of varia
ble intensity promote parallel changes in numbers 
(causing positive correlations) within each of the two 
subareas, but on the other hand cause opposite 
changes in numbers (and thus negative correlations) 
between the two subareas of Balgzand. Fig. 3 cor
roborates this view. In M. balthica significantly posi
tive correlations were confined almost exclusively to 
the pairs of sampling stations within the same sub
area (north and south, respectively, of the southern 
tidal stream), whereas negative correlations all re
ferred to pairs of populations living on different 
sides of this stream (Fig. 3a, b). For A. marina a simi
lar picture was obtained (Fig. 3c, d). 
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c. Similar patterns in distant areas 

So far, only the similarity of fluctuation patterns 
within the 50 km2 Balgzand area has been dealt 
with. The distances between the sampling stations 
at Balgzand ranged only from 112 to about 10 km 
(Fig. 3). The proportion of significantly similar 
patterns of 47% (or 52% when only the same spe
cies are taken into consideration) is close to the 
proportion (viz. 40%) observed in another small 
tidal flat area, viz. the Groninger Wad with dis
tances of 112 to 3 km between the sampling sta
tions (Essink, 1978; Essink & Beukema, this issue). 
Similarly, the proportion of negative correlations is 
small (viz. 8% at Groninger Wad and 7% for the 
same species at Balgzand, see Table 2). 

In 7 species the fluctuation patterns could be 
compared between the two areas Balgzand and 
Groningen, which are about 150 km apart. Out of 
the 426 comparisons (7 species, up to 5 and 15 sam
pling stations), 335 yielded positive correlations, 64 
of these being statistically significant (p < 0.05, 
Spearman's rank correlation test). So the propor
tion of similar fluctuation patterns in the two dis
tant areas was 15%. This is significantly less than 
the percentages of 40 and 52 observed for compari
sons within the two areas for the same 7 species 
(Table 2). The proportion of negative correlations 
(viz. 21 %) is significantly higher (p < 0.05, x2 test) 
for the distant comparisons than for the within
area comparisons (viz. 7 and 8%). Note that the 
proportion of negative correlations of 21 % is yet 
far below the percentage of 50 to be expected if the 
populations in the two areas fluctuated indepen
dently. Accordingly, the proportions of significant
ly negative correlations was negligible (less than 
1%), whereas the value for the proportion of sig
nificantly positive correlations (15% for the distant 
comparisons) was much higher than could be ex
pected from independent fluctuations (2 Y2 % at a 
0.05-level of significance). In conclusion: similarity 
in fluctuation patterns of distant (150 km) tidal flat 
populations of benthic animals is an existing 
phenomenon. 

The proportions of negative correlations were 
particularly high for the 2 sampling stations at 
Groninger Wad that were affected by the waste
water outfall, viz. 31 and 40%. For the other 3 sta
tions in this area these proportions were 9, 10 and 
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Fig. 3. Maps of the tidal flat area Balgzand with straight lines connecting sampling stations that show in 2 species either highly similar 
fluctuation patterns (a: Macoma balthica; c: Arenicola marina) or more or less opposite fluctuation patterns (b: M balthica; d: A. 
marina). Number of sampling stations compared: 15 in M balthica and 14 in A. marina. Pairs of sampling stations with similar patterns 
connected only when p < 0.01 in M. balthica (a) or < 0.05 in A. marina (c). Pairs with opposite patterns connected either whenever 
the correlation was negative in M balthica (b) or when p < 0.05 in A. marina (d). 

17070, i.e. mostly close to 7 and 8% observed for the 
within-area comparisons (Table 2). For these 3 less
affected stations, fluctuation patterns in most spe
cies (e.g. Nephtys hombergii, Fig. 4) were well
synchronized in the 2 distant areas. However, even 
for these stations the proportions of highly similar 

patterns (yielding significantly positive correla
tions) were lower (9, 19 and 23%) than those ob
served for the within-area comparisons (40 and 
52070). Apparently, the similarities are generally 
weaker for distant (150 km) than for nearby (up to 
10 km) comparisons. 



Table 2. The degree of similarity of fluctuation patterns in 7 
species of macrozoobenthos within two areas of observation 
(Balgzand and Groninger Wad) and between these areas. 
Similarity expressed as the proportions (11,70) of all station pairs 
(n) that showed a significantly positive correlation (p<0.05). A 
second column shows the proportions of negative correlations, 
with the significant ones between ( ). 

comparison percentages of correlations 

sign. positive negative (sign.) 

within Balgzand 52 7 (0.2) 
8 (0.0) 

21 (0.7) 
within Gron. Wad 40 
Balgz. vs Gron. Wad 15 

70 
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Fig. 4. Annual variation in abundance of the polychaetous 
worm Nephtys hombergii (n'm- 2, spring data, 1969 to 1985 
period) in two tidal flat areas about 150 km apart, viz. Balgzand 
(means of all 15 sampling station) and Groninger Wad (means 
of 3 sampling stations that were least affected by the waste water 
discharge, see Essink & Beukema, this issue). 

For one species (Macoma balthica) sufficient 
data are available to compare fluctuation patterns 
over an even wider area, including the entire Wad
den Sea (Fig. 5). Data series on Macoma abun
dance were made available by courtesy of several 
members of the intertidal soft-sediments section of 
COST-647, including P. B. Madsen (Danish data), 
J. Dorjes, H. Michaelis and B. Rhode (German 
data) and the authors (Dutch data). Common 
trends in the numerical densities of Macoma living 
on tidal flats of the Wadden Sea (full lines in 
Fig. 5) include: more or less stable numbers during 
the second half of the seventies, a steep increase in 
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Fig. 5. Annual variations in abundance (n·m -2, spring data) of 
the bivalve Macoma balthica sampled in widely different parts 
of the Wadden Sea (solid points and lines) or nearby North Sea 
areas (open points, broken lines). The sampling areas from 
north to south: " Danish Wadden Sea (int. W.S.-N); " German 
Wadden Sea (int. W.S.-E); 0 North Sea off Norderney (Subt. 
Norderney); _ Dutch Wadden Sea, Groninger Wad (int. W.S.
M); 0 North Sea off Terschelling and Texel (subt. Texel-Tersch.); 
• Dutch Wadden Sea, Balgzand (int. W.S.-W). 

1979 and a slow decline during the first half of the 
eighties. The populations living in subtidal areas 
near the Wadden Sea (broken lines in Fig. 5) 
showed a similar pattern, with one major differ
ence:the increase in 1979 started already before the 
annual spring sampling of 1979 and will have origi
nated from winter-migration (Beukema, 1973). The 
further steep increase during 1979 that was ob
served in all sampling areas, will have originated 
from a highly successful recruitment during the 
summer of 1979, which followed the severe 1978179 
winter (Beukema, 1982). 

Conclusions 

Both within the restricted area of Balgzand and 
for the comparisons over a distance covering nearly 
the whole Dutch Wadden Sea, the number of posi-
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tive correlations by far exceeded the number of 
negative correlations, pointing to the preponder
ance of environmental factors that govern the fluc
tuations of populations of benthic species over 
wide areas. One of these factors could easily be 
identified, viz. the severity of the winter preceding 
the annual sampling period in early spring. Severe 
winters are known to be co-incident over wide geo
graphic areas, e.g. the one of 1962/63 caused high 
mortality in many sensitive species both along the 
British and mainland coasts of the Channel and the 
North Sea (as summarized by Cushing, 1982). The 
effect of a severe winter appears not to be restricted 
to heavy mortalities but may include an enhance
ment of recruitment in several (partiy additional) 
species during the subsequent summer (Beukema, 
1982). Another synchronizing factor will have to do 
with the increasing trend observed in about half of 
the species considered and may be related to the 
general eutrophication in Dutch coastal areas dur
ing the last few decades (Beukema & Cadee, 1986). 
Long-term oceanographic cycles also will govern 
parallel changes in numbers of marine species over 
vast areas (Gray & Christie, 1983). 

Parallel changes during decades in populations 
of marine species over wide geographic areas are 
well known for fish (Cushing, 1982) and zooplank
ton species (Colebrook, 1978; this issue). In marine 
benthos fewer long-term series of population size 
records over extensive areas are available. However, 
the few cases published so far clearly point to simi
lar fluctuation patterns in distant areas. In subtidal 
rocky shore species Svane (1984) observed syn
chronized fluctuation patterns along a lOO-km 
stretch of the Swedish west coast and Lundalv & 
Christie (this issue) found the fluctuations ob
served along this coast to extend along the south 
coast of Norway. The synchronized success of 
recruitment in barnacles at sites of over 100 km on 
the Yorkshire coast provides an example from the 
intertidal rocky shore environment (Kendall et ai., 
1985). Also in soft bottom benthic species, a few 
examples of synchronized population events over 
wide geographic areas have been published. Inflows 
of high-saline and oxygen-rich water into the Baltic 
and the subsequent decline of oxygen content in the 
stagnant water masses were found to go with large
scale increases and subsequent decreases of several 
benthic species in the deeper parts of the Baltic 
(Andersin et at., 1978; Jensen, this issue). In the 

North Sea, successful recruitment of Echinocardi
um cordatum appears to be synchronized over vast 
areas, probably in relation to the incidence of se
vere winters (Beukema, 1985), as in the case of 
several species in the Wadden Sea (Beukema, 1982). 

Further internationally co-ordinated studies of 
population fluctuations will surely reveal more ex
amples of similar fluctuation patterns. Not only 
the results of the present study, indicating similar 
patterns in all species studied both in nearby and 
distant (150 km) populations, are promising. The 
first results from the comparison of fluctuation 
patterns over even longer distances within the Wad
den Sea also point to parallel fluctuations. Exam
ples are the cases of Macoma balthica (Fig. 5) and 
the dramatic increase of Heteromastusfiliformis all 
over the Wadden Sea (Fig. 2 and Dorjes et at., this 
issue). The COST-647 programme offers an excel
lent opportunity to extend this long-term co
ordinated study of population fluctuations to as
sess the size of the areas of synchronized fluctua
tions for several species and to unravel the process
es by which environmental factors govern the 
parallel changes in numbers in marine benthic spe
cies (Lewis, this issue). 

Gaining basic insight in the causes and extent of 
population fluctuations in the coastal marine en
vironment is not the only reward obtained from 
such an internationally co-ordinated study. The as
sessment of common fluctuation patterns in a spe
cies over vast geographic areas offers a base-line of 
its changes. Any departure from such a common 
base-line pattern may indicate a local effect of e.g. 
a pollutant as shown for a waste water discharge in 
the Dutch Wadden Sea (Essink & Beukema, this is
sue). With such a sampling strategy, local changes 
in population numbers may be attributed to local 
disturbing factors with more confidence than 
would ever be possible by single local studies only. 
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Abstract 

Organic waste-water from beetsugar factories is being discharged by pipeline into the eastern part of the 
Dutch Wadden Sea since 1969 mainly in September- December. The organic waste load was high in the first 
four years and diminished considerably from 1974 onwards. 

From 1968 macrobenthos has been monitored at five permanent stations. Two of these stations were situat
ed relatively close to the outfall of the pipe-line. 

Data on numerical density of seven macrobenthic species were analysed for synchrony of yearly fluctua
tions in order to discriminate between pollution-induced changes in population densities and changes due 
to variation of natural environmental factors. 

A great deal of concordance in density fluctuations was found between the five stations. Comparison with 
data from the western part of the Dutch Wadden Sea (150 km apart) revealed a relative good concordance 
of the density fluctuations in eastern (only 3 stations) and western Wadden Sea. The two stations close to 
the outfall showed an aberrant pattern of density variations due to the waste discharge. 

Introduction 

Organic wastewater from two beetsugar and 
some other factories is being discharged by pipe
line into the eastern Dutch Wadden Sea since 1969 
(see Fig. 1). The majority of the biodegradable 
waste is being discharged from September through 
December due to the production period of the beet
sugar factories. The organic waste load was high in 
the years 1969-1973; it decreased from 1974 on
wards due to sanitation at the factories. The effects 
of this waste discharge on water quality and macro
zoobenthos have been studied from 1968 to 1975 
(Essink, 1978). From 1975 onwards sampling of 
macrozoobenthos was continued at five stations. 

The numerical densities of intertidal macrozoo
benthos species vary from year to year. These varia
tions are caused by variation in recruitment suc
cess, predation and winter mortality. Winter 
temperatures do have a synchronizing effect on the 

population fluctuations of certain intertidal species 
(Beukema, 1982, 1985; Beukema & Essink, 1986). 

In addition the abundance of species may change 
as a consequence of non-natural causes, e.g. man
made disturbances such as pollution. In studies on 
the effect of pollution it is important to be able to 
discriminate between pollution-induced changes in 
the populations studied and changes due to varia
tion in the natural abiotic environment. In this pa
per the patterns of variation in abundance of inter
tidal macrozoobenthos in the vicinity of a 
wastewater outfall in the eastern Dutch Wadden 
Sea ('Groninger Wad') are analysed in order to de
tect possible pollution-induced deviations from 
natural patterns. 

The outfall of the wastewater pipe-line is situated 
in the upper half of the intertidal zone, in one of 
the sedimentation fields that are maintained along 
the coast (Fig. 1). Station 3 is situated close to the 
outfall in an area where poor survival of macrozoo-
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Fig. 1. Map of the Dutch Wadden Sea with the wastewater pipe-line from Groningen (A), and the position of the sampling stations 
( D) and the wastewater outfall (B). 

benthos was observed during the period of max
imal waste discharge. Sometimes the area of poor 
survival extended as far as station 4 (see below; Es
sink, 1978). 

Methods 

Samples were taken at 5 stations at different dis
tances from the outfall (Fig. 1). Each station meas
ures 30 x 30 m. Stations 1 and 5 have a silt content 
(fraction smaller than 16 ILm) below 2%, whereas 
the other stations have a silt content of 5 - 25 1170 

(Essink, 1978). 

Samples of macrozoobenthos were taken with a 
PVC corer of ca. 300 cm2 to a depth of 20-25 cm. 
From 1980 onwards a corer of 230 cm2 was used. 
On each collection 16 cores were taken per station. 
The samples were sieved in the field over a 1 mm 
sieve. For this study numerical densities from 
spring (ca. March - April) have been used. For sta
tion 3 no data are available for 1969. In 1981 no 
samples were taken in spring; therefore, spring den
sities have been estimated by interpolation. 

Time-series of density data for 7 species will be 
analysed in this paper. These species comprise the 
bivalves Macoma balthica, Cerastoderma edule 
and Mya arenaria, and the polychaetes Nephtys 



hombergii, Eteone longa, Anaitides maeu{ata and 
Seo{oplos armiger. For any pair of stations the con
cordance of density variations was assessed using 
Spearman's rank correlation test. 

Results 

The macrobenthic species at the 5 stations 
showed large variations in numerical densities. A 
few examples will be given. In Maeoma balthiea 
(Fig. 2) density variations are characterised by an 
increase at all stations in 1969-1971 and particu
larly in 1979 -1980, i.e. after relatively severe 
winters (see Beukema, 1985). 

The densities of Eteone longa showed frequent 
variations (Fig. 3). At most of the stations these 
variations showed a highly similar pattern, except 
at station 3, where it lasted till 1974 before the den
sity variations followed the pattern of the other sta
tions. A similar pattern can be observed in Nephtys 
hombergU, where it lasted till about 1976 before 

1000 
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Macoma balthica 

, 
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, 
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densities at station 3 started to follow the pattern of 
the other stations (Fig. 4). The synchronising effect 
of the severe winter 1979 is clearly visible. 

These examples show that the densities of the 
populations of a species fluctuated synchronously 
to a fairly large extent, and also that this synchrony 
was not present during the entire period at all sta
tions. To obtain a measure for the synchrony of 
density variations Spearman's rank correlation test 
has been applied to the data sets of any pair of sta
tions. The results are given in Table 1, showing 
some open spaces because hardly any Seoloplos has 
been found at station 3. The same holds for Mya 
at station 1. Out of the 62 correlations presented in 
Table 1 only 5 are negative. Out of the 57 positive 
correlations 25 are statistically significant 
(p < 0.05), i.e.40Ofo of all 62 correlations. None of 
the negative correlations is significant. 

When for each of the stations the mean of all 
correlations to the other stations is calculated, sta
tion 3 and 4 show mean values for Spearman's r 
that are slightly lower than the mean r-values for 

, 
1980 

, St. 1 

f1 St. 2 

* St. 3 

o st. 4 

• st. 5 

, 
1985 

Fig. 2. Numerical density (n.m -2) of Macoma balthica at 5 stations. 
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Fig. 3. Numerical density (n.m -2) of Eteone fonga at 5 stations. 
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Fig. 4. Numerical density (n.m -2) of Nephtys hambergii at 5 stations. 

the other 3 stations (Table 2). The differences, how
ever, are not statistically significant. When the 
same calculation is carried out for all correlations 
between any of the Groninger Wad stations and the 
15 Balgzand stations in the same years (see Fig. 1 
and Beukema & Essink, 1986) mean values for rare 
obtained for stations 3 and 4 that are significantly 
lower than each of the values for stations 1, 2 and 
5 (Table 3). 

So the fluctuation patterns observed at the sta
tions 3 and 4 are significantly less similar to the 
Balgzand patterns than those found at the stations 
1, 2 and 5. The similarity for the latter 3 stations to 
the distant (150 km) Balgzand area is only slightly 
lower than the similarity within the Groninger Wad 
area (compare the figures in Table 2 and 3). 
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Table 1. Spearman's rankcorrelation coefficient r (x 100) for correlations of numerical densities of 7 species between pairs of stations 
over a 16- or 17-year (n) period. MACO = Maeoma balthiea, ETEO = Eteone longa, CERA = Cerastoderma edu/e, NEPH = 

Nephtys hombergii, SCOL = Se%p/os armiger, MYA = Mya arenaria, ANAl = Anaitides maeu/ata. + = significant. 

stations n MACO ETEO CERA 

1 vs. 2 17 76+ 55+ -42 
1 vs. 3 16 40 11 -38 
1 vs. 4 17 44 32 13 
1 vs. 5 17 60+ 76+ 11 
2 vs. 3 16 62+ 33 23 
2 vs. 4 17 8 45 20 
2 vs. 5 17 17 55 + 41 
3 vs. 4 16 19 43 44 
3 vs. 5 16 6 53 + 11 
4 vs. 5 17 56+ 59+ 44 

Tab/e 2. Mean values for Spearman's r for all correlations (n) 
between any of the 5 stations and the other 4 stations at 
Groninger Wad, and proportion of significant correlations (070 
signif.). 

station 

n 
mean r 
070 signif.: 

23 
0.37 

43 

2 

26 
0.40 

38 

3 

23 
0.36 

26 

4 

26 
0.36 

35 

5 

26 
0.47 

58 

Tab/e 3. Mean values for Spearman's r for all correlations (n) 
between any of the Groninger Wad stations and the 15 Balg
zand stations. The distance of the Groninger Wad stations to 
the wastewater outfall is indicated. 

station 2 3 4 5 

distance (m): 2300 2100 500 1100 1300 
n 77 90 78 90 90 
mean r 0.25 0.30 0.15 0.07 0.28 

Discussion and conclusions 

The results presented in Table 1 show that within 
the Groninger Wad area positive correlations be
tween numerical densities at different stations 
prevailed. Of all possible correlations 40070 were 
significantly positive (p < 0.05). In this respect the 
data from Groninger Wad are in good agreement 
with data from Balgzand where 47% of all correla
tions (520/0 for the same 7 species) were found to be 
significantly positive (Beukema & Essink, 1986). 

As already shown above for Eteone tonga and 

NEPH SCOL MYA ANAl mean 

64+ 49 64+ 44 
48 34 19 
-5 60+ 15 26 
71 + 71 + 58+ 58 
30 49 87+ 47 

-11 8 50+ 42 23 
61 + 38 36 69+ 45 
31 63+ 59+ 43 
22 42 68+ 34 
-9 68+ 83+ 64+ 52 

Nephtys hombergii such common patterns were not 
present at all stations during the entire period of in
vestigation. In particular the densities of some spe
cies at station 3, which is situated relatively close to 
the wastewater outfall, did not follow the patterns 
found at the other stations. This suggests a distur
bance of the natural fluctuation pattern due to pol
lution at this station_ 

The degree of similarity of the population fluc
tuations in the 7 species considered was hardly 
different at the Groninger Wad stations (see Ta
ble 2). This may be caused by the fact that the 5 
stations are situated within a relatively small area 
(less than 10 km2) with only a restricted range of 
intertidal levels and sediments. The fluctuations at 
Groninger Wad showed a high degree of similarity 
to those found at Balgzand (Beukema & Essink, 
1986). This was particularly so for the stations 1, 2 
and 5. Therefore, the common fluctuation patterns 
at Balgzand and at these 3 stations may be consid
ered 'natural' ones. At stations 3 and 4 (close to the 
outfall) the fluctuations concorded badly with the 
variations at Balgzand, as compared to the stations 
1, 2 and 5 which have a greater distance to the out
fall (see Table 3). In this respect it is of importance 
to note that this concordance applies to muddy 
(station 2) as well as sandy stations (1 and 5). 

About the aberrant pattern of density variations 
at stations 3 and 4 the following can be said on the 
basis of observations by Essink (1978). From field 
observations on the distribution of the wastewater 
it could be concluded that stations 3 and 4 were 
directly affected by the wastewater. This effect was 
most pronounced in the autumn months of the 



Fig. 5. Occurrence of crawling and moribund Cerastoderma 
edule at the tidal flats during autumn (after Essink, 1978). 

years 1969-1973, when the waste load was high. In 
the vicinity of station 3 during part of the submer
gence period strongly reduced dissolved oxygen 
concentrations were measured. As a result of this 
pollution stress species richness in the vicinity of 
station 3 was found to decrease during the autumn 
months (Essink, 1978; Fig. 5). In the vicinity of sta
tion 3 a poor survival of O-group Cerastoderma, 
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Macoma, Mya and Nereis was found in autumn 
1969-1973. Mortality among Cerastoderma of 
different age classes due to the waste discharge was 
observed as far as station 4 (Fig. 5). The aberrant 
density pattern of Eteone and Nephtys at station 3 
has already been introduced (Figs. 2 and 3). 

All these observations indicate that during the 
first five years of the waste discharge at Groninger 
Wad disturbances of the natural variations in nu
merical densities occurred at stations 3 and 4 due 
to a high waste load. These local disturbances at 
Groninger Wad could be detected by comparing 
fluctuation patterns of numerical densities at 
Groninger Wad with those found at Balgzand. 
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Abstract 

Near the East Frisian island of Norderney two sites are investigated permanently in order to study long
term fluctuations of macrozoobenthos: one transect (since 1977) at the northern side in shallow subtidal 
waters and another one (since 1976) at the sheltered southern side in the intertidal area of the Wadden Sea. 
Since 1980 the investigations have been continued in the frame of COST-47, sedimentary intertidal 
programme (including the shallow subtidal habitats colonized by the Macoma balthica community). 

The results up to 1984, respectively to 1985, are presented and the changes of abundance of the dominant 
species are discussed. Discussed are also the influences of water temperatures and sediment disturbances 
caused by wave action. There is evidence that the intertidal variety of the Macoma balthica community shows 
a greater stability than the subtidal variety. 

Introduction 

Although mankind has always experienced in na
ture the alternation of 'fat' and 'lean' years there 
were quite static ideas of the marine littoral ben
thos for a long time. Many former authors found 
that structures and densities of animal communi
ties have changed o.ver the years (e.g. Thamdrup, 
1935; Konig, 1943; Jepsen, 1965). Also. the popula
tion dynamics o.f selected animal species were the 
o.bject o.f investigations at an early stage (e.g. Dales, 
1951; Kristensen, 1958; Gibbs, 1968). However, the 
increasing pollution of the sea since the 1960's has 
channeled o.ur stronger interest in the changes with
in a given time, which the littoral communities are 
subjected to. The first to. undertake an approach to 
such a complex of questions in the area o.f the Wad
den Sea were Hauser (1973), Beukema (1974), 
Beukema et al. (1978) and Essink (1978). 

Long-term investigatio.ns were started on the 
East Frisian coast in 1976 (eulittoral) and 1977 
(sublittoral). Since 1980 they have been continued 
within the scope of the COST programme. 

The habitats which were investigated belong to 
the distributio.n area of the Macoma balthica com
munity, which is characteristic for the North Sea 
littoral. In the intertidal area it forms the 'intertidal 
variety of the Macoma community' , which is poor 
in species, while the sublittoral is inhabited by the 
'subtidal variety of the Macoma community', the 
species richness o.f which is considerably higher. 

The following report contains a first analysis and 
evaluation of the data and above all shows the de
velopment of the dominant species. 

For the part o.f the work dealing with the inter
tidal botto.m fauna we received financial suppo.rt 
from the Federal Ministry of Research and Techno.l
ogy. 

Area of investigation and methods 

Intertidal and subtidal habitats near the East 
Frisian island of Norderney are the area of investi
gation. Norderney is a 'barrier' island between the 
Wadden Sea and the No.rth Sea. As can be seen in 
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Fig. 1 the stations 1 to 4.lie south of the island on 
a transect in the intertidal area. 

Since 1976 samples were taken in intervals of one 
month (till 1977), of two months (till 1980), and 
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three months (from 1981 on). For each year only 
the data for January, April, July, and October will 
be presented in this paper. Station 2 is identical 
with a permanent plot which was already inves-
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Fig. 1. Map of the investigation area with the intertidal stations 1-4 and the subtidal stations 5 -12. 



tigated by Hauser (1973) in 1970 till 1972. 
At each station one sample of 0.125 m2 was tak

en tiII 1977; from 1978 on 7 samples of 177 cm2 

were taken at each station. The bottom fauna was 
sieved with a 1 mm mesh aperture and then sorted 
out and counted in a live state. The biomass was de
termined as ash-free dry weight (ADW), at first ac
cording to Beukema (1974), from 1984 on with a 
reduced combustion temperature according to Lap
palainen & Kangas (1975). Mollusc shells were 
separated from the flesh, apart from small gastro
pods (Hydrobia, Littorina juv.) and the spat of 
bivalves. 

The following abiotic parameters were investigat
ed: sea-level for calculating the inundation time, 
grain size distribution of the sediment, organic 
matter as loss on ignition, water content, salinity of 
the interstital water, and depth of the oxidized lay
er. The weather station on Norderney put data on 
water temperature at our disposal, which were 
measured once per day at the northern edge of the 
island (see Fig. 1). Data on ice formation were also 
received from the weather station and completed by 
our own observations. At the sublittoral stations 5 
to 12 a first survey was carried out in 1970, the 
results of which have been published by Dorjes 
(1976). Since 1977 samples were taken in monthly 
intervals. Due to rough seas and ice-drift there have 
been some gaps. The Van Veen grab with a sam
pling area of 0.2 m2 was used. At each station only 
1 sample was taken. The bottom fauna was sieved 
with 0.63 mm mesh aperture and fixed in formalde
hyde. The biomass was not determined. Sedimento
logical data (grain size distribution) have been 
placed at our disposal by an investigation of Rei
neck (1976) which is running parallel to ours. 

Results 

Environmental conditions 

The characteristic water temperatures for the 
area vary (according to monthly averages of long
term measurements on the seaward side) between a 
maximum of 18.5°e in July/August and a mini
mum of 2.0oe in January/February. The devia
tions from the average which have appeared be
tween 1976 and 1985 can be seen in Fig. 2. Above 
average temperatures prevailed in the hot summers 

219 

of 1976, 1982, and 1983. The cold winters of 
1978/79, 1981/82 and 1984/85 are distinguished by 
ice-drift and a long-lasting ice-cover in the intertid
al area. 

According to long-term measurements monthly 
averages of salinity at the south side of Norderney 
fluctuate between 31%0 (in July) and 28%0 (in Janu
ary). Altogether the deviations extend from 34%0 to 
21 %0. The lower values show the influence of the 
Ems estuary which lies to the west. In the seaward 
area salinities are higher and more constant and 
they generally don't drop below 30%0. 

The mean tidal amplitude at Norderney is 2.4 m. 
As the intertidal stations lie on a transect with 
decreasing level the inundation time increases from 
ca. 350,10 at Station 1 to ca. 55% at station 4. 

The sediments of the intertidal stations can be 
classified as sand between fine and medium sand 
with an average medium value of about 200 p'm, a 
small portion (up to 4%) of silt ( < 63 p.m), an aver
age loss on ignition of 1-2% and an average water 
content of 20 - 30%. The sediment composition is 
very constant. Since the investigations of 1970 to 
1972 (Hauser, 1973) the grain size distribution 
shows practically no changes (Fig. 3). 

The oxidized layer is rather thin, only 0.5 to 3.0 
cm deep in summer and autumn, and 0.5 to 8.0 cm 
deep in winter and spring. This fact can be ex
plained by the sheltered position of the habitat. 

The sublittoral stations are situated in water of 
5 m (station 5) to 14 m depth (station 12). The sedi
ments consist of fine sand and medium sand 
(Fig. 3). 

Composition of the bottom fauna 

In the intertidal stations 35 species occurred (18 
annelids, 9 molluscs, 7 crustaceans, and 1 insect), 
not including several unidentified nemertines (Ta
ble 1). The species which were already found in 
1970-1972 by Hauser (1973) at station 2 are 
marked with an asterisk. The most constant mem
bers of the community are also dominant ones with 
respect to density and/or biomass. Nereis diver
sicolor, Scoloplos armiger, Heteromastus filifor
mis, Cerastoderma edule, Macoma balthica, 
Tubificoides benedeni, and in a less frequent occur
rence, Pygospio elegans and Hydrobia ulvae be
long to the most dominant species in numbers 
(Fig. 4b). Dominant species according to weight are 
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Fig. 2. Mean water temperature measured at the seaward side of the island (monthly means of 1971-1984) and deviations in the period 
1976-1984. Hatched: ice-cover on tidal flats. 

Arenicola marina, Nereis diversic%r, Se%plos 
armiger, Heteromastus filijormis, Cerastoderma 
edule, and Macoma balthica (Fig. 4c). 

The sublittoral bottom fauna at stations 5 to 12 
is almost three times as rich in species (Table 2). 
The nemertines excluded, 103 species were found, 
which are distributed among the various taxonomic 
groups as follows: 36 polychaetes, 32 crustaceans, 
24 molluscs, 5 echinoderms, 2 coelenterates, 2 
pisces, 1 phoronid, and 1 pantopod. In the sublit
toral there is also a restricted number of species 
which appear regularly and create dense popula
tions. These are Magelona papillicornis, Macoma 
balthica, Scoloplos armiger, Nephtys hombergi and 

- less frequent and abundant - Lanice conchile
ga, Bathyporeia pelagica, Spio filicornis, Urothoe 
grimaldii var. poseidonis, and Pectin aria koreni. 
There are 23 species which occur commonly in the 
intertidal and in the subtidal habitats (Tab. 1, 2). 

Changes in abundance and biomass of dominant 
intertidal species 

Figures 4, 5 and 6 demonstrate the periodic sea
sonal changes for a number of species in abun
dance and biomass. This seasonal variation gener
ally shows a maximum in summer or autumn and 
a minimum in late winter or early spring, often in 
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Fig. 3. Above: grain size distribution at station 2. Conditions found by Hauser (1973) compared with later investigations. Below: grain 
size distribution at station 5 -12 in 1973. 

April. The total maximum densities amount to 
15000-40000 individuals· m- 2• At the time of 
the minimum densities, there are still about 
4000-10000 specimens . m -2 present. 

The maximum values of the total biomass are 
about 50 to 80 g ADW . m-2, in some years even 
150 g and more. The minima lies in general at 20 
and 30 g, measured against the maximum weight 
one fifth to one third. 

Figure 4b shows the share of 8 dominant species 
in the total population' density. Figure 4c shows 
how the total biomass is distributed among the 6 
species which are dominant in weight. With respect 
to the different species the following can be said. 

The lugworm Arenieola marina, with maximal 
densities of 40 to 60, is not dominant in numbers 
(Fig. 5). However, it is significant with respect to 

weight (10- 20070 of the total biomass). It has sur
vived the severe winters 1978179 and 1984/85 with 
surprisingly high densities (25 - 35 animals· m-2). 

Relatively low numbers and biomass values were 
found in the years 1982-1984. 

The ragworm Nereis diversie%r has a weak 
dominance by numbers but a great constancy. Its 
contribution to the total biomass remains mostly 
under 10070 (Fig. 5). 

Se%ptos armiger is a very typical inhabitant of 
the biotope that was investigated, with densities of 
mostly more than 600 animals . m -2. The bi
omass contributes to the total weight with a maxi
mum of 10070 (Fig. 5). The mass production of egg 
capsules in every spring (March/April), which cover 
the bottom surface, is spectacular. In April 1976 a 
weight of 0.7 g ADW was determined for an aver-
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Table 1. Species found at the intertidal stations 1-4 from 1976 
to 1985. With asterisk: Species already found by Hauser (1973) 
at station 2. Underlined: Species common to the intertidal and 
subtidal transect. 

Station No. 

Nemertini 
Several unidentified species 

Annelida 
*Anaitides mucosa 
*Arenicola marina 
*Capitella capitata 
*Eteone longa 
*Harmothoe sarsi 
*Heteromastus jiliformis 
* Lanice conchilega 
Lumbricullus lineatus 

*Magelona papillicornis 
*Nephtys hombergii 
*Nereis diversicolor 
*Paranais litoralis 
Polydora ligni 

*Pygospio elegans 
Scolelepsis joliosa 

*Scoloplos armiger 
*Tharyx marioni 
*Tubificoides benedeni 

Mollusca 
*Cerastoderma edule 
Ensis directus 

*Hydrobia ulvae 
* Littorina littorea 
*Macoma balthica 
'Mya arenaria 
*Mytilus edulis 
*Retusa obtusa 
Scrobicularia plana 

Crustacea 
*Bathyporeia sarsi 
*Carcinus maenas 
*Corophium cj. volutator 
*Crangon crangon 
*Gammarus sp. 
Jaera albifrons 

*Urothoe grimaldii var. poseidon is 

Insecta 
Chironomidae (larvae) 

Number of species 
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age of 152 capsules m- 2; compared with the 
coincident weight of the population of 1.3 g ADW 
. m- 2 it is a remarkable amount. The high loss of 
substance due to spawning results to minimal 
values of the biomass after the spawning time in 

only a few years (1979, 1981, 1983). 
Heteromastus filiformis (Fig. 5) is generally con

sidered to be a species which preferably colonizes 
muddy, anaerobic sediments. It kept to this rule at 
the time of Hauser's (1973) investigation and did 
not exceed densities of 100 individuals . m -2 at 
station 2. In our period of investigation the densi
ties exceed 1000 . m -2 for the first time in 1976, 
and till 1980 rise above 7000 specimens . m - 2• Af
ter occurrence of relatively low densities in 1981 
and 1982 very high densities occur again in 1983. 
From 1984 on there seems to be an indication of a 
decline. 

In respect of the seasonal fluctuations it is 
remarkable that maximal and submaximal densi
ties often coincide with the minimum temperature 
in January, as in 1977, 1978, 1980, 1983 and 1984. 
The biomass increased to values of 9 g ADW and 
more after 1980 and contributed 10 to 20070 to the 
total biomass. 

Cerastoderma edule is in principle a constant 
species of the habitat with densities which mostly 
amount to several hundreds, often 1000 individuals 
. m - 2 (Fig. 6). It was temporarily wiped out due 
to ice-drift in the severe winters of 1978/79 and 
1984/85, and was strongly decimated in winters 
with only short-term ice formation (1975/76, 
1979/80, and 1981/82). A new population was es
tablished at the deserted spots only due to spatfall. 
Strong spatfalls led to densities of 8000 to 20000 
animals . m -2 in the summers of 1976, 1981, and 
1984. 

The significance of Cerastoderma for the total 
biomass of the habitat is outstanding. 20 to 40 g 
ADW . m -2 are predominant values, the maxima 
can exceed 100 g. The share of the total biomass 
amounts to 40 - 60% over several years. After se
vere winters the biomass was temporarily reduced 
to zero, as in 1978/79. After that the biomass im
proved till 1981 to a level of 10 g . m - 2. 

The population of Macoma balthica shows an 
extraordinary constant minimum density of 100 to 
300 individuals· m -2 (Fig. 6). Spat falls of signifi
cant size resulted in the summer 1979 after 2 hard 
winters and also in 1976, 1981 and 1984 after 
moderate or mild winters. The maximum of 1979 
amounted to almost 8000 individuals· m- 2• The 
biomass shows minima of 1 to 3 g ADW . m -2 in 
late winter or early spring. The maxima, which 
mostly result in July, reach values of 4 to 14 g 
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Fig. 4. Intertidal macrobenthos. a) Variations in total abundance (number of individuals) and total biomass (ash-free dry weight). b) 
Share of dominant species in total abundance. c) Share of dominant species in total biomass. a, b, c: means of the stations 1-4 are 
demonstrated. N.d.: Nereis diversicolor; M.b.: Macoma balthica; H.u.: Hydrobia ulvae. 

ADW . m-2• Correspondingly the share of the to
tal weight fluctuates between 5 and 250/0. 

Of the other dominant species Tubijicoides 
benedeni is the only one which is continuously 
present in densities of 600 - 5 000 individuals . 
m -2 (20 to 40% of the total abundance). Its con
tribution to the biomass is insignificant « 3 0/0). 

Members of the community with a strongly ir
regular occurrence are Pygospio elegans and 
Hydrobia ulvae. In the short term Hydrobia can 

become a predominant species as happened in July 
1978, January 1982, and October 1983 to April 
1984 (Fig. 4b) and then it can be of great sig
nificance for the biomass (Fig. 4c). 

Changes in the abundance of dominant subtidal 
species 

Only very few species are really abundant in the 
foreshore and the upper sublittoral. Some of them 
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Table 2. Species found at the subtidal stations 5 -12 from 1977 to 1984. + rare; + + medium frequent; + + + frequent. Underlined: 
Species common to the intertidal and subtidal transect. 

Station No. 5 6 7 8 9 10 11 12 
Water depth (m) 5 6 7 8 9 10 12 14 

Nemertini 
Several unidentified species + + + + + + + + 

Annelida 
Anaitides groenlandica + + + + + + + + 
Anaitides mucosa + + + + + + + (+)+ 
Capitella capitata + + + + + + + + 
Eteone lactea + + + + + 
Eteone longa + + + + + + + + 
Eulalia viridis + + + (+)+ ++ + + ++ 
Eumida sanguinea + 
Goniada maculata + + + + + + + + 
Harmothoe longisetis + 
Harmothoe lunulata + + + + + + + + 
Harmothoe sp. + + + + + + + 
Heteromastus jilijormis + + + + + 
Lanice conchilega + + ++ ++ +++ ++ ++ ++ 
Magelona papillicornis +++ +++ +++ +++ +++ +++ +++ +++ 
Microphthalmus similis + 
Nephtys hombergi +++ +++ +++ +++ +++ +++ +++ +++ 
Nereis succinea + + + + 
Nereis virens + + 
Ophelia limacina + + + + + ++ + + 
Owenia jusijormis + + 
Pectin aria koreni ++ ++ ++ ++ + + + + 
Pholoe minuta + + + + + + + 
Pisione remota + 
Polydora caeca + 
Polydora ligni + + 
Polydora pulchra + + 
Pygospio elegans + 
Scalibregma inflatum + 
Scolelepis bonnieri + + + + + + + + 
Scolelepis joliosa + 
Scoloplos armiger ++ ++ ++ ++ ++ ++ +++ +++ 
Sphaerodorum jlavum + + 
Sigalion mathi/dae + 
Spio jilicornis ++ (+)+ ++ ++ + + + + 
Spiophanes bombyx ++ ++ ++ ++ ++ ++ ++ ++ 
Tharyx marioni + + + + + + + 

Mollusca 
Abra alba + + + + + + + 
Abra nitida + 
A bra prismatica + 
Angulus jabula + + ++ ++ (+)+ + +++ ++ 
Angulus tenuis + + + 
Astarte triangularis + + + + + + + 
Cerastoderma edule + + + + 
Donax vittatus + + + + + + + + 
Ensis directus + + + + + + + + 
Hydrobia ulvae + + + 
Lunatia nitida + + + 
Lunatia sp. + + + + 
Macoma balthica +++ +++ +++ +++ +++ +++ ++ ++ 
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Table 2. Continued. 

Station No. 5 6 7 8 9 10 11 12 
Water depth (m) 5 6 7 8 9 10 12 14 

Mactra corallin a + + + + + 
Montacuta jerruginosa + (+)+ + + + + + + 
Mya arenaria + + + + + 
Mya truncata + 
Mysella bidentata + + + + + + + + 
Mytilus edulis + + + + + + + + 
Retusa obtusa + 
Spisula elliptica + + + + 
Spisula solida + + + + + + + + 
Spisula subtruncata + + + 
Venus gellina + 

Crustacea 
Ampelisca sp. + + 
Bathyporeia gracilis + 
Bathyporeia pelagica ++ ++ ++ ++ ++ + ++ ++ 
Bodotria scorpioides + + 
Caprella linearis + + + + + 
Carcinus maenas + + 
Corophium c1. volutator + + + + 
Corystes cassivelaunus + 
Crangon crangon + + + + + + + + 
Cumopsis goodsiri + + + (+)+ ++ + + ++ 
Diastylis bradyi + + + + + + + ++ 
Eurydice pulchra + + + + + + + + 
Gammaridea sp. I + + + + + + + + 
Gammaridea sp. II ++ + + (+)+ ++ ++ (+)+ + 
Gammaridea sp. III + + + + + + + + 
Gammaridea sp. IV + + + + + + + + 
Gammaridea sp. V + + + + + + 
Gammaridea sp. VI + + + 
Gastrosaccus sanctus + 
Gastrosaccus spinijer + + + + + + + 
Hyas araneus + 
Idothea linearis + + 
Jphinoe trispinosa + + + + + + + 
Isopoda sp. + 
Lamprops jasciata + + + + + + + + 
Liocarcinus holsatus + + + + + + + + 
Mesopodopsis slabberi + + + + + + + 
Pagurus bernhardus + + + + + + + 
Paramysis kervillei + + + + + + + + 
Pinnotheres pisum + + 
Processa canaliculata + + 
Urothoe grimaldii var. poseidon is + + + (+)+ ++ + ++ ++ 

Echinodermata 
Amphiura jilijormis + 
Asterias rubens + + + + + + + + 
Echinocardium cordatum + + + + + + + + 
Ophiura alb ida + + + + + + + + 
Ophiura texturata + 

Coelenterata 
Edwardsia c1. danica + 
Sagartia troglodytes + 
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Table 2. Continued. 

Station No. 5 6 
Water depth (m) 5 6 

Pisces 
Hyperoplus lanceolatus + 
Pomatoschistes minutus 

Phoronida 
Phoronis miilleri 

Pantopoda 
Nymphon sp. 

Number of species 58 59 

are Maeoma balthiea, Se%p/os armiger, Nephtys 
hombergi and Mage/ona papillieornis, the annual 
cycles of which (mean values of stations 5 -12) are 
shown in Fig. 7. The first two species do also occur 
abundantly in the tidal flat habitat. Therefore com
parisons of fluctuations and dynamic processes of 
these species are possible. 

Magelona papillieornis is the most abundant 
species in the upper sublittoral. In certain years 
densities of more than 2000 specimens . m -2 are 
reached. In contrast to the winter minima the over
all low population densities in 1977 to 1979 as well 
as 1981 are difficult to explain. Maxima occur only 
in 1980, 1982, and 1983. 

Nephtys hombergi is represented in the upper 
sublittoral in much lower numbers than Mage/ona 
papillieornis. The highest numbers with more than 
100 specimens' m -2 are reached in summer or 
early autumn. In 1977, 1978 as well as in 1980 and 
1981 no distinct maxima are developed. 

After Magelona papillieornis the polychaete 
Seoloplos armiger is the second common species in 
the foreshore and the upper sublittoral with distinct 
maxima in summer and distinct minima during 
winter times. An exception of this cycle occurred in 
1983 probably due to a low spatfall. Generally for 
Seoloplos armiger a decreasing trend in the number 
of individuals can be determined since 1978. 

In the early years of investigation Maeoma 
balthiea, Nephtys hombergi, and Magelona papil
lieornis show low densities, and recruitment is fail
ing or rather low. Since 1979 (Nephtys) respectively 
1980 (Macoma, Mage/ona) recruitment in these 
species is more successful and their abundance is 
raised to higher levels. 

7 8 9 10 11 12 
7 8 9 10 12 14 

+ + + + 
+ 

+ + 

+ 

61 61 69 62 68 73 

Discussion 

The investigation of permanent sampling sta
tions in the East Frisian intertidal and shallow sub
tidal area resulted in two habitats which are rather 
different in species richness and community struc
ture. The intertidal bottom fauna is distinguished 
by great constancy, in spite of the seemingly unsta
ble environment. It is on the whole poor in species 
(35), and only a small group of species is significant 
for the formation of the stock (total abundance, to
tal biomass). This is a general feature of the inter
tidal macrofauna of the Wadden Sea as described 
by Hauser (1973), Beukema (1974, 1981), Meyer & 
Michaelis (1980), Obert (1982), and others. In the 
habitat investigated here, the basic pattern of com
position is formed by 8 species and has maintained 
itself unchanged from 1976 to 1985. Of course, 
there have been certain alternations in the order of 
precedence. 

In contrast to the eulittoral, constancy of species 
composition in the sublittoral is considerably less 
pronounced. Many of the great number of species 
(103) only have a sporadic appearance. Others, like 
Pectin aria koreni and Donax vittatus, develop large 
populations in certain years but in other years they 
are unimportant in quantitative respect, or disap
pear completely. Possibly instability of the sub
strate is a controlling factor. Also in the sublittoral 
the number of species which occur regularly is res
tricted. However, with exception of Magelona 
papillieornis, they cannot be called abundant or 
dominant in the same sence as the dominating spe
cies of the eulittoral. The abundance of Maeoma 
balthiea and Se%p/os armiger, for instance, is one 
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Fig. 5. Intertidal macrobenthos. Variations in abundance and biomass (means of stations 1-4) of dominant species (polychaetes). Each 
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order of magnitude lower in the sublittoral than in 
the intertidal area. 

In the variation of abundance and biomass the 
seasonal fluctuations are the most obvious ones, as 
well in the individual species as in the whole com
munities. The underlying processes are (Beukema 
1974): from spring to summer and autumn a net in
crease due to settlement of larvae, to immigration 
and to growth of the individuals; from autumn to 
winter and spring a net loss due to the predomi
nance of mortality, migration and the losses of 
weight of the individuals. In bivalves it is consid
ered to be the rule, that particularly successful spat-

falls follow directly after severe winters (literature 
reviewed by Beukema, 1982). In the present investi
gation that applies only to one of the cases ob
served: Macoma had a rich spatfall in 1979 in the 
intertidal, but not in the subtidal stations. High 
spatfalls of Cerastoderma in the intertidal area 
were preceded either by moderate (1976) or by mild, 
ice-free winters (1981, 1984). 

Referring to the total biomass of the intertidal 
habitat, the highest summer values (50-180 g 
ADW . m- 2) and the lowest winter values (15-60 
g ADW . m-2) are above the average, certainly due 
to the dense cockle population. By comparison, the 
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flats near the island Borkum, west of Norderney, 
revealed a mean summer biomass of 36 g ADW . 
m -2 (Obert, 1982) and from the western Dutch 
Wadden Sea winter values varying from 14 to 24 g 
ADW . m -2 were reported (Beukema, 1981). In 
the shallow subtidal area biomass has not been 
measured. Informations from similar habitats in 
the southern North Sea are not available. 

Except the more or less regular seasonal varia
tions there are single extreme situations which 
cause the most drastic changes. In the case of tem
perature the benthic community experiences great 
shocks due to severe winters, as has often been 
described for the eulittoral as well as the sublittoral 
(Smidt, 1944; Ziegelmeier, 1964; Hauser, 1973; 
Beukema, 1979; D6rjes, 1980; and others). In the 
time of investigation there are two of such winters 
with an iceing-up of the intertidal flats over a 
longer period, namely in 1978179 and in 1984/85. 
In the intertidal Sc%p/os, Nereis, and Macoma 
had to sustain slight losses, but hardly affected was 
the predominant species in the habitat, the cockle. 
The same about this species has been reported by 
numerous other authors (e.g. Kristensen,1958; 
Hauser, 1973; Essink, 1978; Beukema, 1979; 
D6rjes, 1980; Madsen, 1984). The cockle, which 
was previously the second in numbers and the first 
according to biomass, disappeared in 1979 and 
1985 until the new spatfall in the summer. 

Concerning the sublittoral, it would seem that se
vere winters cause greater damage to the fauna than 
in the eulittoral. This was the case in the winter 
1978179. The abundance of Nephtys and Mage/ona 
dropped close to zero, while Macoma and 
Seoloplos were less clearly affected. From the spe
cies represented in Table 2 a great part disappeared 
and the regeneration of the whole community re
quired a number of years. According to Ziegelmeier 
(1964, 1978), Rachor & Gerlach (1978), and D6rjes 
(1980) large parts of the benthos were destroyed in 
the winters of 1962/63 and 1978179 in depths of up 
to 30 m. A new colonization of completely differ
ent structure follows and former conditions are 
only reestablished if the development is un
disturbed over several years (Rachor & Gerlach 
1978). 

The other factor leading to irregular and drastic 
changes in the benthic communities is wave action 
caused by strong gales. In the period of our investi
gations some series of 'storm floods' and 'hurri-

cane floods' (according to the classification used in 
Germany) have occurred at times which can be seen 
in Figs 5, 6, and 7. In the intertidal bottom fauna 
they have caused noticeable declines in the develop
ment of Heteromastus and Macoma during the 
winters 1975176, 1977178 and especially after the 
'hurricane floods' of November 1981 (Fig. 5, 6). 
Arenicola only reacted upon these last events 
(November 1981) with a serious decrease. There fol
lowed a period of almost three years with very low 
densities, but that may also be attributed to other 
reasons. Slight effects can be supposed in Cer
astoderma (Fig. 6) while Se%plos and Nereis seem 
to be able to withstand the short-term effects of 
heavy wave action without suffering greater losses 
(Fig. 5). 

Total abundance and biomass are reduced to 
values belonging to the lowest of the whole investi
gation period (Fig. 4). Therefore, it may be con
cluded, that exceptionally strong gales, like in the 
winters 1975176 and 1981/82, have similar effects 
as low temperatures in severe winters, like 1978179 
and 1984/85. 

There is evidence, that great damage has also 
been done to the sublittoral bottom fauna by gales, 
probably because sediments are strongly disturbed 
and reworked by wave action. Macoma, Sea lop los, 
and Magelona show deep depressions in their abun
dance especially after the two 'hurricane floods' in 
November 1981. An exception is given by Nephtys, 
probably due to its ability of quick movement in 
the sediment. 

As in the case of the severe winter 1978179, also 
after the storms of November 1981 the total num
ber of species was reduced considerably and did not 
recover completely until 1984, the present state of 
the evaluation. 

The significance of the wave action factor for the 
spatial distribution of benthic animals has already 
been pointed out earlier by Muus (1967) and Wolff 
(1973). Therefore, equally strong influences by this 
factor must be accepted in the temporal demen
sion. As far as the Wadden Sea fauna is concerned, 
questions have rarely been asked in this direction. 
In the case of the cockle the observation was made 
that it is susceptible to erosion, is swept out of the 
bottom by wave action, and is transported down to 
the channels by currents (Schafer, 1962; Ohde, 
1981). 

A study focussing directly on this subject was 



carried out by Madsen (1984) in the Danish Wad
den Sea, using the opportunity of the severe storm 
flood in November 1981. He found a reduction of 
total abundance and biomass of 20-25%. Com
pared to Norderney, there were partly similar, part
ly different reactions of the individual species. 
Madsen concludes, that on the whole the losses of 
macrofauna caused by gales may be relatively small 
in the Danish area. The sublittoral communities of 
the southern North Sea are known to be rather sen
sitive to the influence of storms. Rachor & Gerlach 
(1978) assume that the seasonal decline of the bot
tom fauna is not only caused by low temperature 
and a lack of food, but also by increased intensity 
of wave action. In addition, they consider strong 
storms to be a frequent cause of destruction of the 
sublittoral bottom fauna in depths of up to 30 m. 
For example, Rachor (1980) described the devastat
ing effects of heavy gales in January 1976 on a mud 
bottom community in the German Bight. 

At the attempt of interpreting the fluctuations of 
individual species and the whole community, biotic 
interactions remained largely unconsidered, as this 
investigation was restricted to the endobenthic sec
tor of the ecosystem. Neither the changing food 
supply can be referred to as explanation, nor the 
predation pressure, due to shrimps, crabs, fishes 
and birds, the outstanding significance of which 
for the structure, density and biomass of the inter
tidal fauna has been shown by Reise (1977a, b, 
1985), de VIas (1979), and Smit (1980). Some obser
vations could be made on parasitic infestation of 
intertidal bivalves. Infection by trematode larvae 
resulted in mortality of Macoma and Cerastoderma 
in certain years (Michaelis 1981). During the sum
mer months animals were found which had left the 
bottom and lay weakened, dying or dead on the 
surface. However, the losses did not cause obvious 
declines of the populations. 

As far as long-term changes are concerned, only 
in one species a clear trend of a recently deviating 
development can be recognized: the intertidal 
population of Heteromastus filiformis started in 
1977 to spread out from its traditional muddy habi
tat to sandy sediments and establish itself there as 
a dominant species (Fig. 5). It would appear to be 
a widespread phenomenon, since 1978 a multiplica
tion of density was determined near Texel in the 
Dutch Wadden Sea (Cadee, 1979) and this species 
was distributed over a large area and in great densi-
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ties in 1981 on sandy flats of the Ems estuary 
(Obert, 1982). With regard to the other species and 
to the whole community the range of seasonal and 
annual fluctuations is too wide as to distinguish 
long-term changes after the period of ten, respec
tively seven years of investigation. However, it may 
be finally mentioned, that Beukema and Cadee (in 
press) recently could prove benthos responses to eu
trophication in the western Dutch Wadden Sea. 
During 1970-1984 they found in half of the com
mon species an increase in numbers and biomass 
and a doubling of the total biomass. 
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Abstract 

Because of methodological problems, macrobenthic studies usually neglect the juvenile stages of inver
tebrate communities, due to the fact that appearance of recruits in samples is only detected some weeks or 
even months after their true recruitment. During this period, the temporary meiobenthos undergoes high 
rates of mortality. From year to year, juvenile survival rate is thus responsible for temporal patterns observed 
in adult population densities. 

The results presented here relate to the population dynamics of the tellinid bivalve Macoma balthica (L.). 
A study of temporary meiobenthos was conducted over two consecutive years in an intertidal Macoma
community located at the mouth of the Gironde Estuary in southwest France. Sampling of juvenile stages 
required short intervals (2 weeks) between successive samplings and a fine sieving mesh size (63 {tm). Other 
population parameters, such as temporal patterns in density, reproductive cycle, and individual growth, were 
recorded. 

Recruitment processes showed a year-to-year variability, with regard to settlement density, settlement peri
od, and survival rate. In 1983, recruitment was moderate and protracted over several months. Only one main 
recruitment period was detected in 1984, resulting in a high juvenile density. In a previous study (1977), by 
contrast, recruitment was almost non-existent. 

This variability is discussed as a function of climatic and sedimentological conditions which prevailed in 
the estuary throughout the study period. However, none of these physical factors appeared to underlie the 
recruitment fluctuation in Macoma balthica. It is suggested that biological interactions are of prime impor
tance in regulating population densities in this community. 

Introduction 

It is a well known fact that the abundance of ma
rine and estuarine benthic invertebrate populations 
fluctuate seasonally. It follows that in a natural en
vironment, without any source of pollution or 
man-induced changes, benthic communities may 
present a different specific composition from year 
to year, particularly when the species have a life 
span of about one year (Eagle, 1975). Most of the 
variability in the seasonal and long-term dynamics 
of benthic communities can be attributed to the 

success or failure of a larval recruitment and the 
subsequent survival of juvenile stages. Long-term 
monitoring of temporal fluctuations has often 
shown different levels of recruitment during con
secutive years (Glemarec, 1978; Beukema, 1980, 
1982; Vahl, 1982; Persson, 1983; Diaz, 1984; Hol
land, 1985; Nichols, 1985). It appears then that the 
size of the settlement as well as the survival of 
recruits and individual growth rate reflect good and 
bad conditions. 

Adequate knowledge of the causes of natural 
variability in marine communities requires detailed 
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information on all the repopulation processes (in
cluding gonad development, survival of larvae, set
tlement density and post-settlement survival and 
growth) which are potentially the most sensitive to 
environmental constraints. Quantitative studies on 
recruitment are still scarce and long-term data are 
lacking. This lack of information on recruitment 
events proceeds in a great part from inaccurate 
sampling methods (Bachelet, 1984). In this respect, 
two main features in the biology of benthic inver
tebrates must be kept in mind. First, larval settle
ment is a transient phenomenon and survivorship 
of newly settled juveniles is usually low (Cattaneo 
& Masse, 1983; Diaz, 1984; Luckenbach, 1984; 
Powell et al., 1984). Secondly, recruits are of 
meiofaunal-size and thus should be extracted from 
soft sediments with a fine sieving mesh (Williams, 
1980; Bachelet, 1985). With usual methods em
ployed by macrobenthologists, the first appearance 
of recruits in samples may sometimes be detected 
some weeks or even months after their true recruit
ment. During this period, the temporary meioben
thos (i.e. the post-larvae) undergoes high rates of 
mortality and the level of recruitment can thus be 
considerably under-estimated. 

The tellinid bivalve Macoma balthica (L.) is one 
of the species for which the largest amount of data 
on biology and ecology has been published. Occur
ring both intertidally and in shallow subtidal ma
rine and estuarine waters, this species is widely dis
tributed in North-West Europe and on the two 
northern coasts of North America (Bachelet, 1980; 
Beukema & Meehan, 1985), covering a large scale in 
latitude. Though long-term surveys on M. balthica 
are available, particularly in the Dutch Wadden Sea 
(Beukema & De Bruin, 1977; Beukema et al., 1977, 
1985; Beukema, 1980, 1982), precise data relating to 
recruitment have only been reported by Caddy 
(1969) and Ankar (1980). 

This paper reports on a two-year study of recruit
ment in an intertidal population of Macoma balthi
ca located in the Gironde estuary, SW France, 
which represents the southern limit of the ge
ographical distribution of the species in European 
waters (Bachelet, 1980). Yearly variations in 
reproductive cycle, recruitment and growth were ex
amined for 1983 and 1984, and are compared with 
a previous survey in 1977. 

Material and methods 

Macoma balthica were sampled from an intertid
al mud flat at Le Verdon (Station I in Bachelet, 
1980) near the mouth and on the left shore of the 
Gironde Estuary (45°33'N, 1°03'W). This station 
was located approximately 2 m above MLW (per
centage of time drained: about 50070) in a sheltered 
bay protected from the strongest waves by a rocky 
dam. 

For a study of recruitment processes, a survey 
strategy must contain frequent samplings to moni
tor the large, rapid changes that occur in spatfall 
densities. Weekly collections are probably an ideal 
strategy, however, sorting of so many samples is too 
time-consuming. Moreover the distance between 
the sampling site and the laboratory (150 km) did 
not allow for weekly sampling. Samples were thus 
taken approximately every fortnight from January 
1983 to January 1984. During the second year sur
vey (1984), the sampling frequency was reduced to 
monthly intervals. 

Faunal samples were collected on each occasion 
using cores of two sizes. To sample large Macoma 
balthica, three to five replicate cores were taken 
with an aluminium box corer 
(20 cm x 20 cm x 30 cm deep) from random loca
tions within a fixed 20 x 20 m plot. M. balthica 
were never found deeper than 10 cm. The depth of 
excavation was thus limited to 15 cm. Juveniles 
were usually too numerous to be counted in large 
core samples, so smaller cores were used to collect 
them. Three to eight (mean = 5) plexiglass cores 
(inner diameter 3.2 cm, sampling area 8 cm2 , 

depth 2 cm) per sampling occasion were analysed 
for the meiofaunal-sized spat. 

All cores of both sizes were fixed with 10070 
buffered formalin before sieving. Rose Bengal was 
added to small cores in order to facilitate the sort
ing of juveniles. Sieving was performed in the 
laboratory. The 400 cm2 macrofaunal samples 
were sieved through a 400 }-tm screen that retained 
all individuals with lengths ;e: 0.8 mm. The 8 cm2 

cores were first sieved through a 400 }-tm mesh and 
then a 63 }-tm screen. Trials with a 100 }-tm screen 
showed that this size was sufficient enough to col
lect the smaller spat, so the 63 }-tm screen was omit
ted. A similar mesh size was used by Ankar (1980) 
with M. balthica, and by Williams (1980) and Luck
enbach (1984) for other bivalves. 



Sorting, identification of juveniles and measure
ments were made under a dissecting. microscope 
with an eyepiece micrometer. The maximum shell 
length of all specimens was recorded with a 
0.01 mm accuracy (spat < 1.5 mm length) or to the 
nearest 0.1 mm (other specimens). Growth rings on 
the shell were measured in the same way. Clams of 
less then 10 mm length were separated into cohorts 
based on plots of shell lengths vs frequency 
through time; in this size range, the number of 
rings were used to separate the generations. Unlike 
a previous survey (Bachelet, 1980, 1982), growth 
cessation rings could not be used to separate year 
classes when shells were marked by more than one 
ring, because there were no distinct rings or they 
were too numerous to indicate a clear biological 
pattern. 

To determine gonad condition, 12 Macoma over 
10 mm in length were selected from each sample 
and fixed in Bouin's fluid. Two approaches were 
used (Caddy, 1967). First, the visceral mass was ex
amined under a dissecting microscope after 
removal of the shell valves and the macroscopic ap
pearance of the gonad was used to assess grossly 
the state of development. When the gonad tissue 
was developing and imbricated in the dark brown 
digestive gland, the animal was considered mature 
and when gonad regression was observed it was 
ascribed to spawning. After macroscopic examina
tion, the visceral mass was embedded in paraffin 
(melting point 56 QC). Transverse 7 lim sections 
were cut along the dorso-ventral axis at the regions 
of the foot, crystalline style and the gut. Sections 
were mounted on slides and stained with hematoxy
lin and eosin. The state of gonad development was 
determined according to Caddy (1967) and Lam
mens (1967). The arbitrary scheme of gonad clas
sification (spent, developing, ripe, spawning) and 
the mean gonad index of Brown (1982) were used to 
describe the seasonal gonad changes in M balthi
ca. 

Analysis of grain size and organic carbon in the 
sediment was performed on the top 2 cm. At each 
sampling date, four cores (3.5 cm in diameter) were 
taken at the same site as the biological samples. Silt 
and clay content (particles < 63 lim) was estimated 
by wet sieving the sediment from two cores. Sam
ples for organic carbon content were treated with N 
hydrochloric acid to remove carbonates and bicar
bonates. As a rough estimate of organic content, 
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the loss on ignition (L'o.!,) was determined as the 
difference between the dry weight (100°C, 48 h) 
and ashfree dry weight (600°C, 2 h) of decalcified 
sediment. Silt and clay and organic matter contents 
are given as percentage of the dry sediment. 

The only physical measurements taken on the 
field were sediment temperature near the surface 
( "'" 5 mm) and at 15 cm depth. Meteorological data 
were gathered from the monthly weather reports is
sued by the Meteorologie Nationale (Bulletin 
Climatologique du Sud-ouest); data were used 
from the weather station of Le Verdon. Hydrologi
cal data (water flow, temperature, salinity, nutrient 
contents) were obtained from stations 1 and 2 of 
the Reseau National d'Observation in the Gironde 
estuary. 

Results 

Environmental variables 

Monthly average values (mean of the years 
1976-1983) for hydrological data at the mouth of 
the Gironde estuary are presented in Fig. 1, togeth
er with mean monthly water flow for the period 
1961-1970. 

Mean monthly salinity of surface waters vary be
tween 19.4 and 29.5 0 / 00 • Highest salinities are 
recorded in August - October, during a period with 
little rainfall and low fluvial discharge; lowest sur
face salinities occur in January-May, due to swell
ings of the Gironde estuary. At Le Verdon, the ex
tremes of the salinity range throughout the year are 
33.7 -18.0° / 00. 

Mean monthly surface water temperatures vary 
between 7.2 (January) and 20.1 QC (August) but 
shallow water moving onto or off the flat with the 
tide may reach more extreme temperatures. Meas
urements of sediment temperatures at low tide 
showed a thermic inertia at 15 cm depth while sur
face sediment temperatures were always higher than 
air or water temperatures, due to solar irradiation 
during daytime. Linear relationships with highly 
significant correlations were found between air 
(T A) and sediment temperatures (T s): 

T A = 1.682 (T s deep) - 13.309 
(r = 0.962, P > 0.99) 

and Ts surface = 1.418 (Ts deep) - 3.778 
(r=0.901, P>0.99). 
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Fig. 1. Summary of data on (a) surface water salinity and water 
flow, (b) surface water, air, and sediment (surface and 15 em 
depth) temperatures, (c) phosphate, nitrate, and silicate contents 
in surface waters, at Le Verdon, Gironde estuary. Data are average 
monthly values calculated for the period 1976-1983, except for 
estuarine water flows averaged for the period 1961-1970. 

The range of values used for air temperature was 
large (between -7.5 and 28.0 oq, but only perti
nent to day-time and to emerged sediment. 

Nutrient concentrations in surface estuarine 

waters show a seasonal evolution. Highest levels are 
measured in winter: 1.5 f.tg at PI-I in December
January, 58.4 f.tg at N 1-1 in January and 58.0 f.tg at 
Si 1-1 in Febuary and remain stable until 
April- May, when a second peak is obvious. Lowest 
values are recorded in July (phosphates) and August 
(silicates and nitrates), then increase again until win
ter . 

During 1983 and 1984, fine particles and organic 
matter contents showed a great temporal variability 
in the sediments: 28 - 900/0 for the former, 
4.2 -10.9% for the latter (Fig. 2). A high silt and 
clay content during the summer and autumn 
months was the mark of a calm weather and a low 
fluvial discharge. In contrast, high river runoff 
generated strong tidal currents which accounted for 
the erosion of mud flats from January to 
May-June. Silt plus clay and organic contents were 
highly correlated. During the 1983 - 84 survey, 
three peaks of organic matter could be distin
guished: two around 10% in December-January 
and August-October, and a third, less obvious, in 
May. 

Seasonal gonad changes and spawning 

In spite of the low number of individuals exam
ined at each sampling occasion, a fairly clear pat
tern in reproductive condition of Macoma balthica 
occurred during the two consecutive years of 
detailed investigation (Table 1). However, analysis 
of data for individual years reveals some variation 
from one year to another. 

Gross examination of the visceral mass showed 

'00 
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Fig, 2. Organic matter (L.O.I.) and silt plus clay contents 
(mean ± standard error) in the top 2 cm of sediment at station 
1, Le Verdon, during the years 1983 -1984. 
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that almost all individuals had well developed scheme of gonad classification and the calculation 
gonads, imbricated in the digestive gland, from of a gonad index as described by Brown, loco cit., 
November to March. Two drops in the percentage was used to describe with more details th'e seasonal 
of mature animals were observed in early March gonad changes (Table 1). 
and early June in 1983, in February and April 1984. In January 1983, nearly all the adult population 
No gonads were obvious in summer and early au- of M balthica was in the ripe condition, with in-
tumn. These observations are, however, insufficient dividuals having a swollen foot filled with ripe ova 
to precisely determine the exact spawning time, be- and sperm. After that, the proportion of ripe in-
cause gonads are well developed when they are ei- dividuals declined rapidly, as the spawning state be-
ther ripe or in the stages 3 and 4 of both developing came dominant. Around mid-April, there were no 
and spawning states (Brown, 1982). Thus the more clams with ripe gametes, but a small increase 

Table 1. Reproductive condition of Macoma balthica in the Gironde estuary during 1983 -1984. Gonad classification and gonad index 
according to Brown (1982). The mean gonad index varies from 0 (all spent) to 5 (all ripe). 

Date Gonads visible Developing Ripe Spawning Spent Gonad 
by macroscopic 010 % % % index 
examination 
% 

1983 
14 Jan. 100 13 87 0 0 4.8 
31 Jan. 100 0 92 8 0 4.7 
15 Feb. 100 0 64 36 0 4.5 
01 Mar. 100 0 42 58 0 4.0 
15 Mar. 67 0 18 82 0 3.2 
30 Mar. 58 0 8 84 8 2.5 
18 Apr. 42 0 0 92 8 2.2 
02 May 33 0 8 75 17 2.0 
16 May 8 0 9 55 36 1.4 
03 June 25 0 25 42 33 1.8 
17 June 0 20 0 30 50 0.6 
29 June 0 18 0 6 66 0.5 
13 July 0 17 0 8 75 0.3 
27 July 0 17 0 16 67 0.3 
II Aug. 0 21 0 0 79 0.5 
29 Aug. 0 21 0 4 75 0.8 
13 Sep. 0 33 0 0 67 1.0 
27 Sep. 0 92 0 0 8 2.3 
12 Oct. 0 100 0 0 0 2.5 
28 Oct. 17 83 17 0 0 2.9 
12 Nov. 67 67 25 8 0 3.3 
25 Nov. 92 50 50 0 0 4.0 
12 Dec. 100 17 83 0 0 4.8 
27 Dec. 100 8 75 17 0 4.7 

1984 
19 Jan. 100 0 75 25 0 4.5 
17 Feb. 92 0 84 8 8 4.3 
09 Mar. 100 0 67 33 0 4.0 
16 Apr. 92 0 21 71 8 2.3 
17 May 75 0 10 65 25 1.5 
15 June 0 13 0 29 58 1.0 
II July 0 17 0 0 83 0.3 
14 Aug. 0 25 0 0 75 0.5 
17 Sep. 0 33 0 0 67 1.1 
29 Oct. 30 75 25 0 0 3.0 
27 Nov. 100 58 42 0 0 4.3 
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occurred again in May and early June. No ripe 
specimens were found from mid-June to mid
October. Large numbers of spawning individuals 
were dominant from February to April, but were 
still found until July in a few females which exhibit
ed gonads with residual eggs. Since the first spawn
ing specimens were noticed on January 31 and the 
mean gonad index markedly declined up to May 16, 
the February- May period could be characterized 
by a first intense spawning. A rising proportion of 
ripe individuals, together with a new increase in the 
gonad index on June 3, followed by a quick drop, 
suggests that a second, minor spawning period 
took place in June-July. 

Animals with developing gonads had already ap
peared in June. Their proportion remained stable 
(around 200/0) until late August, then abruptly in
creased to 100% in October. The first specimens 
with ripe spermatozoa and eggs were noticed in late 
October. Their maximum numbers were reached 
from December 1983 to February 1984, so that 
most animals had ripe gametes from November to 
March. During this period, no clear decline in the 
mean gonad index was ascertained, but spawning 
individuals were present in a noticeable proportion 
in late December and early January, suggesting a 
spawning early in the year. M. balthica in a ripe 
state declined in numbers from February to June 
1984. As seen by a steady decrease in the gonad in
dex, the main spawning period during this year can 
be considered to be the months March-June or 
July. 

As in the preceding year, the development started 
in June, as soon as spawning was completed. 
Recovery of condition continued throughout the 
summer months (increase of gonad index) so that 
mature gametes were again present in late October. 

Age distribution and abundance 

Size-frequency histograms of Macoma balthica 
were obtained by pooling 8 cm2 and 400 cm2 sam
ples from January 1983 to November 1984 as 
shown in Fig. 3 and 4. Because of their three
dimensional shape (length> height> thickness), 
the same size juvenile clams were not equally re
tained at a given sieving mesh size, so that the 
smallest clam found on the 400 J.tm sieve was 
0.54 mm in length, whereas the largest retained on 
the 100 JLm sieve was 0.71 mm. In this overlapping 

size region (0.54 to 0.71 mm), a mean density was 
thus determined from the data of both cores. Fre
quency data for each 0.5 mm length intervals were 
finally normalized to a standard area of 1 m2• 

From January 1983 to January 1984, the density 
of, animals older than about one year reI;llained 
relatively high (around 500 indo m-2) and formed 
a single size group between 10 and 15 mm shelf 
length. It has been shown that these individuals be
longed to three or four age groups (Bachelet, 1980). 
A few clams were larger (the maximum recorded 
length was 20.9 mm) but lengths greater than 
16 mm were rarely found. During their growth, new 
recruits formed broad frequency histograms with 
several peaks that overlapped with the older in
dividuals into the 10-15 mm grouping in the sum
mer months of the next year. This size group, 
though well represented in January 1984, showed 
reducing densities thereafter, and from May on
wards nearly completely disappeared. Thus, some 
factor led to the total extinction of the oldest gener
ations, in such a manner that by November, the 
population was only composed of individuals less 
than 10 mm in length. 

Recruitment features 

In 1983, the first sign of recruitment occurred by 
mid April. From this date and onwards, decompo
sition of the size frequency histograms shown in 
Fig. 3 and analysis of more detailed histograms 
built with size classes of 0.1 mm for juvenile shell 
lengths led to the partition of the newly recruited 
generation into four successive waves named A, B, 
e and D (Fig. 5). A single cohort (A) was present 
from mid April to early June. The other three co
horts (B, e and D) were first observed at 17 June, 
13 July and 27 July, respectively. Densities were al
most identical at the time of settlement and rela
tively low (about 500 indo m - 2) in these four co
horts; their maximal cumulated numbers, found in 
late July, were 3250 indo m - 2. A steady decrease 
in the abundance of the 0 + year class resulted in 
about 1000 indo m -2 in December, when the four 
cohorts became undistinguishable because of the 
junction of their modal size. Autumnal densities re
mained stable, then a new mortality occurred in 
spring months. Approximately one year after their 
settlement, the density of juveniles was found to be 
only 100/300 indo m -2 at the most (see genera-



tions '82 and '83 respectively in June 1983 and 
1984, Fig. 5). 

During the year 1984 spat fall began sooner than 
in the preceding year. Densities of juveniles of up 
to 15000 indo m-2 were found in February and a 
high mortality occurred after that. Only one cohor't 
couid be distinguished throughout the course of 
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the year, with possibly a second, poorly individual
ized cohort in June when densities rose again 
(Fig. 5). However the fact that only one or two co
horts were found in 1984 could be a consequence of 
the monthly interval between two successive sam
plings, since it was fortnightly in 1983. 
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Fig. 3. Length-frequency distributions of Macoma balthica from Le Verdon, Gironde estuary, in 1983 (size classes 0.5 mm). 8 cm2 
cores and 400 cm2 quadrats are pooled and the densities of M balthica converted for 1 m2. 
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Fig. 4. Length-frequency distributions of Macoma balthica from Le Verdon in 1984. 

Postlarval and juvenile growth 

At the time of settlement, the smallest benthic 
stages of M balthica were usually 270 to 310 JLm 
long, but the minimal size recorded was 200 JLm. 
Measurements of prodissoconch II shells (Pd) in 
postlarval clams of about 1 mm shell length 

showed a range of 240 - 300 JLm for Pd length 
(mean = 272 JLm). Metamorphosis therefore oc
curred at around 250 - 300 JLm shell length. 

The seasonal increase in shell length of the post
larval and juvenile M balthica (age classes 0+ and 
1 + ) can be seen in Fig. 6. For all the newly recruit
ed cohorts, mean length at first sampling was near 
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Fig. 5. Survivorship curves (ind. m -2) for the generations of Macoma balthica born in 1982, 1983 and 1984, followed throughout 
1983 and 1984. Curves are fitted by eye and are shown only for the first year of life. Points are mean densities at each sampling date. 
The four cohorts identified for the '83 year class are marked by a letter (A to 0) and their survivorship curves are delineated with dashed 
lines (observed densities not shown). 
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the Pd size; 0.51 mm (S.D. = 0.05), 0.33 mm (0.01), 
0.32 mm (0.01), and 0.30 mm (0.02) respectively for 
the four '83 cohorts, 0.44 mm (0.01) and 0.42 mm 
(0.02) for the two '84 cohorts, which confirms the 
validity of sampling strategy. 

Separate analysis of each cohort growth curve of 
the age class 0+ gives interesting information on 
growth rates as a function of settlement dates. 1) 
Cohort '83 A showed three distinct growth periods: 
slow growth (0.0125 mm d -I) from 18 April to 17 
June, rapid growth (0.1014 mm d- I ) from 17 June 
to 27 July, and moderate growth (0.0269 mm d -I) 
until 25 November. 2) Length increments for the co-

hort '83B were similar (0.0808 mm d -I from 17 
June to 27 July, with 0.1629 mm d -I during the 
period 13 July- 27 July), but as mean length by late 
July was lower than that of cohort '83A (3.7 
against 5.3 mm) the final length by late November 
was also lower (6.3 against 8.1 mm); shell length in
crease for cohort '83B (0.0220 mm d -I) was the 
same as for '83A from 27 July to 25 November. 3) 
During a fortnight following its settlement, cohort 
'83c exhibited good growth in shell length 
(0.0693 mm d -I), but from 27 July forward its 
daily increase was of the same magnitude as co
horts '83A and '83B (0.0246 mm d -I). 4) The main 



growth of cohort '83D took place from 27 July to 
11 August (0.0343 mm d- I ). After this date, it was 
almost null (0.0047 mm d -I). 5) Generation '84, 
that had appeared already in February, showed 
small growth until July (0.0071 mm d- I ); it in
creased in July-August (0.0456 mm d- I ), then de
celerated (0.0136 mm d -I). 

As cohorts were undistinguishable after the end 
of the first calendar year, they could be pooled at 
that time into one age group whose individuals 
were about 4.5 mm (generations 1983 and 1984) or 
5.5 mm length (generation 1982). Growth more or 
less ceased in the colder months. The second grow
ing season had already begun by the end of Febru
ary and the first ring on the shells became obvious 
in the samples from 1983, 1st March and 1984, 9 
March, when mea.n shell length was about 6 mm 
(mean length of 1st growth ring: 6.6 mm, Bachelet, 
1980). For generation '83, a rapid increase in shell 
length (0.0429 mm d- I ) took place from 17 Febru
ary to 16 April; growth did not end at this date but 
continued at a slower rate (0.0102 mm d -I), at 
least until late November 1984. Growth of the 
generation '82 began by 15 February and did not 
show any slowing until 17 June (average increased: 
0.0343 mm d -I); from this date and onwards, the 
shells could not be aged with accuracy. 

Discussion 

During the course of species development, sever
al stages are decisive for the maintenance of ben
thic communities. In macro faunal organisms with 
benthoplanktonic life-cycle, there are at least five 
such crucial stages: 1) maturation of sexual 
products, 2) spawning, 3) planktonic larval life, 4) 
larval settlement, and 5) post-larval growth, as ob
served from time of settlement to a size large 
enough to be retained by sieves used for macroben
thos studies (i.e. a 0.5- or 1 mm mesh-size). Strictly 
defined, the term 'recruitment' only refers to the 
last two stages, but its size closely depends on the 
first ones. In order to ascertain the reasons for a 
success or a failure in recruitment therefore requires 
the study of potential contributory factors, not 
simply restricted to the time of settlement, but also 
encompassing preceding events and early benthic 
life. 
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The timing of reproductive cycle and recruitment 

During the first two years of a long-term study 
on recruitment in a population of Macoma balthi
ca, a certain year-to-year variability in the 
reproductive cycle as well as in the production and 
survival of newly settled spat was observed. Results 
concerning seasonal gonad changes and settlement 
may be recapitulated for each year as follows: 
Year 1983: ripe individuals: January/March, 

May/early June; 
spawning: February/mid May, 
June/mid July; 
recruitment: April, June, July (4 co
horts). 

Year 1984: ripe individuals: November 
(1983)/May; 
spawning: January, March/mid July; 
recruitment: February, June (2 co
horts). 

With regard to gonadal regeneration, no signifi
cant difference was found between the two years; 
gonads started to develop by mid June, and 
proliferation of the sex cells was accelerated from 
September to November and ceased by the end of 
December. 

In a previous survey (1977), spawning was detect
ed in May/July, then in October (Bachelet, 1980). 
At that time, only macroscopic examination of the 
visceral mass was performed and an arbitrary state 
of gonad development was assigned according to 
the extent to which the gonad tissue had migrated 
downwards or upwards from the line of attachment 
of palps and gills (Caddy, 1967). As has already 
been mentioned, this method does not allow us to 
distinguish between ripe specimens, developing 
specimens approaching sexual maturity, and speci
mens that have already started to spawn. Thus, the 
actual onset of spawning periods in 1977 probably 
occurred sooner than recorded. 

A correction must also be made for the dates of 
recruitment in 1977, because a sieve with 0.5 mm 
mesh size was employed. Three cohorts of newly 
recruited spat were found from June to September. 
When the subsequent growth in shell length of 
these cohorts (Bachelet, 1980: 109, Fig. 4) is su
perimposed on to the growth of the recruits in 1983 
(Fig. 6), a clear parallel is found between growth of 
the cohorts A, B, and C of both years. Hence, the 
recruitment periods in 1977 may be assumed to be 
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the same as in 1983. A further settlement was ob
served in autumn at site 1 (Bachelet, loco cit). 

In summary, the most likely sequence of events 
in 1977 was as follows: 
spawning: March or April/July, October; 
recruitment: April, June, July, November (4 co
horts). 

Comparison of reproductive cycle in 1977, 1983 
and 1984 shows that M balthica spawns twice a 
year in the Gironde estuary. The animals always un
dergo a prolonged spawning period that lasts from 
March through July, but a time-lag may occur in its 
onset. For instance, spawning started in February 
during 1983 and in January 1984, which involved 
the spliting of the spawning period in two. In other 
European waters, intertidal populations of M 
balthica shows a spring spawning that more or less 
coincides with our observations: late Febru
ary/April in the Ythan estuary (Chambers & Milne, 
1975); March/April (Lammens, 1967) or April/May 
(De Wilde & Berghuis, 1978) in the Dutch Wadden 
Sea; April/June in the Thames estuary (Caddy, 
1967). The Gironde population has a more pro
tracted spawning time (4-5 months) than the 
others (2-3 months). 

As a result of the generally extended periods over 
which spawning took place, settlement occurred 
several times a year, at different periods and with a 
variable intensity from year to year. Recently settled 
spat can usually be found from February to July, 
but occasionally in autumn as well, such as in 1977. 
The present data on spawning and recruitment cor
roborate the estimate made by Caddy (1969) who 
determined a planktonic life of 2 - 5 weeks in M. 
balthica. 

It has been established that spawning normally 
occurs in the period MarchIJuly in the Gironde es
tuary, however two major deviations must be em
phasized: the early spawning in January 1984 and 
the late one in October 1977. Such a variation in 
the timing of the spawning season from one year to 
another has been found for subtidal bivalves 
(Brown, 1982). Intertidal invertebrates are directly 
submitted to climatic factors and though these or
ganisms are ecologically adapted to fluctuating 
parameters, they are subjected to environmental 
stimuli which are likely to start up physiological 
processes when such stimuli exceed a certain 
threshold. Temperature is probably the most fluctu
ating parameter, both annually and daily, in inter-

tidal areas. Thus it is not surprising that a relation
ship was found between spawning activity and 
temperature in M balthica (De Wilde, 1975; De 
Wilde & Berghuis, 1978). Expulsion of the gametes 
in field populations is restricted to seawater tem
peratures in the range 7 -14°C (Caddy, 1967). Such 
a range normally occurs between November to May 
in the Gironde estuary (Fig. 1) where the lowest 
monthly average temperature is recorded in Janu
ary (7.2°C), and may explain why M. balthica is 
able to spawn there in January/February. However 
spawning occurs until mid July when water temper
atures are about 19°C and air temperatures may be 
up to 30 °C on tidal flats, which is clearly above op
timal temperature for spawning. De Wilde & Ber
ghuis (loc. cit.) showed that in the laboratory, 
spawning in M balthica was induced by adminis
tration of a temperature shock, consisting of a rise 
in temperature from 5 to 12.5 °C in 5 min. Thermic 
stress could be the factor inducing spawning, rather 
than a slow increase in temperature. Thus, when 
specimens still posess ripe gametes, as is the case in 
JuneIJuly, sudden changes of temperature (daily or 
nycthemeral) possibly could induce some egg re
lease. The complete exhaustion of the sexual 
products in July coincides with the maximal sedi
ment temperature (Fig. 1). 

An autumn spawning took place in October 
1977. Similar observations have been previously 
described in some populations where a spring 
spawning also occurred (Shaw, 1965; Caddy, 1967; 
Rasmussen, 1973; Nichols & Thompson, 1982). De
veloping gonads were present in this period in 1983 
and 1984 as well, but no ripe specimens were found. 
In fact, climatic conditions in 1977 were quite 
different from the other years in that maximum air 
temperatures were unusually low from April to 
September (Fig. 7). Furthermore, water nutrient 
concentrations were relatively high during the en
tire year 1977, whereas they generally show a 
marked drop in the summer months. Reduced ther
mic variations and a high level of metabolites could 
have favoured a second gonad development in the 
second half of this year. 

Juvenile growth 

At the time of settlement, the larvae have a size 
of about 300 p,m in shell length. The mean size of 
Pd II (270 p,m) is close to that reported by various 
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Fig. 7. Air temperature, irradiance, and rainfall fluctuations recorded near the sampling station during the years 1976-1978 and 
1982-1984. Monthly numbers of freezing days are also shown. Mean values for ten years (1974-1984) are represented by a dotted line 
and thick horizontal bars indicate periods of sampling. 

authors: 294 /-tm in the 0resund (J0rgensen, 1946), 
255 /-tm at Prince Edward Island (Sullivan, 1948), 
285 - 301 /-tm in the Thames estuary (Caddy, 1969). 
Depending on the period of recruitment, juvenile 
growth and size attained by the first winter were 
largely variable (Fig. 6). For the cohorts '83, the 
earlier they settled, the better they grew; individuals 
of each cohort were about 8, 6, 4 and 1 mm long 
respectively in December 1983. In this year-class, 
the highest growth rate was found from mid-June 
to the end of July, but the growing season con
tinued at least until the end of November. After this 

date, cohorts were not separable one from the oth
er. The last cohort ('830 ) showed a very low 
growth rate. The three cohorts '77 showed the same 
increase in shell length as the first three cohorts '83. 

The 1984 recruitment seems rather peculiar in 
that it occurred very early in the year (February) 
and had a slow growth rate until June which in
creased from July forward. There is an uncertainty 
however about growth rate during this year for the 
following reasons: 1) the spat had reached a length 
of around 4 mm in November which was the mean 
length of the whole generation '83 in the preceding 
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year and 2) because a second settlement probably 
occurred in June. 

Growth was almost null during the first winter 
after settlement. The second growing season began 
by mid-February (year-classes '82 and '83) or in 
March/April (year-class '76). The timing of max
imal increase in shell length varied from year to 
year: April/June (1977), February/June (1983), 
February/April (1984). As was suggested for the 
spawning period, temperature may have an in
fluence on growth rate as well. From laboratory ex
periments, De Wilde (1975) showed that M balthi
ca thrives best in the temperature range 0 -15 ° C, 
with an optimum at about 10 °C. When maximum 
growth occurs in the Gironde estuary, the range of 
seawater temperatures is 8 -18°C, and some shell 
growth is even observed when water temperature ex
ceeds 20°C. This species shows a cyclic burying at 
Le Verdon that might be an adaptation to high 
summer temperatures (unpubl. observ.): localized 
in the top 2 cm of sediment during the colder 
months, M balthica buries deeper when air tem
perature increases above 15°C (i.e. from April/May 
to September). This vertical migration was. also 
found by De Wilde (loc. cit.) and could allow the 
animals to find lower temperatures in order to pro
long their growing season. 

A range of water temperatures between 8 and 
15°C also occurs from October to December, but 
there is no indication of a second annual growing 
period (Beukema & De Bruin, 1977). From a long
term survey in the Dutch Wadden Sea, Beukema et 
ai. (1977) did not find a statistically significant 
correlation between temperatures and growth rates 
in M balthica. Hence, temperature is not the only 
growth regulating factor. The presence of sufficient 
living food is probably another important factor 
(De Wilde, 1975; Ankar, 1980; Beukema et ai., 
1985; Hummel, 1985a, b). Indeed, high food availa
bility coincides with growing period in the Gironde 
estuary, where dissolved nutrients are at a high level 
in January/May and large quantities of benthic di
atoms have developed in the summer months. 

Growth of the cohorts '83D and '84A (until 
June) was surprisingly low, in comparison to the 
other cohorts (Fig. 6). This is probably a conse
quence of a switch in feeding habits, as Caddy 
(1969) demonstrated that metamorphosis to the 
adult form and function was only completed after 
a shell length of 2 mm was attained. According to 

the anatomical changes that occur during juvenile 
development, Ankar (1980) offered an explanation 
for a slow-growing Baltic population of M balthica 
that may be applied in our case study. When it is 
less than about 1.5 mm long, spat has rudimentary 
siphons and gills and behaves as a filter-feeding or
ganism. For cohorts '83D and '84A, this size cor
responds to periods (respectively Au
gust/November and January/March) with low 
phytoplankton concentration in the Gironde estu
ary (chlorophyll a measurements, 1. Castel, pers. 
commun.), unfavourable to their growth. When the 
development of nutrition organs is completed, i.e. 
at 2 mm long, spat can apply both suspension- and 
deposit feeding. Inversely, plankton concentration 
was optimal when cohorts '83B and '83c settled 
and they immediately exhibited good growth. 

Variability in the magnitude oj recruitment 

Data on the importance of recruitment in popu
lations of M balthica is scarce. Caddy (1969) and 
Chambers & Milne (1975) found spat densities of 
about 5000 indo m- 2, whereas Ankar (1980) men
tioned 80000 indo m -2 using a 100 /-tm sieving 
mesh size. The greatest abundance of recruits 
found in the Gironde estuary was about 
15000 indo m- 2 in February 1984, but in 1983 
four settlements occurred with an average density 
of 1 500 indo m - 2. Survival, however, was lower at 
the end of 1983 than for the same period in 1984: 
one juvenile for 4 recruits and one for 23, respec
tively. In 1977, recruitment was almost non
existent, although specimens were detected with a 
500 /-tm sieve (Bachelet, 1982). Hence, recruitment 
patterns appear to be highly variable in different 
years, not only with regard to the magnitude of set
tlement, but also the survival of recruits. Moreover, 
the example of 1984 shows that there is no relation 
between spawning intensity and the strength of set
tlement. 

Settlement and survival of benthic invertebrates 
may be affected by several factors: mortality in the 
plankton, environmental factors, competition for 
resources, predation on post-larvae, and interac
tions such as amensalism. Mortality of planktonic 
larvae is difficult to ascertain, so this factor will not 
be considered. Inspection of climatic events (Fig. 7) 
and sediment characteristics (Fig. 2) at the possible 
recruitment periods does not show any outstanding 



features. Thus, recruitment is apparently not relat
ed to obvious environmental factors. It can be 
pointed out that an unusually large number of 
freezing days in February 1983 could explain why 
no recruits were found before mid-April while 
spawning started in early February. These low tem
peratures might have killed planktonic larvae or 
early juvenile stages. 

It may be suggested that most of the variability 
in the magnitude and survival of recruitment must 
be examined in relation to biological interactions. 
Though still barely understood, competition (for 
space and food) and predation have been demon
strated to influence population sizes of marine 
bivalves (Peterson & Andre, 1980; Williams, 1980; 
Blundon & Kennedy, 1982; Weinberg, 1985; and 
others). Particularly interesting in this respect is the 
co-occurrence of relatively dense populations of M 
balthica and dense assemblages of spionids on the 
tidal flats of the Gironde estuary. Some species, e.g. 
Polydora ligni (Breese & Phibbs, 1972), were found 
to ingest bivalve molluscan larvae, but a probably 
intense competition does exist between spat and 
spionids (Woodin, 1976). For example, when M. 
balthica settled by mid-July 1983, Streblospio 
shrubsolii were up to 200000 indo m -2; in Febru
ary 1984, densities of S. shrubsolii were only 
16000 indo m-2 when the settlement of M balthi
ca was 10 times greater than for the same period in 
1983. Future field and laboratory manipulations 
with these species are promising. 
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Abstract 

The study of the intertidal benthic population dynamics in three estuaries of the English Channel (Baie des 
Veys, Seine estuary, Baie de Somme:France) brings to light two types of species: 
- key-species which directly respond to the local disturbance of the environmental conditions in their densi

ties (Spionidae, Capitellidae) and in their growth rates (Cerastoderma edule); 
- target-species such as Macoma balthica which can endure brief changes in the environmental factors and 

shows no sign of long-lasting consequences on its population dynamics; yet, it fully integrates long-term 
changes through its numbers and productivity. 

The parallel between such a regular study of the seasonal variations on selected sites and various base line 
surveys allows the authors to discuss the COST 647 sampling programm in order to select natural fluctuations 
(storms, range of temperature) from human disturbances (embankments, chemical pollution, eutrophica
tion). 

Diverse hypothesis are suggested which bring about several research topics to be developed within a europe
an cooperation. 

Introduction 

Les etudes portant sur la cinetique et la dynami
que des populations du macrozoobenthos intertidal 
des principaux estuaires de la Manche centrale et 
orientale n'ont demarre que dans les annees 
1970-1972 pour la Baie des Veys (Sylvand, 1986), 
1978 pour l'estuaire de la Seine (Desprez, 1981) et 
la Baie de Somme (Simon et at., 1981). La constitu
tion du Groupe d'Etude des Milieux Estuariens et 
Littoraux remonte a 1981, annee de lancement du 
programme europeen COST 647. En compilant les 
donnees acquises de fa90n discontinue sur l'ensem
ble de ces trois ecosystemes estuariens jusqu'en 
1985 et sur quelques stations-pilotes retenues dans 
Ie cadre du COST, il est maintenant possible de 
s'adonner a la comparaison de l'evolution de ces 
embouchures macrotidales mais aussi de compren
dre leur evolution en la confrontant a celle d'autres 

estuaires europeens ou d'un vaste ensemble inter
tidal comme la Mer des Wadden ou Ie suivi du ben
thos couvre pres d'un siecle: Van Der Baan et at. 
(1958) aux Pays-Bas, Mobius (1893) et Wolhenberg 
(1937) en Allemagne, Thamdrup (1935) au Dane
mark. Nos travaux s'inspirent d'ailleurs largement 
des recherches menees plus recemment par Beu
kema (1974, 1979, 1982, 1985), Michaelis (1976) et 
Madsen (1984), et ont beneficie des conseils pre
cieux de ces auteurs. 

Presentation des sites 

Les trois sites estuariens etudies, les plus impor
tants des cotes fran9aises de la Manche centrale et 
orientale, sont regulierement distribues d'ouest en 
est (Fig. 1): 
- la Baie des Veys est Ie seul site a presenter une 
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ouverture vers Ie nord, les deux autres s'ouvrant a 
l'ouest. La maree, d'une amplitude de 8 metres, 
decouvre 37 km2 de zone intertidale entailles par 
les chenaux de la Vire et de la Douve. Les modifica
tions des communautes benthiques ont justifie Ie 
remplacement de la station VE 0 (1977 -1978) par 
VE 1 (1982-1985) puis VE 2 (1983 -1985). Les 
cotes bathymetriques de ces trois stations sont res
pectivement de 6 m, 5.50 m et 5 m au-dessus du 0 
des cartes marines fran9aises. 
- I'estuaire de la Seine se singularise par I'impor
tance de l'arrivee d'eau douce. Malgre la taille de 
son embouchure et un marnage de 8 m, cet estuaire 
ne compte plus aujourd'hui que 30 km2 de zone 
intertidale par suite des importants amenagements 
dont iI fait l'objet. Ces derniers ont entralne la crea
tion d'une seconde station COST en 1982 (HON 4) 
en complement de la station HON 5 qui est suivie 
depuis 1979, mais a ete profondement perturbee en 
1981 par suite de la realisation d'un deversoir dans 
la digue submersible proche. Ces deux stations, 
dont les cotes bathymetriques sont respectivement 
de 5 m et de 4 m, se situent a I'extremite de la fosse 

,. o· 

de flot sud de l'estuaire. Des details sur l'evolution 
bathymetrique de ce secteur apparaissent dans 
I'article de Desprez & Dupont (1985). 
- la Baie de Somme presente les marees de plus 
forte amplitude (10 m) et la plus vaste zone interti
dale (70 km2) caracterisee par une progression tres 
rapide du schorre. La premiere reconnaissance du 
benthos effectuee par Simon et al. (1978) a permis 
de poursuivre I'etude du comblement artificiel de la 
zone sud (radiale HH). Deux stations ont ete ajou
tees dans Ie cadre du COST en 1982 (HHS) et en 
1983 (LCS). Toutes ces stations se situent a un 
niveau maregraphique eleve (HHA: 8 m; HHC: 6.2 
m; HHS: 6 m; LCS: 6.50 m), alors qu'elles se trou
vent dans les deux autres sites au-dessous du niveau 
des hautes mers de morte eau. 

Materiel & methodes 

Jusqu'en 1981, les prelevements sont effectues sur 
une surface de 0.25 m2 et une profondeur de 25 
cm; a partir de 1982, suivant la nature du peuple-
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Fig. I. Localisation des trois sites estuariens en Manche centrale et orientale. Emplacement des stations de prelevement du macrozoo
benthos intertidal. 
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Tableau 1. Especes rencontrees dans les stations etudiees et classees selon I'ordre taxinomique. 
Les croix indiquent la presence de I'espece, les nombres precisent Ie rang de chacune d'elles, classees selon leur biomasse annuelle 
moyenne (exprimee en grammes de matiere seche sans cendre par metre carre). 

VEO VE 1 

Pholoe synophtalmica 
Phyllodoce mucosa + 12 + 
Eteone longa + 6 + 
Nereis diversicolor + 3 + 
N ephtys cirrosa + 16 
Nephtys hombergii + 
Scoloplos armiger + 
Nerine cirratulus 
Spiophanes bombyx + 21 
Spio filicornis 
Pygospio elegans + 5 + 
Polydora ciliata 
Tharyx marioni 
Capitomastus minimus 
Heteromastus filiformis + 11 + 
Capitella capitata + 16 + 
Arenicola marina + 2 + 
Tubifex sp. 
Tubificoides benedeni + 16 + 
Hydrobia ulvae + 16 + 
Mytilus edulis + 
Cerastoderma edule + 1 + 
Abra tenuis + IO + 
Scrobicularia plana + 4 + 
Macoma balthica + 9 + 
Mya arenaria 
Mysella bidentata 
Eurydice pulchra 
Haustorius arenarius 
Urothoe grimaldii + 14 + 
Bathyporeia sarsi + 16 + 
Bathyporeia pilosa + 13 + 
Corophium volutator + 6 + 
Corophium arenarium 
Cyathura carinata + 14 + 
Crangon crangon + 
Leander vulgaris 
Carcinus maenas + 8 + 
Biomasse annuelle moyenne 

(g . m- 2) 16.4 
(1977) 

ment etudie, cinq a trente prelevements cylindriques 
de 1130 ou 1150 m2 ont ete realises a chaque sta
tion avec un carotteur special (T.A.S.M.: voir 
Ducrotoy & Desprez, 1986). Apres tamisage sur 
maille carree de 1 mm, Ie refus est fixe au formal 
sale additionne de phloxine B. 

Les travaux de biometrie (mesure de l'axe antero
posterieur au 1110 mm) des coquilles de bivalves 
ont permis, en liaison avec un comptage des stries 
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annuelles d'arret de croissance hivernal, de suivre 
l'evolution de taille des diverses classes d'age. 

Les mesures de biomasses pour la Baie de 
Somme ont ete realisees au Nederlands Instituut 
voor Onderzoek der Zee par Ie Dr 1. 1. Beukema. 
Le sediment, preleve parallelement a la faune, a fait 
l'objet d'une analyse granulometrique classique 
(tamisage a sec sur colo nne AFNOR) pour la frac
tion sableuse et d'une analyse microgranulometri-



que (compteur COULTER) pour la fraction fine 
(inferieure a 60 p.m). 

En Baie des Veys, quatre stations supplementai
res, correspondant a quatre facies caracteristiques, 
ont ete suivies mensuellement durant un an (de 
mars 1977 a mars 1978) dans Ie but d'apprehender 
Ie comportement global des biocenoses. Une etude 
de correlation a ete faite avec les facteurs climati
ques. 

Resultats 

1. Structure des peuplements 

Le tableau 1 recapitule les especes rencontrees 
dans les stations COST des trois estuaires et, lors
que les biomasses ont ete calculees, precise Ie rang 
de ces especes. Sur les 38 recensees, 15 especes sont 
communes aux trois sites alors que certaines carac
terisent un site particulier; c'est Ie cas d'Abra tenuis, 
Urothoe grimaldii et· Phyllodoce mucosa pour la 
Baie des Veys, de Tharyx marioni, Mya arenaria, 
Thbifex sp, Pholoe synophtalmica, Capitomastus 
minimus et Spio jilicornis pour l'estuaire de la 
Seine, et de Eurydice pulchra, Haustorius arena
rius, Corophium arenarium et Leander vulgaris 
pour la Baie de Somme. II est important de preciser 
ici les limites d'une telle comparaison inter-sites 
effectuee a partir de quelques stations, si judicieu
sement choisies fussent-elles. 

En Baie des Veys et Baie de Somme, Ie calcul des 
biomasses sur un cycle annuel met en evidence 
l'importance de Cerastoderma edule et Nereis 
diversicolor, voire Eteone longa, dans les deux sites, 
Ie role predominant de Macoma balthica, des Capi
tellictes, de Bathyporeia sp et Crangon crangon 
dans l'estuaire picard, enfin la place importante de 
Arenicola marina, Scrobicularia plana, Pygospio 
elegans et Corophium volutator dans l'estuaire bas
normand. 

Enfin, ce tableau fait ressortir la faible biomasse 
annuelle moyenne de la Baie des Veys par rapport 
a la Baie de Somme qui se situe au niveau d'autres 
sites estuariens europeens (Ducrotoy, 1984). 

2. Cinetique des especes et donnees edaphiques 

2.1. En Baie des Veys, malgre la brievete de la 
periode echantillonnee, on observe nettement a la 
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station VE 1 une diminution des effectifs de la plu
part des especes (Fig. 2): 
- chute brutale en 1983 de Cerastoderma edule, 
Corophium volutator, Tubificoides benedeni et 
Heteromastus jiliformis; 
- chute brutale en 1984 de Nereis diversicolor; 
- tendance a la regression de A bra tenuis et Areni-
cola marina de 1983 a 1985. 

Seules Pygospio elegans et Urothoe grimaldii 
presentent une evolution contraire, tandis que 
Macoma balthica et Scrobicularia plana temoi
gnent d'une certaine stabilite, avec des den sites rela
tivement faibles. Par contre, en VE 2, aucune ten
dance evolutive generale ne peut apparaitre sur une 
aussi courte peri ode. On doit cependant noter les 
faibles effectifs en 1984-1985 de Corophium volu
tator, Nereis diversicolor et Heteromastus jUifor
mis. 

Du point de vue sedimentologique (Tableau 2), 
on observe un desenvasement synchrone des deux 
stations, plus net toutefois en VE 2 dont la teneur 
en particules fines est 3 a 4 fois superieure a celle 
de VE 1. Cette tendance est confirmee par l'intru
sion, sur Ie flanc ouest de la baie, de sediments 
d'origine marine qui contrarient une progression 
cotiere de l'envasement. En effet, les deux stations 
suivies se trouvent, ajourd'hui, dans une zone de 
friction entre ces deux phenomenes contradictoires. 

2.2 En estuaire de Seine, nous observons egale
ment une chute des densites de nombreuses especes 
(Fig. 3), a partir de 1981, aux deux stations pros
pectees (Cerastoderma edule, Scrobicularia plana, 
Mya arenaria, Pygospio elegans, Polydora ciliata, 
Corophium volutator et oligochetes). A la station 
HON 5, Macoma balthica, Nereis diversicolor et 
Eteone longa sont egalement en regression alors 
que leurs effectifs sont relativement stables a la sta
tion HON 4. Les evolutions de Nephtys homberg;; 
et Arenicola marina s'averent difficiles a interpre
ter. Quant aux crustaces, s'ils tendent it disparaitre 
des prelevements des 1981 a HON 5, no us obser
vons a HON 4 une evolution synchrone des pics 
d'abondance en 1982 -1983 qui conduit, la encore, 
a la disparition de ces especes, exception faite de 
Cyathura carinata. 

Au cours de la meme periode, les parametres 
sedimentologiques du substrat ont profondement 
evolue, notamment la teneur en particules fines. A 
la station HON 5, cette teneur chute de 32070 a 4% 
dans les douze mois qui suivent la realisation du 
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Tableau 2. Principales caracteristiques sedimentologiques des stations etudiees en Baie des Veys. 
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sation du deversoir (juillet 1980) est figuree par la fleche. 
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deversoir. Par contre, a la station HON 4, a une 
periode de relative stabilite de ce parametre (plus de 
20070 de fines) succecte a partir de 1984 une phase 
de desenvasement du sediment superficieI, resultat 
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3D 000 
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1000 

des importants apports sableux qui caracterisent 
l'emsemble de Ia fosse de flot (Desprez & Dupont, 
1985). 

2.3. En Baie de Somme (Fig. 4), Ie schema evoIu-
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Fig. 4. Evolution temporelle des densites au metre carre (N . m -2) des principales especes du macrozoobenthos intertidal prelevees en 
Baie de Somme aux stations HH C, HH S et LC S, suivies de fevrier 1981 a juillet 1985. Pour Scrobicularia plana et Mya arenaria, 
les courbes sont Ie resultat du suivi d'une station annexe (HH A: asterisques). 

Pour Cerasloderma edule, Ie reensemencement en naissain effectue en novembre 1984 est materialise par la courbe en pointilles et 
la lettre R. 



tif des densites des especes benthiques est different 
des precedents. Trois especes de bivalves (Cerasto
derma edule, Scrobicularia plana et Mya arenaria) 
montrent une baisse tres nette de leurs effectifs a 
toutes les stations OU elles etaient representees en 
1982, tandis que d'autres especes semblent globale
ment en augmentation (Pygospio elegans, Eteone 
longa, Macoma balthica). 

En HHC, les effectifs de Macoma balthica dimi
nuent regulierement de 1981 a 1984, periode suivie 
d'un spectaculaire redressement a l'issue de l'hiver 
1984-1985. En HHS se produit Ie phenomene 
inverse avec une bonne installation en 1982-1983, 
mais qui demeure sans suite. En LCS, les variations 
saisonnieres montrent, malgre des den sites parfois 
elevees, l'insucces des recrutements successifs; en 
ete 1985 on observe des densites exceptionnelles de 
32000 individus . m- 2• 

Alors que, en 1981, Pygospio elegans apparais
sait a de tres faibles densites, depuis 1982 se succe
dent des pullulations de cette espece qui atteignent 
de tres fortes valeurs (pres de 80000 individus . 
m -2 en 1984). 

Le schema evolutif des effectifs de Eteone longa 
montre un paralIelisme evident avec celui observe 
chez Nereis diversicolor; les annees 1983 et 1985, 
particulierement favorables, succedent a de mau
vaises annees 1982 et 1984. 

Nous remarquons qu'en 1982-1984 la chute des 
effectifs de bivalves, specialement Cerastoderma 
edule, s'accompagne d'un developpement momen
tane des Capitellides de 1983 a la fin de l'hiver 
1984-1985. Quant aux crustaces, un relai des cycles 
saisonniers s'observe entre les trois stations pour 
Bathyporeia pilosa et B. sarsi, selon une succession 
bathymetrique depuis les plus hauts niveaux 
(HHC, HHS et LCS). Corophium volutator est 
toujours peu abondant en HHS et soumis a des 
poussees saisonnieres dans les autres stations ou il 
est accompagne par C. arenarium (LCS). A partir 
de 1984, ces especes sont en nette regression dans 
les stations etudiees. 

r.;evolution granulometrique du secteur sud de la 
baie (radiale HH) est inverse en 1981-1982 de celle 
qui caracterise les annees 1975 -1980 ou un envase
ment important avait sanctionne les travaux de che
nalisation (Dupont, 1983); la teneur en particules 
fines des sediments diminue lentement (ainsi qu'en 
LC), tandis que d'importants apports sableux vien
nent combler les bas niveaux (Dupont & Lafite, 
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1984), accelerant Ie colmatage de cet estuaire. 
Les annees 1983 et 1984 ont connu des chaleurs 

estivales importantes, la temperature des sediments 
atteignant 40°C en surface. Dans Ie meme temps, 
les eaux rechauffees ont ete Ie siege de developpe
ments particulierement importants de phytoplanc
ton parfois toxique (Dinophysis acuminata). 

2.3. Comparaison inter-sites de quelques especes 
significatives 

Cette comparaison permet de mettre en evidence 
des tendances evolutives communes ou au contraire 
contradictoires: 
- chez Nereis diversicolor, un effondrement 
quasi-general des effectifs se produit apres l'hiver 
1981-1982 (Baie de Somme et estuaire de Seine), 
ainsi qu'en ete 1984 dans les trois sites. Dans 
l'estuaire de la Seine, la regression de cette espece 
est cependant plus lente, sur fond de cycle saison
nier, a la station HaN 4, alors qu'a la station HaN 
5 la rarefaction de ce polychete est synchrone de la 
realisation du deversoir. 
- Cerastoderma edule est en mauvaise position 
des 1981 dans l'estuaire de la Seine; en Baie de 
Somme, Ie mauvais recrutement du printemps 1982 
semble compense, a l'automne suivant, mais on 
observe un effondrement dans Ie courant de l'annee 
1983, phenomene qui s'observe egalement en Baie 
des Veys. La tentative rla repeuplement artificiel, 
visible sur LCS (Fig. 4), n'est sui vie d'aucun effet; 
par c~ntre, Ie recrutement 1985 est satisfaisant, 
phenomene confirme en Baie des Veys ou une pul
lulation de tres jeunes coques de 5 mm a 1 cm a ete 
observee au cours de l'ete 1985 (malheureusement 
non quantifice). 
- Deux especes de Capitellides, Capitella capitata 

et Heteromastus filiformis, absentes de l'estuaire de 
la Seine, montrent en Baie de Somme une evolution 
opposee a celles de Nereis diversicolor et Cerasto
derma edule. On observe au contraire un paralle
lisme d'evolution entre Cerastoderma edule et 
Heteromastus filiformis en Baie des Veys. 
- Alors que les fluctuations de Macoma balthica 
observees dans les deux baies se revelent difficile
ment interpn:tables, cette espece se maintient dans 
l'estuaire de la Seine a des niveaux d'abondance 
relativement stables: seulle mauvais recrutement de 
1982 et Ie tres bon recrutement de 1984 rompent la 
regularite du cycle saisonnier. 
- Les fluctuations considerables des densites de 
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Corophium volutator observees tant en Baie des 
Veys qu'en estuaire de Seine, montrent, avec 
l'absence de synchronisme des pics d'abondance 
dans les trois sites, Ie comportement imprevisible de 
cette espece. 
- La cinetique de Pygospio elegans est elle aussi 
difficilement interpretable. Cependant, la simple 
observation des niveaux de den site montre les ca
racteristiques propres de chaque ecosysteme. En es
tuaire de Seine, les maxima observes ne depassent 
pas quelques centaines d'individus . m -2 en 1979 
et 1980; en Baie des Veys, les effectifs oscillent con
siderablement de quelques dizaines d'individus a 
1800 individus . m -2 en 1984; mais c'est en Baie 
de Somme que ce polychete atteint les plus fortes 
den sites (plusieurs dizaines de milliers d'individus . 
m -2), constituant des banquettes qui peuvent co
loniser de grandes surfaces (Dupont, 1975). 

3. Evolution des abondances globales et du nom
bre d'especes 

3.1. Abondances (Fig. 5) 
Les fluctuations importantes des densites de Co

rophium volutator (estuaire de Seine, Baie des 
Veys) et de Pygospio elegans (Baie de Somme) se 
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Fig. 5. Evolution temporelle des abondances glob ales (N . m -2) et de la richesse specifique (SP) du macrozoobenthos intertidal en 
Baie des Veys (a), en estuaire de Seine (b) et en Baie de Somme (c). 

Dans ce dernier site, lors de pullulations d' Hydrobia ulvae ou de Pygospio elegans, la valeur inferieure de la densite globale ne tien! 
pas compte de leurs effectifs, au contraire de la courbe superieure en pointilles (+ H et + Pl. 
En estuarie de Seine, Ie neche indique la realisation du deversoir Guillet 1980). 



repercutent d'une fa<;on magistrale sur les fluctua
tion des abondances globales. Les pullutations de 
Corophium sp se produisent en 1982 en HON 4 et 
VE 1, et en 1983 en VE 2, alors que Pygospio ele
gans depasse 50000 individus au metre carre en 
1983 en HHS et en 1984 en HHC et en LCS. 

Ces observations mont rent Ie role essentiel de ces 
especes dans la dynamique des peuplements. Alors 
que Pygospio elegans se comporte en veritable es
pece opportuniste, Corophium volutator est par
fois victime, en Baie des Veys, du transport passif 
par les houles levees par les tempetes qui occasion
nent des concentrations de l'espece. 

Dans l'estuaire de la Seine, on observe, des la rea
lisation du deversoir, une chute rapide des densites 
a la station HON 5 en 1981 et une regression regulie
re de ces densites a la station HON 4, modulee par 
Ie rythme saisonnier. Des 1982, on assiste a une res
tructuration du peuplement de la station HON 5 
qui conduit au doublement des densites minimales 
observees en 1981 (Desprez & Dupont, 1985). 

3.2. Richesse specifique (Fig. 5) 
En Baie des Veys, la chute du nombre d'especes 

repertoriees en VE 1 et VE 2 rend compte de l'evo
lution des communautes estuariennes du flanc 
ouest. Cette regression reguliere, qui s'observe a 
partir de 1983, traduit une destabilisation du syste
me. Aucune espece nouvelle n'apparait mais iI se 
produit un changement de dominance a VE 1, Uro
thoe grimaldii prenant Ie relais de Nereis diversico
lor, Corophium volutator et Cerastoderma edule. 

Dans l'estuaire de la Seine, a la disparition d'es
peces (1981-1982) succede (1983) un enrichisse
ment specifique par arrivee d'especes nouvelles 
mieux adaptees aux nouvelles conditions hydrody
namiques et sedimentologiques (Desprez & Du
pont, 1985). 

De nouveau, une forte regression s'observe en 
1984 en HON 4. 

En Baie de Somme, un accroissement compara
ble de la richesse specifique se produit en 1983, an
nee ou de nombreuses especes ont vu chuter leurs 
effectifs. 

Dans ces deux derniers sites, I'augmentation du 
nombre d'especes correspond a une intrusion mari
ne qui se traduit par l'apparition de Bathyporeia 
sarsi et Nerine cirratulus, especes auxquelles s'ajou
te Haustorius arenarius en Baie de Somme. Alors 
que dans l'estuaire picard, on as site a un renouvelle
ment de ce phenomene, apparemment saisonnier, 
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avec retard cependant, au cours de l'ete suivant 
(1984), dans les estuaires normands, nous venons 
de voir que la diversite a stagne a un faible niveau 
pour amorcer, semble-t-il, une recuperation en 
1985, sauf en VE 2. 

En ete 1983, une perturbation (qui pourrait etre 
due aux conditions climatiques) semble se manifes
ter dans les trois sites par un enrichissement specifi
que suivi d'une destabilisation des systemes qui ne 
recupereraient pas en synchronisme, que ce soit 
dans un meme estuaire suivant la station consideree 
ou d'un estuaire a l'autre. 

4. Croissance des bivalves 

Alors que, comme nous venons de Ie voir, les 
fluctuations d'abondance des especes ne permet
tent pas toujours de com prendre Ie role joue par les 
facteurs de l'environnement - soit a cause de la 
dynamique propre de ces especes, soit a cause de 
leur sensibilite respective aux agressions naturelles 
ou artificielles du milieu -, un parametre comme la 
croissance apparait de premiere importance pour 
completer l'information fournie par I'etude de 
l'evolution des densites. 

Ainsi, dans I'estuaire de la Seine, l'evolution des 
effectifs de Macoma balthica et de plusieurs autres 
especes ne permet pas de juger de l'impact de la 
realisation du deversoir 01\r Ie peuplement de la sta
tion HON 4. Par contre, Ie suivi de la croissance de 
ce bivalve (Fig. 6) met clairement en evidence l'in
fluence negative des nouvelles conditions hydrody
namiques locales: la croissance des individus de la 
classe 1 se trouve interrompue des juillet 1980 alors 
qu'elle se poursuit d'ordinaire jusqu'a l'entree de 
l'hiver; elle ne retrouve un rythme normal qu'au 
printemps suivant. Cette perturbation affecte, selon 
Ie meme schema, l'ensemble de la population du bi
valve (Ducrotoy et al., 1985). 

En Baie de Somme, les perturbations mises en 
evidence en 1982-1983 avec I'etude de I'evolution 
des effectifs de bivalves, se trouvent confortees par 
I'etude de la croissance de Cerastoderma edule 
(Fig. 7). Les annees de crise 1982 et 1983 se tradui
sent par un rythme de croissance de la classe 1 in fe
rieur a celui de 1981, et surtout par I'absence de re
crutement (classe 0). Ces problemes de recrutement 
se sont traduits, a partir de 1984, par une crise de 
la production commerciale de ce bivalve qui consti
tuait un stock exploitable. En 1985, a la suite de 
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Fig. 6. Accroissement annuel en longueur (ilL) des individus de 
la classe 1 (animaux ages d'un an) de Macoma balthica dans 
l'estuaire de la Seine (station HON 4) entre 1980 et 1983. 

La fleche indique Ie mois de realisation du deversoir Guillet 
1980). 

l'hiver exceptionnellement rigoureux, un bon recru
tement a ete observe et Ie suivi de la classe 0 montre 
un rythme de croissance nettement superieur a ce
lui observe en 1981, avant la crise. 
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Fig. 7. Courbes annuelles de croissance de Cerastoderma edule 
en Baie de Somme de 1981 a 1983 et en 1985 pour les individus 
des classes d'age 0 et 1 (animaux de I'annee et ages d'un an). 

Le point d'interrogation correspond a des valeurs obtenues a 
une station voisine de meme niveau maregraphique. 

5. Evolution globale des peuplements 

I.:ensemble des resultats precedents s'inscrit dans 
un contexte evolutif global des biocenoses que no us 
avons cartographiees. 

5.1. En Baie des Veys (Sylvand, 1986), les peuple
ments de type estuarien se cantonnaient en 1974 
(Fig. 8) principalements dans Ie fond sud-ouest de 
la baie qui etait aussi Ie secteur preferentiel d'im
plantation de Macoma balthica, tandis que Ie flanc 
est affichait des affinites marines homo genes avec 
un peuplement caracterise par Se%plos armiger. 
Le secteur central de la baie, bien developpe, abri
tait un peuplement de transition est-ouest entre les 
deux precedents. 

On observe, jusqu'en 1985, une reduction impor
tante des surfaces occupees par Ie peuplement es
tuarien dans Ie secteur sud-ouest; cette evolution 
est liee d'une part a l'extension du schorre de la cote 
vers Ie centre, d'autre part a la progression, en 
moyenne et basse-plage, vers Ie sud d'un peuple
ment de type marin diversifie (caracterise par Uro
thoe grimaldil) tandis que Abra tenuis remplace 
Macoma balthica. En 1974, deux especes caracte
ristiques, l'une estuarienne (Macoma balthica), 
l'autre marine abritee (Seolop/os armiger) domi
naient largement les peuplements. I.:apparition 
d'especes intrusives Urothoe grimaldii et Abra te
nuis ou en cours d'extension importante (Pygospio 
elegans et Macoma balthica sur Ie flanc est) s'est 
faite progressivement et il est important de suivre, 
plus que les effectifs de ces especes, l'evolution de 
l'importance relative des especes nouvelles par rap
port aux especes initiales. 

Plusieurs types de comportements cenotiques 
ont pu etre definis grace a l'outil statistique multi
varie applique au suivi realise en 1977 -78 (Fig. 9): 
- Ie flanc est (Gefosse) est fondamentalement stable 
et abrite; par consequent, les transformations sur
venant dans cette zone auront un caractere durable; 
- Ie fond sud-ouest (Grand Vey) , bien qu'abrite, 
presente une fragilite face aux houles du nord-est: 
Ie point 13 (janvier 1978) se singularise par rapport 
aux deux ensembles saisonniers et montre l'influen
ce de type catastrophique des houles levees par les 
coups de vent de nord-est; 
- sur Ie flanc ouest, cette influence nefaste appa
rait encore a la Petite Dune, de type perturbable ou
vert, au meme point 13, isole par rapport a un en
semble groupe; 



- plus au nord, en milieu marin ouvert (La Made
leine), les fortes houles sont mieux tolerees par des 
peuplements adaptes a ces conditions, et les deux 
so us-ensembles saisonniers ne sont pas perturbes. 

5.2. Dans l'estuaire de la Seine (Desprez & Du
pont, 1985), l'evolution des peuplements entre 1980 
et 1984 est masquee par les consequences brutales 
des amenagements constants dont il fait l'objet. Sur 
la rive nord, l'importante regression des surfaces 
occupees par Ie peuplement estuarien superieur 
(caracterise par Tubijex costatus et Manayunkia es
tuarina) resulte de la progression spectaculaire du 
schorre vers l'aval; cette derniere intervient elle
meme apres Ie comblement naturel de l'estuaire, 
phenomene amplifie par les endiguements (Fig. 
10). Sur la rive sud, Ie peuplement estuarien infe
rieur a ete perturbe par la modification des condi
tions hydrodynamiques locales liee a la realisation 
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du deversoir. Le desenvasement consecutif de la 
fosse de flot a entraine la disparition d'especes typi
quement estuariennes comme Scrobicularia plana, 
Corophium volutator et Tubijicoides benedeni, 
tandis qu'apparaissaient des especes d'affinite plus 
marine comme Bathyporeia sarsi, Spio jilicornis, 
Nephtys cirrosa ou Nerine cirratulus (Desprez & 
Dupont, 1985). 

5.3. En Baie de Somme, l'evolution des peuple
ments entre 1978 et 1985 est essentiellement mar
quee par la regression spectaculaire du peuplement 
estuarien vrai alors que, apres 1969, la chenalisa
tion du fleuve avait artificiellement perm is Ie deve
loppement d'une slikke importante dans Ie secteur 
sud de la baie, par suite du comblement de l'ancien 
chenal (Ducrotoy et at., 1985). A partir de 1978 se 
produit une remarquable progression des phanero
games maritimes dans tout Ie secteur interne de 
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Fig. 8. Evolution spatiale des peuplements du macrozoobenthos intertidal de la Baie des Veys entre 1974 et 1985. 
Sites etudies: MA = la Madeleine; DU = la petite Dune; VE = Ie grand Vey; BR = pointe de Brevand; WI = Ie Wigwam; GE 

= Gefosse. 

la baie ainsi que I'extension d'un facies appauvri en 
son centre. Cette evolution natureIIe s'est traduite 
notamment par une crise de la peche a pied des co
ques, les sables propres a Bathyporeia pilosa, B. 
sarsi et Haustorius arenarius ayant remplace les sa
bles envases a Cerastoderma edule qui occupaient 
les abords des chenaux du milieu de la baie. ParaIIe
lement, s'est produite une migration des champs de 
Pygospio elegans des zones peripheriques vers des 
zones plus centrales de la baie, phenomene tradui
sant peut-etre l'exhaussement important des fonds 
de I'estuaire. 

Discussion 

I.:evolution numerique des effectifs des especes 
du macrozoobenthos intertidal de la Baie des Veys, 

de I'estuaire de la Seine et de la Baie de Somme, in
tegre les variations des facteurs de l'environnement 
des trois ecosystemes. Comme Ie soulignent Elliott 
& Mc Lusky (1985), les variations de densite des 
animaux estuariens refletent, a long-terme, ceIIes 
Iiees aux conditions du milieu, qu'eIIes soient natu
relies ou artificielles. Alors que de nombreux tra
vaux ont porte sur la recherche d'especes indicatri
ces de pollution organique (Leppakowski, 1975; 
Pearson & Rosenberg, 1978), il y en a peu qui aient 
reeIIement cherche a expliquer I'impact des varia
tions climatiques saisonnieres sur i'abondance du 
macrozoobenthos comme i'ont fait Beukema (1974, 
1985) et Dankers & Beukema (1981). La difficulte 
rencontree dans ce genre d'etude vient essentieIIe
ment du besoin de suivre de nombreux cycles an
nueis sans discontinuite. 

Replaces dans Ie contexte d'evolution generale de 
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Fig. 9. Analyse factorielle des correspondances des donnees portant sur les effectifs globaux du macrozoobenthos intertidal de la Baie 
des Veys. 3 it 12: mois de mars it decembre 1977, 13 it 15: mois de janvier it mars 1978. 

chaque estuaire, les resultats concernant les stations 
pilotes choisies dans Ie cadre du programme COST 
647 montrent l'existence d'especes dont les fluctua
tions numeriques traduisent les tendances generales 
du milieu et que l'on peut reconnaitre comme 
'especes-cles' : 
1. Dans l'estuaire de la Seine, les especes-cles sont 

Scrobicularia plana, Cerastoderma edule, Poly-

dora ciliata, Pygospio elegans et Tubificoides 
benedeni, especes qui refletent la tendance evo
lutive generale de l'estuaire au desenvasement 
(Desprez & Dupont, 1985). 

2. En Baie de Somme, les especes-cles sont Hetero
mastus fili/ormis et Capitella capitata (Capitelli
des), Scrobicularia plana, Cerastoderma edule, 
Bathyporeia pi/osa et B. sarsi, especes qui refle-
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tent, comme pour Ie site precedent, l'evolution 
de l'ecosysteme (evolution sedimentaire et de la 
qualite des eaux). 

3. En Baie des Veys, six especes refietent l'evolution 
du peuplement pour la peri ode etudiee: Nereis 
diversicolor, Heteromastus jilijormis, Tubijicoi
des benedeni, Cerastoderma edule, Corophium 
volutator et Urothoe grimaldii. Par contre, les es
peces qui montrent Ie mieux les tendances evolu
tives de l'ecosysteme depuis 1972 (Sylvand, 1986) 
sont Pygospio elegans, Seoloplos armiger, Ma
coma balthica et encore Cerastoderma edule. 
Cette difference dans la nature des especes-cles 
tient a deux raisons essentielIes: 

la brievete du suivi COST et Ie manque de 
prelevements en 1984 ne permettent pas de 
degager des tendances evolutives significati
yes; 

- l'echantillonnage d'un nombre restreint de 
stations rend difficile l'extrapolation des re
sultats a l'ensemble du site etudie. 

Parmi les especes-cles de l'evolution des ecosyste
mes, certaines jouent veritablement un role de 'si
gnal' mettant en evidence une perturbation particu
liere des conditions de l'environnement. Ainsi, en 
Baie de Somme, l'apparition brutale des Capitelli
des en 1982 temoigne d'un apport massif de matie
re organique en suspension qui a indirectement 
contribue a la regression catastrophique des gise
ments de coques. Ce signal se surimpose au bruit 
de fond des variations saisonnieres des abondances 
et marque des periodes-charnieres de l'evolution 
des ecosystemes. Cependant, comme nous l'avons 
vu dans Ie cas de la Baie des Veys, plusieurs ecueils 
sont a eviter dans Ie cadre du suivi COST: 
* En matiere de periodicite de prelevements, Ie 

plan d'echantillonnage doit obligatoirement re
poser sur la connaissance d'un cycle saisonnier 
complet qui, seul, permet de preciser les perio
des les plus significatives du cycle annuel du 
peuplement etudie. En Baie des Veys, Ie plan 
d'echantillonnage mensuel realise en 1977 -1978 
met en evidence trois peri odes principales de 
prelevements imperatives: mars (minima des ef
fectifs et biomasses), juin et octobre (maxima 
des effectifs et biomasses) alors que les recom
mandations du COST, s'inspirant de l'observa
tion du rythme saisonnier des peuplements de la 
Mer des Wadden, preconisent des prelevements 
en fevrier-mars et aoilt-septembre. Malgre tout, 
seuls des prelevements mensuels peuvent mettre 

en evidence l'influence de facteurs catastrophi
ques comme les tempetes de nord-est qui s'ave
rent d'importance primordiale en Baie des Veys 
(Sylvand en preparation). 

* La representativite des stations choisies suppose 
un nombre minimum de stations judicieusement 
localisees dans les principaux facies reconnus 
pour chaque site (Hancock & Franklin, 1972). 
En Somme, la simple exploitation des resultats 
d'une station unique situee dans Ie facies a Ce
rastoderma edule traduit parfaitement la crise 
contemporaine de la peche a pied de ce coquilla
ge dans ce site. Les ten dances evolutives compa
rabIes de plusieurs especes de la Baie de Somme 
ne sont donc pas de simples analogies visuelles 
entre les differents graphiques comme en atteste 
Ie calcul des intervalles de confiance des moyen
nes des densites. 

A la notion d'especes-cles, caracteristiques de 
chacun des sites, s'oppose celIe d'especes-cibles. Les 
fluctuations d'abondance de ces dernieres ne re
pondent que peu ou pas aux perturbations propres 
a chacun des ecosystemes (Gray, 1979) et leur large 
distribution permet de suivre a grande echelle l'ef
fet de grands accidents climatiques comme les hi
vers rigoureux de 1979-1980 ou 1984-1985 (Beu
kema, 1985). A cet egard, Ie bivalve Macoma 
balthica peut etre considere comme une espece 
d'interet exceptionnel ayant justifie Ie choix de 
nombreux auteurs (Elliott & Mc Lusky, 1985; Ba
chelet meme recueil) qui ont etudie tant les fluctua
tions annuelles de l'abondance de cette espece que 
celles de son rythme de croissance. 

Le suivi regulier des peuplements a l'echelle de 
l'estuaire s'avere indissociable de celui des quelques 
stations COST pour permettre l'analyse globale de 
l'ecosysteme en ajoutant une dimension spatiale 
aux resultats. 

Afin de determiner les potentialites biologiques 
et economiques de milieux lagunaires (parmi les
quels prennent place les estuaires), Guelorget et al. 
(1983) on fait appel a la notion de confinement qui 
leur parait constituer Ie parametre fondamental de 
l'organisation du domaine paralique. Applique a 
nos estuaires, ce concept rend compte effectivement 
d'une zonation biologique quantitative des ecosys
temes etudies en faisant apparaite clairement les 
discontinuites qui s'installent Ie long du gradient 
qui s'etablit depuis Ie milieu marin jusqu'au milieu 
terrestre. 

Parallelement, Wilson et al. (1986) ont applique 



deux indices de qualite des estuaires (l'un chimique, 
l'autre biologique: Jeffrey et al., 1985) a la Seine et 
a la Somme. La zonation repose ici sur la structure 
des peuplements et l'importance relative des surfa
ces occupees par les especes opportunistes ou, au 
contraire, indiquant un certain degre de stabilite du 
systeme. 

Dans les deux types de recherches evoques ci
dessus, il s'agit de proposer une image globale et 
instantanee de l'etat de l'estuaire a un moment don
ne en vue de l'amenager au mieux de ses potentiali
tes (premiere methode) ou de mettre a jour des per
turbations graves de l'ecosysteme (deuxieme 
methode). Dans les deux cas, les investigations me
nent a des resultats complementaires qui font res
sortir essentiellement les effets dus aux activites hu
maines. Au contraire, Ie suivi de stations pilotes, a 
intervalle de temps regulier et a long-terme, comme 
dans Ie cadre du programme COST 647, permet, au 
travers des fluctuations d'abondance du benthos, 
de decouvrii de quel ordre est la variabilite due aux 
facteurs naturels ou aux substances polluantes. A 
notre sens, l'application des ces resultats precis, 
mais ne portant que sur quelques stations pilotes, 
ne peut rendre compte de l'evolution du systeme 
dans son entier que s'il est possible de recaler les re
sultats du COST avec ceux provenant d'etudes plus 
synthetiques comme celles evoquees ci-dessus. 

Afin de mieux cerner la causalite des phenome
nes biologiques observes, les resultats concernant la 
cinetique des populations peuvent etre completes 
par l'evaluation de la biomasse. En tant que teIle, 
comme nous l'avons mis en evidence en Baie des 
Veys, l'evaluation des variations mensuelles de la 
biomasse totale n'apporte pas d'information com
plementaire utile puisque les cycles observes se su
perposent en quelque station que ce soit a ceux des 
variations numeriques des especes de grande taille 
comme Arenicola marina et Cerastoderma edute. 
Par contre, Ie decours temporel des productions 
d'une espece comme Macoma balthica, tel que 
nous avons realise son suivi en estuaire de Seine 
(Ducrotoy & Desprez, 1986), apporte des renseigne
ments precieux sur les performances du bivalve 
dans l'estuaire considere et constitue un moyen 
d'evaluation de l'importance de cette espece vis-a
vis de la structure et du fonctionnement de l'ecosys
teme auquel elle appartient (Bachelet, 1982). D'au
tre part, Dauer & Conner (1980) ont montre sur les 
Polychetes qu'il est tres utile de determiner la pro-
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duction en plus de la structure de la communaute 
et du mode de reproduction de l'espece dans Ie cas 
de pollutions legeres comme celles que nous con
naissons dans nos estuaires. 

Dans Ie meme ordre d'idees, la biometrie des bi
valves debouche, au travers de l'etude de la crois
sance du test, sur une mesure des 'stress' sub
lethaux subis par ces organismes et permet de de
tecter des perturbations naturelles ou artificielles 
qui n'atteignent pas la structure des peuplements 
(Gray, 1979; Elliott & Mc Lusky, 1985; Ducrotoyet 
at., 1985). 

Ces etudes biometriques montrent que Ie rythme 
de croissance des populations de Macoma balthica 
des estuaires de Seine et de Somme est optimal par
mi les sites etudies tant en Europe qu'en Amerique 
du Nord (Bachelet,1980; Desprez, 1981; Elliot & Mc 
Lusky, 1985) et comparable a celui observe dans la 
Mer des Wadden (Lammens, 1967). Nous avons ce
pendant observe que l'estuaire de la Seine semble 
plus favorable a la croissance des jeunes et la Baie 
de Somme a celie des adultes; cette situation s'expli
que sans doute par la difference de qualite granulo
metrique du substrat de ces deux sites plutot que 
par la duree d'immersion plus importante en Seine 
(Hummel, 1985). En effet, les sediments de la sta
tion HaN 4 contiennent de 20 a 50010 de particules 
fines alors que ceux de Baie de Somme presentent 
toujours une teneur inferieure a 10%. Cette hypo
these est confortee par les resultats obtenus en 1982 
Ie long de la radiale HH qui presente un gradient 
d'affinement du bas vers Ie haut de l'estran (Ducro
toy et at., 1985). 

Le rythme de croissance de Cerastoderma edute, 
tel qu'il a ete etabli pour les annees 1982 et 1983, 
traduit la crise qu'a connu Ie gisement de la Baie de 
Somme lorsqu'on Ie compare avec Ie rythme obser
ve en 1985. Ce dernier est identique a celui observe 
par Orton (1926) a Plymouth, ce qui placerait la 
Baie de Somme au rang des meilleurs sites euro
peens en matiere de croissance de ce bivalve. Mais 
ce rythme est-il celui que l'on pouvait observer 
avant la crise? au bien s'agit-il d'une croissance de 
type exceptionneI liee a des conditions climatiques 
particulieres (hiver extremement rigoureux, ete sans 
fortes chaleurs)? Le rythme observe en 1981, sem
blable a ceux decrits dans de nombreux gisements 
des iles britanniques (Cole, 1956), appuie cette der
niere hypothese, a moins que la crise mise en evi
dence par l'evolution des effectifs en 1982-1983 
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n'ait en fait commence des 1981, la diminution de 
la vitesse de croissance annon~ant la chute des ef
fectifs. Ces questions, qui sont la consequence d'un 
manque de donnees anterieures, plaident en faveur 
d'etudes a long terme du type de celles menees dans 
Ie cadre du programme COST 647. 

Conclusion 

A l'issue du suivi realise dans Ie cadre du pro
gramme COST 647 en Baie des Veys depuis 1983, 
en estuaire de Seine depuis 1979 et en Baie de Som
me depuis 1981, diverses hypotheses sur l'evolution 
comparee des ecosystemes ont ete generees par di
vers types d'exploitation des donnees numeriques 
portant sur l'evolution temporelle des densites des 
especes macro benthiques en quelques stations pilo
tes mais aussi sur la production et la croissance des 
bivalves. Parmi les quelques techniques de calcul 
que nous avons appliquees, ce sont les techniques 
multivariees (Green, 1980) et en particulier l'analy
se factorielle de correspondance qui permettent au 
mieux de les Hayer (pour l'estuaire de la Seine, voir 
Desprez et al., 1985; pour la Baie de Somme, Du
crotoy & Lafite en preparation). 

Comme l'avaient montre Desprez et al. en 1983, 
l'incidence de l'hydrodynamisme local constitue un 
facteur preponderant dans les estuaires cotiers tels 
que ceux du nord-ouest de la France. Confrontees 
aux resultats obtenus depuis 1972, les informations 
acquises dans Ie cadre du COST 647 menent aux 
hypotheses complementaires suivantes sur les me
canismes evolutifs du milieu: 

* En Baie des Veys, on pres sent une 'rotation' 
des facies de l'ouest vers l'est de l'estuaire. Cela 
est reflete par Ie deplacement des depots fins 
vers Ie flanc est de la baie et s'accompagne de 
l'installation de caracteres biocenotiques estua
riens stables, la progression des especes et des se
diments marins sur Ie flanc ouest s'effectuant, 
au contraire, aux depens des facies estuariens. 

Aces facteurs hydrosedimentaires, s'ajoute
rait une perturbation d'origine anthropique 
com me la diffusion de polluants d'origine conti
nentale (nitrates et detergents anioniques no
tamment) qui se manifeste a plus grande echelle 
sur Ie flanc est. 
* Dans l'estuaire de la Seine, l'evolution des 
biocenoses traduit celle qui resulte essentielle-

ment des travaux de chenalisation du fleuve. 
Ainsi, la progression vers l'aval du schorre se de
roule aux depens des biocenoses benthiques es
tuariennes, l'acceleration du colmatage naturel 
des deux fosses de flot situees de part et d'autre 
du chenal de navigation s'accompagne de la pe
netration d'especes marines et Ie desenvasement 
des fosses de flot, amplifie par la realisation de 
deversoirs vis ant ales maintenir en eau, entralne 
la regression des especes estuariennes. Dans les 
mecanismes decrits, il reste a demontrer Ie role 
de substances chimiques telles que les polychlo
robiphenyls (PCB) et de la concentration alar
mante en metaux lourds (cadmium) mais aussi 
en sulfate de calcium (phosphogypse), en nitra
tes et phosphates (dans une moindre mesure). 
* En Baie de Somme, a l'evolution rap ide du mi
lieu qui acheve de subir Ie contre-coup de la 
construction de digues submersibles en 1969 et 
de polders en 1976, s'est ajoutee en 1982-1984 
une perturbation d'origine anthropique qui s'est 
traduite par un effondrement de la peche a pied. 

Parmi les facteurs explicatifs, il faudra tester 
l'influence des phosphates (celle des nitrates 
etant moindre ici), celle des metaux lourds (nic
kel, fer, zinc) et des hydrocarbures. Quant a la 
matiere organique, qu'elle soit dissoute ou parti
culaire, elle favorise une pollution bacteriologi
que dont la dynamique en milieu estuarien com
mence seulement a etre abordee (Dupont & 
Lafite, 1984). 

Si l'on rassemble les observations effectuees dans 
les trois estuaires fran~ais, il apparalt que: 

- les facteurs hydrodynamiques fa~onnent les 
bassins estuariens en entralnant une dissyme
trie de la repartition des facies par rapport a 
un axe amont-aval et modifient cette reparti
tion par a-coups bien observes au niveau des 
stations COST; 
l'aire occupee par Ie schorre augmente rapi
dement et, en meme temps, des sables enva
hissent les bas niveaux, entralnant une severe 
diminution de l'emprise spatiale des facies es
tuariens (slikke) en Seine et en Somme. 

Deux facteurs primordiaux modulent alors la ci
netique des populations benthiques: 

- parmi les facteurs climatiques envisages, la 
temperature joue un role regulateur vis-a-vis 
de nombreuses especes mais Ie lien avec Ie 
gradient de salinite reste a preciser; 



la pollution organique (matieres dissoutes ou 
particulaires) modi fie la repartition et l'abon
dance d'especes opportunistes qui traduisent 
ainsi la perturbation en cause. 

Parmi d'autres mecanismes qu'il faudra tester 
dans un avenir proche, mentionnons: 

les facteurs gouvernant Ie recrutement des es
peces benthiques (concentration de l'eau en 
oligo-elements ... ), 
la pathologie de ces animaux (parasitoses, vi
roses ... ), 
l'effet des predateurs et de la peche, 
la toxicite de substances exogenes naturelles 
ou artificielles (eaux rouges, pollution bacte
rienne, polluants chimiques ... ). 

Pour ces raisons, notamment, il s'avere indispen
sable, d'une part de continuer Ie suivi de l'abondan
ce de to utes les especes (chacune pouvant se reveler 
etre une espfxe-cte a posteriori, suivant Ie type 
d'evolution du milieu), d'autre part d'affiner la con
naissance de la production et de la croissance 
d'especes-cibtes comme Macoma balthica et en fin 
d'effectuer un suivi regulier des biofacies de chaque 
ecosysteme estuarien s'appuyant sur des techniques 
de teledetection (comme cela a ete fait dans la Som
me, Demarcq et at., 1979). 

Les estuaires macrotidaux dont nous avons expo
se l'etude du benthos, s'averent bien plus ins tables 
que les zones intertidales de la Mer des Wadden 
(Zijlstra, 1972; Beukema, 1982; Reise, 1982; Mad
sen, 1984) sachant que l'aire qu'ils occupent reste 
tres faible par rapport a la vaste etendue de la zone 
de balancement des marees des Pays-Bas, Allema
gne et Danemark. Le gradient de confinement yest 
nettement plus contracte et l'impact d'un phenome
ne comme l'eutrophisation, plus perturb ant, risque 
de compromettre des atouts economiques impor
tants. Sans savoir si nos estuaires etaient originelle
ment oligotrophes, ce caractere serait, de to utes fa
~ons, largement contrarie par l'apport massif de 
nutrients d'origine agricole qui favorisent des 
'blooms' phytoplanctoniques exceptionnels. A cela 
s'ajoute une pollution chimique (metaux lourds, 
hydrocarbures) qui rend difficile l'interpretation de 
facteurs naturels comme Ie climat agissant globale
ment et en synchronisme d'un site europeen a l'au
tre. 
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Abstract 

Few long-term data sets exist for meiofauna. Such data sets are expensive to collect, sort and identify; con
tinuous meiofauna data for a period of greater than two years are limited to one site in Belgium (7 yrs) and 
two sites (one mud, one sand) in South Carolina, USA (11 yrs). The Belgian study concentrates on benthic 
copepod abundances whereas data from South Carolina includes major taxa and benthic copepods as well 
as 4 years of concurrent macrofauna abundance and 3 years of nematode species abundances. 

In South Carolina, the variance associated with meiofaunal abundance had 6 or 12 month recurrent cycles. 
Similar analyses on 4 years of macrofauna from the same 2 sites indicated the same cyclicity: one year. Seaso
nality of the South Carolina major taxa and the 6 most abundant mud copepod species was pronounced 
at the mud site, but absent or less pronounced at the sand site. Similar results were also found for the nema
tode species over three years. Variability in meiofaunal abundance was greater year-to-year than within a year. 

Many such long-term data sets are analysed and abandoned. Herewith, I use our long-term results to 
hypothesize the causes of the high temporal variance in mud and the lower temporal variance in sand. Is 
it because the mud fauna is controlled by seasonal inputs of natant predators while at the hydrodynamically 
active sand site temporal variability is homogenized by constant physical activity? 

By appropriate statistical modelling long-term data sets can also be used to assess the appropriateness of 
the sampling schedule (spatial and temporal) and as a predictor of future trends. 

Introduction 

Consistently collected, replicated data sets are 
rare in most fields of ecology and even rarer in soft 
bottom benthic ecology. Such data sets are, of 
course, important for understanding ecosystem 
functioning (Wiens, 1977; Callahan, 1984) and crit
ical to determining if and how populations and 
communities fluctuate. With an increasing number 
of perturbations infringing on the world's coastral 
zone, long-term studies to illustrate how an 'ecosys
tem' (or a portion of it) should naturally function 
are requisite if such ecosystems are ever to be 

*Contribution No. 618 from the Belle W. Baruch Institute for 
Marine Biology and Coastal Research 

'repaired' following perturbation. While long-term 
data sets are thus extremely useful in and of them
selves, it is important to use them for more than 
just 'before' and 'after' studies or for simply 
describing cycles and their correlations with some 
biological of physical forcing function(s). 

If long-term data analysis is to be more than 
descriptive ecology then the data must also be used 
to generate testable hypotheses. The need for ac
curate hypothesis testing through controlled ex
perimentation has been reiterated throughout the 
literature (e.g. Platt, 1970; Connell, 1974, 1975; 
Dayton & Oliver, 1980) and long-term sets are ideal 
to generate hypotheses to be so tested. 

In this paper I provide a synopsis of the known 
long-term meiofauna data sets published to date 
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Fig. 1. A) Monthly mean abundance (±SE) of total meiobenthos at a mud and sand site in South Carolina, USA. The monthly values 
are the means of 11 years of January's, etc. 
B) Yearly mean abundance (±SE) of total meiofauna from the mud and sand South Carolina sites (from Coull, J985a). 

and suggest a new hypothesis that can be tested 
based on long-term South Carolina data. An over
view of a method to quantitatively alter a sampling 
regime without loosing much precision as well as 
an example of predictive forecasting of meiofaunal 
abundance are also provided. 

Synopsis of long-term meiofauna studies 

Typically, meiofaunal community/population 
studies have been temporally limited to a year or 
two in duration (e.g. Stripp, 1969; Tietjen, 1969; 
Coull, 1970; de Bovee & Soyer, 1974; Rudnick et ai, 
1985). Except for McIntyre & Murison's (1973) 
study where meiofauna were sampled monthly for 
1 year then irregularly for 9 years and my recent 
study (Coull, 1985a) where meiofauna were sam
pled at two sites monthly for 8 years and fortnight-

ly for 3 years, I am unaware of any other study that 
enumerates all meiofauna taxa for a period of 
greater than two years. There are, however, two data 
sets on the abundance of copepod species for 
longer periods i.e. a Belgian study for 7 years (Heip, 
1980; Herman & Heip 1983; Heip & Herman 1985) 
and our South Carolina study over 11 years (Coull 
& Dudley, 1985). Complementary to our 11 years of 
meiofauna taxa and copepod species, Eskin (1985) 
has studied the population dynamics and abun
dance of nematode species for 3 years at two sites 
and 4 years of data are available on macrofauna 
abundance at the same two sites. 

The 11 year South Carolina meiofauna taxon 
study was conducted at a mud and a sand site in the 
North Inlet estuary. Variability in abundance at the 
mud site was approximately twice that of the sand 
site (Fig. 1), and year-to-year variability was greater 
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Fig. 2. Spectra of total meiofauna and total copepods at the long-term South Carolina mud site. *Peaks that are significant (by Fishers 
Gcritstatistic) and are not harmonic anomalies. 

at both sites than the inherent seasonality. There 
were no long-term (> 1 yr) cycles (spectral time se
ries analysis) in the fauna (Figs. 2, 3), temperature 
(Fig. 4), or salinity at either site; 12 months was the 
recurrent cycle throughout the data, with total 
copepods at the mud site having six month and one 
year (actually 13 & 15 month) cycles (Fig. 2). Total 
nematodes at the sand site had no recurrent perio
dicity (Fig. 3). The years 1975 -1977 had the 
highest abundances at both sites (Fig. IB), but 
these peaks were not correlated with any of the 
measured physical variables. This mid-1970's abun
dance maxima, which had the same seasonal cycle 

as other years, was not part of a longer term trend; 
but demonstrates the unexplainable variability in 
natural meiofauna abundance. 

While macrofaunal cycling is not officially with
in the framework of this meiofauna paper; the 
macrofauna, too, had a statistically repeatable cycle 
of but one year at both South Carolina sites. Fig. 5 
illustrates the spectral analysis plot of polychaete 
abundance at the sand site, a variance plot typical 
of the total macrofauna and polychaetes at the 
long-term meiofauna sand and mud sites. 

When the data set length is long enough for 
cylces to be repeated (i.e. replicated), the copepod 
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Fig. 3. Spectra of total meiofauna and total nematodes at the long-term South Carolina sand site. *Peaks that are significant (by Fishers 
Gcritstatistic) and are not harmonic anomalies. 

species data from the Belgian site and the South 
Carolina sites are quite similar. Of the sixteen spe
cies for which spectral analyses are available (4 
from Belgium, Heip & Herman, 1985; 12 from 
South Carolina, Coull & Dudley, 1985), only one 
has a statistically repeatable cycle of greater than 
one year i.e. Canuella perplexa in Belgium appears 
to have a 3.5 yr cycle (Herman & Heip, 1983). Heip 
& Herman (1985) report cycles of 4.6 years for 
Paronychocamptus nanus and Halicyciops mag
niceps, but since the data set length is only seven 
years, these can only be predicted cycles (Kirk et al., 

1979, p. 72) not empirically replicated ones. Cer
tainly there are oscillations of greater than one year 
in the Belgian and South Carolina copepods but no 
time series method can resolve cycle great her than 
VI the length of the time series because the cycle 
must be repeated to determine if it is indeed a true 
cycle. 

In South Carolina three of the dominant species 
at the sand site (Leptastacus macronyx, Kliopsyllus 
constrictus and Arenosetella spinicauda) declined 
significantly in abundance over the eleven years. 
All three are interstitial forms. However, two of the 
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three species that did not decline significantly (T. 
hyaenae and H winonne) are epibenthic forms 
which occupied the sediment surface. The number 
of species did not change seasonally or over the 
eleven years at the mud site, but at the sand site, the 
number of species significantly decreased over the 
study period, concomitant with the lower median 
grain size and decreased sediment sorting (Coull, 
1985a; 1985b). The finer, sediments apparently 
eliminated the interstitial habitat necessary for Lep
tastacus macronyx, Kliopsyllus constrictus, 
Arenosetella spinicauda and other less abundant 
interstitial species. 

"""' I 
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Nematode species data from the two South 
Carolina sites for 1980 through 1983 demonstrated 
the same general patterns as those of the eleven 
years copepod species data set (see Coull & Dudley, 
1985) in that the mud nematode species were much 
more seasonal than were the sand species (Table 1). 
Four of the six most common mud species were dis
tinctly seasonal; the two non-seasonal species were 
present throughout the year. At the sand site, only 
Paracomesoma hexasetosum was clearly seasonal 

o )0 20 30 40 50 

PERIOD (MONTHS) 

Fig. 5. Spectra of total macrofauna! polychaetes at the South 
Carolina long-term sand meiofaunal site. *Significant peak. 
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Table 1. Seasonal rank abundance of the most abundant 
nematode species at the South Carolina mud and sand sites over 
3 years. Seasons with common underlines are not significantly 
different in abundance (Tukey's studentized range test, a = 

0.05). Seasons are Su = Summer; Sp = Spring; A = Autumn; 
W = Winter. (From Eskin 1985). 

Species Season 

MUD: 
Daptonema erectum Sp W A Su 
Sabatieria americana Sp W Su A 
Sabatieria kelleti F Sp W Su 
Ptycholaimellus hibernus W Sp A Su 
Dorylaimopsis metatypica W Sp Su A 
Viscosia brachylaimoides Su Sp A W 
SAND: 
Daptonema sp. Su A W Sp 
Paracomesoma hexasetosum Sp Su A W 
Sabatieria armata Su Sp A W 
Parapomponema macrospiralis Su Sp W A 
Oncholaimoides striatus W Sp A Su 

of the most abundant species (Eskin, 1985). 
With but three years of nematode species data the 
maximum period discernable by spectral analysis 
would have been 1.5 years; thus time series analysis 
was not conducted on the nematode species. 

Hypotheses suggested by the long-term data 

I (Coull, 1985b) have previously suggested that 
the South Carolina meiofauna data set be used as 
the basis for two testable hypotheses i.e. 1) the sea
sonal abundance patterns with peak abundance in 
spring at the mud site and peak abundance in sum
mer at the sand site (see Fig. lA) were controlled by 
different factors. Specifically, I proposed that the 
mud faunal pattern was controlled by juvenile fish 
predation that was absent in the sand. We have test
ed this hypothesis experimentally and the results 
will be published shortly (Smith & Coull, in press); 
and 2) the decline in copepod abundance and 
species diversity over the eleven years at the sand 
site was a result of decreasing grain size and elimi
nation of the interstitial space. This hypothesis has 
yet to be tested experimentally. 

In my 'hypothesis generating' paper (Coull, 
1985b), in addition to stating the proposed hypoth
eses I suggested ways to test them. Below, I provide 
another (third) hypothesis and ideas on how to test 
it experimentally; an hypothesis generated, again, 

only because of the long term South Carolina data 
set. 

It is obvious that the mud meiofauna is much 
more variable temporally than the sand meiofauna 
(Fig. 1). Without repeating every such bit of infor
mation reported by Coull (1985a), Coull & Dudley 
(1985) and Eskin (1985), the mud meiofauna had a 
mean annual range of 979 animals·1O cm -2; the 
sand fauna = 536 . 10 cm -2; over the eleven 
years the mud meiofauna ranged from 
93 - 6462 . 10 cm - 2, the sand fauna from 
313 - 3498; the coefficient of variation at the mud 
site was 69.7 (X of 11 yr) and 40.2 at the sand site; 
nematode and copepod species were distinctly sea
sonal at the mud site and either aseasonal or with 
just a few species seasonal at the sand site. Listing 
just these few (of many such) measures, and despite 
the fact that the sand site granulometry changed 
while the mud site granulometry remained con
stant, it is clear that even in the more hydrodynami
cally benign mud, some factor(s) is (are) causing 
greater temporal variability in mud than in sand. 

A priori I would have predicted the mud habitat 
to be 'less disturbed-more stable' than the hydrody
namically active sandy habitat with its megaripples 
and significant amount of crossbedding, and there
fore, mud populations would be expected to show 
less fluctuation in temporal variance. I propose as 
an hypothesis, however, that the frequent 
hydrodynamic disturbances in the sand habitat 
'homogenizes' the fauna maintaining it relatively 
constant over time, while at the mud site biological, 
not hydrodynamic, factors influence the greater 
temporal variability. A general corollary to this 
hypothesis, then, is that assemblages that are bio
logically controlled are more variable in time than 
those under constant physical perturbation. All hy
potheses, must of course, be falsifiable and below 
I outline two potential ways to falsify the above 
stated hypothesis. 

One way to test the hypothesis is by a natural ex
periment, where one monitors the variability of the 
fauna (sensu Coull, 1985a; Coull & Dudley, 1985) 
as a site changes from sand to mud or vice-versa. 
Changing a site from mud to sand would probably 
require some catastrophic event (hurricane etc.) to 
deposit a significant amount of sandy sediment on 
top of an already existing mud site. Such a cata
strophic change would, I fear, be so drastic that a 
natural experiment would not provide the gradual 



progression necessary for quantifying changes over 
the seasons. A change from sand to mud is more 
realistic and indeed is already occurring at our sand 
site. This then seems to be the ideal situation to nat
urally test the hypothesis. The sand flat which we 
sample has undergone several large physiographic 
changes in the last decade. Spartina islands have 
now invaded and the large megaripples reported by 
Grant (1981) have decreased. The sand flat was 
(1972-1977) essentially in the main inlet channel 
from the Atlantic Ocean (see Fig. 1 in Grant, 1981). 
Now, the barrier island that fronts the ocean has 
prograded south and the sand flat has become 
more protected. Concommitant with the prograd
ing barrier island has been a 93 /-tm decrease in me
dian grain size and increased sediment sorting (bet
ter sorted). It appears that the sand flat is one in 
transition from sand to sandy mud. If it continues 
on this trajectory it should, in time, become a mud
dy site. The hypothesis then is falsified if the mud
dy fauna (on the original sand site) maintains low 
variability; supported if it becomes highly variable 
as it is in the present mud site. 

A second way to test the hypothesis is by sedi
ment manipulation i.e. transplanting mud sedi
ments to the sand site and vice-versa. Such trans
plant experiments are, of course, not easy to do but 
if logistically feasible and persistent, would allow 
one to monitor temporal variability to determine if, 
indeed, the hydrodynamic regime or the sediment 
type controls the observed temporal variability. For 
example, if the transplanted sand (in the mud site) 
persisted with low faunal variability or the trans
planted mud (at the sand site) persisted with high 
variability, it would seem clear (with proper replica
tion etc.) that sediment type per se was the primary 
factor. If the temporal faunal patterns did not per
sist, but reversed, then hydrodynamic factors would 
be implicated. 

I have not conducted these experiments nor do I 
know if they will work and certainly alternative hy
potheses could be proposed to account for my ob
servations. My point, however, is not to provide ful
ly designed, infallible experiments or the only 
hypothesis, but to demonstrate that long-term data 
sets can, and should, be used to generate testable 
hypotheses. The above hypothesis (see Coull, 1985b 
for 2 others), would not have been possible without 
my long-term data set. 
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Predictive modelling 

Prediction of future events and efforts should be 
one of the goals of long-term ecological research. 
Such questions as how many samples need be col
lected at each sampling interval to derive a 
predetermined variance; how should these samples 
best be spaced temporally and can one predict the 
abundance (or some other parameter) with some 
level of confidence into the future need be asked if 
a long-term data set is to be useful for future en
deavors. If for example, monitoring is to be con
tinued can it be reduced both temporally and spa
tially to make it more cost efficient but still 
maintain population estimates within a reasonable 
range of error? Edwards & Coull (submitted MS) 
outline an autoregressive technique (ARIMA) to 
determine the number of, and spacing, of samples 
necessary to continue cost effective monitoring 
without loosing much statistical precision in es
timating trends. Using the eleven year South Caro
lina data set they found that to determine the num
ber of replicates necessary one has to calculate the 
ratio of replication variance to overall variance. For 
the eleven year data set two replicates provide ratios 
of 0.15 -0.30; 3 replicates 0.10-0.20. Reducing this 
ratio provides greater statistical sensitivity. One 
needs to determine the acceptable ratio for each 
data set. 

Suppose after sampling monthly or biweekly for 
some period of time it is decided to reduce the 
number of samples taken. One must determine the 
standard error (SE) of the trend estimator (estimat
ed by an autoregressive procedure - Edwards & 
Coull, submitted). This calculation takes a fairly 
large (mainframe) computer, and is designed to 
consider rational choices in sample reduction (e.g. 
dropping every other sample date, etc.). Edwards & 
Coull (submitted) tested this methodology by com
paring the SE of the trend estimator from the actu
al data set and the model. Table 2 lists the results 
for data collected in the long-term South Carolina 
meiofauna study. The modelled eleven year values 
check very well with the observed 11 year values 
(Column 1). The loss of precision is switching from 
a monthly sampling regime to, for example, a quar
terly sampling regime, is not great; the standard er
ror only changes from 0.0478 to 0.0510 for total 
meiofauna at the mud site. The larger the data set 
(e.g. total meiofauna, nematodes, etc.) the more ac-
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Table 2. Standard errors (actual & projected) for the trend estimator (/3) under different temporal sampling plans. 

MEASUREMENT 

A. MUD SITE 
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B. SAND SITE 
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Fig. 6. Median abundance of gastrotrichs at the sand site (retransformed to No. 10 cm -2) and 95010 confidence bands, extrapolated 
beyond the original data set to January 1985. The September 1984 'real' data point is indicated. 



curate the prediction. Programs are available for 
this calculation. 

Besides determining sampling schemes for future 
reseach, long-term data sets can also be used, using 
ARIMA, for prediction of future trends. Using this 
technique Edwards & Coull (submitted), predicted 
± simultaneous 95070 confidence bands for the 
abundance trend of various taxa for a year beyond 
the last sampling data. Figure 6 illustrates the con
fidence bands and median number of gastrotrichs 
for the period Jan 1975 - Dec 1983 and the predict
ed median number (±95OJo CI) for 1984. Note the 
confidence bands become wider the further re
moved from the empirical end point, thus predic
tions far into the future are not very precise. To 
roughly estimate the precision of the model, we 
sorted samples from September 1984 (i.e. in the 
predicted region). Median gas trot rich abundance (2 
replicates) at the sand site was 510 ·\0 cm -2 just 
within the confidence band (see Fig. 6), fitting well 
within our predicted upward trend. 

Summary 

Long term meiofauna data sets are rare, but of 
those available it appears that one year is the pri
mary recurrent cycle in meiofaunal assemblages. 
Long-term data sets should be used beyond their 
descriptive phase for generating testable hypotheses 
and predicting future sampling regimes and trends. 
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Abstract 

The predictability of temporal changes was analysed in the population density of three meiobenthic cope
pod species, and for three parameters characterizing this community. For Paronychocamptus nanus and 
Tachidius disci pes a large part of the variation in time scales longer than 1 year is explainable as cyclic factors. 
In P. nanus clear cyles with periods of 2 years and 1.5 years were found. These cyclic factors can be extrapolat
ed for prediction. In Canuella perplexa almost all the variation was due to unpredictable long-term drift. 
Community parameters are generally better predicted than population densities. In our data set total density 
of the copepods was the best parameter to monitor. Monitoring does not necessitate a strict sampling scheme; 
irregular quarterly sampling from the P. nanus series showed that the essential features of the series were 
still discernible. 

Introduction 

Correct assessment of the biological conse
quences of pollution in coastal waters demands pri
or and adequate understanding of the scales and 
causes of natural ecological variation (COST 47 
Activity Report 1983). Predictability of monitored 
variables chosen to describe the community is a 
central assumption of ecological monitoring strate
gies. Effects of pollution can only be inferred when 
the variates differ significantly from what is expect
ed based on previous experience; that is, when the 
observation(s) fall(s) outside the predicted range. 

Ideally, prediction should be based on a com
plete understanding of the intricate ecological in
teractions governing the dynamics of populations 
and communities, but this is hardly possible. How
ever, even when the causes of variation are un
known or unquantified, prediction may still be pos
sible on a purely statistical basis. For example, it is 
not necessary to understand the laws governing the 
movements in the planetary system to predict when 
the sun will rise tomorrow. When the variation in 

a variable is (partly) regular, this regularity can pro
vide the basis for prediction. 

Populations are variable in time and space. Both 
sources of variation must be studied for monitoring 
purposes. Here we will consider temporal variabili
ty of meiobenthic copepods from a shallow 
brackish-water pond. This environment has some 
disadvantages: large temperature fluctuations and 
a long-term trend in salinity. However, both can be 
quantified and considered as forcing functions. 
Sometimes catastrophic events occur: ice formation 
or drying. On the other hand there is no advection, 
a factor which has recently been shown to be of im
portance for meiofauna (Palmer, 1984), and tem
poral variability is much larger than spatial varia
bility (Heip & Engels, 1977). As is typical for the 
meiofauna (Warwick, 1984), reproduction is much 
more predictable than for most macrofauna popu
lations. The phenology of reproduction, measured 
as the date when the populations start to increase 
exponentially, is very constant from year to year 
(Heip, 1980a). 

Harpacticoid copepods are small organisms, 
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around 1 mm or less long and weighing between 0.5 
and 5 j1g dry weight. Development times are typi
cally around two-three weeks and they are short
lived. One therefore expects that the relevant time
scales will be in the order of less than to about one 
year. This argument has frequently been used in 
favour of using harpacticoid copepods in pollution 
studies (Heip, 1980b). 

In previous studies of this community we have 
shown that long-term periodicity is important, at 
least in some of the populations. The time series 
were studied by Maximum Entropy Spectral Analy
sis (Herman & Heip, 1983a; Heip & Herman, 
1985). The highest peaks in the spectra were often 
found for periodicities of two to five years. These 
results differ basically from those reported for estu
arine copepods in South Carolina, USA by Coull 
(1985) and Coull & Dudley (1985), who found no 
periodicity longer than one year. 

In this paper we will address the following ques
tions: 

a) How predictable (and how truly cyclical) is 
the temporal variation on time scales in excess of 2 
months in our populations and communities? 

b) What parameters can be used for prediction 
of future states of the system? 

c) What is the sampling effort required? 

Material and methods 

The sampling site and techniques are described 
in many previous papers (e.g. Heip, 1980a). The 
time-series is based on fortnightly samples from 
August 1968 till December 1976. One sample was 
analysed on each date. Copepod species density 
and population composition were determined, 
from which biomass and respiration were calculat
ed. Species richness is low and attention in this pa
per will be focused on the three dominants Parony
chocampfus nan us, Tachidius disci pes and 
Canuella perplexa. For more information on these 
species we refer to Heip (1980a), Herman & Heip 
(1983a, b; 1985) and Herman, Heip & Guillemijn 
(1984). 

The analysis in this paper is independent from 
the spectral analysis performed earlier. Here we use 
a simple but very robust procedure, described by 
Kendall (1976). The data series were grouped per 
two months, so that, e.g. the 'J an.- Feb.' value of 

1973 is the mean from all the samples that were tak
en in these two months. The series is split into three 
elements: a) a long-term trend (which can further 
be split into a linear trend and more or less regular 
fluctuations around it); b) cyclic components (in
cluding seasonal effects); c) irregular or random ef
fects. These elements are analysed after log
transformation of the series (the rationale being 
that multiplicative effects are more important than 
additive effects). 

Kendall's (1976) method for the extraction of sea
sonal effects proceeds as follows: 

a) a moving average with a length of one year is 
calculated. 

b) this long-term trend is subtracted from the se
ries 

c) from the residual series seasonal components 
are calculated by taking the average values over the 
first two months of each year, over the second two 
months of each year and so on. These six 'raw' cy
clic effects are also averaged, and their average is 
subtracted from the six values. These final values 
express the seasonal effects, and are subtracted 
from the residuals. These new residuals are then 
checked to see if any periodicity remains. 

Examination of the residuals of several of our se
ries showed that an important cyclicity with period 
2 years remained. The analysis was, in these cases, 
adapted to extract 2-yr. cyclic effects (and, at the 
same time, all effects with periods of an integer 
fraction of 2 years, i.e. 1 year, 0.5 year etc.). In this 
analysis we calculated from the original series a 
2-yr. moving average, instead of a I-yr. moving aver
age, and proceeded to extract 12 raw and adjusted 
cyclic components (analogous to the seasonal com
ponents) by averaging the residuals of the first, sec
ond, ... , twelfth two-month interval. Thus an aver
age was made of the residuals in Jan.- Feb. of every 
second year, Mar.-Apr. of every second year, etc. 
The seventh period is again Jan.- Feb., the eighth 
again Mar.-Apr., but these are other cyclic compo
nents than the first six values. 

For the density of Paronychocampfus nan us, and 
the community parameters influenced by this den
sity, a periodicity of 1.5 year was found in the 
residuals after extraction of 2 years period compo
nents. This periodicity was further subtracted in a 
similar way, whereafter the residuals were irregular 
(note that the subtraction of the 1.5 year periodicity 
was performed after the extraction of the 2 years 



period components, and did not replace it, as the 
2 year component extraction replaced the seasonal 
component extraction). 

To check whether a series is random or irregular 
one studies the correlogram of the series, construct
ed on the basis of autocorrelation (see Platt & Den
man, 1976), the correlation of the series with itself 
at a certain time-lag. 

When a series is decomposed in this way, it can 
be used in forecasting: by reassembling the trend, 
the seasonal and other cyclic effects and the oscilla
tions around the trend we can project the series for
ward in time. 

Results 

1. Paronychocamptus nanus 

Figure 1A shows the autocorrelation values of 
the density of P. nanus after extraction of a 2 yr. 
moving average. It is apparent that cyclical ele
ments are present in the series. These were not re
moved by extraction of the average seasonal cycle 
(average within-year effect). We therefore proceed
ed to extract a cyclic component with period 2 yr. 
from the series. This component is highly asym
metric between one year and the next (Fig. 2C). 
The residuals after extraction of the 2 yr. moving 
average (Fig. 2B) and the 2 yr. period cyclical com
ponent are shown in Fig. 20. It immediately ap
pears from inspection of the data and the correlo
gram (Fig. 1B) that another cyclic phenomenon, 
with period 1.5 yr., dominates this residual series. 
The 1.5 yr. component was extracted, and added to 
the 2 yr. component (Fig. 2E). A kind of interfer
ence pattern is produced, that mimicks very well 
the detrended series. The final residuals are shown 
in Fig. 2F. This series is produced by subtracting 
from the original series (Fig. 2A) the 2 yr. moving 
average (Fig. 2B) and the summed cyclic compo
nents (Fig. 2E). Note that, because we do not force 
the 'cyclic components' to take the form of sine 
waves, cycles with frequencies that are integer mul
tiples of the basic frequencies, are also filtered out. 
Thus the extraction of a cyclical component with 
period 2 yr., in principle also extracts components 
with periods 1 yr., 2/3 yr., 112 yr., 2/5 yr., 113 yr. 

The correlogram of the final residuals (Fig. IC) 
reveals no particular structure left. The division of 
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Fig. 1. Density of Paronychocampfus nanus: autocorrelogram 
of the original series (Fig. lA), after extraction of the 2-years 
period components (Fig. IB), and residuals after further extrac
tion of the 1.5 year period. 
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Fig. 2. Density of Paronychocampfus nanus: original series (Fig. 2A), 2-yr. moving average calculated from this series (Fig. 2B), extract
ed 2-yr. cycle (Fig. 2C), residuals after extraction of the 2-yr. moving average and the 2-yr. cycle (Fig. 2D), sum of the 2-yr. and 1.5-yr. 
cycles (Fig. 2E), and final residuals (after extraction of the 2-yr. moving average, and the 2-yr. and 1.5-yr. cycles). 



the Sums of Squares of the original series between 
the different components is shown in Table 1. 

The SS of the different components add to a 
higher amount than the SS of the original series, 
indicating that there is a (small) negative covari
ance between the components. 

A relatively large proportion of the variance of 
the original series (appr. 7 S %) is explained by the 
summed cyclic components. For predictive pur
poses, these can in principle be extrapolated to the 
future. As a test we estimated the harmonic compo
nent from the series between 1968 and 1974, thus 
neglecting the last two years. It is seen from Fig. 3 
that the pattern coincides reasonably well with that 
estimated for the whole series (Fig. 2E). 

Table 1. 7-years series of the density of Paronychocampfus na
nus: division of the Sums of Squares of the ofiginal series be
tween the different components. The first and last year of the 
series have been left out, since we have no values for most com
ponents here. 

Series 

Original series (' 69 - '75) 
Moving average 
2 yr. cycle 
1.5 yr cycle 
Residuals 
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Fig. 3. Density of Paronychocampfus nanus: Cyclic compo
nents (sum of 2-yr. cycle and 1.5-yr. cycle) determined on part of 
the original series: 1975 and 1976 are left out of the analysis. 
Compare with Fig. 2E. 
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2. Other series 

As in P. nanus, the only identifiable structure in 
the other series are the cycles that were already rev
ealed by the spectral analysis (Herman & Heip, 
1983a; Heip & Herman, 1985). In Canuella per
plexa the spectrum was largely dominated by a 
peak in the very low frequencies (the peak value 
corresponded to a period of 3.8 yr.). Correspond
ingly, we find very little structure in the autocor
relogram after extraction of the trend (Fig. 4). A 
very small (yearly) seasonal factor was found 
(Fig. SB). Inclusion of the years 1968 and 1969 has 
a profound influence on the interpretation of the 
long-term trend (dashed line in Fig. SA). From 
1970 onwards a kind of cycle, such as shown by the 
spectral analysis, can be seen. However, as the spe
cies was completely absent in the winter '68 -'69, 
this pattern is abruptly changed. C perplexa was 
also completely absent in 1980. The population 
seems to crash and be refounded at irregular inter
vals, which makes prediction of its numbers a very 
difficult task. 

For Tachidius discipes the spectrum is largely 
dominated by a peak on 1 yr. Small peaks cor
respond to periods of 2 yr., 112 yr. and 1.5 yr. (note 
that MESA does not provide a test for the statisti
cal significance of the peaks). Extraction of com
ponents with period 2 yr. or integer fractions there
of explains about 70070 of the variance of the 

Oetrended 

1.0 

0.5 

I - 0 . 5 .L..-~--+----+-+---+--+---+-+----+---+---+---i 
2 

Lag (yr.) 
Fig. 4. Density of Canuella perplexa: autocorrelogram after ex
traction of a I-yr. moving average from the series. 
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-2.5 '--I---+-+--+-+---+-+--i---i 
68 69 70 71 72 73 74 75 76 

Fig. 5. Density of Canue/la perp/exa: original series (Fig. SA, 
full line), with superimposed I-yr. moving average (dashed line). 
Extracted I-yr. cycle is shown in Fig. SB. 

detrended series. (Fig. 6). The residual variance is 
further reduced by one third after the extraction of 
a 1.5 yr. period component. Trend is relatively 
unimportant (Fig. 6A: dashed line). Trend and 
residual variance contain about 250/0 of the vari
ance of the original series. In fact, this series is very 
predictable, except for the unusually high peak of 
1975, and the second peak in 1976, which is, howev
er, attributable to a special event (part of the pond 
dried out in this very warm summer). 

3. Community parameters 

As we stressed earlier (Heip & Herman, 1985) the 

In (density) 

6 

3 

68 69 70 71 72 73 74 75 76 

2-yr. cycle 

3 

o 

-3L--ir--r_1---+-+--+-+--+~ 
68 69 70 71 72 73 74 75 76 

Fig. 6. Density of Tachidius disci pes: original series (Fig. 6A, 
full line), with superimposed 2-yr. moving average (dashed line). 
Extracted 2-yr. cycle is shown in Fig. 6B. 

community parameters 'total density', 'total bi
omass' and 'community respiration' show little or 
no trend (Figs 7, 8, 9: dashed lines). This is espe
cially so for respiration, the most stable parameter 
of the three. The community parameters are also 
much more stable than the densities of the constitu
ent species in another sense. The coefficients of 
variation (CV = 100 six) are much smaller than for 
the population densities (Table 2). 

About an equal fraction of the SS (2/3) in total 
density and in respiration is explained by cyclic fac
tors (periods 2 yr. and 1.5 yr. summed). In biomass 
this is much less « 11 4) and this series is almost 
completely non-seasonal. 
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Fig. 7. Total copepod density in the community studied: origi
nal series (full line) and 2-yr. moving average (dashed line). 

In (Biomass) 

7.0 

4.5 
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Fig. 8. Total biomass of the copepods in the community stud
ied: original series (full line) and 2-yr. moving average (dashed 
line). 

Table 2. Comparison of the coefficient of variation (CV = 

s/x* 100010) between the density series of three meiobenthic 
copepods, and three parameters of the meiobenthic copepod 
community. 

Series 

P. nanus density 
T. disci pes density 
C. perplexa density 
Total density 
Biomass 
Respiration 

CV (%) 

32 
94 
49 
17 
17 
15 
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In (Respiration) 

9 

6 

68 69 70 71 72 73 74 75 76 

Fig. 9. Total respiration of the copepods in the community 
studied: original series (full line) and 2-yr. moving average 
(dashed line). 

4. An inefficient sampling scheme for P. nanus 

Due to storms, unavailability of research vessels, 
broken cables, damage to the winches, administra
tive or financial problems, lack of time and other 
miscellaneous problems, it is not always possible to 
follow a strict sampling scheme (e.g. monthly) for 
a station at sea. As an example we took the roughly 
seasonal sampling scheme that was realized for a 
few stations in the Belgian coastal zone between 
1977 and 1983 (Herman R., unpublished). We 
transposed the dates 7 years back, and took from 
the fortnightly series of Dievengat samples of P. na
nus the one that was next to each date. These sam
ples were subsequently taken as representative for 
the season in which they fell (Winter, Spring, Sum
mer, Fall). Values for unsampled seasons were 
linearly interpolated. 

The resulting series is shown in Fig. 10 (Compare 
with Fig. 2). Surprisingly, the major features of the 
original series are well preserved. After extraction 
of the trend, the 2 yr. periodicity (Fig. lOB) is ap
parent. It is very similar in form to that extracted 
from the whole series (Fig. 2C). Even the 1.5 yr. cy
de can be clearly seen in the residuals. The com
pound harmonic part of the series (Fig. 1OC) is very 
comparable to the one in the complete series (com
pare Fig. 2E). 
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Fig. 10. Paronychocamptus nan us: samples taken from the 
original series according to a (realized) irregular sampling 
scheme (see text). A: density, B: extracted 2-yr. cycle, C: sum of 
the extracted 2-yr. and 1.5 yr. cycles. 

Discussion 

Of the three population density time-series dis
cussed here, two have an important part of their 
variance explained by cyclic terms. This part may, 
in principle, be usable for prediction purposes. This 
is certainly the case for seasonal (1 yr.) factors. The 
mechanism underlying seasonal variation is obvi
ous, and one can be sure about the exact period, 
and the truly cyclic nature of the phenomena. It is, 
however, less sure for 2 yr. periods. The succession 
of high peaks by lower ones the next year, higher 
again the next year etc. may be produced by chance. 
However, if the peak's height is purely random, 
only in one case out of 64 an alternating pattern 
will be produced in 8 successive years. Therefore we 
consider the 2 yr. period cycle in P. nanus to be 
most likely a truly cyclic phenomenon. 

What to do, however, with a 1.5 yr. period cycle? 
A 1.5 yr. period swing is undoubtedly present in the 
data. The problem in interpreting it as a long
lasting, true cycle is that we cannot conceive of a 
mechanism producing it. Moreover, although the 
2 yr. and 1.5 yr. period cycles are observed 3 to 4 
times in the series, the 'interference pattern' be
tween them is repeated only once every 6 yr. This is 
about equal to the period of observation. 

In contrast to the situation for P. nanus and T. 
disci pes, in the c. perplexa series almost no cycling 
was present, compared to the importance of the 
long-term trend. 

In all the series studied, no particular structure 
was left after extraction of cyclic components and 
trend. Trend in particular may render prediction 
difficult. We can take the trend in P. nanus as an ex
ample. This can be decomposed in a linear trend 
with negative slope, and a long-term swing around 
this line. MESA - spectral analysis indicated that 
the dominant period in this swing is 4.6 yr. (Her
man & Heip, 1983; Heip & Herman, 1985). Howev
er, the determination of the period is unsure, as is 
the answer to the question if a cycle is really pres
ent. Obviously, extrapolation to the future depends 
on this answer. 

The same is true for the linear trend. Extrapola
tion of this trend yields highly unrealistic values for 
1980. The mean density in this year was about 
350 indo per 10 cm2 (Herman & Heip, 1985), 
whereas the predicted value of the trend cor
responds to about 9.5 indo per 10 cm2• Is the 'line-



ar' trend part of an oscillation with a very long 
period, or is there random or pseudocyclic fluctua
tion in the yearly mean densities? One would need 
at least 20 year of data in order to choose between 
the alternatives. 

Based on the data between 1968 and 1974, one 
would hardly suppose a negative trend at all. The 
best fitting line on the moving average between 
mid-1969 and mid-1973 has a slope of -0.10 per 
year, compared to - 0.20 per year for the whole se
ries. 

The difficulty of interpreting patterns in trend is 
also illustrated by the C. perplexa series. MESA 
revealed a 3.8 yr. periodicity in the data between '70 
and '76. This can still be found back in the trend 
(Fig. 5A), but the '68 -'69 data clearly distort this 
pattern. Similarly, the harmonic extrapolation of 
the 3.8-years period 'cycle' would not have predict
ed the disappearance of the population in 1980. 

Gray & Christie (1982) postulated that oscilla
tions with periods of 6 - 7, 10 -12, ... yr. may be a 
rule in marine populations. However, the evidence 
for this is still very scarce. The mechanisms they 
propose are unlikely to have any influence in an en
closed pond such as the Dievengat (except, maybe, 
for the (in)famous 'sunspot cycle'). On the other 
hand, the fact that cyclicity is the only pattern 
emerging on shorter terms, may provide some kind 
of justification for the search for cycles, even on the 
longer time scales. 

Heip & Herman (1985) showed that the commu
nity parameters had less linear trend and less long
term fluctuations than the densities of the constitu
ent species. This greater stability of community 
parameters is also shown in the coefficients of vari
ation (Table 2). Stability is most pronounced in the 
'functional' parameter respiration. Considering the 
whole system in which we sampled the meiobenthic 
copepods, the function of the 'copepod black box' 
is probably best represented by the total respiration, 
as it is highly correlated with production (Herman 
et al., 1984). Most of the variation in respiration is 
explained by cyclic components. Trend is almost 
completely absent, and the residual variance is 
small. These features make it a very predictable se
ries, and a likely candidate for monitoring pur
poses. There are two drawbacks, however: 1) it is 
not known how sensitive a measure this parameter 
is for changes in the environment: will it remain un
changed even after dramatic changes in the com-
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munity? 2) it is not easily measured. Total density 
and biomass are much easier to measure. If the 
sampling scheme is intensive enough to estimate 
seasonal or other cyclic components, total density 
seems to be the preferable parameter. 

As shown by our exercise on P. nanus, even a very 
inefficient sampling scheme was able to reveal most 
of the structure in this relatively complex series. 
Monitoring does not seem to depend too heavily on 
a close interval sampling scheme. As a rule of 
thumb we would suggest that three to four years of 
sampling seasonally will already produce the most 
obvious characteristics of the time-series. This is 
longer than suggested by Coull & Dudley (1985). It 
should be noted, however, that the populations 
studied by these authors exhibit less long-term 
changes (such as the two-year cycles shown here). A 
too short sampling time will miss these compo
nents, which are shown here to be important in 
some cases. Whether this holds for other groups 
besides copepods remains to be studied. 
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Abstract 

Documentation of long-term change in benthic ecosystems is important for assessing and managing the 
effects of such change on: 1) secondary production, particularly leading to commercially important food 
webs, 2) pollutant transfer within the food web, 3) the ability of the 'new' assemblage to metabolically burn
off labile detritus that might otherwise accumulate, contributing to long-term hypoxia, and 4) recyling of 
nutrients from the seafloor back to primary producers. 

Organism-sediment relationships which accompany benthic disturbances have predictable features. Al
though participating species may vary regionally or seasonally, their life-history attributes and functional 
relationships to the associated sediment appear to be universal. Pioneering seres are near-surface dwelling, 
productive, and are readily available to demersal predators. However, these taxa may be potential pollutant 
vectors. Dense tube mats may promote the deposition and retention of high BOD organic matter. Late suc
cessional stage seres are represented by deeply bioturbating 'head-down' deposit feeders. The deep cryptic 
in faunal habitat of these species may make them less important as prey for epifaunal predators. Sediments 
populated by these equilibrium assemblages are characteristically low in labile 0 r o:anic matter, sedimentary 
sulphides, and oxygen demand. Nutrients (N, P, Si) are returned to primary producers by biogenic irrigation 
of sediment pore water. 

Mapping of successional mosaics is important for documenting major long-term change in benthic com
munity structure and associated biogenic processes. Our mapping tool consists of a vessel-deployed 
sediment-profile camera; organism-sediment relationships can be imaged in situ with this instrument. Such 
a mapping protocol is not intended to replace traditional sampling. Rather, the successional maps are used 
to efficiently detect change in a system, design a cost-efficient sampling grid for obtaining geochemical and 
biological ground-truth samples, and to construct hypotheses about how the change might answer the four 
outlined management questions. 

Introduction 

The majority of environmental monitoring or as
sessment work over the last few decades has con
sisted of short-term research (Le., less than one or 
two years) to provide short-term answers to prob
lems recognized as 'urgent' at the time of the study. 
This is particularly true with marine studies, where 
costs associated with field sampling operations are 
fairly significant. History has shown that long-

term, irreversible changes affect man most serious
ly; even the structure seen in natural, undisturbed 
communities is usually controlled by infrequent se
vere events that disrupt the community and return 
the successional process to an earlier stage (Green, 
1984). Long-term studies are needed to obtain relia
ble estimates of both natural variation in undis
turbed systems as well as interpreting the long-term 
effects of impacts on complex systems. 

Four management issues are raised regarding the 
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significance of long-term change in benthic com
munity structure on: I) secondary production and 
its importance for commercially important species, 
2) pollutant transfer within the food web, 3) the 
ability of the 'new' benthic assemblage to metaboli
cally burn-off labile detritus that might otherwise 
accumulate contributing to long-term hypoxia, and 
4) recycling of nutrients from the seafloor back to 
primary producers. It is our opinion that existing 
monitoring methods do not provide much useful 
information regarding these management ques
tions. 

It is our purpose to draw attention to the short
comings of existing approaches to benthic monitor
ing and to offer an alternative approach which may 
provide more useful information to those charged 
with the responsibility of making management de
cisions about changes in benthic community struc
ture. It is becoming increasingly clear that unless 
managers are provided with more useful paradigms 
and efficient monitoring methods, traditional 
monitoring approaches will be curtailed. This trend 
is already apparent in the United States and has 
had a serious effect on both pure and applied ben
thic research. In fact, the inadequacy of the type of 
information gained from traditional benthic sam
pIing. methods for use by environmental managers 
coupled with the associated expense and slow data 
return have most likely been responsible for the 
lack of long-term benthic monitoring efforts to 
date. 

Our perspective will be focused on fine-grained 
subtidal sediments for three reasons: I) this is the 
dominant facies in many estuaries and embay
ments; 2) particle-bound pollutants are often asso
ciated with muds; and, 3) this facies may be asso
ciated with hypoxia and methanogenesis. 

Critique of existing methods 

Over the past 15 years, a great deal of applied 
benthic work has been done in the context of envi
ronmental baseline studies, impact assessment, and 
monitoring. Most of this work, including our own, 
involved traditional benthic sampling methods, i.e. 
grab or box-core sampling followed by removal of 
the organisms from the sediment by sieving. The 
resulting samples are used to generate species abun
dance lists, diversity and faunal similarity indices, 
and community dendrograms. The resulting base-

line statistics are then mapped in space or com
pared over time in order to characterize the range 
of natural variation. With these baseline data in 
hand, investigators attempt to infer pollution or 
disturbance events at those stations where a change 
in diversity (or other measure of structure) has oc
curred at a selected level of significance. 

Two major problems with the above traditional 
approach have prompted us to abandon this type of 
monitoring. The first problem stems from the kind 
of information that is provided. For the last three 
decades, benthic investigators have been searching 
for means of extracting ecological information 
from species lists, attempting to convert descriptive, 
natural history observations into a format that 
would convey the impression of a 'hard' science 
(what Gould, 1981, has appropriately described as 
'physics envy'). The calculation of species diversity 
indices popularized in the 1960's has persisted with
in the community of benthic ecologists, even 
though most terrestrial ecologists have abandoned 
their use years ago. Peet (1974) has pointed out that 
one of the strongest objections to using a diversity 
index for comparing a variety of habitats is that 
there is no valid basis for comparing the richness of 
a series of communities using a single index unless 
one can assume that the underlying species-indi
viduals relationships are similar. A variety of other 
investigators have pointed out the many short
comings of diversity indices (e.g., Green, 1979; 
Routledge, 1980; Walda, 1981). 

With the increased use of computers and appli
cation of multivariate techniques, benthic ecolo
gists are now attempting to interpret changing pat
terns of species distributions in time as well as 
space, trying to extract ecologically meaningful in
formation from the large volume of data that a 
benthic survey typically produces by using tech
niques such as factor and cluster analyses. Gould 
(1981) has pointed out that the decision to use tech
niques like these as the primary method to analyze 
large data sets implies a deep ignorance of princi
ples and causes, in reality an elegant method of 
grasping for straws; these methods should be ap
plied with the hope that they might provide sugges
tions for more fruitful lines of inquiry. Unfor
tunately, large scale benthic surveys rarely, if ever, 
progress beyong this, viewing the dendrograms and 
resolution of principal components as the end re
sult. 



Information statistics, per se, commonly provide 
little ecological insight. Beyond documenting that a 
change has occurred in benthic population struc
ture, these data do not provide information that 
can be used by a manager to make judgements as 
to whether the documented change is desirable or 
will have a negative impact on the system in terms 
of resource management objectives. 

Other than saying that diversity has changed, 
what other information can be provided to an en
vironmental manager? In a management context, 
the definition of a desirable or negative impact is 
usually judged in terms of how a long-term change 
might ultimately effect man. The problem can be 
reduced to the question of what is intrinsically 
positive or negative (in an ecosystem sense) about 
a relatively high or low diversity facies or a system 
that experiences periodic change in diversity? The 
only unequivocal answer would be related to an 
event which resulted in a high or low diversity sys
tem reverting to an azoic state (zero diversity). This 
dramatic change would clearly result in a non
productive system (and would not require the cal
culation of diversity indices to illustrate the point). 
If maintenance or enhancement of production is 
the management goal, this change is clearly a nega
tive one. However, this extreme case is a rare exam
ple; most monitoring involves the detection of 
more subtle gradients in species abundances, num
ber of species, and biomass. The manager is then 
faced with the inevitable 'So what?' question once 
a change in population structure is demonstrated. 
This problem has also been noted by Gray (1976), 
who cites the inadequacy of existing theoretical 
frameworks for interpreting the significance of 
change in benthic community structure. 

The second problem concerns techniques for 
sampling the benthos in order to detect long-term 
change. Sampling tools for large scale surveys tradi
tionally have been limited to grab or box-core sam
plers. This method of sampling the bottom and as
sociated on-deck processing results in various 
degrees of destruction of important in situ ecologi
cal information which is contained in the spatial 
and structural relationships of benthic organisms 
to one another and to the associated sedimentary 
matrix. This destruction can occur in a variety of 
ways, either from the pressure wave which preceeds 
the instrument as it approaches the bottom, from 
water passing through the sampler and washing 
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away the sediment surface during recovery, or from 
the final process of sieving the sample, which de
stroys any remaining organism-sediment informa
tion. The ensuing sorting and faunal identification 
is extremely labor-intensive and expensive; there is 
characteristically a long time-lag between field col
lection and data return or final interpretation. 
While grabs and box corers will always be impor
tant for quantitative sampling, sampling technolo
gy needs to be advanced so that benthic gradients 
can be more rapidly and efficiently mapped in situ 
by remote methods. Reconnaissance mapping tech
niques can then be used to detect major changes in 
benthic communities; once a change has been de
tected, reconnaissance maps can serve to locate sta
tion positions for efficient sampling with tradition
al quantitative methods. 

An organism-sediment successional paradigm 

Organism-sediment relationships which accom
pany benthic disturbances have predictable fea
tures. The term disturbance is used here to define 
natural processes, such as seafloor erosion, changes 
in seafloor chemistry, foraging disturbances which 
cause major reorganization of the resident benthos, 
or anthropogenic impacts, such as dredged materi
al or sewage sludge dumping, thermal effluents 
from power plants, deposition of drilling muds and 
cuttings, pollution impacts from industrial dis
charge, etc. Because the perspective of this paper is 
to address long-term change, these disturbances 
must be extraordinary, i.e. beyond the ability of the 
resident benthos to regulate or accomodate the per
turbation. Infaunal succession in shallow nearshore 
clastic sediments commonly takes between 1 and 
10 years: ' ... it appears that over a wide range of 
communities many successions take about as long 
as the average longevity of the dominants of the in
frequently disturbed or "climax" community' 
(McCall & Tevesz, 1983). 

Figure 1 shows the progressive development of 
the infaunal community over time following depo
sition of dredged materials (IA) and the shallow to 
deep spatial tiering of infauna along a pollution 
gradient (IB). Although these examples show 
different taxa participating in various stages of in
faunalization, the organism-sediment relationships 
appear to be similar (see Rhoads & Germano, 1982, 
for details). This primary succession is defined as 
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'the predictable appearance of macrobenthic inver
tebrates belonging to specific functional types fol
lowing a benthic disturbance. These invertebrates 
interact with the sediment in specific ways. Because 
functional types are the biological units of interest, 
our definition does not demand a sequential ap
pearance of particular invertebrate species or 
genera.' (Rhoads & Boyer, 1982). 

An important aspect of using this successional 
approach to interpret benthic monitoring results is 
relating organism-sediment relationships to the dy-

A 
Stage Stage 2 

anaerobic 
sediment 

namical aspects of end-member seres. This involves 
deducing dynamics from structure, a technique pio
neered by R. G. Johnson (1972) for marine soft
bottom habitats. The application of an inverse 
methods approach to benthic monitoring involves 
making in situ measurements of salient structural 
features of the organism-sediment relationships 
shown in Fig. 1. This can be accomplished with 
sediment profile photography (Rhoads & Cande, 
1971; Rhoads & Germano, 1982). The organism
sediment relationships illustrated in Fig. 1 can be 
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Fig. 1. (A) Development of organism-sediment relationships over time following a physical disturbance in Long Island Sound, USA. 
Subsequent mapping experience shows that the values on the depth axis also vary seasonally and with the dominant bioturbating taxa 
in the Stage III sere. Later work has also shown that in environments rich in labile detritus, Stage I polychaetes can co-exist with Stage II 
and Stage III seres. (B) Organism-sediment relationships associated with a pollution gradient associated with a pulp-mill effluent. Modi
fied from Pearson and Rosenberg (1978). This figure is from Rhoads and Germano (1982). See text for additional discussion. 



imaged in situ using this technique. 
Long-term degradation of the benthic environ

ment frequently involves the loss of equilibrium 
species (shown at the right-hand side of Fig. 1). 
These high-order seres are then replaced by pi
oneering seres (left-hand side of Fig. 1). Changes in 
organism-sediment relations and population dy
namics accompanying this change are summarized 
below with examples (for a more complete discus
sion, the reader is referred to reviews by Pearson & 
Rosenberg, 1978; Rhoads & Germano, 1982; 
Rhoads & Boyer, 1982). 

Many representatives of high-order seres (subse
quently referred to as Stage III seres) are deeply 
burrowing errant or tube-dwelling infauna which 
feed head-down (conveyor-belt species sensu 
Rhoads, 1967). These infauna advect particles over 
vertical dimensions of several centimeters. The 
areas of subsurface feeding are recognized as water
filled pockets (feeding voids) which contain coarse 
sediment which apparently has been rejected in the 
feeding process. Dominants in these Stage III as
semblages include, for example, maldanid, pectinid, 
and orbinid polychaetes, caudate holothurians, 
protobranch bivalves, some infaunal ophiuroids 
and irregular urchins (see above reviews for further 
discussion). These taxa typically have larger body 
sizes and longer mean life spans than early succes
sional seres. The in situ mapping of Stage III seres 
requires the recognition of subsurface feeding 
pockets which identify the presence of these 
conveyor-belt species. Examples of Stage III seres 
from a wide geographic range of near-shore en
vironments are shown in sediment-profile images in 
Fig. 2. 

These stages are also associated with a thick 
near-surface zone of high-reflectance sediment re
lated to deep bioturbation. This high reflectance 
layer is related both to the presence of ferric hy
droxide coatings on particles and to low concen
trations of pore-water sulphides. Although the 
presence of ferric hydroxide coatings on particles 
indicates that at some time these particles have 
been in a positive redox environment, one may not 
assume that pore waters are aerobic at the time of 
sampling from their presence alone unless micro
probe redox measurements have been made (Revs
bech et al., 1979). Nevertheless, we have found 
measurements of the thickness of the apparent 
positive redox zone (as manifested in high sediment 
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reflectance) to be correlated with the depth of in
faunal bioturbation and useful in reconnaissance 
mapping of physical and biological disturbance 
gradients on the seafloor. The thickness of this 
zone can be expected to change seasonally in ben
thic environments where changing water tempera
tures affect rates of bioturbation. For this reason, 
maximum information from this reconnaissance 
mapping technique can be obtained during the 
summer and early autumn when bioturbation rates 
are high. Pearson & Stanley (1979) have also 
mapped redox depths as an efficient means of de
tecting pollution gradients. 

The mapping of early or low-order successional 
stages, subsequently referred to as Stage I seres, re
quires the recognition of small tubiculous poly
chaetes or oligochaetes at the sediment surface. 
These may be very densely aggregated, particularly 
in eutrophic environments (Fig. 3). Stage I assem
blages commonly are not quantitatively sampled in 
most benthic monitoring studies, particularly if the 
sieve mesh diameter that is used for processing 
samples is greater than 0.3 mm (Germano, 1983b). 
This successional sere is dominated by tubiculous 
worms that feed on labile detritus located at, or 
near, the sediment surface. Capitellid and spionid 
polychaetes are the commonly encountered mem
bers of this sere (Pearson & Rosenberg, 1978; 
Rhoads et aI., 1978); meiofauna may also dominate 
(Rudnick et al., 1985). Because the exploited 
resources are located near the sediment surface, the 
feeding and bioturbation zone is thin. The thick~ 
ness of the apparent redox zone therefore is also 
thin or may even be absent in habitats where dis
solved oxygen is low in concentration (Fig. 3B). 

The long-term recovery of a benthic habitat, 
starting at an azoic or Stage I sere, may involve a 
transitional stage (Stage II sere) before a Stage III 
(equilibrium) system is established. This may in
volve the appearance of a diverse assemblage of 
tubiculous amphipods, molluscs, and polychaetes. 
Some head-down feeders may appear at this stage, 
but a major fraction of the colonizing assemblage 
will tend to feed at, or near, the sediment-water in
terface. The thickness of the apparent positive re
dox layer is typically transitional between an early 
pioneering polychaete Stage I and a Stage III as
semblage (Fig. 1). In our experience, Stage I taxa 
can persist and are commonly associated with 
Stage III seres. In the retrograde transition of 
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Fig. 3. Examples of Stage I seres from a wide range of subtidal sediments. Figures 3 A-C are 15 cm in width. Bar scales in D-F equal 
1 CIll. (A) A Stage I sere populating a sandy layer overlying mud on the inner continental shelf of the Gulf of Mexico. An enlarged 
view of these polychaetes is shown in (D). (B) A Stage I sere from western Long Island Sound showing a shallow apparent redox bound
ary, sulphidic sediment, and methane gas bubbles at the bottom of the photograph. An enlarged view of the surface is shown in (E). 
The profile camera was fitted with a dissolved oxygen probe located near the top of the optical window with a digital readout in the 
window. When this image was taken, the instantaneous dissolved oxygen reading 2 em above the bottom was 2.9 mg/I. (C) A late Stage I 
sere froin central Long Island Sound showing that the apparent redox boundary can be depressed to over 4 em with this assemblage. 
An enlarged view is shown in (F). 
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Fig. 2. Examples of Stage III seres from a wide range of subtidal muds. Arrows identify the presence of active feeding voids (i.e., open 
feeding pockets) produced by head-down conveyor-belt deposit feeders. The width of each photograph is 15 cm. (A) Subsurface feeding 
by maldanid polychaetes in the lower Chesapeake Bay. (B) A Stage III sere from the inner continental shelf of the Gulf of Mexico. 
Note Stage I taxa at the sediment surface. Species producing the subsurface feeding voids is not known. (C) Stage III feeding voids 
from the mouth of the Bay of Fundy. (D) A stage III community consisting of the bioturbating caudate holothurian Molpadia oolitica 
and maldanid polychaetes from Cape Cod Bay, Massachusetts. Note the presence of Stage I polychaetes at the surface (Euchone in
color). (D) has been reproduced from Rhoads & Young (1971). 
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Stage III to Stage I, it is sometimes possible to 
recognize the presence of relict (i.e. collapsed and 
inactive) feeding voids (Fig. 4). 

Deducing dynamics from structure 

The structural and spatial relationships of organ
isms to their sedimentary habitat, as described 
above, can be used to infer dynamical aspects about 
benthic secondary production, food web contami
nation, bottom water hypoxia, sediment reworking, 
and nutrient recycling. These structure-process 
relationships are summarized in Table 1. 

Fig. 4. A sediment profile image showing the record of a retro
grade succession in the upper Chesapeake Bay. The symbol 'P' 
identifies the interface between a prehypoxic interval (below) 
and a hypoxic interval (above). The prehypoxic interval consists 
of high reflectance sediment (low pore-water sulphides) and the 
remnants of relict, i.e. collpased and inactive, feeding zones for 
Stage III taxa (arrows). The hypoxic interval consists of reduced 
fecal pellets of Stage I taxa. 

Secondary Production: The relationship of the 
successional paradigm to secondary production is 
based on field work which has shown that popula
tions of pioneering species have very high intrinsic 
rates of increase, and that annual or sub annual dis
turbances may enhance secondary production by 
stimulating repopulation of newly opened space 
(Odum, 1969; Rhoads et al., 1978; McCall & Tevesz, 
1983). There is also some preliminary evidence that 
disturbances which promote the diffusion of hy
drogen sulphide from bottom sediments into the 
water column may attract pioneering species to 
such disturbance sites (Cuomo, 1985). Because the 
biomass of pioneering seres is concentrated at, or 
near, the sediment surface, this productive stage 

Table 1. Benthic ecosystem attributes associated with pioneering and late stage seres . 

System attribute Successional stage Selected references 

Early (Stage I) Late (Stage III) 
Secondary production High potential for r-selected Lower potential for K-selected Odum (1969); Rhoads et al. (1978); 

taxa taxa McCall & Tevesz (1983) . 

Prey availability High as prey are concentrated Lower as infauna are deep Becker & Chew (1983); Smith 
near the surface burrowing" (1985). 

Potential for food-web Highest for suspended or Highest for deeply buried Bryan (1985); Lee & Swartz (1980); 
contamination recently sedimented particu- contaminents. Longer mean life Swartz & Lee (1980); Phelps 

lates. Body burdens may be spans may lead to significant (1967). 
low related to short mean body burdens(?) 
life-spans(?) 

Nutrient recycling Limited to solutes in :5 3 cm Solutes exchanged over distances Aller (1978), (1980), (1982), (1985); 
to 20 cm or deeper Lee & Swartz (1980); Rice (1986) . 

Potential for bottom High, storage systems for Low, a recycling or 'purging' Untested hypothesis 
water hypoxia labile detritus system 

• Non-lethal predation of distal ends of siphons or caudal segments may be important for some predator species (DeVlas, (1979); 
Trevallion et al. (1970); Woodin (1982), (1984». 



may provide food for commercially important sec
ondary consumers (Rhoads et al., 1978; Becker & 
Chew, 1983). 

Stage III seres, in contrast, are populated by spe
cies having relatively low ontogenetic and popula
tion growth rates. These infaunal species live cryp
tically within the sediment and commonly do not 
show significant seasonal changes in abundance or 
biomass (McCall & Tevesz, 1983). Stage III taxa 
may therefore prove to be less important as prey 
than Stage I species. However, Woodin (1985) has 
shown that non-lethal predation (presumably by 
demersal fish) of the caudal ends of maldanid poly
chaetes (a common Stage III taxon) can occur. 

Once successional mosaics have been mapped, 
questions involving the importance of each sere to 
commercial fin-fisheries and potential pollutant 
transfer within the benthic food web can be inves
tigated employing a Benthic Resources Assessment 
Technique (BRAT) (Lunz & Kendall, 1982). This in
volves quantitative sampling of demersal fish and 
potential invertebrate prey species from the differ
ent infaunal successional stages that are mapped. 
The size-class distribution of major taxa of ingested 
prey is determined from stomach contents and is 
compared with the size-class distribution of prey 
species as a function of depth in the sediment for 
each type of successional assemblage sampled. 
This is accomplished by separately sieving strata re
moved from vertically partitioned box cores 
(Fig. 5). Identification of the available zone or 
maximum feeding depth in the sediments used by 
a specific demersal predator can be accomplished 
by comparing relative prey size distribution pat
terns in a predator's diet with environmental size
depth patterns from the box core samples. These 
data can then be used to identify a subset of species 
for subsequent tissue analysis of both predators 
and their prey relative to the range of pollutants in 
local sediments that may be of concern. The suc
cess of such a BRAT analysis depends on the inves
tigator's ability to establish the food spectrum of 
different year-classes of fish and seasonal or diel 
differences in foraging and prey availability. 

Food Web Contamination: Because the feeding 
and bioturbation depths of Stage I pioneering seres 
are not as great as Stage III seres, pioneering taxa 
are exposed to contaminants associated with the 
near sediment surface zone. Phelps (1967) showed 
that partitioning of stable elements (Fe, Zn, Sc, and 

BENTHIC RESOURCES ASSESSMENT 
TECHNIQUE 

( BRAT) 
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ACTIVITY PURPOSE ACTIVITY 

SIEVE 

[ 

[ 

DEFINE FORAGING ] 
DEPTH. 

DEFINE VERTICAL 

DISTRIBUTION OF 

PARTICULATE BIOMASS 

OF SPECIFIC SIZES. 

DEFINE PREY SIZE 
EXPLOITATION 
PATTERN. ] 
ESTIMATE FEEDING J 
HABITAT VALUES 
FOR DIFFERENT 
DEMERSAL BOTTOM 
FEEDING FISHES. 

Fig. 5. A flow chart showing the operational procedures in
volved in relating the resource value of different benthic succes
sional stages to commercially important predators through the 
BRAT technique; see Lunz & Kendall (1982) for additional de
tails. 

Sm) within a benthic community could be related 
to the vertical stratification of feeding. Iron is 
preferentially partitioned into tissues of near sur
face feeders while Zn is concentrated in deep bur
rowers. Partitioning of toxic metals, radionuclides, 
and organic toxins may also be related to feeding 
depths, local redox conditions and quality of or
ganic substrates. 

The difference in mean life-spans between 
Stage I and Stage III taxa suggests that bioaccu
mulation of some pollutants may be less of a prob
lem with early successional stages than with late 
stages. This hypothesis has not been adequately 
tested, because the small polychaetes or oligo
chaetes associated with disturbed habitats are com
monly not sampled. In those studies where they 
have been sampled, tissue analysis has not been 
done because of the small size of individuals. 
Nevertheless, a general appreciation of these rela-
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tionships is leading to the practice of capping pol
luted dredged materials with a clean layer of sedi
ment that exceeds the mean bioturbation depth of 
local Stage III taxa (Sumeri, 1984). Additional 
field data concerning this issue are sorely needed, 
because existing laboratory data do not lend them
selves to making long-term predictions (Bryan, 
1985). 

Nutrient Recycling: Recent work has shown that 
bioturbation is a quantitatively important process 
for moving water and dissolved constituents into 
and out of sedments; this process may be orders-of
magnitude greater than simple diffusion rates 
(Lee & Schartz, 1980; Aller, 1980; Aller, 1982). 
Sediment irrigation can be a very important issue 
in a management context when the change in ben
thic community structure ultimately affects prima
ry production by controlling the flux rate of 
nutrients (N, particularly in the form of ammoni
um, P, and Si) from the bottom back into the water 
column. For example, sediment irrigation has been 
estimated to provide from 10 to 300/0 of the daily 
Nand P requirements of phytoplankton in Long Is
land Sound (Aller, 1980). The control of pore-water 
chemistry by macrofaunal colonizers has been 
shown in detailed studies of early chemical diagen
esis of disposed dredged material (Rhoads et aI., 
1977). The early colonization phase is characterized 
by diffusional profiles of pore-water sulphate, am
monium, and phosphate. Near-surface regions of 
these profiles are progressively influenced by bio
genic irrigation as colonization progresses. The 
flux rate of pore-water solutes is not only a func
tion of the cumulative pumping rate of infauna, 
but the flux and reaction rates are also affected by 
three-dimensional diffusion geometry (Aller, 1982). 
Detailed descriptions of this phenomenon has been 
described for protobranch bivalves (Aller, 1978), 
and maldanid (Aller, 1978), capitellid (Aller & 
Yingst, 1985), orbiniid (Rice, 1986), and terebellid 
polychaetes (Aller & Yingst, 1978). Burrows and 
tubes effectively increase the three-dimensional sur
face area of diffusion boundaries. This geometry is 
best developed in Stage III seres and can be quan
titatively important for recycling nutrients back to 
primary producers. 

The relative importance of Stage I successional 
seres in nutrient cycling is not well documented. 
However, many pioneering polychaetes live in 
short, cylindrical tubes which may have composi-

tional properties that serve to decrease diffusion 
coefficients across the tube wall (Tenore et al., 1982: 
747). The biogenically mixed zone is relatively 
shallow. Although sediments populated by pioneer
ing seres may contain large inventories of nutrients, 
the return of these nutrients to the water column 
will be largely controlled by molecular diffusion 
rates. In this sense, sediments associated with pio
neering seres have the potential to be storage sys
tems, while those populated with Stage III seres 
may be considered as purging or recycling systems. 
From these relationships, we hypothesize that a 
long-term change in community structure involving 
the replacement of a Stage III sere with a pioneer
ing stage may result in a decrease in bioturbational 
nutrient cycling from bottom sediments to primary 
producers in the water column. 

Bottom-water Hypoxia: Eutrophication of coast
al areas often results in the sedimentation of labile 
planktic detritus at a rate which exceeds the ability 
of the benthic system to metabolize this detritus by 
aerobic pathways. Excess labile organic matter 
therefore accumulates, producing a high demand 
for oxygen which (depending on oxygen supply 
rates) may result in bottom water hypoxia. This 
phenomenon is particularly acute in the summer 
period when the combined potential for high water 
temperatures, low oxygen solubility, little wind mix
ing, and water column stratification exists (Officer 
et al., 1984). Although hydrographic factors are of 
first-order importance for the supply of oxygen, 
Stage III seres may play an important role in pre
venting the build-up of labile organic matter in 
sediments. Deep biogenic irrigation of the sedi
ment column increases pore-water oxygen and 
maintains positive Eh conditions up to several cen
timeters below the surface (Lee & Swartz, 1980). 
Figure 6 shows that under subcritical input rates of 
labile detritus, Stage III macrofauna may be able to 
balance the potential deleterious effects of inputs 
of labile organic matter by stimulating microbial 
processes. According to Aller (1981), this is done 
by: 1) increasing particle surface areas, 2) grazing, 
which keeps microbial populations in log-phase 
growth, 3) flushing metabolites from pore waters, 
thereby keeping electron acceptors continually sup
plied by irrigation, particle reworking, and multi
dimensional diffusion, 4) secreting mucus to pro
vide new reactive substrates, and 5) subducting 
labile surface organic matter to be metabolized at 



depth. A major research issue in benthic ecology 
that needs to be addressed is the determination of 
the critical organic loading rate for Stage III seres, 
i.e., the rate which causes their local extinction. 
Once this is known, the datum may prove valuable 
for managing anthropogenic inputs of nutrients 
and labile organics. 

Once the critical organic loading rate is exceeded, 
Stage III taxa are locally eliminated, and organic 
enrichment species (sensu Pearson & Rosenberg, 
1978) dominate (Fig. 7). This may be related to the 
accumulation of antibiotic decomposition prod
ucts (Bader, 1954), low dissolved oxygen (Rhoads & 
Morse, 1971), sulphides, or a combination of these 
factors. As described earlier, the influence of 
Stage I seres on nutrient cycling and aeration of the 
sediment column may be very limited. Hence, sul
phate reduction and methanogenesis predominate 
over oxidative metabolism. These metabolites, sul
phides, ammonium, and methane contribute fur
ther to bottom water oxygen demand as they dif
fuse into the water column. The loss of a Stage III 
sere from an area and its replacement by a Stage I 
sere may be expected to be accompanied by a major 
change in both the depth and rate of biogenic 
processing of bottom sediments. Evidence of such 
a retrograde succession is an early warning sign of 
the potential for developing hypoxic or anoxic con
ditions in the near future. An important attribute 
of Stage III seres is that they apparently serve to 
prevent the accumulation of labile organic matter; 
Stage I seres, in contrast, tend to be associated with 
storage areas of high BOD organic matter. Dense 
tube mats associated with some pioneering seres 
may in themselves promote the sedimentation of 
fine organic particulates by changing flow condi
tions near the bottom (Lee & Swartz, 1980; Nowell 
et al., 1981; Rhoads & Boyer, 1982). Spatial gra
dients between Stage I and Stage III seres can be 
very sharp, suggesting that once a critical organic 
loading rate is exceeded, Stage III taxa are com
pletely eliminated (eg. Fig. 9C). 

Methods of in situ successional mapping 

In order to obtain in situ data about organism
sediment relationships, we have developed a new 
method of obtaining information about the sea
floor. This has been accomplished with sediment
profile imaging. The instrument consists of an op-
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tical prism operated like an inverted periscope 
which cuts a vertical profile of up to 20 cm of the 
sediment column. This optical corer transects the 
bottom at a fall rate of about 6 cm sec- 1 in order to 
minimize physical disturbance. The prism is filled 
with distilled or filtered water so that ambient bot
tom turbidity does not compromise image quality. 
Optical resolution is approximately 0.06 mm. The 
instrument is deployed from a vessel, and once 
lowered to the bottom, an image can be taken every 
40 seconds. An example of a sediment-profile cam
era is shown in Fig. 8. A survey taken with such a 
sediment-profile camera can generate up to 200 im
ages in one survey day. Efficient data analysis and 
recording is accomplished with computer digital 
image analysis, permitting systematic measurement 
of up to 22 variables per image in about 4 - 6 min
utes. For mapping purposes, several of these pa
rameters are considered together, expressed as an 
Organism-Sediment Index (Table 2). In some cases, 
tentative taxonomic identifications can be made 
from imaged epifaunal species or from diagnostic 
structures produced by infauna. More detailed de
scriptions of the instruments and the theory of im
age interpretation are given in Rhoads & Germano 
(1982) and Germano (1983a). 

An example of how reconnaisance maps can be 
generated by a sediment-profile camera survey and 

Table 2. Method of calculating the Organism-Sediment Index. 
This index reflects the apparent mean redox potential discon
tinuity depth in the sediment, the presence or absence of 
sedimentary methane, dissolved oxygen over the bottom, and 
successional stage. 

Chemical parameters 

Mean apparent Index 
RPD depth, (cm) value 

0 0 
>0 -0.75 

0.76-1.50 2 
1.51- 2.25 3 
2.26 - 3.00 4 
3.01- 3.75 5 

>3.75 6 

Methane present -2 
No/low 02 -4 

Biological parameters 

Successional stage 
(Primary succession) 

Azoic 
Stage 1 
Stage 1- 2 
Stage 2 
Stage 2-3 
Stage 3 

(Secondary succession) 
Stage 1 on Stage 3 
Stage 2 on Stage 3 

Index 
value 

-4 
1 
2 
3 
4 
5 

5 

Benthic index = Sum of chemical and biological index values. 
Potential index range: - 10 to + 11. 
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Fig. 8. An example of a Sediment-Profile Camera. The arrow 
identifies a scale bar which equals 50 em. The doors on the base 
are only used to deploy the instrument on very soft substrata. 
The optical prism is held above the bottom to avoid a pressure 
wave disturbance as the camera is lowered to the bottom. As ten
sion is released on the winch wire, the inverted periscope cuts a 
vertical profile of the bottom at a slow rate of fall . Several sta
tion replicates are taken by pulling the camera a meter off the 
bottom and setting it back onto the bottom. Photographic se
quencing is done automatically. This system is operable to 
4000 meters. Photograph provided by Benthos, Inc., North 
Falmouth, Massachusetts. 

used to make management decisions is shown in 
Fig. 9 for an 3.2 sq. km area in the lower Chesa
peake Bay off the mouth of the Rappahannock 
River. This survey involved occupying 30 stations 
(3 replicates each) on a 6 X 5 orthogonal sampling 
grid. The survey was completed in one day and the 
maps were available to managers within 30 days. 
The purpose of the survey was to evaluate this area 
(as well as three others of similar size) as potential 
sites for dredged material disposal. The goals of the 
project were to find site(s) where disposed sediment 
would be contained (no sediment transport) and 
where the disposal operation would have a minimal 
impact on the ambient benthos. Fig. 9A shows the 
distribution of sediment grain-size determined 
through analysis of sediment-profile images; or
ganic-rich silt-clays are in the western half of the 
area and fine to medium rippled sands are in the 

eastern half. The sands were observed in the profile 
images to overlay muds near the sand-mud facies 
boundary, indicating that a strong kinetic gradient 
exists from east (high) to west (low). Profile images 
also show that stations within the silt-clay facies 
contain methane and are associated with shallow 
redox depths. This is apparently an area of high or
ganic loading (Fig. 9B). The silt-clay facies consists 
of a mosaic of azoic or Stage I seres, while the 
sandy areas are populated by either Stage I or both 
Stage I and Stage III seres (Fig. 9C). The con
toured Organism-Sediment Index values indicate 
that the area consists of three major zones 
(Fig. 9D). This division is based on past survey ex
perience which shows that Organism-Sediment In
dex values less than +6 reflect recently disturbed or 
otherwise stressed habitats. 

From these maps, we can construct hypotheses 
about the underlying causes for the mapped distri
butions. The bathymetry, not shown on these 
maps, shows that the silt-clay area (zone A of 
Fig. 9D) lies within a depression, and sandy areas 
(zones B & C of Fig. 9D) occupy a topographic ele
vation. The strong kinetic gradient is apparently 
related to water depth. Azoic or Stage I seres in 
zone A are apparently related to organic enrich
ment and the seasonal hypoxia which occurs annu
ally in the Chesapeake Bay. Stage I seres in zone C 
may be related to massive sediment movement 
which precludes the establishment of Stage III 
taxa. 

From these maps we can conclude the following: 
1) Containment of disposed dredged material 
would probably be assured in Zone A; it is a natu
ral, low-kinetic, depositional area. 2) Impacts to the 
ambient benthic population would be minimized 
by disposal in Zone A. The existing benthic ecosys
tem is already stressed, as evidenced by the presence 
of Stage I seres or azoic conditions. 3) Filling-in of 
this low kinetic depression with dredged material 
may improve both the quality and productivity of 
zone A by bringing the bottom up above the depth 
of stratification for the seasonal hypoxic bottom 
water layer. This can be verified and impacts to 
fisheries assessed by comparing the potential of the 
site as a food source for demersal fish through a 
BRAT analysis before and after disposal opera
tions. Standard benthic community analyses for 
documenting key prey species or for testing other 
hypotheses about bottom processes can also be per-
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Fig. 9. An example of remotely acquired benthic data from a one-day reconnaisance mapping exercise using a sediment-profile camera. 
The four maps (A-D) are of the same3.2 sq. km area in the lower part of the Chesapeake Bay, south of the Rappahannock River. Sam
pling was done in August, 1983 on a 6x5 station matrix. The mapped data are from three station replicates. (A) Modal grain-size shows 
the western half consists of silt-clay (>4 phi is stippled) and the eastern half consists of fine-sand (3-2 phi is white) or medium sand 
(2-1 phi is cross-hatched). Arrows show the direction of movement of the sand as deduced from profile images showing ripples and 
the superposition of sand-over-mud. (B) Contoured values of the mean apparent redox depth as measured from density-sliced images. 
Images showing the presence of thin (or no) apparent redox boundary or methanogenic sediment were obtained from the stippled area. 
(C) The distribution of successional seres as inferred from sediment-profile images. (D) The contoured values of Organism-Sediment 
Indices (see Table II). Values less than 6 are contained within stippled areas. For purposes of ground-truth sampling, this part of the 
seafloor consists or three major benthic facies (A, B, and C). See text for further explanation. 
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formed with the box core samples taken as part of 
the BRAT investigation. 

Summary and conclusions 

Four key major management questions have 
been identified regarding the significance of long
term changes in benthic community structure. 
These questions focus on how such change might 
potentially affect secondary production leading to 
a commercially important food web, the transfer of 
pollutants within the food web, the flux of N, P, 
and Si from the seafloor back into the water 
column, and the potential of the changed commu
nity to experience hypoxia. In order to address 
these questions efficiently, traditional monitoring 
methods and perspectives require revision. 

An organism-sediment successional conceptual 
model has been used to predict the relative impor
tance of pioneering (Stage I) seres relative to high
order (Stage III) seres on these management issues. 
Although these relationships are imperfectly 
known, existing data are sufficient to guide 
management decisions until future research pro
vides more insight into these problems. 

Organism-sediment dynamics may be inferred 
from structures observed in the upper 20 centi
meters of fine-grained sediments. In situ imaging 
of these structures through remote sensing can be 
accomplished by utilizing a sediment-profile cam
era. Up to 200 images per day can be taken with 
such an instrument, allowing reconnaisance map
ping of several square kilometers of seafloor in one 
survey data. 

Reconnaisance maps of successional seres, depth 
of the apparent redox boundary, sediment modal 
grain-size, disturbance gradients inferred from 
Organism-Sediment Index values, information 
about erosional or depositional regimes, sedimen
tary methane, or bedforms can be prepared for 
large data sets within a few weeks after a survey. 
The effect of the documented changes in benthic 
community structure on higher food webs may be 
evaluated through a Benthic Resource Assessment 
Technique (BRAT) which relates benthic prey 
availability to commercially-important foraging 
predators. If extraordinary change is detected in 
organism-sediment relations, these reconnaisance 
maps may be used to locate stations for further 

documentation using traditional benthic sampling 
techniques. Continued reliance on traditional ma
rine sampling techniques alone will merely perpetu
ate the 'after-the-fact' remedial management ac
tions necessitated by the 3 -12 month time lag on 
data return associated with many of these methods. 
Rapid return of data to both the scientist and en
vironmental manager is important for detecting 
and evaluating changes in the benthic ecosystem so 
that monitoring data can be used for making real
time management decisions. 

Acknowledgements 

The authors wish to thank E. Revelas, 1. Hill, R. 
Diaz, and D. Ward for their valuable assistance in 
the Chesapeake Bay survey. We are also indebted to 
1. Lunz and D. Kendall for their cooperation and 
support with data from the Benthic Resource As
sessment Technique developed at the Waterways 
Experiment Station of the U.S. Army Corps of En
gineers. 

References 

Aller, R. C., 1978. Experimental studies of changes produced by 
deposit feeders on pore water, sediment, and overlying water 
chemistry. Am. 1. Sci. 278: 1185 -1234. 

Aller, R. c., 1980. Diagenetic processes near the sediment-water 
interface of Long Island Sound. 1. Decomposition and nutri
ent element geochemistry (S, N, P). In B. Saltzman (ed.), Es
tuarine Physics and Chemistry: Studies in Long Island 
Sound. Advances in Geophysics, Academic Press, New York; 
London; Toronto; Sydney; San Francisco: 238-350. 

Aller, R. C., 1982. The effects of macrobenthos on chemical 
properties of marine sediments and overlying waters. In P. L. 
McCall & M. J. S. Tevesz (eds), Animal-Sediment Relations: 
The Biogenic Alteration of Sediments. Plenum Press, New 
York: 53 -102. 

Aller, R. C. & 1. Y. Yingst, 1978. Biogeochemistry of tube
dwellings: a study of the sedentary polychaete Amphitrite or
nata (Leidy). J. mar. Res. 36: 201- 254. 

Aller, R. C. & 1. Y. Yingst, 1985. Effects of the marine deposit
feeders Heteromastus jilijormis (polychaeta), Macoma 
balthica (bivalvia), and Tellina texana (bivalvia) on averaged 
sedimentary solute transport, reaction rates, and microbial 
distributions. 1. mar. Res. 43: 615-645. 

Bader, R. G., 1954. The role of organic matter in determining 
the distribution of pelecypods in marine sediments. J. mar. 
Res. 13: 32-47. 

Becker, D. S. & K. K. Chew, 1983. Fish-benthos coupling in sew
age enriched marine environments. NOAA Final Report, Pro
ject NA80RAD00050, School of Fisheries, University of 
Washington, Seattle, Washington: 78 pp. 



Bryan, G. W., 1985. Bioavailability and effects of heavy metals 
in marine deposits. In B. H. Ketchum, J. M. Capuzzo, W. V. 
Burt, I. W. Duedall, P. K. Park & D. R. Kester (eds), Wastes 
in the Ocean. John Wiley & Sons, New York: 41- 79. 

Cuomo, M. C., 1985. Sulphide as a larval settlement cue for 
Capitella sp I. Biogeochemistry I: 169-181. 

De Vias, 1., 1979. Annual food intake by plaice and flounder in 
a tidal flat area in the Dutch Wadden Sea, with special refer
ence to consumption of regenerating parts of macrobenthic 
prey. Neth. 1. Sea Res. 13: 117 -153. 

Germano, 1. D., 1983a. High resolution sediment profiling with 
Remots® camera system. Sea Technology 24: 35-41. 

Germano, J. D., 1983b. Infaunal succession in Long Island 
Sound: animal-sediment interactions and the effects of preda
tion. Unpublished PhD. Thesis, Yale University, New Haven, 
Ct.: 142 pp. 

Gould, S. 1., 1981. The Mismeasure of Man. W. W. Norton & 
Company, N.Y.: 352 pp. 

Gray, J. S., 1976. Are marine base-line surveys worth while? New 
Scientist 70: 219-221. 

Green, R. H., 1979. Sampling design and statistical methods for 
environmental biologists. J. Wiley & Sons, N.Y.: 257 pp. 

Green, R. H., 1984. Some guidelines for the design of biological 
monitoring programs in the marine environment. In H. H. 
White (ed.), Concepts in Marine Pollution Measurements. 
University of Maryland, College Park, (Maryland): 647 -655. 

Johnson, R. G., 1972. Conceptual models of benthic marine 
communities. In T. 1. M. Schopf (ed.), Models in Paleobiolo
gy. Freeman, Cooper, and Co. San Francisco: 148-159. 

Lee, H. & R. C. Swartz, 1980. Biological processes affecting the 
distribution of pollutants in marine sediments. Part II. Bio
deposition and bioturbation. In R. A. Baker (ed.), Con
taminants and Sediments. Ann Arbor Science Publishers, 
Ann Arbor, Mich. 2: 555-606. 

Lunz, 1. D. & D. R. Kendall, 1982. Benthic Resources Assess
ment Technique, a method for quantifying the effects of ben
thic community changes on fish resources. Conference 
Proceedings of the Marine Pollution Sessions, Oceans '82, 
NOAA, Office of Marine Pollution Assessment, Rockville, 
Maryland: 1021-1027. 

McCall, P. L. & M. 1. S. Tevesz, 1983. Soft-bottom succession 
and the fossil record. In M. J. S. Tevesz & P. L. McCall (eds), 
Biotic Interactions in Recent and Fossil Benthic Communi
ties. Plenum Press, New York; London: 157 -194. 

Nowell, A. R. M., P. A. Jumars & 1. E. Eckman, 1981. Effects 
of biological activity on the entrainment of marine sediments. 
Mar. Geol. 42: 133 -153. 

Officer, C. B., R. B. Biggs, J. L. Taft, L. E. Cronin, M. A. 
Tyler & W. R. Boynton, 1984. Chesapeake Bay anoxia: origin, 
development, and significance. Science 223: 22-27. 

Odum, E. P., 1969. The strategy of ecosystem development. 
Science 16: 262-270. 

Pearson, T. H. & R. Rosenberg, 1978. Macrobenthic succession 
in relation to organic enrichment and pollution of the marine 
environment. Oceanogr. mar. BioI. A. Rev. 16: 229-311. 

Pearson, T. H. & S. D. Stanley, 1979. Comparative measurement 
of the redox potential of marine sediments as a rapid means 
of assessing the effect of organic pollution. Mar. BioI. 53: 
371- 379. 

Peet, R. K., 1974. The measurement of species diversity. Ann. 
Rev. Eeol. Syst. 5: 285-307. 

307 

Phelps, D. K., 1967. Partitioning of the stable elements Fe, Zn, 
Sc, and Sm within a benthic community, Anasco Bay, Puerto 
Rico. In B. Aberg & F. P. Hungate (eds), Radioecological 
Concentration Processes. Pergamon Press, New York: 
721-734. 

Revsbech, N. P., B. B. Jorgensen & T. H. Blackburn, 1979. Oxy
gen in the sea bottom measured with a microelectrode. 
Science 207: 1355 -1356. 

Rhoads, D. C., 1967. Biogenic reworking of intertidal and subti
dal sediments in Barnstable Harbor and Buzzards Bay, Mas
sachusetts. J. Geol. 75: 461-476. 

Rhoads, D. C. & L. F. Boyer, 1982. The effects of marine ben
thos on physical properties of sediments. In P. L. McCall & 
M. J. S. Tevesz (eds), Animal-Sediment Relations. Plenum 
Press, New York; London: 3 - 52. 

Rhoads, D. C. & S. Cande, 1971. Sediment profile camera for in 
situ study of organism-sediment relations. Limnol. Oceanogr. 
16: 110-114. 

Rhoads, D. C. & 1. D. Germano, 1982. Characterization of 
organism-sediment relations using sediment profile imaging: 
an efficient method of remote ecological monitoring of the 
seafloor (REMOTS@ System). Mar. Ecol. prog. Ser. 8: 
115-128. 

Rhoads, D. C. & 1. W. Morse, 1971. Evolutionary and ecological 
significance of oxygen-deficient marine basins. Lethaia 4: 
413-428. 

Rhoads, D. C. & D. K. Young, 1971. Animal-sediment relations 
in Cape Cod Bay, Massachusetts. II. Reworking by Molpadia 
oolitica (Holothuroidea). Mar. BioI. 11: 255 - 261. 

Rhoads, D. C., R. C. Aller & M. Goldhaber, 1977. The influence 
of colonizing benthos on physical properties and chemical 
diagenesis of the estuarine seafloor. In B. C. Coull (ed.), Ecol
ogy of the Marine Benthos. Belle Baruch Library in Marine 
Sciences, Univ. S. Carolina Press, Coll!mbia, S.C. 6: 113 -138. 

Rhoads, D. C., P. L. McCall & 1. Y. Yingst, 1978. Disturbance 
and production on the estuarine seafloor. Am. Sci. 66: 
577 -586. 

Rice, D. L., 1986. Early diagenesis in bioadvected sediments: 
relationships between the diagenesis of Beryllium-7, sediment 
reworking rates, and the abundance of conveyor-belt deposit
feeders. 1. mar. Res. 44: 149 -184. 

Routledge, R. D., 1980. Bias in estimating the diversity of large, 
uncensused communities. Ecology 61: 276 - 281. 

Rudnick, D. T., R. Elmgren & 1. B. Frithsen, 1985. Meiofaunal 
prominence and benthic seasonality in a coastal marine eco
system. Oecologia 67: 157 -168. 

Smith, L. D., 1985. Juvenile spot (Leiostomus xanthurus) pre
dation on meiofauna in muddy and sandy substrates. Unpub
lished M. S. Thesis, Univ. S. Carolina, Columbia, S.C.: 46 pp. 

Sumeri, A., 1984. Operational aspects of capped in-water dis
posal of contaminated dredged material. Environmental Ef
fects of Dredging, Waterways, Experiment Station, Vicks
burg, D-84-5. 

Swartz, R. C. & H. E. Lee II, 1980. Biological processes affect
ing the distribution of pollutants in marine sediments. Part I. 
Accumulation, trophic transfer, biodegradation and migra
tion. In R. A. Baker (ed.), Contaminants and Sediments. Ann 
Arbor Science Publishers, Ann Arbor, Mich. 2: 533-553. 

Tenore, K. R., L. F. Boyer, 1. Corral, C. Garcia-Fernandez, N. 
Gonzalez, E. G. Gurrian, R. B. 1. Iglesias, M. Krom, E. 



308 

Lopez-Jamar, 1. McClain, M. Pamatmat, A. Perez, D. C. 
Rhoads, R. M. Rodriguez, O. Santiago, 1. Tietjen, 1. Wes
trich & H. L. Windom, 1982. Coastal upwelling in the Rias 
Bajas, NW Spain: contrasting the benthic regimes of the 
Rias de Arosa and de Muros. 1. mar. Res. 40: 701- 772. 

Trevaillon, A., R. R. C. Edwards & 1. H. Steele, 1970. Dynamics 
of a benthic bivalve. Steele (ed.), Marine Food Chains. Univ. 
of California Press, Berkeley, Ca.: 285 - 295. 

Wolda, H., 1981. Similarity indices, sample size, and diversity. 
Oecologia 50: 296 - 302. 

Woodin, S. A., 1982. Browsing: Important in marine sedimen
tary environments? Spionid polychaete examples. J. expo mar. 
BioI. Ecol. 60: 35-45. 

Woodin, S. A., 1984. Effects of browsing predators: Activity 
changes in in fauna following tissue loss. BioI. Bull. 166: 
558-573. 



Hydrobiologia 142: 309-325 (1986) 309 
© Dr W. Junk Publishers, Dordrecht - Printed in the Netherlands 

Environmental influences on long-term variability in marine plankton 

1. M. Colebrook 
Natural Environment Research Council, Institute for Marine Environmental Research, Prospect Place, 
The Hoe, Plymouth, United Kingdom 

Keywords: plankton, north-east Atlantic, seasonal cycles, annual variations, climate 

Abstract 

The major patterns of geographical and seasonal variability of the plankton of the north-east Atlantic and 
the North Sea are described to provide the background to a presentation of the dominant patterns of year-to
year fluctuations in the abundance of the plankton of the area for the period 1948 to 1984. A feature of 
the variability is a marked similarity both between species and between areas. The main pattern of year-to
year change has the form of a quasi linear downward trend in abundance with, superimposed on this, an 
element of variability with a periodicity of about three years. There is a complex relationship between the 
plankton and an estimate of changes in the frequency of westerly weather which can be interpreted in terms 
of influences acting over limited periods of the seasonal cycle coupled with persistence in the stocks of 
zooplankton. Relationships between year-to-year variations in the abundance of phytoplankton and 
zooplankton can be interpreted in terms of a response by the zooplankton to variations in food supply cou
pled with feed-back to the phytoplankton involving in situ nutrient regeneration. 

Introduction 

The plankton is of obvious interest to this meet
ing as it provides an important source of supply of 
carbon energy to the benthos, and the information 
about the plankton derived from the Continuous 
Plankton Recorder survey will, it is hoped, be of 
particular interest in the context of the COST 647 
project because these data provide information 
about long-term changes, over a period of several 
decades, in the abundance and distribution of the 
plankton. It will become apparent that it is not yet 
possible to give detailed explanations, in terms of 
mechanisms and processes, of the causes of these 
long-term changes. However some of the environ
mental influences have been identified in the realm 
of long-term changes in climate, and it is possible 
to say something about the nature of the response 
of the plankton to such changes. 

The main patterns of geographical distribution 
of the plankton of the North Atlantic ocean, the 

European shelf and the North Sea will be reviewed 
briefly and seasonality will be considered in greater 
detail as this is a very important element in the dy
namics of the plankton in temperate waters. Geog
raphy provides a more or less static pattern while 
seasonality provides a rapidly changing pattern and 
it is within both of these elements that the long
term changes in the abundance of the plankton 
have their origin. 

Methods 

A routine, monthly, synoptic survey of the 
plankton of the North Atlantic Ocean and the 
North Sea has been carried out since 1948 using 
Continuous Plankton Recorders (Fig. 1) towed by 
merchant ships and Ocean Weather Ships on regu
lar routes (Fig. 2). Samples are collected at the 
standard depth of 10 m and, as far as possible, the 
organisms are identified to species, however, for 
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Plankton. between two silk bands . stored in tank of forma I ill . 

Fig. 1. The Continuous Plankton Recorder. The whole towed vehicle is shown top left. The filtering mechanism which fits inside the 
vehicle is shown on the right and a schematic diagram of how it works is shown bottom left. 
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Fig. 2. A chart of the routes along which Continuous Plankton Recorders were towed in 1985. As far as possible, tows are made at 
monthly intervals along each route. 



some taxonomic groups, identification is to genus, 
family or even higher categories (Rae, 1952, 
Colebrook, 1960). The data from the survey pro
vides information about the geographical, seasonal 
and year-to-year changes in the abundance of the 
plankton (Glover, 1967). 

Geographical distributions 

There are six main patterns of geographical dis-
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tribution which embrace most of the holoplankton
ic species of the North Atlantic (Colebrook, 1972). 
These can be interpreted in terms of north-south 
and oceanic-neritic coordinates. Starting with a 
clearly neritic pattern (Fig. 3), these species tend to 
be confined to the shallow seas and shelf waters. 
Two groups of species show distributions inter
mediate between neritic and oceanic. One (Fig. 3) 
showing a spread from the North Sea into southern 

Fig. 3. Patterns of geographical distribution. Top: neritic, bottom: south-east intermediate. The method of derivation of these diagrams 
is described in Colebrook (1972). 



312 

Fig. 4. Patterns of geographical distribution. Top: north-east intermediate, bottom: north-east oceanic. 

oceanic waters, the other (Fig. 4) showing a spread 
into northern oceanic waters. There are three more 
strictly oceanic groups with distributions centered 
in north-eastern, north-western and southern 
waters respectively (Figs 4 & 5). 

There are two anomalies in these groups of spe
cies. The north-eastern oceanic group consists, 
with one exception, of phytoplankton species only, 

while the southern oceanic group consists, almost 
exclusively, of zooplankton. The group contains a 
number of rare species of phytoplankton, mostly 
dinoflagellates, but no abundant ones. 

It must be stressed that these distributions reflect 
differences in relative abundance. They are not 
based on clear presence or absence boundaries and 
the anomalies do not imply any significant im-
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Fig. 5. Patterns of geographical distribution. Top: north-west oceanic, bottom: southern oceanic. 

balance in the abundance of zooplankton in rela
tion to phytoplankton in these areas. The north
east oceanic anomaly can be explained in the con
text of seasonal variations but the reason for the 
lack of abundant phytoplankton species showing 
southern oceanic distributions is, as yet, not clear. 

Seasonal variations 

As might be expected for temperate waters and 
organisms with relatively short life cycles, there are 
considerable seasonal variations in the abundance 
of nearly all the species (Colebrook, 1979, 1982b, 
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Fig. 6. A graph of the average (1948 to 1984) seasonal variations 
in the abundance of the total of all copepod species for the cen
tral North Sea (areas Cl and C2 in Fig. 10). 

1984). As an example, Fig. 6 shows the seasonal 
variations in the total of all the species of copepods 
in the central North Sea. 

The timing of the seasonal peaks in abundance 
vary from species to species. Fig. 7 contains a con
toured plot showing the seasonal variations in the 
abundance of 24 species of zooplankton, the tim
ing of the peak abundance ranges more or less con
tinuously from May for the earliest species to 
October-November for the latest. 

Fig. 7 also contains a similar diagram for the 
phytoplankton. In this diagram there is a clear dis
continuity in the sequence, indicating a clear 
differentiation between those species associated 
with the spring bloom, with peaks in abundance in 
April and May, and those with peaks later in the 
year, from July to October. Graphs of the average 
seasonal cycles of each of these groups of species 
are also included in Fig. 7. 

The phytoplankton also show marked geographi
cal variations in the pattern of the seasonal cycle. 
Fig. 8 contains graphs, for each of the areas given 
in the chart in Fig. 10, of the average of the spring 
and summer groups of species. The most signifi
cant differences between the seasonal cycles can be 
seen clearly in the middle row of graphs. Compar
ing the oceanic area (C5) with the North Sea areas 
(C2 & Cl) it is clear that the spring bloom is about 
a month earlier in the North Sea than in the ocean, 

while the summer species start to increase earlier in 
the open ocean than in the North Sea. 

Both of these differences can be attributed to 
temperature. The onset of the spring bloom is de
termined to a large extent by the establishment of 
vertical thermal stratification associated with verti
cal stability of the water column and this happens 
earlier in the relatively shallow waters of the North 
Sea. At the same time, in the winter and early 
spring, the open ocean waters are warmer than 
those of the North Sea and once growth starts it is 
faster there than in the North Sea. 

This can be seen very clearly in the diagram in 
Fig. 9 (left) which is a contour diagram based on a 
table of data with a column for each area and a row 
for each month. The data in the diagram refer to 
the spring group of species but the data for the 
summer group looks much the same. In the winter, 
stocks are higher in the North Sea than in the open 
ocean. As soon as growth starts there is a rapid 
shift in the centre of distribution from the North 
Sea in March, through the shelf in April and out 
into the open ocean by May, reflecting the faster 
growth in this area. 

The data presented in this and the previous dia
gram suggests that the phytoplankton achieve 
something approaching a steady state in their re
sponse to the seasonal variations in temperature 
and stratification. In marked contrast to this most 
of the zooplankton show much less pronounced 
seasonal variations in geographical distribution. 
The diagram, in Fig. 9 (right), has the same format 
as that for the phytoplankton but the data are aver
ages for all the abundant zooplankton species. It is 
clear that the range of seasonal variation in ge
ographical distribution is much less than that of 
the phytoplankton. To quote from Colebrook 
(1984), in which this diagram first appeared. 'It is 
suggested, therefore, that the limited seasonal vari
ation in geographical distribution shown by most 
zooplankton is due to inherent limitations in popu
lation growth rates, and that the pattern of distri
bution of zooplankton is strongly influenced by the 
distributions of overwintering stocks' . 

These limitations provide an explanation for the 
virtual absence of zooplankton species showing 
north-eastern oceanic distributions. In this area the 
overwintering stocks are low and therefore the 
general levels of stocks are relatively low. There are 
two exceptions, the copepod Calanusfinmarchicus, 
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Fig. 7. Top left: graphs of the average (1959 to 1984) seasonal cycles of abundance of phytoplankton for all the areas shown in Fig. 
10 with the species differentiated into spring and summer groups. The y-axis scale is arbitrary. 

The contour diagrams illustrate the seasonal variations in the timing of the seasonal cycles of species of phytoplankton (left) and 
zooplankton (right). The species are ranked in the order of the timing of their seasonal cycles with early species at the top and late 
species at the bottom. Differences in abundance between species have been removed by transforming the data for each species to a uni
form, arbitrary scale. A key to the species is given in Table 1. 
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Table 1. Alphabetical key to species for Fig. 7. 

Asterionella japonica AJ Acartia clausi 
Ceratium furca FC Calanus finmarchicus, V-VI 
Ceratium fUsus FS Calanus helgolandicus, V-VI 
Ceratium horridum HR Candacia armata 
Ceratium Iineatum LI Centropages typicus 
Ceratium longipes LG Chaetognatha 
Ceratium macroceros MC Clione Iimacina 
Ceratium tripos TR Corycaeus spp. 
Chaetoceros (Hyalochaete) spp. HY Euchaeta hebes 
Chaetoceros (Phaeoceros) spp. PH Euchaeta norvegica 
Dactyliosolen mediterraneus DM Euphausiacea 
Nitzschia delicatissima ND Evadne spp. 
Nitzschia seriata NS Hyperiidea 
Rhizosolenia alata alata RA Larvacea 
Rhizosolenia alata indica RI Limacina retroversa 
Rhizosolenia alata inermis RN Metridia lucens 
Rhizosolenia hebatata semispina RP Neocalanus gracilis 
Rhizosolenia imbricata shrubsolei RB Oithona spp. 
Rhizosolenia styliform is RT Oncaea spp. 
Skeletonema costatum SK Pleuromamma borealis 
Thalassionema nitzschioides TN Pleuromamma gracilis 
Thalassiosira spp. TS Pleuromamma robusta 
Thalassiothrix longissima TL Podon spp. 

Pseudocalanus elongatus 
Rhincalanus nasutus 
Temora longicornis 
Total Copepoda 
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Fig. 8. Graphs of the average (1958 to 1984) seasonal cycles in the abundance of phytoplankton for each of the areas shown in Fig. 
10, with the species differentiated into spring and summer groups. 
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Fig. 9. Contour diagrams illustrating the extent of seasonal variations in geographical distribution. In these diagrams the columns refer 
to the areas shown in Fig. 10, ranked from oceanic (left) through shelf to North Sea (right) within each category the areas are ranked 
from north to south. The rows refer to months. Differences in abundance between areas and between months have been removed by 
standardization, leaving in the diagrams only the seasonal changes in relative geographical distribution. The contour levels are, therefor, 
arbitrary. 

which overwinters in relatively large numbers by 
migrating down into deep cold water where they 
can survive on food reserves through the winter, 
and another copepod Acartia clausi, which appears 
to have a higher potential population growth rate 
than most other zooplankton species. 

With these exceptions it would appear that, on 
the whole, the stocks of zooplankton species, in 
contrast to the phytoplankton, do not achieve any
thing like a steady state response with respect to the 
seasonal variations in temperature and food supply 

and, since these are the dominant patterns in the 
dynamics of the zooplankton, it would seem to im
ply that any variability due to interactions between 
zooplankton species resulting from factors such as 
competition or predation will also not exhibit any
thing approaching a steady state and will probably 
be difficult to identify and characterise. 

These features of the response to seasonal forc
ing functions, the contrast between phytoplankton 
and zooplankton and the role of the distribution of 
overwintering stocks also have to be considered 
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when looking at the response of the plankton to 
longer term environmental variability. 

Data are available from the Continuous Plank
ton Recorder survey for some 23 species of 
phytoplankton and 18 of zooplankton for each of 
a set of areas (Fig. 10) covering the north-east At
lantic and the North Sea, for the period from 1948 
to 1984 for the zooplankton and 1958 to 1984 for 
the phytoplankton. 

Thus, the data base contains nearly 500 time
series and it is obviously quite impossible to de
scribe each of these in detail. Fig. 11 contains one 
example of the monthly data, for the copepod 
Pseudocalanus elongatus in the central North Sea. 
It is obvious that the repeated seasonal cycle is very 
clear and its amplitude is much larger than that of 
the year-to-year changes. With data like these it is 
reasonable to remove the seasonal cycle by calculat
ing annual means. 

Fig. 12 shows graphs of the annual means in 
abundance of the same species in each of the north
east Atlantic and North Sea areas shown in Fig. 10. 
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Fig. 10. A chart showing the division of the survey into sub
areas used in Figs 6, 8, 9, 11, 12, 13, 14. 

Fig. 11. A graph of the monthly variations in abundance of the copepod Pseudocalanus elongatus for area Cl (Fig. 10), for the years 
1948 to 1984. 
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Fig. 12. Graphs of annual means of abundance of Pseudocalanus elongatus for the years 1948 to 1984 for each of the areas shown 
in Fig. 10. The data in each graph are standardized to zero mean and unit variance. 

In these plots, differences in abundance between 
areas have been removed by standardizing each 
graph to zero mean and unit variance. It is clear 
that there are marked similarities between the 
graphs, and an expression of the common pattern 
can be obtained by using Principal Components 
Analysis. Fig. 13 shows a graph of the first compo
nent and a scatter plot of the first two vectors. The 
component can be regarded as being the best possi
ble single representation of all the variables includ
ed in the previous figure and the scatter plot pro
vides a spatial representation of the relationships 
between the areas. 

By processes such as these the whole data base 
can be reduced to manageable proportions, while 
still retaining the dominant patterns of variability 

in representations of year-to-year changes in abun
dance. 

Fig. 14 shows graphs of the first principal com
ponents, for each of the 12 north-east Atlantic and 
North Sea areas (Fig. 10), of the year-to-year fluc
tuations of all the zooplankton species. Each graph 
can be considered as the best possible representa
tion of the year-to-year changes in the abundance 
of the zooplankton as a whole. 

It is obvious that there are marked similarities 
between the patterns in the different areas and that 
this pattern involves a clear structure in the form of 
a more or less continuous downward trend. The ex
tent of the similarity between the areas is remarka
ble considering the varying hydrographic condi
tions represented in the areas which range from 
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Fig. 13. The time-series graph (left) is the first principal component of the data presented in Fig. 12. Right is a scatter plot of the first 
two vectors of the same data. 
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Fig. 14. Graphs of the first principal components for each of the areas shown in Fig. 10 of the year-to-year variations in abundance 
of all the zooplankton species. 



shallow, unstratified waters in the southern North 
Sea to deep, seasonaly stratified waters in the open 
ocean. 

The search for processes that might determine 
patterns of long-term variability in the zooplank
ton clearly has to be limited to systems which oper
ate over large areas, and the most obvious of these 
are related to changes in climate. 

It has already shown that with respect to season
al forcing, the stocks of zooplankton species ex
hibit persistence and do not achieve a steady state 
in their response to this forcing. The same question 
has to be asked with respect to longer term variabil
ity and, in these data the presence of a trend and 
clear associations between successive years suggests 
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that persistence from year to year is a possibility 
which may have to be considered in searching for 
relationships with environmental variables 
(Colebrook, 1981, 1982a). 

So far, two variables have been identified which 
show convincing relationships with the year-to-year 
changes in the abundance of the zooplankton and 
these will be illustrated in relation to the fluctua
tions in the abundance of the total of all the cope
pod species averaged for the North Sea. 

The two variables are, firstly, an index of year-to
year variations in the frequency of occurrence of 
westerly weather over the British Isles, and second
ly, the sea surface temperature in the North Sea 
averaged for the months of February to June. 

Coherence Phase 
7r 

~ Variables 
'tl 2 

~ 
SST 

o +-t'---T-------, O+--h~~~~~+r~-+---;Ti~~ 
if \ 

2 

\ . 
\,,! 

-7r --'-r-r-1~_..,.--r__,_-, 

7r 

o --f"'---t---t--

- 7r -L-,---,,,-L,----,--.-"-r-----. 

7r 

o +---~.---"7 

16 5.3 3.2 2.2 16 5.3 3.2 2.2 50 60 70 80 

Period,years Year 

Fig. 15. Graphs (right) of the year-to-year variability, for 1948 to 1983, of pairs of variables. COP - total copepods, SST - sea surface 
temperature, WW - frequency of westerly weather. The plots are all standardized to zero mean and unit variance. The plankton and 
temperature data are for the North Sea. The graphs, left and centre, are plots of coherence and phase derived from maximum entropy 
cross spectral analyses of the corresponding pairs of variables. For details see text. 
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The relationships of these variables with each 
other and with the zooplankton (Colebrook, 
1985b) have been examined using maximum entro
py cross spectral analysis. The products of this 
method of analysis are plots of Coherence and 
Phase. The coherence is roughly equivalent to a set 
of correlations between the two variables across the 
spectrum of frequencies in the variables. The phase 
measures the extent of any time-lag between the 
variables across the same spectrum. The 
wavelengths included in the analysis range from in
finity to a period of two years. The maximum en
tropy method involves the derivation of filters that 
convert the original time-series to white noise and 
the coherence and phase spectra are estimated in re
lation to the frequency responses of these filters. 

Fig. 15 shows plots of the pairs of variables: 
copepods and westerly weather, copepods and tem
perature, westerly weather and temperature, togeth
er with corresponding plots of coherence and 
phase. Copepods and westerly weather show a high 
coherence at the longest wavelengths, reflecting the 
clear similarity in the downward trend in each case. 
There is also a peak in coherence with a wavelength 
of about 3 years. The relationship between cope
pods and temperature shows only the peak in co-

herence at about 3 years, as does the relationship 
between westerly weather and temperature. 

Looking at the phase relationships with respect 
to the 3-year peak, westerly weather and tempera
ture are in phase, while the only sensible interpreta
tion of the relationship with the plankton implies 
a negative correlation in both cases with a time-lag 
of about a quarter wavelength, roughly nine 
months. 

The relationship between the plankton and the 
westerly weather, therefore, contains two compo
nents, a positive relationship with respect to the 
long-term trend and a negative relationship with re
spect to the 3-year waveband. This obviously 
presents problems of interpretation. 

There is evidence to suggest that the long-term 
trend has its origins in winter and its presence 
through the year is a function of persistence 
(Colebrook, 1985a). Fig. 16 shows graphs giving a 
seasonal breakdown of the year-to-year changes in 
abundance of four species of zooplankton in the 
North Sea. Differences in abundance between the 
seasons and the species have been removed by stan
dardization. It can be seen that all the species show 
an element of downward trend in winter, and for 
most of the species this persists throughout the 
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Fig. 16. Graphs illustrating seasonal variations in the pattern of year-to-year fluctuations in abundance of zooplankton for the period 
1948 to 1982. The data are for the North Sea. PP - Pseudocalanus elongatus, AC - Acartia c/ausi, CL - Calanus spp., HY - Hyperi
idea. All the graphs are standardized to zero mean and unit variance and the direction and extent of linear trends are indicated by broken 
lines. 



year, but it tends to be most pronounced in winter, 
and for one species, Acartia clausi, the trend 
reverses in summer. Acartia has already been men
tioned as a species with an apparently higher 
potential rate of population increase than most of 
the zooplankton. The impression gained from 
looking at these data is reinforced by a study of 
vector plots derived from principal components 
analyses of the data which indicate that the species 
are generally more coherent in winter than in sum
mer. 

Therefore it seems possible that the long-term 
trend in the abundance of the zooplankton is 
produced by forcing which is effective during a 
limited period of the seasonal cycle, in this case in 
winter. 

The seasonal breakdown of the year-to-year 
changes in abundance inevitably results in an in
crease in the 'noise' levels in these data and it is not 
possible to detect any convincing seasonal differen
tiation with respect to the 3-year periodicity. How
ever, this is possible for the temperatures, and in 
these data the 3-year periodicity is present only 
from February to June and possibly July. Again it 
seems possible that the relationship with the plank
ton with respect to the 3-year periodicity is 
produced by forcing effective during a limited peri
od of the seasonal cycle, in this case in spring and 
early summer. 

If we assume that the forcing due to the westerly 
weather is related to processes involving vertical 
mixing of the water column then it seems reasona
ble to expect these processes to have different ef
fects in winter when the waters are unstratified 
compared with the period of temperature stratifica
tion. 

This example provides a useful indication of 
some of the problems which can arise in the empiri
cal approach to relationships between environment 
and populations. In particular, it highlights the val
ue of relatively long time-series of observations in 
the identification and characterisation of such rela
tionships. 

Looking back over the studies of the year-to-year 
variability in the abundance of the plankton based 
on the data from the Continuous Plankton Record
er survey, the beginnings of patterns of coherence 
between species and between areas were indentified 
with 12 years of data (Colebrook & Robinson, 
1964). The long-term, quasi linear trend was identi-
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fied with about 20 years of data (Colebrook, 1972). 
The 3-year periodicity was first noticed with 25 - 26 
years of data and, at about the same time, the rela
tionship with westerly weather was identified 
(Colebrook, 1978). But, a resonably reliable charac
terisation of the relationship did not emerge until 
the study described here, based on 36 years of data. 

With respect to year-to-year changes in the 
phytoplankton, consistent data are available only 
from 1958, due to a change in the methods of 
counting the samples in the survey. But, since 
zooplankton eat phytoplankton it would seem logi
cal to look at the phytoplankton in the search for 
variables related to the zooplankton and, at first 
sight it looks as though a simple relationship is in
volved. Fig. 17 shows graphs of the year-to-year 
variations in the abundance of the zooplankton 
and the phytoplankton, combining the data for all 
areas and species. 

The variables are obviously correlated, and a ma
jor element in the correlation is the long-term 
trend. But, in view of the interpretation proposed 
for the relationship between zooplankton and 
westerly weather, there are problems in viewing this 
relationship between the zooplankton and the 
phytoplankton in terms of a simple trophic interac
tion. It has been suggested, for the zooplankton, 
that the long-term trend has its origins in winter, 
through differential survival of over-wintering 
stocks, and these differences persist throughout the 
rest of the year. This argument is difficult to apply 
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Fig. 17. Time-series of the abundance of zooplankton and 
phytoplankton for 1958 to 1984 derived from principal compo
nents analyses of the data for all species and all the areas shown 
in Fig. 10. 
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to the phytoplankton which have already been 
shown to achieve something like a steady state re
sponse to the seasonal cycles of light, temperature 
and vertical stability. In contrast to most of the 
zooplankton, for most of the phytoplankton there 
is little of no relationship between the geographical 
distributions of their overwintering stocks and 
their geographical distributions in summer. It is 
therefore most unlikely that year-to-year variations 
in the levels of overwintering stocks will persist 
through the year. And yet, the patterns of year-to
year fluctuations in the abundance of the 
phytoplankton looks persistent and in fact contains 
about the same proportion of long wavelength 
variability as for the zooplankton. 

It seems possible that the relationship between 
the phytoplankton and the zooplankton has to be 
interpreted not just as a response by the zooplank
ton to variations in food supply but as also involv
ing feed-back from the zooplankton to the 
phytoplankton to the extent of influencing the 
year-to-year variations in the abundance of the 
phytoplankton. A likely mechanism for the feed
back is in situ nutrient recycling. There has been a 
growing realisation, in recent years, of the role of 
recycled nutrients in the growth of phytoplankton 
(Eppley, 1981; Jawed, 1973). The form of the rela
tionship between phytoplankton and zooplankton 
in the north-east Atlantic and the North Sea does 
appear to be consistent with these observations and 
extends their scope to a consideration of the in
fluence of nutrient recycling on the long-term 
variability of the plankton. 

It is difficult to see how a feed-back system, 
based on nutrient recycling, could have much im
pact on the dynamics of the spring bloom when the 
phytoplankton are utilising nutrients mixed into 
the surface waters during the winter. The informa
tion on the limited extent of seasonal variation in 
geographical distribution of most of the zooplank
ton, as compared with the phytoplankton suggests 
that there is a lag between phytoplankton growth 
and grazing pressure in the spring indicating that, 
at least in the open ocean and to some extent in the 
North Sea, the spring bloom of phytoplankton is 
nutrient limited. The implication is that in the 
spring a significant proportion of the phytoplank
ton stock is not eaten by zooplankton and 
presumably sinks out of the euphotic zone and 
much of it, at least in the shallower waters, must 

finish up on the bottom and provide a significant 
input to the benthos. There is growing evidence, 
based of direct observations of the bottom and 
from sediment traps, that this does in fact happen 
(Davies & Payne, 1984). It seems possible that 
much of the work which has been done on the 
spring bloom of the plankton may have more sig
nificance for the benthos than it does for the plank
ton during the post-bloom period. 

Thus it is possible to derive a doubtless oversim
plified, conceptual model of relationships between 
the plankton and the benthos in terms of a parti
tioning of the nutrient pool between two annual cy
cles, one confined to the euphotic zone and deter
mined by the dynamics of the zooplankton, the 
other involving the benthos and the spring bloom 
of the phytoplankton. 

It would be good to see the results of the COST 
647 project contributing to our knowledge of the 
interaction between these two nutrient cycles and to 
a better understanding of the relationships between 
the plankton and the benthos. 
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Reproduction of Patella spp. on the Basque coast of Spain 

Miguel Ibanez, Junkal Pena & Jaime Feliu 
INSUB., Museo de Oquendo, Apartado de Correos 3.031, San Sebastian, Spain 

Four species occur on the Basque coast: P. lu
sitanica (P. rustica) in the upper levels of exposed 
areas, P. depressa and P. vulgata throughout mid
levels, with the former the most abundant and 
showing much polymorphism, and P. aspera which 
is common only on the lower shore. Gonad indices 
were compiled from monthly samples of at least 50 
individuals of each species taken from February 
1983 until August 1985 at Fuenterrabia, San Sebas
tian and Zumaya. 

P. lusitanica, at virtually its northern limit of dis
tribution, has a short breeding period beginning in 
July, with first spawnings in Aug/Sept and gonads 
declining rapidly in Oct/Nov or Nov/Dec. 

In P. vulgata, which reaches its southern limit in 
Portugal, the period of gonad activity has varied 
between three and five months over late spring/ear
ly summer. Gonad indices reached maxima in Oc
tober and November, but also showed some evi
dence of re-ripening in Jan/Feb before final 
declines in March/May. 

Bij contrast, P. depressa and P. aspera which are 
in the centre of their range show irregular, high lev
els of activity for most of the year. There is a ten
dency for least activity in June/July, this being the 
most marked in P. aspera. The irregularities in the 
indices suggest continuous development and fre
quent small spawnings. 

These data for P. vulgata and P. depressa are 
similar to those of Miyares (1980) for the Asturian 
coast of Spain, and also to the Portuguese data (in
cluding P. aspera) of Guerra & Gaudencio (see this 
volume). They contrast strongly with data from 
Britain and Ireland (Orton & Southward, 1961; 
Thompson, 1979; Bowman, 1985; Bowman & 
Lewis, this volume) where gonad activity is of 

much shorter duration and usually confined to 
midsummer and/or early autumn. 

The decreased duration northwards may reflect a 
minimum temperature requirement by gonads, and 
it is possibly significant that P. lusitanica has as 
short a breeding period here, at its northern limit, 
as P. aspera has at its northern limit in Britain. The 
time changes support the expectation of a latitudi
nal progression in breeding/recruitment from mid
summer/early autumn in the north, to the colder 
half of the year in the south. Problems remain, 
however; does the year-round activity in P. depressa 
in Spain contract towards its southern limit? When, 
during the apparently extensive breeding period in 
Spain, is recruitment most successful? 
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The reproductive biology of Dendrodoa grossularia (Van Beneden) 
(Tunicata:Ascidiacea) at intertidal and subtidal locations on the West Coast of Ireland 

Mark White 
Zoology Department, University College, Galway, Ireland 

The reproductive biology of Dendrodoa gros
sularia (Van Beneden) was examined in the broader 
context of a study of succession and development 
in ascidian dominated communities, under the um
brella of the COST 647 Programme. Samples were 
collected from an intertidal location in the inner 
part of Galway Bay, and from a subtidal site at Ard 
Bay, on an approximately monthly basis over the 
period August, 1983 to June, 1985. 

The intertidal site is prone to periodic depression 
in salinity (down to 50/00), under the influence of 
a major river in the area. Salinity at the subtidal 
site never fell below 320/ 0 0 and temperature at both 

sites fluctuated seasonally between 3 DC and 
18.5 DC. Fecundity was significantly higher at the 
subtidal site where there were two distinct peaks in 
the reproductive cycle annually, in Spring and Au
tumn, both of roughly equal intensity. At the inter
tidal site, on the other hand, although there were 
two peaks annually, the second in Autumn was 
greatly reduced. The differences between the two 
populations were attributed to a combination of 
factors, among the most important of which were 
suppressed salinity and tidal emmersion at the in
tertidal site. 
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Ecophysiological studies of Halidrys siliquosa in relation to observed changes in natu
ral populations 

c. S. Larsson*, T. Lundalv & L. Axelsson 
Kristineberg Marine Biological Station, 5-450 34 Fiskebeckskil, Sweden 
*also University of G6teborg, Dept. of Marine Botany 

An ecophysiological study of the brown algae H. 
siliquosa has been initiated in order to evaluate if 
changes in abiotic conditions could be responsible 
for a massive decrease in the populations of this al
gal species. Such a decrease occurred in several 10-
calities during the years 1979- 81 along the Swedish 
west coast. The first purpose was to study factors 
determining the northern limit of the alga's distri
bution. H. siliquosa, with its main distribution to 
the south, has been compared to the closely related 
and morphologically similar Ascophyllum nodo
sum, f scorpioides, which has a more northern dis
tribution. This comparison revealed the following 
differences between the two algal species: 

Irradiation in stagnant water resulted in much 
higher photooxidative damage on H. siliquosa (both 
reversible and irreversible). This alga is thus more 
sensitive to a combination of high irradiation, low 
temperature and low water motion. 

H. siliquosa showed lower rates of bicarbonate 
uptake, especially at lower temperatures, and in 
stagnant water. In addition, H. siliquosa lacked a 
light buffering system which occurs in other mem
bers of Fucales growing on the Swedish west coast. 
Also, in the northern regions, the alga occurs only 
close to the surface. These last facts suggest that the 
conservation of light energy is the critical factor. 
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Abra alba populations in and off Arcachon bay (France): mean seasonal evolution of 
benthic temperatures and salinities from 1971 to 1984 

Jean-Marie Bouchet 
Institut Universitaire de Biologie Marine d'Arcachon (Universite de Bordeaux I), 2, rue du Pr. Jolyet, 
33120 Arcachon (France) 

Abra alba populations occur on fine sands out
side the Arcachon bay and in several biotopes of 
the bay, according to the distance from the ocean 
and the variability of temperatures and salinities. 
Numerous sectional elevations at the time of high 
spring tides, show the temperature stratification 
and the thermal differentiation between the open sea 
and the inner part of the bay. Only superficial waters 
penetrate into the lagoon. For example, during sum
mer (July 1983) on the offshoreAbra alba communi
ty, at depths greater than 30 m, temperatures are 
13 0c. A thermal amplitude of 8 degrees separates 
the two extreme biotopes (distance 27 kilometers), 
the inner attaining 22°C. There exists from March to 
May, and from October to November, a relative ther
mal homogenization between the bay and the ocean. 
Salinities are always stratified, and may be very het
erogeneous, especially' during spring (April and 
May), when precipitation is particularly frequent. 
The Eire river, and its numerous tributaries located 
on the south east of the bay, are the principal sources 
responsible for lowering salinities. 

Five diagrams corresponding to the main bio
topes, show the mean seasonal evolution of bottom 
temperatures and salinities. Months are character
ized by fan-shaped curves showing strong tenden
cies to overlap from year to year. Curves also repre
sent a relative prediction of T and S evolution. A 
serious cut exists between the ocean and the bay. In 
the bay itself, another cut marks the Eire estuary. 
The corresponding diagram may overlap considera
bly for low salinities during spring and early sum
mer. 

Abra alba populations never extend beyond the 
geographic boundary shown on this last diagram. 
Their disappearance from the inner part of the Bay 
occurs during October. Stocks may persist or disap
pear (Arguin bank, at the mouth of the bay), during 
winter. Recruitment takes place during spring 
(March) from the ocean (not yet proven), or from a 
surviving stock in the bay. 
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Spatial and temporal distribution patterns within an Amphiura Iiliformis - Abra alba 
community 

Patricia Dinneen & Sinead Neiland 
Zoology Department, University College, Galway, Ireland 

Keywords: macrobenthos, sublittoral infauna, community composition, spatial distribution, temporal 
distribution, Ireland coast 

The benthic macrofauna of Kinsale Harbour on 
the south coast of Ireland was investigated by mem
bers of the Zoology Department. This involved: 
(a) a qualitative survey at 68 sites in 1978; 
(b) a quantitative characterisation of the infauna 

at 50 soft-bottom sites in 1979-81; 
(c) an evaluation of the stability of faunal assem

blages by means of annual recharacterising 
surveys at a reduced, i.e. relative to the initial, 
number of selected sites; 

(d) monthly monitoring, over a two year period, of 
assemblage structure and development togeth
er with the population dynamics and 
reproduction of some numerically important 
species. This presentation gives an outline of 
the infaunal assemblages found to characterise 
the area over the period 1979-81 to 1984. 
More specifically, an intercomparison of the 
species dominance patterns within four faunal 
groupings is made with respect to the years 
1979-81 and 1984. 

The study area comprises the euhaline zone of 
the Bandon River estuary with a mean river dis
charge of 15.25 m3 S-1 which equals or exceeds 50 
m3 S-1 for less than 5070 of the time. Sediments in 
the inner harbour area (Group 1) are heterogenous 
muddy sands with some coarse material. Clean fine 
sands characterise the middle ground (Group 2) 
while homogenous muddy sands prevail in the out
er harbour (Groups 3). 

Wind and tidal induced currents turbate the bot
tom sediments in all but the innermost part of the 
harbour. 

In terms of faunal composition four faunal as
semblages were identified for the area using clas
sificatory analyses. Affirming that the faunal 

groups are no more than convenient abstractions 
from continua, Group 1 approximates an admixture 
of A bra alba and Venus striatula communities with 
elements of an Amphiura assemblage too; Group 
2a resembles the Tellina fabula facies of the venus 
striatula community; Group 2b approximates the 
classical Venus striatula community; Group 3 is 
equivalent to the A mph iura fili/ormis community. 

The broadscale spatial pattern of the assem
blages (Groups) essentially remained constant over 
the six year period. However, some intra-group 
fluctuations in species abundances took place. Of 
the numerically dominant species within the vari
ous faunal assemblages, between 1979- 81 and 
1984: 

(i) Abra alba (Wood), Mysella bidentata (Mon
tagu), Owenia fusi/ormis delle Chiaje, Euclymene 
oerstedii (Claparede), Scoloplos armiger (0. F. 
Muller), Anaitides maculata/mucosa, Pariambus 
typicus (Kroyer), Magelona mirabilis (Johnston), 
Chaetozone spp., Spisu/a spp., Amphiurafi/iformis 
(0. F. Muller), Lumbrineris gracilis Ehlers, Nucula 
turgida Leckenby and Marshall, and Cy/ichna 
cylindracea (Pennant) maintained their status; 

(ii) Mediomastus fragilis Rasmussen, Myri
ochele cf oculata Zachs, Spiophanes bombyx 
(Claparede), Pholoe minuta (Fabricius), Magelona 
fUi/ormis Wilson, Exogone hebes (Webster & Bene
dict), Urothoe elegans (Bate), Corophium cras
sicorne Bruzelius, Mya arenaria L., Harpinia an
tennaria Meinert, Tellina fabula Gmelin, Spio 
filicornis (0. F. Muller), Magelona minuta Eliason 
and Spiophanes kroyeri Grube decreased in abun
dance; 

(iii) Nephtys hombergi Audouin & Milne
Edwards, Melinna palmata Grube, Ampelisca tenui-
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cornis LiIljeborg, Venerupis pullastra (Montagu), 
Sthenelais boa (Johnston), Amphipholis squamata 
(delle Chiaje), Harmothoe impar (Johnston), 
Eteone flava/longa, Venus striatula (da Costa), 
Hiatella arctica (L.), Jphinoe trispinosa (Goodsir), 

Ensis sp., Garifervensis (Gmelin), Dosinia lupinus 
(L.), Scalibregma inflatum Rathke, Glycera tridac
tyla Schmarda and Thyasira flexuosa (Montagu) 
increased in importance. The reasons for these 
changes in abundance patterns are not known. 
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Population dynamics of Thyasira flexuosa (Bivalvia: Thyasiridae) in inner Galway Bay, 
West Coast of Ireland 

Mark Costelloe 
Zoology Dept., University College Galway, Ireland 

Thyasira flexuosa (Montagu) occurred in high 
densities over a restricted area of Inner Galway Bay. 
As part of a broader study being carried out in the 
bay, the population dynamics of this bivalve were 
investigated, at a single site, over the two year peri
od November 1982 to October 1984. Monthly sam
pling (five 0.1 m2 van Veen grabs washed on a 
0.5 mm sieve) revealed a mean population density 
of 72.6 ± 42.4/0.1 m2• 

Recruitment took place between October and 
July of each year sampled and the growth rate of 
the Yo year class (1983/'84) was followed from 
length frequency histograms. 

During the course of the study there was a major 
change in the Thyasira population at the sampling 
station. From November 1982 to September 1983, 
the size-frequency structure did not alter greatly, as 
was the case from November 1979 to April 1981 
(Conneely, 1983). In October 1983, the numbers fell 
dramatically, but a similar drop had been noted in 
February 1983 and it was assumed that this reflect-

ed a patchiness in the bivalves microdistribution. In 
January 1984, however, numbers were down again 
on the previous months and this intensified to a 
point in October 1984 where the majority of in
dividuals recovered were those that had settled in 
the previous months. 

The reasons for this population crash are, as yet, 
unknown. Temperature and salinity data over the 
sampling period show the same seasonal trend 
since 1979. Sediment data, on the other hand, did 
indicate some change. 

This work is continuing and the crash of T. flex
uosa will be viewed in context of the returns for the 
total macrofauna over the same study period. 
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Population dynamics of the ampharetid polychaete, Melinna palmata Grube, in Inner 
Galway Bay, west coast of Ireland* 

Anthony Grehan 
Department of Zoology, University College, Galway, Ireland 

The ampharetid, Melinna palmata is a common 
member of the polychaete infauna occurring along 
the north shore of Galway Bay, (O'Connor, 1981). 
A high density population at one location was the 
focus for a two year study (April, 1983 to March, 
1985). Five samples were taken each month with a 
modified 0.12 m2 van Veen grab (hinged 0.5 mm 
mesh doors fitted to the top to reduce bow wave). 
Samples were sieved on a 0.5 mm mesh and fixed in 
10070 buffered formalin. They were subsequently 
divided into 2 mm, 1 mm and 0.5 mm fractions. 
M palmata were sorted from the 2 mm and 1 mm 
fractions and measured (10th setiger width) for 
construction of size frequency histograms. Month
ly examination of coelomic contents from 
anaesthetised worms revealed the principal events 
of the reproductive cycle. 

Melinna palmata in Galway Bay was shown to be 
polytelic with a breeding season extending from 
May to July. This is earlier than reported for the 
Breton coast (Retiere, 1979; Guillou & Hily, 1983). 
Adult worms were gravid in May with spawning 
taking place until August when water temperatures 
were at their maxima, (approx. 17°q. Simultane
ously, proliferation of the following season's popu
lation of gametes commenced and increased 

* This work was carried out within the frame
work of the COST 47, core programme for the 
study of the 'target species', Melinna palmata 
Grube (Guillou & Pearson, 1981). 

proportionally during the breeding period as 
spawning was completed. At the end of the spawn
ing period, residual oocytes were reabsorbed and by 
October only new previtellogenic oocytes were pres
ent. Little change in oocyte diameter was apparent 
during the winter when water temperatures were at 
a minimum, (approx. 5°q, but a rapid increase in 
oocyte diameter was observed in February coincid
ing with increasing water temperature. 

Recruitment took place each year of the study as 
confirmed by additional samples taken in the post
spawning period with a Muus sampler (quantitative 
meiofaunal samples from the top 2 cm of sediment 
with an area of ca. 160 cm2). At least three year 
classes could be discerned from the size frequency 
histograms. 
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Etude comparative de trois estuaires de manche: Baie des Veys, estuaire de Seine, Baie 
de Somme 

GEMEL: Groupe d'Etude des Milieux Estuariens et Littoraux 
Faculte des Sciences, B.P. 67, 76130 Mont Saint Aignan 

Les chercheurs du GEMEL contribuent depuis 
plusieurs annees a la connaissance des caracteristi
ques physiques et biologiques de trois estuaires de 
Manche centrale (Baie des Veys, Seine) et orientale 
(Baie de Somme). Leurs etudes concernent plus 
particulierement les relations qui unissent macro
faune benthique endogee et sediment. 

La confrontation des resultats obtenus sur ces 
trois estuaires a permis de degager certaines conclu
sions concernant: 

l'etat coenotique de ces trois estuaires, 
- l'evolution pluriannuelle de leurs biocoenoses, 
- les consequences des amenagements (endigue-
ments, polderisation), 
- l'utilisation potentielle de ces milieux (aquacul
ture). 

1. Etat coenotique 

Les trois estuaires presentent des etats coenoti
ques comparables avec une dissymetrie des biofa
cies qui a son origine dans la dissymetrie de leurs 
conditions hydrodynamiques locales respectives. 

I.:application aux resultats de l'analyse factorielle 
des correspondances met clairement en evidence ce 
role primordial de l'hydrodynamisme local qui se 
traduit par l'influence preponderante qu'exercent 
sur la repartition des peuplements benthiques des 
facteurs comme la teneur en particules fines et en 
matiere organique du sediment, Ie degre d'exposi
tion ou les conditions de salinite. 

Ces facteurs expliquent I'existence de facies 
diversifies et appauvris, tant dans Ie secteur marin 
qu'estuarien des trois sites. 

Le facteur 'qualite de l'eau' (salinite mais aussi 
teneur en polluants) ne joue un role determinant 

sur Ie benthos que dans l'estuaire de la Seine; les 
faibles debits de la Vire et de la Somme minimisent 
l'influence de ce facteur et justifient ainsi I'appella
tion de Baie reservee a ces deux estuaires (ainsi en 
Baie des Veys, la salinite est toujours superieure a 
25 0 / 00). 

2. Evolution des biocoenoses 

I.:etat coenotique de ces estuaires n'est pas fige 
mais en constante evolution. - En Baie des Veys, 
l'evolution des biocoenoses est sui vie depuis dix 
ans; eIle se traduit par la migration vers l'aval de 
certaines especes (Pygospio e/egans, Abra tenuis), 
la regression et Ie changement de rive d'autres espe
ces (Macoma balthica), enfin par I'installation 
d'especes marines (Lan ice conchilega, Urothoe gri
ma/db). Ces modifications des biocoenoses sont la 
consequence directe de l'evolution sedimentologi
que liee a la polderisation (§3). 

- Dans l'estuaire de la Seine, l'evolution des bio
coenoses est la consequence des nombreux amena
gements industriels et portuaires (§3 et communic. 
DESPREZ-DUPONT). 
- En Baie de Somme, l'evolution 'naturelle' des 
biocoenoses est liee a l'exhaussement general de la 
Baie; comme dans l'estuaire de la Seine, on assiste 
a une migration vers I'aval des facies, avec notam
ment une forte progression du schorre au detriment 
des biofacies estuairiens typiques (communaute a 
Macoma, facies a Nereis et Scrobicularia). 

Ces biocoenoses evoluent egalement de fa90n 
artificielle sous I'influence d'importants apports en 
nitrates et phosphates provenant du ressuyage des 
terrains agricoles. La principale consequence est la 
proliferation des Polychetes, essentiellement aux 
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depens des Bivalves. Un exemple interessant de 
cette explosion des Polychetes est fournie par Ie 
Spionide Pygospio e/egans dont les colonies errati
ques constituent des banquettes qui accelerent 
l'exhaussement de la Baie, permettent l'implanta
tion d'une plante pionniere (la Spartine) et contri
buent it la disparition de biofacies originaux tels les 
sables envases it Cerastoderma. 

3. Enseignements des amenagements 

Une evolution des biofacies liee it des amenage
ments a pu etre etudiee tant en Baie des Veys (pol
derisation) qu'en Baie de Somme et dans l'estuaire 
de la Seine (endiguements). 

- En Baie des Veys, la polderisation qui se 
poursuit actuellement provoque la suppression 
d'importantes surfaces de piegeage des particules 
fines en fond d'estuaire. I..:envasement se trouve par 
consequent reporte vers l'aval, plus particuliere
ment au niveau de la corne du chenal d'Isigny, sec
teur qui a connu en 10 ans (1970-1980) un exhaus
sement superieur it 4 metres! C'est dans ces facies 
vaseux que s'est installee la communaute it 
Macoma balthica qui avait disparu du flanc ouest 
de la Baie it cause de l'induration du sediment par 
Ie Pygospio. 
- En estuaire de Seine et Baie de Somme, des 
digues submersibles ont ete construites pour stabili
ser les chenaux de navigation. Ces amenagements 
ont eu pour consequences annexes de servir de sup
port a la sedimentation et permettre l'extension des 
schorres, et Ie provoquer Ie comblement des anciens 
chenaux. 

Dans l'estuaire de la Seine, la creation recente de 
deversoirs a pour but de minimiser ces consequen
ces secondaires negatives des digues submersibles. 

En modifiant les conditions hydrodynamiques 
locales, les amenagements realises ont une pro
fonde repercussion sur les biofacies voisins: modifi
cation des conditions de salinite, modification de la 
texture des sediments, modification de l'equilibre 
des peuplements benthiques qui integrent les varia
tions de tous les parametres du milieu, modifica
tion de la physiologie des especes ... 

I..:ampleur des consequences biosedimentologi
ques de ce type d'amenagements confirme Ie role 
primordial des conditions hydrodynamiques loca
les dans la repartition des biofacies estuariens (§I). 

4. Recommandations aux utilisateurs potentie/s du 
milieu 

Ces etudes de base permettent aujourd'hui de 
mettre it la disposition des amenageurs et autres 
utilisateurs potentiels du milieu (notamment dans 
Ie domaine de l'aqua-culture), une quantite de ren
seignements utiles en matiere de: 
- stabilite du milieu: en Baie des Veys, l'applica
tion de l'analyse en composantes principales aux 
resultats du suivi saisonnier, permet de mettre en 
evidence, dans certains secteurs de la Baie, l'exis
tence de profondes perturbations des peuplements 
benthiques, liees it des conditions meteorologiques 
exceptionnelles (tempetes de nord-est). 
- qualite du milieu: en Baie de Somme et estuaire 
de Seine, un indice de qualite biologique et un 
indice de charge de pollution ont permis de 'noter' 
la qualite de ces deux estuaires. II ressort de ces 
deux indices que la charge polluantede l'estuaire de 
la Seine est environ Ie double de celIe de la Somme 
et que les teneurs en hydrocarbures et en phospha
tes sont problematiques dans les deux sites. 
- productivite du milieu: les etudes de biomasses 
realisees en Baie des Veys et en Baie de Somme ont 
permis de quantifier la productivite naturelle de ces 
estuaires et de la comparer it celIe d'autres estuaires 
europeens. Si les biomasses enregistrees en Baie de 
Somme sont comparables it celles de la Mer des 
Wadden ou de l'estuaire de la Gironde 
(25 - 30 g/m2 Ian), celles de la Baie des Veys sont 
inferieures (10-28 g/m2/an); ces dernieres valeurs 
restent cependant nettement superieures it celles des 
peuplements subtidaux « 2 g/m2 Ian en Mer du 
Nord). 

Etant donne l'interet croissant que suscitent les 
projets aquacoles en milieu estuarien (cf. program
mes IFREMER en Baie de Somme) l'importance de 
cette recherche de base se fait plus evidente encore. 
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A benthos inventory in the Zeeland Coastal zone (the Netherlands) 

P. Seipl, R. Brandl, 1. v.d. Meer2, A. C. Smaal2, F. Creutzbergl, A. Engelberts' & K. Hoek2 

I NIOZ: The Netherlands Institute for Sea Research, Texel 
2RWS: Rijkswaterstaat, Tidal Water Division, Middelburg 

In 1984 The Delta Department of Rijkswater
staat (Ministry of Transport and Public Works) in
itiated a project in cooperation with the Nether
lands Institute for Sea Research (NIOZ) and The 
State University of Gent-Belgium to estimate spe
cies abundance and distribution of macro- and 
meiobenthos in the Coastal Waters of Zeeland 
« 15 m depth). 

In this area considerable hydrological and mor
phological changes occur due to the coastal en
gineering projects performed in the Rhine-ScheIdt 
delta (the Delta project). 

The benthos program is part of an integrated re
search project to describe and monitor the ecologi
cal development of this coastal zone. Surveys of 
meio- and macrofauna have been carried out in 
sept-nov. 1984, april-may 1985 and sept-oct. 1985, 
by sampling with a Reineck box corer (0.068 m2) 

or a Van Veen grab (0.2 m2). 

At the start selection of 65 stations was based on 
available knowledge of abiotic conditions. At each 
station 5 sample-units have been taken. Using the 

macrofauna density data of this first survey the 
macrofauna group was able to discern 
TWINSPAN-cluster members (stations) in spatial 
groups (strata). 

As a consequence one decided to use a stratified 
random sampling strategy for the second and third 
survey: ± 200 sample-units were distributed over 
respectively 6 and 10 strata. So in all cases informa
tion from the preceeding survey was used to refine 
the sampling strategy of the following. 

This strategy yields statistically reliable estimates 
for the densities of the more common species not 
concerning stations but concerning the strata and 
the whole area. 

At every sample point sediments have been sam
pled for among others grain-size analysis. 

On the poster, besides a few pictures of sampling 
and processing macro-benthos, the ordered sample
species matrices and the corresponding spatial dis
tribution of the cluster members (sample-units) to
gether with the deduced strata have been shown. 
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Biomass and density fluctuations of the macrozoobenthos of the intertidal flats in the 
Oosterschelde, the Netherlands 

1. Coosen 

As part of the BALANS-project the benthic fau
na of the Oosterschelde was studied at 8 intertidal 
stations situated at 3 of the major tidal flats of the 
area: 3 at the Roggenplaat (in the western part of 
the Oosterschelde), 1 at the Hooge Kraayer and 4 
at the mudflats of the Verdronken Land van Zuid
Beveland (eastern part of the Oosterschelde). At 
each station 15 core samples of 0.0083 m2 were 
taken to a depth of 30 cm and washed in the field 
through a 1 mm sieve. To establish the density and 
biomass of the larger sparsely distributed animals 
the top layer (10 cm) of a two square meters sam
pling area was collected and washed through a 
3 mm sieve. The sampling area was further dug out 
to a depth of 50 cm and the organisms were sorted 
by hand. The formalin preserved residues were sort
ed in the laboratory under a stereo-microscope and 
all animals were identified to species level, except 
for the oligochaetes. Ash-Free Dry Weights were 
determined by standard methods. 

Samples were taken from spring 1983 until winter 
1984 at three month intervals. Biomass and 
density-figures for the dominant species are ana
lysed. These species are, in sequence of decreasing 
biomass: Cerastoderma edule, Arenicola marina, 
Lanice conchilega, Hydrobia ulvae, Littorina /it
torea, Macoma balthica, Nereis diversicolor, 
Serobicularia plana, Mya arenaria, Nephtys hom
bergii, Heteromastus filiformis and Se%plos ar
miger. They contribute more than 960/0 of the total 
biomass, Mytilus edulis excluded. Mussels are 
grown on culture plots with high biomass per m2, 
in the shallow parts of the Oosterschelde, on the 
slopes of some of the gullies and on some intertid
al flats. These were not sampled. 

In general biomass values are lowest in February 
for all stations (10-40 g AFDW/m2). Highest bi
omass values vary considerably from station to sta
tion but are generally reached in August-September 
(25 - 88 g AFDW/m2). In several stations biomass 
tends to be higher in 1983 than in 1984. As far as 
data are available a comparison will be made with 
stations sampled in 1979 till 1981 in the Ooster
schelde. Suspension feeders (Cerastoderma edule, 
Mya arenaria) contribute most to the biomass in 
about half of the samples, especially from the sta
tions near the mouth of the Oosterschelde. 
Deposit feeders (Arenicola marina, Macoma balthi
ca and Serobicularia plana) contribute most in 3 
stations, 2 located in the innermost part of the 
Oosterschelde. Some stations low in the intertidal 
zone have a high share of filter feeders and some 
stations high in the intertidal zone have a high 
share of deposit feeders, but this is no general rule. 

Densities vary likewise from station to station 
and from season to season. Species like Cerastoder
ma edule have low densities in February/May 
(50 - 500 ind.lm2) and reach their maximum in Au
gust/September (500-2000 ind.lm2). Arenicola 
marina shows little variance over the year except for 
juveniles in spring on stations high in the intertidal 
zone, where Heteromastus filiformis and Macoma 
balthica juveniles also have their highest densities. 
Other species that will be discussed are: Seoloplos 
armiger, Nephtys hombergii and Nereis diversicolor. 

Finally, distribution, biomass and density of 
these species is correlated with some abiotic factors 
like position in the intertidal zone (emersion time), 
sediment type and organic fraction in the sediment. 
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Dynamics of the dominating macrozoobenthos in the Danish Wadden Sea 1980 -1985 

Poul Brinch Madsen 
Marin ID, Skodsborg Strandvej 85, DK-2942 Skodsborg, Denmark 

Sampling of macrozoobenthos was carried out 
by use of a core sampler and a 1 mm sieve at 6 lo
calities in the Danish Wadden Sea 2 - 4 times per 
year (1980-1985). Each locality was sampled as a 
transect from MHWL to MLWL. 

The mean abundance (N/m2) and biomass (g 
ADW/m2) of the 10 dO!llinating species (excl. 
Mytilus edulis and Hydrobia sp.) were calculated for 
each transect, as was a mean for all 6 transects. 

From the beginning of 1980 both abundance and 
biomass were more than halved during the first 2/3 
of the year. In 1981 and 1982 both increased slowly 
to the early 1980 level (late in 1982), and later in
creased to more than 2.5 times this value from 1983 
to 1985. In all these years abundance and biomass 
was higher and more unstable in the eutrophicated 
Ho Bay than around the island of R0m0 where the 
water was more clean. 

In 1985 sampling was only carried out once - in 
the autumn. This sampling showed a rather differ
ent species composition compared to the previous 

years. 5 of the normally dominating species as well 
as 6 of the normally rare species increased greatly 
in abundance. 

Most of these species are often declared as indi
cator species of eutrophication. 

The winter 1984 -1985 was extremely severe with 
thick ice cover for more than 2 months. 

The most probable explanation of these chang
ings in 1985 seems to be a recolonisation after the 
severe winter, but an increased eutrophication can
not be ignored either. 

Conclusion 

All these results indicate that a better knowl
edge of the natural fluctuations of both the 
dominating and the non-dominating species is 
necessary for a better understanding of the results 
of short term pollution monitoring. The long term 
project COST-647 can provide this knowledge. 
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Skomer marine reserve subtidal monitoring project 

B. Bullimore 
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The causes and extent of natural fluctuations in 
subtidal rocky epibenthic communities in British 
waters is largely unknown and a project to monitor 
some representative communities in the voluntary 
Skomer Island Marine Reserve, s.w. Wales, was be
gun in 1982 with the encouragement of the reserve's 
management committee. 

The non-destructive sampling technique of 
stereophotography chosen for data gathering was 
based on proven techniques in use in Scandinavia. 
The stereocamera system used between 1982 and 
early 1984 was, owing to severe financial limita
tions, designed for use with a single Nikonos cam
era and standard lens. Four sites, of three 0.2 m2 

quadrats each, at 10, 15, 20 and 25 m below chart 
datum, were established during July 1982 at a loca
tion on the north coast of Skomer Island exposed 
to strong tidal streams and occasional heavy wave 
action. The 'typical' vertical bedrock communities 
at this 'North Wall' station were sampled irregular
ly until early 1984 when funding by the" Nature 
Conservancy Council enabled expansion of the 
project and facilitated a more regular sampling 
programme. Further sites were established in order 
to monitor several long-lived and/or lusitanian spe
cies of scientific interest. Adjacent to the existing 
North Wall sites, new sites included colonies of Al
cyonium glomeratum, Pentapora joliacea, Eunicel
la verrucosa and Gymnangium montagui. A sec
ond station was established on the wave exposed 
south coast of the island where the communities 
sampled include Balanophyllia regia, Isozoanthus 
sulcatus and several species of sponges and ascidi
ans. A Welsh Water Authority grant also enabled a 
more efficient stereocamera system to be construct
ed utilising two cameras with wide angle lenses. 

The 20 and 25 m North Wall sites are dominated 
by Corynactis viridis and a short bryozoan turf 
partially overlying barnacles and Salmacina dys
teri. Seasonal variation in the bryozoan turf was 
observed between 1982 and 1984. During 1985 the 
25 m site was heavily grazed by Echinus esculentus 
leaving areas of bare rock suitable for colonisation. 
The communities at the 10 and 15 m sites are domi
nated by Alcyonium digitatum and seasonal growths 
of hydroids and bryozoans. An understory of 
Corynactis, Caryophy/lia smithii, sponges and bar
nacles is only apparent during the winter. The den
sity of colonies of the bryozoan Cellaria spp., 
which generally appear to survive two seasons, have 
remained fairly constant, although the actual dis
tribution has varied considerably. Considerable 
growth has been observed in the sampled Pen
tapora and a seasonal growth of epifauna on the 
colonies noted. No growth in Eunicella has been 
recorded and no apparent change in either the 
Balanophylliaor A. glomeratum communities not
ed during the short time since observations began. 
The inherent difficulties in estimating the size of 
highly contractile organisms, such as A. glomera
tum, are recognised. The Gymnangium colony was 
sampled once in 1982, before inclusion in the regu
lar programme, and since that time has moved 
across the rock face as new hydrocauli have grown 
on the 'leading edge' of the colony. 

In addition to the above work, a second investiga
tor is monitoring subtidal algal communities at the 
North Wall station and both the S.M.R.S.M.P. wor
kers are studying the impact of scallop dredges on, 
and monitoring the recovery of, the benthos of a 
mixed sediment seabed elsewhere in the reserve. 
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