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Editors’ Preface

The New Naturalist Library has produced few titles on the seas, and up to now the marine benthos has hardly been touched on. Two classic works produced more than half a century ago were C. M. Yonge’s The Sea Shore (1949) (succeeded by Peter Hayward’s Seashore (2004)) and Sir Alister Hardy’s The Open Sea, published in two volumes. The second volume, Fish and Fisheries (1959), devoted 50 pages to the benthos because of its vital importance to fishes ‘either as their prey or as voracious predators for limited supplies of food’.

Since then human activities have put the integrity of benthic communities at risk but have not diminished their significance for fisheries, and advances in research and techniques have greatly increased our understanding of happenings on the floor of the shallow seas that overlie the continental shelf. Now Peter Hayward extends and updates our understanding of this fascinating habitat, so that for the first time naturalists, even if they are not scuba divers, can begin to appreciate the variety of environments and the diversity of organisms found there. He introduces us to a hitherto mysterious and inaccessible system that is important not only as a source of fish for the table and a sink for rubbish from the land, and as a warning signalling the potential consequences of climate change, but also because it is for most naturalists a new and unfamiliar world that deserves to be widely appreciated and wisely managed.


Author’s Foreword and Acknowledgements

The margins of the continents, especially broad in the North Atlantic region, are drowned by shallow seas, creating a sea-floor environment termed variously the sublittoral or shallow shelf, and part of the wider and deepening benthic realm. Continental-shelf seas are the most biologically rich and productive areas of the world ocean. This book addresses some aspects of the natural history of the benthic environment of the shelf seas of northwest Europe, and its biological communities, the benthos.

In northern Europe, naturalists began to investigate coastal marine habitats in the seventeenth century, and seashore studies reached an apogee in the second half of the nineteenth century, by when the development of small bottom dredges had initiated the exploration of the shallow sea floor. Marine biology began with the studies of enthusiastic amateur naturalists, and there are many who continue the amateur tradition today. Scuba, together with digital cameras and video recorders, provides the modern naturalist with opportunities for exploring the marine environment that Victorian enthusiasts would have wondered at. Thus equipped, the amateur naturalist is able to continue to make original contributions to marine biology, but only with regard to inshore habitats, and at the shallowest depths. Surveying the benthic environment offshore involves expensive, ship-borne sampling procedures. Many biological science students will have had the opportunity to see grabs, dredges and trawls deployed from research vessels operated by marine biology stations, and to examine and to identify their catches in seawater tanks. Some postgraduate students will have had the privilege of participating in research projects and programmes that involved extensive shipboard fieldwork, and long periods in the laboratory developing familiarity with benthic faunas. It is also likely that many amateur marine biologists will have become familiar with benthic biology and ecology through attending classes provided by field stations. My own experience of the benthos derives from more than enough hours aboard coastal research vessels, and many more, and more comfortable, hours in the laboratory, over a period of 28 years conducting practical classes in benthic marine biology.

It is a challenge to present a convincing account of the natural history of an environment that is rather difficult to envision. Away from rocky coastlines the sea floor is rather flat, often muddy, beneath turbid water with low or no visibility. Benthic faunas mostly live within the sediment of the sea floor, or are sparsely and patchily distributed upon it, and if at all motile are likely to withdraw into burrows or move quickly away on disturbance. Yet, dredges and grabs reveal an often extraordinary diversity and density of animals, suggestive of complex interacting communities. This is not a textbook of marine benthic ecology, nor is it a comprehensive review of the benthic communities of the northwest European shelf seas. Rather, it describes the natural history of some benthic habitats and associations characteristic of our region. It is based upon my joint experience, with friends, colleagues and students, of marine animals and communities, and further informed by the published research of many other fellow marine biologists. I wish to thank all whose work I have relied upon in exploring and explaining those aspects of the field that I find of particular interest. All sources consulted are cited, but I take responsibility for any errors of fact or interpretation.

Finally, it is a pleasure to offer sincere thanks and appreciation to all the friends and colleagues with whom I have spent so many pleasant hours. Special thanks are due in particular to Jill Ireland, John Lancaster, Helen Marshall, Keith Naylor, Joanne Porter, Emily Roberts, John Ryland, and the students and demonstrators of the Millport forays. Jim Ellis, John Lancaster, Joanne Porter and John Ryland kindly provided many of the fine photographs embellishing this book.
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FIG 1. At Europe’s rim: the Cliffs of Moher, Co. Clare, Ireland. (Liam Morrison)




CHAPTER 1

The Shallow Seas

At distant points on the northwestern edge of Europe the continent seems to end dramatically, dropping from vertiginous promontories such as the Cliffs of Moher, Co. Clare, Ireland (Fig. 1), into a forbidding greenish ocean that rolls west over an unimaginable abyss. At other places, such as the Wash, or the Solway Firth, it does not seem to end at all; high spring tides lapping at salt-marsh grazing recede to indistinct horizons with no discernible boundary between land and sea. Actually, the European landmass does not end at Land’s End, the Blasket Islands, the coast of Clare or St Kilda, but 150 km further west where it finally peters out at the true ocean’s margin, a sharp edge termed the continental break where the basaltic rocks underlying the continent plunge towards the great ocean depths. It is interesting to reflect that at this edge the sea’s depth, at around 180 m, is less than half the height of some of the greatest cliffs of Britain and Ireland, and that over much of the sea floor between the coast and the continental break, Beachy Head would protrude comfortably above the sea surface. This area of sea floor lying between shore and break is termed the continental shelf, appropriately so as it is mostly flat and borders the whole of Europe’s coastline. It is deepest to the west, shallowest to the east, with most of the southern half of the North Sea being shallower than 50 m. Its area is greater than the combined land area of the British Isles and Ireland. On low spring tides hundreds, perhaps thousands, of square kilometres of it are exposed to the inspection of the curious, and through the past 20,000 years substantial portions of it have alternated between dry land, coastal marsh and shallow sea, through cycles of centuries. The shallow sea floor of northwestern Europe constitutes the largest continuous environment in the region.

The environment of the European shelf sea floor, the benthic environment, and its fauna, the benthos, are the focus of this book. Benthic is used in contradistinction to pelagic, the environment of the water column, although the two terms provide only the coarsest division of the marine realm. Benthic and pelagic environments may both be subdivided by depth (Fig. 2). The sea floor of the continental shelf is sometimes termed the sublittoral zone, although shallow benthic is perhaps more descriptive. From the shelf break the steeply descending continental slope constitutes the bathyal zone; between 2,000 and 3,000 m depth the gradient flattens and from 3,000 to 6,000 m the sea floor is the zone of the vast abyssal plains that underlie 75% of the world ocean. The deep ocean trenches, dropping to beyond 10,000 m, are the hadal zone. The pelagic environment of the shelf seas is termed neritic. Beyond the shelf edge it is divided into an epipelagic zone, to around 200 m depth, a mesopelagic zone extending to 1,000 m, and below that, to 4,000 m, a bathypelagic zone. The next 2,000 m down is the abyssopelagic, and the water column of the trenches is the hadalpelagic.

Vertical zonation of benthic and pelagic environments reflects changes in physical and biological characteristics with depth. Light is one important physical correlate: 50% of the sunlight reaching the sea surface is reflected or scattered, or absorbed within the top few metres of the water column, but the remainder, light with wavelength between 400 and 700 nm, penetrates deeper. In the clearest coastal waters sunlight reaches to around 250 m depth, approximating the lower limit of the epipelagic zone, but in translucent ocean water it will define the boundary between the mesopelagic and bathypelagic zones. In the top 50 m of the epipelagic zone light intensity is sufficient for net photosynthetic production, and thus growth, in macroalgae and phytoplankton, and these critically important metres are termed the euphotic zone. This zone is at its maximum extent on the outer shelf, while in turbid inshore water it may be only a metre or less in vertical extent. The residual light that penetrates the mesopelagic is of insufficient intensity for photosynthesis but does allow for sight in specially adapted fish, crustaceans and cephalopods; beyond 1,000 m no light is detectable, or usable, by any biological process.


[image: image]

FIG 2. The vertical ecological divisions of the ocean. Not to scale.



The benthic and pelagic environments of the northwest European continental shelf are, of course, interconnected, and biological and ecological processes within the water column and on the sea floor are often tightly coupled. However, marine biology is a science of many disciplines in which benthic ecology and pelagic ecology each constitute distinct components. Benthic ecology demands understanding of sediments and sedimentary processes, while pelagic ecology is intimately associated with oceanographic processes. Fisheries science has also developed as a distinct discipline that incorporates both benthic and pelagic perspectives, focusing upon the biology and ecology of both demersal (i.e. bottom-living) and pelagic fish. However, although benthic ecology encompasses autecological studies of larger or numerically dominant species, it is mostly concerned with the ecology of benthic communities, assemblages of species, while fisheries science has typically addressed life cycles and population dynamics of commercially important species of fish and shellfish, and until recently often without detailed reference to the wider ecosystem.

The benthic environment of the shelf is characterised by substratum patchiness and heterogeneity at all temporal and spatial scales; temperatures fluctuate diurnally and seasonally, inorganic and organic matter are abundant and productivity is high, often with huge seasonal peaks. With increasing depth habitat heterogeneity declines, temperatures decrease and fluctuate less, and inputs of organic matter are low, and often pulsed. The deep-sea environment, that of the abyssal plains that comprise three-quarters of the sea floor, was once thought to be generally inhospitable to life, and mostly barren. Deep-sea exploration, from the cruise of HMS Challenger, 1872–1876 (Fig. 3), to the advent of the Alvin generation of manned and unmanned submersibles, has shown that this is not so, and has revealed rich diversity and complex life modes. Nonetheless, for their area, the shelf seas remain the most diverse and productive part of the marine environment.
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FIG 3. A scientist (with boater and companion) sorting samples aboard HMS Challenger. (From Natural Science, July 1895)



While shelf seas comprise less than 10% of the world ocean they are overwhelmingly the most productive portion of the marine realm, and they have been exploited throughout human history. In Europe, the classical civilisations of the eastern Mediterranean had sophisticated fisheries for fin fish, shellfish, sponges and coral, and also nurtured the first marine biologist, Aristotle, whose researches and observations were not improved upon until the Renaissance. Scientific enquiry flowered later in the maritime nations of northern Europe, and in Britain the first naturalists to embrace marine biology began to appear only in the late seventeenth century. The naturalist John Ray (1627–1705) included marine sponges, hydroids and bryozoans in his catalogue of the British flora (Synopsis Methodica Stirpium Britannicarum, 1690), and the physician Martin Lister (1638?–1712) published the first comprehensive English malacological catalogue (Historia sive Synopsis Methodica Conchyliorum, 1685–1692). John Ellis (1710?–1776) was another early specialist, publishing in 1755 the elegant Essay towards a Natural History of the Corallines, which described and illustrated many British species of hydroids and bryozoans, then together classed as ‘zoophytes’ and newly confirmed to be animals rather than plants. Ellis was also an early enthusiast for fieldwork, personally collecting many of his specimens from the shorelines of southeast England. Daniel Solander (1736–1782), a student of Linnaeus, arrived in England in 1760, with a letter from Linnaeus recommending him to Ellis, and evidently worked closely with him, and was able to complete the jointly authored Natural History of Zoophytes (1786) after the death of the latter.

The study of natural history burgeoned throughout Europe in the eighteenth century, as European exploration of the rest of the world began to reveal its apparently limitless biological diversity, and reached an apogee in the nineteenth century as a focus for serious academic and scientific research. Marine natural history, especially malacology, was at the forefront of this focus. Exploration of the sea floor is difficult. Pioneer marine naturalists probably relied upon fishermen, whose various nets, grapples and grabs would have supplied samples of sea-floor habitats and specimens for study, but by the end of the eighteenth century a small iron-framed dredge had been designed especially for biological sampling. Britain’s pioneer, Edward Forbes, began to employ this ‘naturalists’ dredge’ in the Irish Sea, and then in 1839 embarked upon a dredging survey around the Shetland Isles. The results of this expedition were presented before a meeting of the British Association and stimulated such interest that a committee was formed to promote exploration of the British sea area through dredging, and in the ensuing three to four decades dredging surveys were conducted off much of the coastline of Britain and Ireland.

The results of the activities initiated by the dredging committee were published in the reports of the annual British Association meetings, as faunal lists, but the most significant outcome was a stream of often beautifully illustrated books that monographed much of the shallow-water marine fauna of northwest Europe. These included the familiar and popular, in The Fishes of Great Britain and Ireland (Day, 1880–1884) and British Conchology (Jeffreys, 1862–1869), as well as the more arcane, such as A Monograph of the British Nudibranchiate Mollusca (Alder & Hancock, 1845–1855) and A History of the British Marine Polyzoa (Hincks, 1880). The early shoots of marine biology in Britain and western Europe have been briefly reviewed in The Sea Shore (Yonge, 1949), The Open Sea: the World of Plankton (Hardy, 1956) and Living Marine Molluscs (Yonge & Thompson, 1976).

Through much of the nineteenth century, marine natural history study was promoted by a large community of amateur enthusiasts. There were comparatively few academic specialists. Edward Forbes was appointed Professor of Natural History at Edinburgh University just before his early death, in 1854, and Charles Wyville Thomson, who studied at Edinburgh in the 1850s, became Professor of Natural History at Queen’s College (now University), Belfast, but it was not until the 1880s, with the beginnings of fisheries science, that marine biology became an academic discipline. The amateur community, in contrast, thrived from the first decades of the century. Many amongst it made a living from writing popular books, and of these Philip Henry Gosse is especially notable. Gosse became a professional writer following unsatisfying ventures into business, farming and teaching, during which he nurtured a talent for natural history, and developed deep religious convictions. His list of publications tops 400, encompassing popular natural history, religious tracts, textbooks on zoology and marine biology, and an impressive number of scientific papers based on his own original research (Freeman & Wertheimer, 1980). P. H. Gosse was an acknowledged authority on the biology and ecology of several groups of marine invertebrates, and his exquisitely illustrated monograph of British sea anemones, Actinologia Britannica (1858–1860), was the standard reference to the group for more than 50 years, and is still considered a useful source today.

Many of Gosse’s contemporaries, enjoying private incomes, or supported by church benefices, and probably free of his financial exigencies, pursued their interests along strictly scientific courses. They collected, identified and classified marine plants and animals, naming numerous new species from the dredge surveys conducted around the entire coastline of northwest Europe, and many became taxonomic specialists on an international scale. They were also collectors, and the collections accumulated by such accomplished amateurs as Canon A. M. Norman, the reverends G. Busk, T. Hincks and A. W. Waters, and the lawyer J. G. Jeffreys, now form important core components of national collections, in the Natural History Museum, London, as well as in the larger provincial museums. Rich in original type specimens, these primary collections are important records of the taxonomic diversity of marine communities of European shelf seas, and of numerous other areas of the world from which these early specialists obtained their specimens.

Seashore holidays became popular with the emerging middle classes of Britain through the first half of the Victorian era, and the study of seashore natural history was encouraged as an improving distraction. Collecting excursions between the tides, often led by an informed naturalist, introduced visitors to the diverse plant and animal communities to be found there, private aquaria provided exhibitions of fish, decapods and other large invertebrates usually found only below low water mark, and the natural history cabinets of newly inspired amateurs often contained series of shells, pressed seaweeds and various dried tests, casts and egg cases.

Scientific enquiry into the marine environment began to increase from 1870 as both academic and amateur biologists turned their attention towards the physiology and biology of the many newly familiar animals and plants they were encountering, and was marked by the development of marine laboratories, especially equipped for scientific research. The first of these was that developed at Naples by the marine physiologist Anton Dohrn, through the 1870s. Small laboratories were then founded on the shore at St Andrews, and on a barge, The Ark, moored in a flooded quarry close to Edinburgh, in 1884, and the following year towed via the Forth and Clyde Canal to the Clyde Sea island of Cumbrae, where it became transmogrified eventually into the shore-based Millport Marine Biological Station, of the Scottish Marine Biological Association (SMBA). The Marine Biological Association of the United Kingdom (MBA), also inaugurated in 1884, established the then largest research facility, the Plymouth Marine Laboratory, in 1888 on a site at Citadel Hill. The MBA continues to operate from the PML, but the SMBA, now the Scottish Association for Marine Science (SAMS), is today located at a much larger site at Dunstaffnage, Oban.

Further marine laboratories were established as university facilities through the twentieth century: the University of Liverpool assumed responsibility for the marine station at Port Erin, Isle of Man, founded in 1892 by the Liverpool Marine Biology Committee; the University of Newcastle upon Tyne created the Dove Laboratory at Tynemouth; and the Millport Marine Biological Station became a joint teaching and research facility of the universities of Glasgow and London. Marine research laboratories were also established by government agencies such as the Central Electricity Generating Board (CEGB), the Ministry of Agriculture, Fisheries and Food (MAFF) – now the Department for Environment, Food and Rural Affairs (DEFRA) – and the Natural Environment Research Council (NERC), while the Field Studies Council (FSC) created several field centres at coastal locations, specialising in teaching coastal and littoral ecology for secondary school and undergraduate students. Into the second decade of the twenty-first century, British marine biological and oceanographic institutions are largely concentrated at Lowestoft and Weymouth, for the Centre for Environment, Fisheries and Aquaculture Science (CEFAS, an executive arm of DEFRA), Plymouth (MBA and NERC), Southampton and Liverpool (the universities and the NERC National Oceanographic Centre), Menai Bridge, Anglesey (Bangor University, Centre for Applied Marine Sciences), and Dunstaffnage (SAMS), although smaller establishments continue to operate at the Gatty Laboratory, St Andrews, the Dove Laboratory, Tynemouth, and Millport.

Each of the maritime nations of northern Europe developed an equally diverse range of facilities devoted to marine environmental research and teaching, at centres such as Arcachon, Bordeaux, Concarneau and Roscoff, Brittany (France), Texel (the Netherlands), Sylt and Helgoland (Germany), Helsingør (Denmark), Drøbak, Oslo and Espeland, Bergen (Norway) and Kristineberg (Sweden). Cooperation began in 1902, at Copenhagen, when Denmark, Norway, Finland and Sweden, together with the United Kingdom, the Netherlands, Germany and Russia, founded the International Council for the Exploration of the Sea, now familiarly known as ICES or CIEM (Conseil International pour l’Exploration de la Mer). The Council determined upon three main objectives: to stimulate research into the marine environment of the northeast Atlantic region, particularly in relation to commercially important biological resources; to develop collaborative research programmes agreed by the member states of the Council; and to publish, or otherwise communicate, the scientific results of such programmes. At the centenary meeting, again in Copenhagen, the representatives of the member states, now comprising all of the European Atlantic maritime nations, the Baltic states, the Russian Federation, the United States of America and Canada, reaffirmed the original objectives of ICES, while recognising the need for wider partnerships aimed to conserve and sustain the world’s ecosystems in accord with the 1992 Rio declaration. Scientific understanding of the physical, chemical and biological functioning of marine ecosystems, and of the effects and consequences of human impacts on the marine environment, are critical to the development of ecosystem-scale management policies that protect and conserve marine resources, while allowing sustainable exploitation.

The early focus of ICES, on pelagic production and fishery resources, has now expanded to encompass the whole of the marine environment and all marine scientific disciplines. It has especially valuable roles in the collection and storage of marine environmental data, and in providing large, long-term datasets for scientific analysis, and on which states and agencies may base environmental management strategies. For example, ICES data have been used to map nine ‘ecoregions’ for the northeast Atlantic and adjacent Arctic areas, and a further four for the Mediterranean and the Black Sea. An ecoregion can be defined as a large geographical area characterised by a distinct suite of environmental conditions, natural communities and species, more or less corresponding to a biogeographical province, or alternatively simply as a geographical area of most practical use in devising and implementing ecosystem management strategies. The nine Northeast Atlantic/Arctic ecoregions constitute the Food and Agriculture Organization (FAO) major fishing area 27. The northwest European shelf seas are encompassed by two ecoregions. The Greater North Sea ecoregion, covering 750,000 km2, extends from 5° W eastwards as far as the Kattegat, and is bounded to the north by the 62° N parallel, while the western shelf of the British Isles and all Irish coasts fall within the Celtic Seas ecoregion; these have been subdivided by ICES for the purposes of statistical recording of data, particularly relating to fish stocks (Fig. 4). However, benthic data are more usefully recorded in relation to ICES statistical rectangles. Each ICES rectangle occupies an area of 30 × 30 nautical miles, equivalent to 0.5° of latitude and 1° of longitude, giving a total of 211 rectangles for the epicontinental North Sea; at 53° N the ICES rectangle has an area of 3,720 km2.

Exploration of shallow benthic environments expanded through the second half of the nineteenth century, and continental shelf seas, worldwide, were sampled by dredging and trawling. Dredge designs were progressively refined and modified to enable sampling of soft muds, compacted sands and gravels, and rocky patches. The bottom trawls traditionally employed by inshore fishermen were similarly adapted for scientific sampling. The beam trawl, so called for the rigid beam that holds open the wide mouth of a triangular net, is principally used for commercial fishing for shrimps and prawns, scallops and flatfish. Commercial beam trawls used within the three-mile limit of territorial waters have a 4 m wide beam, while larger gear used in deeper waters of the outer shelf may be up to 12 m in width; smaller trawls, with a 2 m beam (Fig. 5), are conventionally used in scientific sampling. The Agassiz trawl (Fig. 6) has an iron-framed, rectangular mouth extending between symmetrical iron runners; it operates efficiently whichever side lands on the sea floor, catching sedentary and slow-moving animals, but it is unsuited to catching flatfish and is not used commercially.
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FIG 4. ICES subdivisions of the Northeast Atlantic ecoregions. IV: North Sea; V: Faroes; VI, VII: Celtic Seas; VIII, IX: South European Atlantic Shelf and part of oceanic Northeast Atlantic. (Reproduced courtesy of the General Secretary of the International Council for the Exploration of the Sea)



Trawl samples may be crudely quantified, expressing numbers or biomass of organisms caught in terms of the duration of the trawl, or of the distance, and thus area, covered. Such estimates are still useful in describing broad-scale distributions and densities of the larger benthic animals, but benthic ecology did not really begin until marine biologists commenced quantitative sampling of the benthic invertebrate communities of soft sediments. This developed in the early twentieth century, and the pioneer was the Danish fisheries scientist C. G. J. Petersen, who employed the sampling device that still bears his name, the Petersen grab. This consists of two scoops, with toothed edges, hinged together but held apart by a taut chain; on striking bottom the chain is released, and the scoops dig into the sediment, and close together as the grab is hauled in. Petersen’s grab collects a sample of sea floor with a defined surface area; this is most often 0.1 m2, but 0.2 m2 and 0.25 m2 grabs are also used. Surveying an area of sea floor by grab sampling produces data on the distribution of sediment types, and the diversity and density of benthic organisms at each sampling point, which can be quantified as numbers, or biomass, per unit area; the sample is essentially a hemicylinder of sediment, deepest along the hinge line of the scoops, but scarcely sampling below the surface along their edges, so faunal densities per unit volume of sediment cannot be measured.
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FIG 5. The 2 m beam trawl employed in scientific sampling. (J. R. Ellis (CEFAS))
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FIG 6. The Agassiz trawl. (J. R. Ellis (CEFAS))



Grab design evolved through the twentieth century as benthic ecologists sought to improve sampling techniques, addressing such problems as premature closure of the scoops, depth of penetration of the sediment, and loss of samples during retrieval of the grab. Many grab designs had only a short existence, being devised by a particular group of biologists and employed for particular surveys, with perhaps specific objectives, and then not used subsequently. Some were later discarded as cumbersome, expensive or, with spring-loaded scoops, potentially dangerous. The Petersen grab is still reliable for sampling soft sediments in relatively sheltered environments, but the most widely used benthic samplers are probably the Day grab and the van Veen grab. In the former the two scoops are supported within a four-sided pyramidal frame, and closure is triggered as the frame settles on the sea floor. The two scoops of the van Veen grab (Fig. 7) are attached to long arms that provide considerable leverage on closure, and maximum penetration of the sediment. The sample retained by the grab is emptied onto a sieve screen and washed through to flush away the sediment and reveal its animal content. The mesh size of the sieve will affect the composition and density of the sample of animals retained. The choice is usually between a 1 mm or 2 mm mesh, although 0.5 mm sieves are also frequently used; one comparison of the influence of mesh size on sample composition (Rees, 1984) showed that a 1 mm mesh sieve retained only 69% of the species, and 70% of the total individuals, recovered using a sieve of 0.5 mm mesh.

Functional efficiency, the efficiency of operation of the grab, and sampling efficiency, the degree to which the sample reflects the actual density of organisms at the sample point, have been calculated for different types of grab under different conditions, and the probability that a particular sample accurately represents the habitat it is drawn from can be estimated, for a particular portion of the fauna. The van Veen grab can be used effectively to sample most mixed sand and mud habitats, but as the coarsest sands grade into gravel and pebbles its efficacy declines sharply. Penetration of the sediment may be inconsistent, and the larger fragments may obstruct closure of the scoops, with the result that a proportion of the sample will be washed out as the grab is hauled in. Yet gravelly habitats may support a substantial fauna of thick-shelled molluscs, as well as numerous small free-living polychaete worms and crustaceans. The Hamon grab was designed especially to sample coarse aggregate-grade sediments. It consists of a robust steel bucket, at the end of an arm pivoting against a heavily weighted rectangular frame; on hauling, the bucket is drawn in a 90° arc through the gravel, closing against a rubber-coated steel plate that prevents loss of any portion of the sample. Two sizes of Hamon grab are in use, sampling 0.1 m² and 0.25 m² of sea floor; the smaller size is usually favoured, for its easier handling, and the lesser time and effort required to process replicate samples.
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FIG 7. (a) The long-armed van Veen grab, with buckets open (J. E. Lancaster); (b) ready to be deployed (A. P. Woolmer); (c) hauling aboard the closed grab (J. Turner & K. Mortimer-Jones).



Numbers of epifaunal animals, those living on the surface of the sediment, are underestimated by all types of grab: a proportion will simply move in response to the impact of the grab, or is washed away by the disturbance it causes. Grab samples provide no insight into the structural characteristics of a benthic habitat, or of the spatial disposition of the fauna inhabiting it. The grade of a sediment – mud, fine sand, coarse sand or gravel – and its organic content are easily established, but it may be of significance to know whether the sediment is layered, and the extent to which it has been reworked by its inhabitants. The vertical distribution of the fauna, and the depth and extent of burrows, may also be of interest. Such data may be collected by means of box corers, which allow vertical cores of sediment to be retrieved undisturbed, preserving the three-dimensional structure of the habitat. However, box corers tend to be large and expensive pieces of equipment, difficult to deploy from small research vessels, especially under any but the calmest weather conditions. They are not routinely used by benthic ecologists, but are important for deep-sea sampling, and in shelf waters for the quantitative sampling of the smallest size categories of invertebrate animals.

The greatest boost to practical marine biology must have been that provided by the easy availability of reliable scuba equipment from the late 1950s. The enthusiast was finally able to observe marine life, at length, in its natural setting, while the professional field biologist gained a completely new methodology for marine ecological research. Scuba allows for precise sampling procedures, free from the uncertainties of dredge and grab, and not only in soft sediment habitats, but for habitats such as rocky reefs, vertical walls and caves, that could not otherwise be sampled. Diver-assisted sampling is also far less damaging to the wider environment than remote sampling from research vessels. Long-term monitoring of benthic communities also becomes possible through use of scuba, with film, television and video technologies for recording temporal change, and field experiments become routine for the diving marine ecologist. Scuba diving has become a conventional technique for marine fieldwork that has enabled scientific exploration of coastal waters worldwide.

Depth, temperature and light ultimately limit the effectiveness of the diving biologist, and sampling the benthos offshore is still dependent upon remote techniques. Grabs and dredges continue to be used, and cameras may be mounted on towed sleds to survey habitat types (Fig. 8). However, independently powered, remotely operated vehicles, or ROVs, deployed by cables from research vessels, are also widely used in marine benthic research. Commercial demand for ROVs in oil and mineral exploration, and for submarine engineering, has driven the development of numerous sophisticated submersibles; fitted with cameras, with equipment for recording physical data, and for sampling both water and sediment, some of these may be adapted for marine research. However, ROVs are expensive investments, and costly to operate, and routine surveying of shelf sea floors is more cheaply achieved using acoustic techniques.
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FIG 8. A benthic sled mounted with paired digital cameras, recording video images to a storage card, above a larger camera transmitting real-time images to a shipboard monitor, an LED lamp, and a laser on each side to supply scale. (J. E. Lancaster)



There are two contrasting methodologies employed in acoustic surveying of the sea floor. Ship-mounted echo sounders, or acoustic ground discriminating systems (AGDS), generate depth contours, show sea-floor relief and provide insight into the structure and thickness of bottom sediments. Sidescan sonars are towed close to the bottom and gather sonic data from a belt up to 100 m wide on either side of the tow path. While AGDS collect data on topographical and sedimentary features at scales of tens of metres, the low-angle sidescan sonar beam detects sea-floor structures at much smaller, centimetre, scales.

Acoustic data may be difficult to interpret. Variations in tide and current flow, temperature and salinity affect the sonic data, to the extent that the same survey track, sampled on successive occasions, may generate different data each time. However, as sonar equipment and techniques continue to be improved, it is certain that software will also be refined, allowing precise interpretation and integration of sonic data. AGDS and sidescan sonar enable large-scale mapping of the benthic environment. Grab sampling may be used in conjunction with acoustic surveying to verify interpretation of sonic data, a process termed ground truthing, and to correlate acoustic signatures with recognised benthic communities.

It is now much more difficult for the amateur to make original contributions to benthic marine biology. There is no longer a need for extensive surveys, or for comprehensive collecting, and taxonomic research is largely limited to less familiar groups of often small organisms, or to less accessible communities, and as with much benthic ecology frequently requires special techniques and expensive equipment. However, in coastal waters, scuba and underwater photography provide opportunities for the amateur fieldworker to census and monitor populations and communities, collecting data that record changes in time and space, all important at what may prove to be the beginning of a period of sharp and profound change in marine benthic environments.

Marine biology is well served by books. The expanding popularity of scuba diving among amateur naturalists, and as a recreational pursuit, created a demand for marine identification guides, and as the age of the dredge stimulated the flood of illustrated monographs in the nineteenth century, so the late-twentieth-century boom in diving led to the development of popular marine field guides, and to a plethora of inexpensive colour photographic guides. Regional marine field guides can be found for practically every stretch of inhabited coastline, and island group, worldwide. They range from the comprehensive, enabling identification of the most common marine plants and animals, of every taxonomic group, to the specialist, focused on the more familiar, conspicuous or colourful components of the fauna, such as fishes, molluscs and coral. Both categories include practical identification guides, with plates of line drawings or thumbnail photos emphasising diagnostic features, and a brief text of confirmatory characters. Then there are the frankly artistic offerings, displaying selected species, illustrated by high-quality colour images, in their natural habitat.

There are many good comprehensive modern textbooks, such as the students’ standard by J. S. Levinton, Marine Biology (2001, and subsequent editions), more advanced reviews, such as the multi-authored Marine Ecology (Kaiser et al., 2005), and others with specialist focus, for example, Ecology of Marine Sediments (Gray & Elliott, 2009). There are presently no popular accounts of the natural history of the northwest European continental shelf environment, but the Internet now allows both amateur and professional marine biologists access to a great deal of primary information, and facilitates easy access to the prime marine research journals, such as the Journal of the Marine Biological Association of the United Kingdom, Marine Biology and the Marine Ecology Progress Series, the Journal of Experimental Marine Biology and Ecology, and the invaluable ICES Journal of Marine Science, formerly accessible only to members of professional organisations, or through academic libraries. Sampling techniques, experimental protocols, analytical procedures, and the impressive technology now employed in marine benthic ecology are all reviewed at length in Methods for the Study of Marine Benthos (Eleftheriou, 2013). The Handbook of the Marine Fauna of North-West Europe (Hayward & Ryland, 1995) provides keys for the identification of common benthic invertebrates and fish, together with brief descriptions and illustrations of most species included. More comprehensive guides to selected invertebrate groups are published in the series Linnean Society Synopses of the British Fauna.

Local records of marine plants and animals were formerly published by many marine stations, and provided useful guides to the regional distribution of species and community types. The most well known of these is the Plymouth Marine Fauna, and others, as single volumes or series, have been produced for the Isle of Man, the Clyde Sea, St Andrew’s Bay, and the Northumberland coast. These ‘marine faunas’ include concise, dated records of individual species, often with notes on habitat, abundance and observed reproductive periods, but each was essentially outdated immediately on publication, because new data continued to accrue. However, they are now important sources of historical distributions, particularly so as marine habitats are steadily degraded by human activity, and as the composition of faunal and floral communities responds to environmental change. Updating a published inventory is an expensive prospect; the PMF achieved a third edition in 1957, and the most recently revised fauna to be published in book form is The Marine Fauna and Flora of the Cullercoats District (Foster-Smith, 2000). Edition 3 of the PMF is now accessible online, and future local faunas and floras will probably be published mostly in electronic format; while the passing of bound volumes of regional faunas and floras may be mourned, electronic records are easily and swiftly updated. A complete checklist of the marine fauna and flora of the British Isles sea area was provided by the Species Directory of the Marine Fauna and Flora of the British Isles and Surrounding Seas (Howson & Picton, 1997), while the European Register of Marine Species (Costello et al., 2001) covers the whole of the northeast Atlantic region, including the Mediterranean.


CHAPTER 2

The Benthic Environment

The continental shelf of northwest Europe is covered by very shallow seas, less than 100 m deep over two-thirds of their extent (Fig. 9). Along much of the coastline of Britain and Ireland the sea is shallower than 50 m, in some places to 150 km or more offshore. It is especially shallow to the southeast; the 50 m depth contour, or isobath, undulates northeastwards from off Flamborough Head, on the Yorkshire coast, extending into the Skagerrak, the narrow sound separating Denmark and Norway. The southern North Sea is almost entirely shallower than 50 m, and so shallow off parts of East Anglia and northeast Kent that the sea floor has been cultivable land in historical times. The shelf break has been taken conventionally to be marked by the 200 m isobath, although along much of the northwest shelf edge it is shallower than this, on average at around 180 m. The 200 m isobath defines the boundary of a narrow band of deep shelf extending from west of the Shetland Isles and the Hebrides, and around the western coasts of Ireland. To the south of Ireland, in the region generally referred to as the Celtic Sea, the deep shelf broadens, to about twice the width of the Irish, Hebridean and West Shetland shelf. The broadest area of deep shelf lies east of the Shetland Isles; here, the shelf break runs north-northwest, along the edge of a narrow trough of much deeper water, the Rinne, isolating it from the narrow shelf of western Norway. Much of the inner shelf of western Norway lies deeper than 50 m. Three detached fragments of shelf lie northwest of the Shetland Isles. The two smaller constitute the submarine Faroe Bank and Bill Bailey’s Bank, while the larger supports the archipelago of the Faroe Islands. A deepwater ridge, named for the Victorian marine biologist Wyville Thomson, runs southeast, below 200 m depth, towards the West Shetland Shelf, and is an important influence on deep-water circulation. The physical, hydrographical and biological features of the northwest European shelf, and its economic resources, were mapped in the elegant Atlas of the Seas around the British Isles (Lee & Ramster, 1981).
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FIG 9. Bathymetry of the northwest European shelf. (From Hayward & Ryland, 1995)



THE PHYSICAL ENVIRONMENT

The principal oceanic influence on the marine environment of northwest Europe is the North Atlantic Current (NAC), a warm flow that originates off the eastern coasts of the USA as the Gulf Stream, crosses the Atlantic to reach the European shelf at around 50° N, and then flows northeastwards into the Norwegian Sea. The track of the NAC passes between Iceland and Scotland, flowing at depth along the 100 m isobaths, with a branch passing to the southeast along the edge of the Rinne. Surface flow enters the northern North Sea between Orkney and Shetland, and through the Pentland Firth down the eastern coasts of Britain. Surface currents enter the southern North Sea through the Dover Strait, flowing northeast to the Danish coasts. From the Irish Sea to the Minch – the channel separating the Western Isles and mainland Scotland – surface circulation is wind-driven and variable, and a significant factor affecting both shallow circulation and the flow of the NAC is a climatic phenomenon referred to as the North Atlantic Oscillation, or NAO (Pingree, 2005).

The NAO relates to irregular, and unpredictable, fluctuations in air pressure differentials between boreal low-pressure and subtropical high-pressure systems, which have their most important environmental effects during the winter period, December to the end of March (Ottersen et al., 2004). It is expressed as an index, derived from differences between normalised values for sea-level air pressure measured at Stykkisholmur, Reykjavik, Iceland, and either Lisbon, Portugal, or Ponta Delgado, Azores; the index oscillates between positive and negative values on either side of the long-term mean (Fig. 10). During winters with a strong subtropical high-pressure system over the Azores, and a deeper than normal Icelandic low, the large pressure differential between the two systems results in a high positive value of the index (NAO+), while weak systems lead to a lower pressure gradient and a negative index value (NAO–). The North Atlantic Oscillation is responsible for most variability in weather conditions during the winter months; wind speed and direction, temperature range, rainfall, and rate of change in all those parameters, are related to the NAO index. In NAO+ years strong westerly winds predominate over the mean southwesterly regime, the winter is mild and wet, and the summer is cool. In NAO– years westerlies are reduced and storms track further south, with increased rain over southern Europe, and the winter is cold. Winter inflow of Atlantic water into the northern North Sea increases with positive NAO index conditions, but decreases in negative years, and in extreme NAO-negative years North Atlantic Current inflow north of Shetland almost ceases. In winter months, inflowing NAC water is up to 3 °C warmer than mean winter seawater temperature for the North Sea, and there is thus a positive correlation between sea surface temperature and the NAO index. Winter sea surface temperatures are lower during NAO-negative years, and as they rise through the spring there may be a lag of one month before they reach levels usual for NAO-positive years (Fig. 11).
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FIG 10. Annual North Atlantic Oscillation (NAO) index values, 1910 to 2000. (Data plotted from Garcia-Soto & Pingree, 2012)



Fluctuations in the North Atlantic Oscillation Index do not follow regular patterns through time, although variations over large time scales have been recorded. For the first three decades of the twentieth century the winter NAO index was most frequently positive, and winters were mild. Harsh winters experienced in the 1960s marked a predominance of negative winter NAO values, while since 1980 the index has been mostly positive. Sea surface temperatures (SSTs) are also indicators of a long-term, low-frequency climatic phenomenon referred to as the Atlantic Multidecadal Oscillation (AMO), which has a periodicity of around 50–70 years (Garcia-Soto & Pingree, 2012). The AMO is also expressed as an index, derived from annual average SST anomalies, that is, the negative or positive deviation, in degrees Celsius, from the long-term mean SST for the region (Fig. 12). The factors driving the AMO are not fully understood, but it is a result of interactions between ocean and atmosphere, perhaps through shifts in large-scale circulation patterns of both, and perhaps relating to drift in the earth’s orbit. The AMO seems to have persisted through much of the past 8,000 years, though with varying intensity (Knudsen et al., 2011). SST variability also correlates with sunspot activity. The mean annual number of sunspots shows an 11-year cycle between maxima, and an overlying multidecadal periodicity of around 100 years, and has shown a long-term linear increase through the past three centuries (Garcia-Soto & Pingree, 2012). When the c.70-year AMO cycle is at its minimum, its short-term variability more or less corresponds to the 11-year sunspot cycle (Fig. 13).
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FIG 11. Annual cycle of sea surface temperature (SST) for the North Sea, in NAO-negative and NAO-positive years. (After Pingree, 2005)



Temperature and salinity are important physical factors affecting the benthic communities of shelf habitats. The salinity of seawater is defined as the proportion of the ten most abundant inorganic salts dissolved in a standard unit of seawater, expressed as grams per kilogram, and it has a mean value of around 35 for full-strength seawater. In practice, salinity values are a measure of the electrical conductivity of seawater, increasing as salt content increases, denoted as practical salinity units (psu). Surface-water salinity varies seasonally in relation to summer evaporation and winter rainfall maxima, and also as a consequence of wind-driven surface circulation (Fig. 14). Bottom salinity shows little seasonal variation, and above the deep shelf regions to the north and west surface salinity values show least seasonal fluctuation, although winter storms may drive full-salinity oceanic water southwards into the central North Sea. The greatest variation in seasonal salinity occurs in the south and southeast of the region, and is most marked in the Skagerrak and along the west coast of Denmark, where the 33 psu contour, or isohaline, moves well offshore during the summer.
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FIG 12. The Atlantic Multidecadal Oscillation (AMO) index, plotted as a trend line for the period 1856 to 2012. (After Garcia-Soto & Pingree, 2012)
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FIG 13. Annual number of sunspots and AMO index values, 1855 to 2009. AMO values reflect the 11-year sunspot cycle during periods of AMO minima (1910 and 1975/80). (Data plotted from Garcia-Soto & Pingree, 2012)
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FIG 14. Mean surface water salinity (psu): (a) winter; (b) summer. (From Hayward & Ryland, 1995)



Seasonal sea temperature variation is more marked than salinity variation, particularly in the North Sea and through the English Channel (Fig. 15). To the west of the British Isles and Ireland the annual range in SST may be as much as 7 or 8 °C, and exceptionally 11 °C off northwest England, where the winter mean may be as low as 5 °C and the summer mean as high as 16 °C. From the western approaches of the Channel to the shelf edge, mean winter SST is in the range of 8–10 °C, with summer means of 13–16 °C. Across the deep shelf of the northern North Sea the surface temperature regime is similar to that of the western shelf, with winter means in the range of 7–8 °C and maximum summer means of 16 °C, but the shallow waters of the southern North Sea are subject to often extreme seasonal variation. Along the southwestern coast of Denmark, and in the inshore waters of Germany and the Low Countries, sea surface temperatures may exceed 20 °C in summer, and drop below 2 °C in winter, an average annual range of 18 °C, while the coasts of southeast England experience winter means as low as 5 °C and maximum summer means of 17 °C. Bottom water temperatures, and the sea floor to surface temperature gradient, are physical factors as important as surface temperatures and, again, may show most extreme variation in the shallow southeast. Over much of the western shelf and the northern North Sea there is little difference between mean water temperature at the surface and at the sea floor during winter, while in summer bottom temperatures may be 5 °C lower than surface temperatures over the western shelf, and as much as 7 or 8 °C lower over the deep northern North Sea. In contrast, the difference between mean surface and bottom temperatures is least in the southern North Sea, just 1 or 2 °C in both winter and summer. One consequence of this is that during the summer months, to the north and west, the water column is stratified, with a sharp boundary, the thermocline, between warmer upper layers and deeper, colder waters. In the North Sea, within the 50 m isobath, through the Channel, most of the Irish Sea, and inshore around the whole of the British Isles, the water column is well mixed through the entire year, and no thermocline is established.
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FIG 15. Mean annual sea surface temperatures (°C): (a) winter; (b) summer. (From Hayward & Ryland, 1995)



The surface layers of the temperate northeast Atlantic constitute a discrete body of water, or water mass, termed the East North Atlantic Central Water, defined by its temperature and salinity characteristics. These two physical parameters determine the density of the water mass: density increases as salinity increases, and as temperature decreases. Very cold, salty water to the north of the region is especially dense and constitutes another water mass, the Atlantic Subarctic Upper Water, and the boundary between the two is referred to as a front. However, while the pelagic environment of the East North Atlantic Central Water is theoretically continuous, it is not homogeneous, and in the neritic zone, over the continental shelf, heterogeneity is created by further frontal zones. A front may be marked by sharp discontinuities in temperature and salinity regimes, but also by changes in current flow, by rapid shallowing or by riverine outflow. Sharp changes may result in upwelling on one side of the boundary and downward water movement on the other, mixing well-oxygenated and warmed surface waters with cold bottom waters. Fronts form along the shelf edge, as a consequence of sudden shallowing, and the slowing and deflection of currents, often related to interaction with tidal currents; estuarine outflows have a similar effect, stimulating upwelling of saline bottom waters, creating a mixing zone referred to as a plume front.

Most of the northwest European shelf is layered with loose, unconsolidated sediments. There are comparatively small areas of fine-grained muds, and more extensive stretches of clean sand, but for most of its extent bottom deposits of the shallow sea consist of mixed muddy sands and gravels. Bare bedrock is rare, except along the Atlantic margin, where rocky ridges are interspersed with coarse sands and gravels. Inshore, storm-beaten coasts may retain cobbles and boulders, with patches of coarse, pebbly sands and gravels, while finer material is carried offshore. Much of the sediment of the shelf is glacial in origin, dumped by retreating glaciers at the end of the Pleistocene, winnowed by melt waters, and sorted and transported by the encroaching sea. Glacial material and the products of later erosion are washed into the sea by river outflow, augmented through the past few centuries by agricultural and industrial by-products, and by every kind of human waste. Some of the sediment has marine biogenic origins: the tests and shells of molluscs and crustaceans, and of foraminiferans, tubeworms and bryozoans, contribute to the formation of carbonate gravels. Calcium carbonate is easily eroded, perforated by shell-boring organisms, fracturing and dissolving readily, but the thick, heavy shells of large bivalves such as the Dog Cockle, Glycymeris glycymeris (Fig. 16), are slow to break down and form the greater bulk of the coarsest shell gravels. The plates of barnacle tests, bryozoan colonies and tubes of serpulid worms are light enough to be transported by moderate bottom currents
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	Abra alba 35, 37, 87, 92, 224, 242, 263, 264, 275

	A. nitida 93, 275, 353

	Acanthocardia echinata 284

	Actinauge richardi 116

	Aequipecten opercularis (Queen Scallop) 142, 241, 248, 260, 261, 280, 282, 297, 298, 328, 333, 334–5

	Alcyonidium diaphonum 94, 95, 99, 165

	Alcyonium digitatum 94, 100, 149, 170, 179, 261, 271

	Alvania 242

	Ammodytes 58, 143

	Amphiblestrum flemingii 164

	Amphiura filiformis 35, 92, 98, 119–22, 120, 126, 127, 243, 276, 336

	A. chiajei 35, 124

	Anapagurus hyndmanni 272

	A. laevis 100, 104, 108, 114

	Anemone, Plumose (Metridium senile) 100, 147, 157, 177, 179

	Anseropoda placenta (Goosefoot Starfish) 98, 114

	Antedon bifida (Feather Star) 98, 114

	A. petasus 278

	Aphrodita aculeata (Sea Mouse) 37, 86, 87, 273, 351

	Aplysia punctata (sea hare) 199, 200

	Aporrhais 350

	A. pespelecani (Pelican’s Foot Shell) 36

	A. serresianus 275

	Arctica islandica 280, 281, 284, 350, 353

	Arenicola marina 35

	Argopecten irradians (Bay Scallops) 230

	Arnoglossus laterna (Scaldfish) 61

	Ascidia mentula 152, 153, 158, 159, 169

	Ascidiella scabra 61, 169

	A. aspersa 158, 159, 160, 169, 177, 261, 278

	Aspitrigla cuculus (Gurnard) 332

	Astarte sulcata 35, 87, 88

	Asterias rubens 37, 42, 94, 95, 97, 98, 99, 100, 101, 105, 107, 114, 116, 123, 137, 140, 142, 167, 180, 228, 327, 328, 329, 330, 331, 332, 334, 336

	Astropecten irregularis 37, 95, 98, 99, 101, 105, 107, 108, 114, 123, 138, 142, 327, 329

	Atelecyclus rotundatus (Round Crab) 262, 263

	Aurelia aurita (Moon Jellyfish) 117


	Balanoglossus 43

	Balanophyllia regia 264

	Balanus crenatus (barnacle) 175, 297

	Balistes carolinensis 295

	Banded Chink Shell (Lacuna vincta) 193, 194, 195, 198, 200, 202

	barnacle (Balanus crenatus) 175, 297

	Bass (Dicentrarchus labrax) 299

	Beroe 315

	Bittium reticulatum 243

	Botryllus schlosseri 159

	Branchiostoma lanceolatum 356

	Branta bernicla (Brent Goose) 215, 290

	Brill (Scophthalmus rhombus) 348

	Brissopsis lyrifera 35, 36, 37, 82, 86, 87, 124, 358

	Buccinum undatum (Common Whelk) 39, 244, 275, 284, 328, 334, 336, 350

	Buglossidium luteum (Solenette) 61, 108, 143, 144

	Bugula flabellata 161–2, 163

	Bull Rout (Myoxocephalus scorpius) 167, 168, 201, 202


	Calanus finmarchicus 201

	Callianassa subterranea 35, 37, 80, 81, 92, 121, 122, 353, 356

	Callionymus lyra (Dragonet) 109, 111, 143

	Calliostoma 275

	Callopora dumerilii 164

	Calocaris macandreae 35, 80, 81

	Cancer pagurus (Edible Crab) 33, 200, 278, 292, 329, 334

	Caprella tuberculata 178

	Carcinus maenas (Green Crab) 42, 136, 180, 224, 225, 229, 315–16, 329, 330

	Caryophyllia smithii (Devonshire Cup Coral) 114, 116, 264

	Ceramium 218

	Cerianthus lloydii 37, 82, 84, 240

	Chaetopterus variopedatus (Parchment Worm) 48, 84, 92, 240, 273

	Chamelea striatula (Striped Venus) 35, 69, 97, 140, 285, 286, 287, 338, 341, 350

	C. gallina (Mediterranean Striped Venus) 69, 285–6, 338, 342–5, 356

	Chelonia mydas (Florida Green Turtle) 288–9

	Chlamys varia 241, 260, 261

	Chthalamus 287

	C. montagui 42

	Ciona intestinalis 155, 156–7, 176, 177, 261, 263, 278

	Cladophora 218

	Clam, Hard (Mercenaria mercenaria) 230, 231, 306, 309

	Manila (Ruditapes philippinarum) 69, 314, 338

	Sand Gaper (Mya arenaria) 53, 136, 224, 307

	Clausinella fasciata 241, 341

	Clibanarius erythropus 291–2

	Clupea harengus (Herring) 30, 109, 142, 287–8

	Cocconeis scutellum 216

	Cockle (Cerastoderma edule) 134, 136, 140, 224, 284, 339, 340

	Dog (Glycymeris glycymeris) 25, 36, 75, 112, 240, 241

	Cod (Gadus morhua) 143, 200, 201, 202, 218, 220, 228, 244, 348

	Poor (Trisopterus minutus) 144, 299

	Colpomenia peregrina 310

	Colus gracilis (Slender Whelk) 108, 110, 244, 350

	Conger conger (Conger Eel) 292

	Coral, Devonshire Cup (Caryophyllia smithii) 114, 116, 264

	Ross (Pentapora foliacea) 157, 160, 162–5, 253

	Stone (Lophelia pertusa) 180, 181, 233, 264–77, 265, 325, 326

	Corallina officinalis 197

	Cormorant (Phalacrocorax carbo) 200

	Corophium 256

	C. sextonae 308

	C. volutator 222, 223

	Corynactis viridis 252

	Corystes cassivelaunus 107

	Crab, Angular (Goneplax rhomboides) 62, 79

	Edible (Cancer pagurus) 33, 200, 278, 292, 329, 334

	Green (Carcinus maenas) 42, 136, 180, 224, 225, 229, 315–16, 329, 330

	Round (Atelecyclus rotundatus) 262, 263

	Sponge (Dromia personata) 295

	Stone (Lithodes maja) 278

	Crangon allmani 101, 102, 107, 116, 328, 329

	C. crangon (Brown Shrimp) 107, 134–6, 135, 142, 143, 144, 224, 229, 300, 301, 329

	Crassostrea gigas (Pacific Oyster) 203, 316

	C. virginica (Eastern Oyster) 230, 232, 311

	Crepidula fornicata (American Slipper Limpet) 130, 131, 308, 309, 311–12, 316–17

	Crisia 336

	C. eburnea 161

	Crossaster papposus (Common Sun Star) 276, 277

	Cultellus pellucidus 353

	Cushion Star (Porania pulvillus) 114, 115, 276

	Cuspidaria rostrata 275

	Cymodoce nodosa 203


	Dab (Limanda limanda) 109, 143, 144, 299, 329, 332, 358

	Long Rough (Hippoglossoides platessoides) 109, 143, 144, 329

	Delesseria sanguinea 197, 214, 228

	Dendrobeania 161

	Dendrodoa grossularia 155, 170

	Dendronotus frondosus 170, 171, 178

	Dicentrarchus labrax (Bass) 299

	Dinophysis 130

	Donax trunculus 35, 338, 341, 356

	D. vittatus 338

	Dory, Sailfin (Zenopsis conchifer) 294

	Dosinia exoleta 244, 341, 347, 350

	D. lupinus 35, 353

	Doto 171–3, 243, 251

	D. fragilis 172

	Dragonet (Callionymus lyra) 109, 111, 143

	Dromia personata (Sponge Crab) 295

	Dyctyosyphon foeniculaceus 216


	Ebalia 274

	E. tuberosa 114, 262, 274

	Echinocardium cordatum (Sea Potato) 35, 36, 42, 50, 82, 90, 92, 98

	 E. flavescens 35, 276

	 E. pennatifida 240

	Echinocyamus pusillus 246, 276

	Echinus 98, 105, 276

	E. esculentus (Edible Sea Urchin) 167, 168, 193, 199, 200, 334

	Ecrobia ventrosa 223

	Ectocarpus 218

	E. siliculosa 216

	Ectopleura larynx 170, 172, 176

	Edwardsia claparedii 244

	Eel, Conger (Conger conger) 292

	Eel Grass, Common (Zostera marina) 204, 205–15, 216, 218, 219, 220, 221, 223, 224, 226, 227, 228, 229, 230, 231, 232, 290

	Dwarf (Nanozostera noltii) 204, 205, 207, 209, 210, 214, 215, 221

	Eider Duck (Somateria mollissima) 200

	Electra pilosa 160, 161

	Eledone cirrhosa (Curled Octopus) 334

	Emarginula 275

	Ennucula tenuis 86, 87

	Ensis 35, 274, 338–9, 345

	E. arcuatus 241, 341, 345, 346, 350

	E. directus (American Razor Clam) 92, 312, 313, 338

	E. siliqua 35, 341, 345, 346, 350, 356

	Epizoanthus incrustans 272

	Erichthonius difformis 222, 223

	Eubranchus tricolor 243

	Euclymene robusta 273

	Eulalia 273

	Eumida 273

	Eunice norvegica 273

	Eunicella verrucosa 298

	Eurynome aspersa 114

	Euspira montagui 244

	E. nitida 244

	Eutrigla gurnardus (Grey Gurnard) 109, 329, 332


	Feather Star (Antedon bifida) 98, 114

	Ficopotamus enigmaticus 174, 310

	File Shell, Gaping (Limaria hians) 248, 249, 274, 338

	Flounder (Platichthys flesus) 144

	Flustra foliacea (Hornwrack) 94, 96, 99, 112, 147, 157, 160–2, 164, 165, 251

	Fucus serratus 169, 190, 193, 223

	F. vesiculosus 223

	Fulmarus glacialis (Fulmar) 58

	Funiculina quadrangularis 82


	Gadus morhua (Cod) 143, 200, 201, 202, 218, 220, 228, 244, 348

	Galathea 274

	G. squamifera 202

	Gammarus locusta 218, 220, 223, 224

	G. oceanus 229

	Gari tellinella 242

	Gasterosteus aculeatus 225

	Geodia 271

	G. barretti 270

	Gibbula 242

	Glycymeris glycymeris (Dog Cockle) 25, 35, 75, 112, 140, 241

	Gobiusculus flavescens (Two Spot Goby) 226

	Goby, Sand (Pomatoschistus minutus) 61, 143, 225

	Two Spot (Gobiusculus flavescens) 226

	Golfingia vulgaris 256

	Goneplax rhomboides (Angular Crab) 62, 79

	Goniodoris castanea 170

	G. nodosa 170

	Goose, Brent (Branta bernicla) 215, 290

	Guillemot, Common (Uria aalge) 56, 58

	Gurnard (Aspitrigla cuculus) 332

	Grey (Eutrigla gurnardus) 109, 143, 329, 332

	Gymnodinium 130


	Haddock (Melanogrammus aeglefinus) 109, 143, 348

	Hagfish (Myxine glutinosa) 109, 143

	Halecium 251

	Halophila decipiens 203

	H. stipulacea 203

	Harmothoe 273

	Hathrometra sarsi 278

	Heart Urchin, Purple (Spatangus purpureus) 35, 36, 76, 98, 334, 335

	Hediste diversicolor 134

	Henricia 276

	H. oculata 98

	H. sanguinolenta 350

	Herring (Clupea harengus) 30, 109, 142, 287–8

	Hesionura augeneri 76
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