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FOREWORD
This review was prepared as a working document for an ICES Study Group on the Ecosystem Effects of
Fishing Activities which met for the second time in April 1992*. Its aim was to provide an assessment of
the relative importance of a variety of sources of mortality of selected benthic species, amongst which the
action of commercial trawling and dredging at the seabed were of particular interest. Because such an
appraisal necessitated a consideration of the influence of a wide range of factors (natural and anthropogenic)
in attempting to place fishing effects in context, the account was felt to have a wider interest, notably because
it crossed traditional boundaries for applied assessments. While several of the species will be familiar to
fisheries or environmental scientists, synopses of relevant information along the lines of the following account
have not hitherto been readily available.
There is clearly scope for widening the approach to other named species or species-groups for which
integrated assessments of the implications of man-induced changes are likely to be helpful. It is hoped that
this account will provide a stimulus for future activity.

P. W. Greig-Smith
Deputy Director
(Aquatic Environment Protection)
Ministry of Agriculture, Fisheries and Food
Directorate of Fisheries Research

*ANON (1992). Report of the Study Group on Ecosystem Effects of Fishing Activities.
ICES CM 1992/G:11, 144pp (mimeo).
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1.

INTRODUCTION

Depending on the objectives of investigation, studies of the benthos may vary from assessments of the
functional properties of whole communities e.g. standing stock and production (which may be particularly important in relation to fish-feeding), to evaluations of individual benthic species of commercial
value (of which there are several examples) and, finally, to determinations of the densities, distribution or
well-being of individual species or species-groups which are valued strictly on aesthetic or scientific
criteria (e.g. environmental indicator status). However, there is frequently common ground between
these various interests.
The purpose of this review is to summarise the available information on the responses of selected
benthic species to natural and anthropogenic influences, amongst which the effects of fishing activities
are of particular current interest, in relation to assessments of the quality status of the North Sea.
Nine species were selected, representing four major invertebrate groups (Polychaeta, Crustacea, Mollusca and Echinodermata). They were considered to provide a reasonable spread across the r/K
continuum (see Pianka, 1970 and Annex), and - in combination - cover a wide range of habitats, geographical areas and sensitivities to natural and anthropogenic factors. Although at least three of the
species are valued commercially, all were examined in similar fashion under the following pre-defined
headings:
(i) species characteristics: life-style, habitat/distribution, densities, biomass/production, life-cycle
strategy, recruitment, longevity, annual mortality rate;
(ii) sources of mortality: burial/wash-out, temperature, predation, plankton blooms/eutrophication,
trawl/dredge effects, pollution and other.
This was to avoid any pre-disposition to rank them according to, for example, their nutritive, conservation or nuisance status. Inevitably, however, there was some tendency for published studies to
reflect such different viewpoints, whether in terms of their quantity or content.
Regarding anthropogenic effects, it is known that diffuse inputs of nutrients, such as those arising from
agricultural land run-off, may contribute to eutrophication and related consequences (e.g. Rosenberg,
1985). However, it is often very difficult to separate natural from man-made influences, and so events
associated with the latter (if and where present) were considered alongside those such as the collapse of
algal blooms in pristine areas, which appear to be entirely natural in origin.
The consequences of other anthropogenic inputs are separately dealt with under pollution, and assessment is confined to the outcome of field studies, rather than inferences from laboratory-based toxicity
tests. Serious oil spills are excluded from consideration under this item, on the basis that it is extremely
difficult to predict where such events might occur in the future, if at all. For the same reason, chance
natural events, such as failure of recruitment due to abnormal weather conditions, cannot be accounted
for, even though they may have significant longer-term consequences for the survival of local
populations (e.g. Lewis, 1980).
The review begins with a synopsis of the available literature along the above lines, and is followed by an
assessment of the relative importance of a range of factors governing the survival of populations which,
as will be seen, necessarily involved a subjective element. The merits and limitations of such an approach to sea-wide assessments of anthropogenic influences are
considered and, finally, a summary is given of the main conclusions arising from the exercise.
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2.

SYNOPSIS OF PUBLISHED INFORMATION

2.1 Pectinaria (Lagis) koreni (trumpet worm)
Life-style: infaunal, tubicolous, deposit-feeder; motile while feeding within surface layer of sediments
(see e.g. Schafer, 1972); often co-occurring with high densities of Abra alba
(e.g. Eagle, 1975; Caspers, 1987).
Habitat/distribution: typically muddy sands or sandy muds, reaching highest densities in inshore
regions; widely distributed in the North Sea/English Channel.
Densities: adult densities may exceed 1000 m-2 (e.g. Eagle, 1975; Nichols, 1977; Rees et al., 1992);
numbers characteristically fluctuate widely from year to year, due to variations in
recruitment success/mortality.
Biomass/production: annual production P = 18.3 g AFDW m-2 y-1; average annual biomass
B = 2.5 g AFDW m-2; P:B = 7.3 off the North Wales coast, UK (Nicolaidou, 1983, converted to
AFDW after Brey, 1990); B (September only) = 5.8-51.4 g AFDW m-2 in Liverpool Bay, UK (Rees
et al., in prep.); P:B = 3 off the French coast (Elkaim and Irlinger, 1987); P = 3-10.4 g AFDW m-2 y-1;
B = 0.6-3 g AFDW m-2; P:B = 3.2-5.4, for the related species Pectinaria californiensis off the US
coastline (Brey, 1990, after Nichols, 1975).
Life-cycle strategy: r; rapid growth following settlement, reaching sexual maturity within one year
(e.g. Nicolaidou, 1983); these attributes, accompanied by flexibility in other life-cycle traits, are commonly associated with species that thrive in unstable environments. (Similar population characteristics
were found in the related species P. australis: Estcourt, 1974).
Recruitment: via pelagic larvae: numbers settling are typically erratic from year to year, but may reach
several thousand m-2 (e.g. Macer, 1967; Basimi and Grove, 1985); Nichols (1977) noted an early and
late summer recruitment in Kiel Bay, but with additional sporadic recruitment occurring through most of
the year. Comparable events were recorded by Elkaim and Irlinger (1987) in Seine Bay, France, with
one or two main recruitment periods, depending on year and location. Nicolaidou (1983) observed
only one recruitment (in June) off the North Wales coast, UK. Colonisation of any new or disturbed
substrata may also occur through re-distribution of adults (e.g. Eagle, 1975; Rees et al., 1977).
Longevity: probably rarely exceeding one year in nature, though animals survived for 2.5 years in
laboratory conditions (Nicolaidou, 1983).
Annual mortality rate: typically approaching 100%.
Sources of mortality:
(i) Burial/wash-out: dense populations characteristically occur in organically-rich inshore
sediments, e.g. off estuary mouths, and hence are often vulnerable to storm-induced sediment
disturbance; Rees et al. (1977) recorded strandings following storms on the North Wales coast;
feeding activities of the animals themselves may contribute to sediment instability (Eagle, 1975;
Rees et al., 1975); sediment re-working rates of up to 83 mg worm-1 h-1 were observed by
Dobbs and Scholly (1986). Animals have the capacity to upwardly migrate if lightly buried
(Schafer, 1972).
Fisheries Research Data Report (33)
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(ii) Temperature: Arntz and Rumohr (1986) report sensitivity to extremely low bottom
temperatures for Baltic populations; feeding rate appears to be temperature-related
(Nicolaidou, 1983; 1988).
(iii) Predation: a significant food-source for commercially-important demersal fish, especially
dab and plaice, e.g. Macer (1967), Lockwood (1980), Basimi and Grove (1985): seasonally-averaged contribution by weight to diet amounted to some 35%, Carter et al.
(1991); Peer (1970) estimated that about 80% of mortality of the
related species Pectinaria hyperborea was due to predation, in Canadian waters.
(iv) Plankton blooms/eutrophication: high mortality associated with periodic oxygendeficiency of bottom waters of Kiel Bay (e.g. Nichols, 1977), but capable of rapid
re-colonisation through larval recruitment following such events, reaching former densities
within a year (e.g. Arntz and Rumohr, 1986); mortality at some (but not all) stations in the
German Bight, following a period of low oxygen concentrations (Niermann et al., 1990).
(v) Trawl/dredge effects: Schafer (1972) notes that adults are incapable of reconstructing (delicate) sand-tubes once removed from them, and hence mortality following any damage from trawl/tickler chain disturbance must be very high; this is also true for
animals retained in nets (e.g. de Groot and Apeldoorn, 1971).
(vi) Pollution: may favour moderate organic enrichment, but displaced in anoxic sediments
(e.g. Pearson and Rosenberg, 1978); preferentially recolonise perturbed habitats such as
dredged material disposal sites (Rees et al., 1992 and in prep.).
(vii) Other: feeding activities of dense adult populations may inhibit survival of new recruits
(e.g. Eagle, 1975).
2.2 Sabellaria spinulosa (Ross worm)
Life-style: sedentary, epifaunal, tubicolous suspension-feeder; in favourable conditions, colonies consisting of fused sand-tubes develop, which can form extensive reefs, commonly known as Ross (see
e.g. Schafer, 1972).
Habitat/distribution: typically on shell (especially oyster valves), sandy gravel or rocky substrates
with moderate to strong tidal flow, from the low intertidal to offshore; widespread in North Sea/English
Channel.
Densities: colonies may support large numbers of adult individuals, e.g. over 6000 m-2 in the Bristol
Channel, UK (George and Warwick, 1985).
Biomass/production: P = 0.76 g AFDW m-2 y -1; mean annual biomass B = 4.56 g AFDW m-2;
P:B = 0.2 (George and Warwick, 1985).
Life-cycle strategy: K; colonies are often persistent, individuals are slow-growing and may live for
several years (George and Warwick, 1985).
Recruitment: via planktonic larvae; in low numbers in March and November for a Bristol Channel
population (George and Warwick, 1985); Wilson (1970) found planktonic larvae in the Plymouth area
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from January to April; annual intensity of settlement of the related species Sabellaria alveolata was
very variable at an intertidal location, ranging from zero to high densities (Wilson, 1976); larvae
preferentially settle on existing colonies (Schafer, 1972).
Longevity: no precise information, but some individuals of S. alveolata may live for at least 10 years
(Wilson, 1971; 1974); Schafer (1972) notes that some reefs of S. spinulosa survive for one or two
years only, unless re-inforced by new settlement, suggesting a shorter life-span.
Annual mortality rate: little information, but appears to be very low in Bristol Channel populations
(George and Warwick, 1985).
Sources of mortality:
(i) Burial/wash-out: colonies of S. alveolata dominated by old individuals become increasingly prone to fragmentation unless re-inforced by a new recruitment; killed by prolonged burial under sand, but may survive for several weeks beforehand (Wilson, 1971;
Schafer, 1972).
(ii) Temperature: mortality of intertidal S. alveolata noted at a number of UK
locations, but colonies of S. spinulosa were unaffected, following the severe winter of
1962/63 (Crisp, ed, 1964).
(iii) Predation: other polychaetes e.g. Lepidonotus (Schafer, 1972); an association between the pink shrimp Pandalus and Sabellaria reefs has long been appreciated, and
laboratory observations on feeding have demonstrated a predatory capability (Warren,
1973); however, the association may be as much a function of the often prolific nature of
the benthic food supply associated with Ross colonies, as of the presence of the worms
themselves.
(iv) Plankton blooms/eutrophication: no information
(v) Trawl/dredge effects: although healthy colonies are robust to all but the most severe weather, their vulnerability to damage by bottom-fishing gear has long been recognised; furthermore, they are apparently unable to re-build tubes once dislodged from
them (Schafer, 1972). Riesen and Riese (1982) ascribed the disappearance of
Sabellaria reefs at a location in the German Wadden Sea to destruction by shrimp-fishing
trawls. Mussel beds have now extended over parts of a nearby area subject to similar
change (Riese and Schubert, 1987). The same explanation has been offered for
reduction in reefs off parts of the UK coast (Mistakidis, 1956; Warren, 1973; see also
Graham, 1955; Rees, 1982).
(vi) Pollution: no information.
(vii) Other: no information.
2.3 Cancer pagurus (edible crab)
Life-style: motile epifaunal predator/scavenger.

Fisheries Research Data Report (33)
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Habitat/distribution: on substrates ranging from sand/gravel to rock, at depths from 0-200 m; widely
distributed in the North Sea/English Channel; juveniles tend to be found inshore, and adults offshore.
Densities: clearly varies according to the suitability of the habitat; sampling is done mainly with baited
traps, so densities per unit area are not available.
Biomass/production: no information; (commercial landings presently amount to some
tonnes y-1 for England and Wales).

10 000

Life-cycle strategy: K; high fecundity, wide larval dispersal and relatively long-lived. Reach maturity
(first breeding) at about five years old; growth (moult frequency) reduces with age, more so for females;
maximum size c. 270 mm carapace width (4 kg live wt) for males, c. 240 mm (2 kg) for females
(Bennett, in press).
Recruitment: planktonic larvae found over several months (April-November), and widely distributed; adult females make extensive directed movements, probably to spawning/ hatching grounds, compensating for larval drift; ovigerous females overwinter without feeding (Bennett, in press).
Longevity: c. 10-20 years.
Annual mortality rate: natural mortality of adults c. 10%; fishing mortality up to 60%
Bennett, Ministry of Agriculture, Fisheries and Food: pers. comm.).

(D. B.

Sources of mortality:
(i) Burial/wash-out: occasional reports of mass strandings on beaches following storms (e.g.
north-east coast of England: D. B. Bennett, pers. comm.).
(ii) Temperature: reasonably temperature-tolerant, though several observations of dead specimens
in the southern North Sea during the severe winter of 1962/63 (Crisp, ed, 1964).
(iii) Predation: fish eat juveniles; Schafer (1972) notes predation by catfish, which are well
adapted for crushing shells; Cancer are noted as a component of the diet of US Asterias
populations (Menge, 1979). Vulnerable to predation when soft (i.e. recently moulted) at which
stage they usually seek shelter; adult females in this state are accompanied by hard males for
mating and protection (D. B. Bennett, pers. comm.).
(iv) Plankton blooms/eutrophication: dead Cancer observed at some rocky localities in
response to a Chrysochromulina bloom along the Norwegian coast (Bokn et al., 1990); occasional dead specimens noted following a plankton bloom off the Cornish coast, UK (Griffiths et
al., 1979).
(v) Trawl/dredge effects: mortality arising from damage or retention for commercial sale will be
associated with an unquantified bycatch from bottom trawls and dredges, along with probable
unseen damage and mortality at the seabed; in experimental beam-trawling off the Dutch coast,
mortality among trawl-caught specimens amounted to some 40% of large crabs during daylight,
but rarely at night, possibly due to their nocturnal activity at the sediment surface which resulted
in their being caught undamaged (Bergman et al., 1990).
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(vi) Pollution: some evidence to suggest mortality of adults of the related species Cancer
irroratus during summer offshore migration across a sewage-sludge disposal site in the New
York Bight; similarly for settling larvae in the vicinity of sewage-sludge and dredgings disposal
sites (Pearce, 1972); higher prevalence of shell disease noted in sewage-contaminated areas
(Sawyer, 1991). Destruction of habitat through e.g. infilling of rock crevices in the vicinity of
inshore solid-waste disposal sites along the north-east coast of England has been cited as a
cause of locally-reduced commercial catches (Shelton, 1973).
(vii) Other: a commercially-fished species (see Edwards, 1979): widely exploited, mainly using
pots; some tangle-netting (e.g. off south-west Britain). Schafer (1972) notes that colonies of
Sabellaria settling on the carapace can eventually render the animal top-heavy, usually resulting
in death through starvation or predation; however, this is unlikely to be a significant source of
mortality in population terms.
2.4. Abra alba (white furrow shell)
Life-style: thin-shelled surface deposit feeder, typically found in the top 1-2 cm layer of sediments.
Habitat/distribution: a characteristic inhabitant of inshore muddy sand or mud substrates in northwest European waters; typically from the shallow sublittoral to 70 m, but especially abundant in
depths to 20 m (Tebble, 1966).
Densities: adult densities may exceed 1000 m-2 in favourable conditions (e.g. Caspers, 1987; Rees et
al., in prep.); abundances typically fluctuate widely from year to year due to variation in recruitment
success or adult mortality (e.g. Muus, 1973; Eagle, 1975; Rees and Walker, 1983; Rainer, 1985; Arntz
and Rumohr, 1986; Caspers, 1987; Dauvin and Gentil, 1989).
Biomass/production: in Kiel Bay, mean annual biomass varied markedly between sites and between years: B = 0.1-3 g AFDW m-2; long-term average P:B = c. 2.2 (Rainer, 1985); B = 0.1-2 g
AFDW m-2 and P:B = 1.7-2.9 from 5 years of sampling at a location off the French coast (Dauvin,
1986); B = 0.3 g AFDW m-2 and P:B = 1.4 in the Bristol Channel, UK (Warwick and George, 1985);
B (September only) = 0.3-111.7 g AFDW m-2 in Liverpool Bay, UK (Rees et al., in prep.).
Life-cycle strategy: r; capable of rapidly exploiting any new or disturbed substratum suitable for
colonisation through larval recruitment, secondary settlement of post-metamorphosis juveniles or redistribution of adults following storms (e.g. Eagle, 1975; Rees et al., 1977; Bosselmann, 1991(a)). Off
the French coast, juveniles settling in Autumn reached sexual maturity in about 6 months; most lived
only one year, reaching modal lengths of 1.2-1.4 cm (Dauvin, 1986); typically 1.3-1.6 cm after 2
years in Kiel Bay (Rainer, 1985); maximum length c. 2-2.5 cm (e.g. Ansell, 1974; Eagle, 1975;
Hily and Le Bris, 1984).
Recruitment: varies between localities, e.g. peak in recruitment usually in August, sometimes with a
second peak between December and February in Kiel Bay (Rainer, 1985); Dauvin and Gentil (1989)
found three recruitments (in February-March, April-June and August-October) in response to eutrophic
conditions following the Amoco Cadiz oil-spill in the Bay of Morlaix, France. This was considered to
be an adaptive response over the normally-occurring twice-yearly recruitment. Two peaks (in July and
Sept-Oct) were noted in the Limfjord (Jensen, 1988), with densities in excess of 20 000 m-2 being
recorded; Warwick and George (1980) inferred that settlement in Swansea Bay, UK could occur
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over a period of several months (July-November). Similarly, Glemarec and Menesguen (1980) identified overlapping cohorts in populations from the Bay of Concarneau, France, which indicated pulses of
recruitment occurring throughout the year (see also Hily and Le Bris, 1984).
Longevity: 1-2.5 years (Kiel Bay: Rainer, 1985); c. 1.5 years (French coast: Dauvin, 1986); 3+
years in deeper water off the Scottish coast (Ansell, 1974).
Annual mortality rate: typically approaching 100%, as would be expected; mortality occurred
mainly between January-June, and by weight approximately equalled production over a 3-year period
(Kiel Bay: Rainer, 1985); 98.5% for juveniles of the related intertidal species Abra tenuis (Bachelet,
1989).
Sources of mortality:
(i) Burial/wash-out: vulnerable to wave-induced bottom disturbance, but those not damaged or
predated as a consequence are capable of re-colonising new substrates if conditions are favourable (see Rees et al., 1977); animals may also have the ability to excavate themselves if lightly
buried. Feeding activities of the animals themselves may contribute to destabilisation of
sediments (Eagle, 1975).
(ii) Temperature: Arntz and Rumohr (1986) noted sensitivity to extreme low temperatures in Kiel
Bay, recovery to former densities taking some 2 years; high mortality of Wadden Sea
populations of the related intertidal species Abra tenuis following a severe winter (Beukema,
1979).
(iii) Predation: a common food item for (inter alia) Asterias rubens and demersal fish (e.g. Rees
et al., 1977); Abra constituted some 20% by weight (annual average) of the important food
species of plaice in Kiel Bay (Arntz, 1980; see also Rainer, 1985) and some 40% by weight
(seasonal average) off the North Wales coast, UK (Basimi and Grove, 1985; see also Carter et
al., 1991). Production in Kiel Bay appears to substantially exceed consumption by commercially-sized species, but Abra may also be an important food source for juvenile fish and intermediate-level predators (Rainer, 1985). Significant effect of the predatory gastropod Lunatia
(Natica) on mortality of an offshore population of the related species Abra nitida (Josefson,
1982).
(iv) Plankton blooms/eutrophication: reported to be sensitive to lowered oxygen concentrations arising from eutrophication off the Swedish west coast (Rosenberg and Loo, 1988);
lethal effects of low oxygen concentrations also noted by Weigelt and Rumohr (1986) and Arntz
and Rumohr (1986) for the western Baltic, recovery to former densities taking some 1.5 years.
(See also review of mortality/recolonisation of benthos following oxygen depletion events in this
area by Weigelt, 1991).
(v) Trawl/dredge effects: delicate shells vulnerable to physical damage (e.g. by otter boards:
Rumohr and Krost, 1991), but small size relative to meshes of commercial trawls may ensure
survival of at least a moderate proportion of disturbed individuals which pass through.
(vi) Pollution: high abundances in moderately-enriched environments (e.g. Caspers, 1987).
(vii) Other: competition for space/food seems a likely source of mortality at some locations where
very high densities at settlement occur (e.g. Caspers, 1987).
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2.5 Arctica (Cyprina) islandica (ocean quahog/clam)
Life-style: infaunal sedentary filter-feeder.
Habitat/distribution: widespread in the North Sea and English Channel; on firm bottoms of sand and
muddy sand, from low intertidal zone to considerable depths (Tebble, 1966); more common in the
deeper muddy areas of the central and northern North Sea, where it is less prone to sediment
perturbations, according to Schafer (1972); (see also Lutz et al., 1982). In coarse sand (USA); c. 4256 m in the north-west Atlantic (Merrill and Roper, 1969; Lutz et al., 1982).
Densities: small (0.1 m2) grab samplers are unlikely to provide accurate density estimates, at least for
adult populations in the North Sea; c. 50 m-2 in Kiel Bay (Brey et al., 1990).
Biomass/production: no information for North Sea; on major fishery areas of the north-west Atlantic,
standing stock expressed as wet meat weight over 119 000 km2 averaged 10 g m-2, with a maximum
(over 19 000 km2) of 16 g m-2 (Murawski and Serchuk, 1989(a); note that total live wt. shell/flesh wt.
ratio is not stated, but is presumed to be 2:1 or 3:1). For Kiel Bay, annual P = 15 g AFDW m-2 y -1;
B = 44.4 g AFDW m-2; P:B = 0.34 (Brey et al., 1990: Arctica accounted for some 40% of total
benthic community production).
Life-cycle strategy: K; characteristically stable, long-lived populations with very slow growth;
growth rates (for the first 20 years) of Atlantic and Baltic populations were very similar (Brey et al.,
1990).
Recruitment: via planktonic larvae: settlement may occur over several months (see Thompson et al.,
1980(a)); very low recruitment to adult populations off the US coast (over a 21-year study period), and
delayed maturity: at a mean age of 12-13 years for Canadian populations (Rowell et al., 1990);
comparable evidence for delayed maturity from the mid-Atlantic Bight (Thompson et al., 1980(b)).
Longevity: exceptionally long-lived: populations off north-east USA dominated by animals of 40-80
years old, with a substantial proportion over 100 years old; Ropes (1984) estimated the age of one
individual to be 225 years old; modal age of 65-105 years, with specimens up to about 150 years, in a
study of mid-Atlantic Bight populations (Thompson et al., 1980(a)); c. 20 years in Kiel Bay (Brey et
al., 1990).
Annual mortality rate: 1-3% assumed, for consistency with observed longevity (Murawski and
Serchuk, 1989(a)); mortality was higher for younger and older specimens, than for intermediate ones, in
Kiel Bay: this may be explained by opposing trends of decreased vulnerability to predation of
whole specimens with age, against increased vulnerability to trawl damage with age (Brey et al., 1990;
see also below).
Sources of mortality:
(i) Burial/wash-out: sudden sedimentation (e.g. during abnormal weather) is likely to be a source
of mortality for inshore populations (Schafer, 1972); small numbers noted on North Wales
coast following storms (Rees et al., 1977). Clearly, the extensive deep-water populations are
not prone to such effects.
(ii) Temperature: no abnormal mortalities of subtidal populations reported during the severe winter
of 1962/63 (Crisp, ed, 1964).
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(iii) Predation: crabs, including Cancer, on juveniles (USA); catfish (Schafer, 1972);
asteroids, e.g. Asterias (Anger et al., 1977; Hunt, 1925 in Vevers, 1949). Cod and dab are important predators in the Baltic (e.g. Arntz, 1980): Brey et al. (1990) estimated that some 40%
of annual cod production depended on Arctica, in the period 1970-85; also noted in stomachs
of North Sea cod (Cramer and Daan, 1986), though its role as a food source evidently bears no
comparison with the Baltic.
(iv) Plankton blooms/eutrophication: adults generally considered to be tolerant of prolonged
oxygen deficiency (see e.g. Rosenberg and Loo, 1988), though (exceptionally) Weigelt (1991)
noted high mortality of a Baltic population following an anoxic event in 1985; similarly for parts
of the New York Bight in 1976 (Murawski et al., 1989). Arctica has a capacity to respire
anaerobically (Taylor, 1976).
(v) Trawl/dredge effects: hydraulic dredges cause significant non-harvest mortality (Murawski and
Serchuk, 1989(b)); Medcof and Caddy (1971) estimated that some 80% of uncaught specimens, and some 20% of those caught, were damaged. Damage to older specimens caused by
otter-trawls may release a significant amount of hitherto unavailable biomass for predatory fish in
the Baltic (see Brey et al., 1990 and Rumohr and Krost, 1991); c. 90% damage of specimens
noted in the by-catch of beam trawl hauls off the Dutch coast (Bergman et al., 1990).
(vi) Pollution: no information.
(vii ) Other: a commercially-fished species mainly in US waters, using dredges.
2.6 Pecten maximus (scallop)
Life-style: epibenthic filter-feeder; effectively sedentary, but with limited mobility e.g. as an escapereaction.
Habitat/distribution: generally found on a range of gravelly and stony bottoms, but will also occur on
sandier and rockier substrates; at depths from c. 20-100 m in the English Channel, where it is widespread and often common; scarce and very localised in the western North Sea and off the Norwegian
coast.
Densities: rarely 1 m-2; more typically 0.1-0.01 m-2 on (even unfished) good fishing grounds.
Biomass/production: rough estimates from French coast as follows: (i) St Brieuc Bay (1991): 8
000 tonnes of 2+ year-old animals on 600 km2 (= c. 15g m-2 live weight, i.e. including shells); (NB. an
exceptionally dense fishable stock; P. Berthou: pers. comm.); (ii) Baie de Seine (September,
1990): 1.3-5.7g m-2 live weight of 2+ year-old animals on main fishing areas (re-calculated after
Vigneau and Morin, 1991); (iii) ICES Sector 7d (offshore, July 1990): 0.3-1.9 g m-2 live weight of
2+ year-old animals (re-calculated after Vigneau and Morin, 1991).
Life-cycle strategy: K; reach first maturity at 2 years, and full maturity at 3-5 years; generally low
population turnover.
Recruitment: via planktonic larvae; variable in time and space due to different spawning
terns; usually annual and of low-moderate intensity, with few large fluctuations.
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Longevity: generally 15-20 years (exceptionally c. 25 years) in unfished stocks.
Annual mortality rate: c. 10-15% for adults.
Sources of mortality:
(i) Burial/wash-out: small numbers washed up on the North Wales coast following storms
(Rees et al., 1977); clearly, populations inhabiting deeper (50 m+) locations are not
subject to such effects.
(ii) Temperature: examples of mortalities due to severe cold include the Baie de Seine
during the winter of 1985/6, and southern Ireland and St Brieuc Bay (North Brittany) in early 1963; also, widespread mortalities of coastal populations along the English
south coast during the severe winter of 1962/63 (Crisp, ed, 1964).
(iii) Predation: starfish (Asterias, Marthasterias) and crabs (especially Cancer) take juveniles and some adults (Sloan, 1980; Lake et al., 1987); spat are probably also taken by
some fish, e.g. dragonets.
(iv) Plankton blooms/eutrophication: no reports of significant mortalities, though Forster
(1979) noted apparently moribund specimens in response to a plankton bloom off the UK
coast.
(v) Trawl/dredge effects: dredges cause mortality among uncaught animals left in tracks;
possible trawl damage (slight).
(vi) Pollution: no reports of significant mortalities; very unlikely in near-oceanic habitats.
(vii) Other: a commercially-fished species (see Mason, 1983): widely exploited using
dredges.
2.7 Asterias rubens (common starfish)
Life-style: epifaunal; motile; feeds on a wide range of benthic species (living or dead) but especially noted for predation of commercially-important bivalve molluscs e.g. Pecten, Chlamys, Mytilus
(Mortensen, 1927; Vevers, 1949; Hancock, 1955; Dare, 1982). Anger et al. (1977) consider that
Asterias on soft bottoms in the Western Baltic consume more macrofaunal biomass than commerciallyimportant fish.
Habitat/distribution: widely distributed on hard and soft ground in the North Sea/English Channel
from the littoral zone to >100 m.
Densities: up to 100 m-2 in aggregations (noted in Barker and Nichols, 1983); 2-31 m-2 on fine sand
and 324-809 m-2 on algal carpets (Baltic: Anger et al., 1977); for two related species A. vulgaris and
A. forbesi along the eastern US coast, average densities (where present) at a variety of inter- and shallow sub-tidal locations ranged from about 2-60 m-2 in the period May-October; some evidence of
migration to deeper waters in winter (Menge, 1979); 300-400 m-2 on mussel beds during swarming
(Dare, 1982; see also review by Sloan, 1980).
Biomass/production: size varies markedly with food availability and hence is not necessarily a good
indicator of age; size may reduce in the absence of food (e.g. Hancock, 1958; Menge, 1979); may
Fisheries Research Data Report (33)

14

survive for many months in the virtual absence of food (Vevers, 1949); 0.3-2.1 g AFDW m-2 on sands
and 11.7-23.5 g AFDW m-2 on algal mats (Baltic: Anger et al., 1977). Individual weights of related
US species may range up to about 400 g wet weight (Menge, 1979; = 45 g AFDW using conversion
factors in Rumohr et al., 1987).
Life-cycle strategy: r/K; flexible in terms of growth and feeding (e.g. Vevers, 1949; Anger et al.,
1977; see also Sloan, 1980); may grow to a radius of 8-9 cm and become sexually mature within one
year in favourable conditions (Mortensen, 1927; Vevers, 1949); in Baltic populations, Nauen (1978)
refers to a waiting stage of varying duration for post-metamorphosed juveniles, prior to the onset of
rapid growth, which would have adaptive value.
Recruitment: spawning from February to July depending on location (Nichols and Barker, 1984);
planktonic larval phase of c. 90 days; settle on a wide range of substrates, followed by initial fast growth
(Barker and Nichols, 1983); migration of adults to/from a locality notably in response to food supply
probably very common (Sloan, 1980).
Longevity: no recognised means of ageing individuals from measurement of hard parts; 7-8 years
according to Schafer (1972), which is in agreement with interpretation of sizefrequency histograms for French populations (Guillou, 1983).
Annual mortality rate: little information; Hancock (1958) records 98% mortality of juveniles over 2
years, following a heavy settlement in the River Crouch, UK, which he ascribed to competition for
limited food, cannibalism and predation by Crossaster.
Sources of mortality:
(i) Burial/wash-out: wave-induced transport, especially of juveniles, on soft sediments is
probably a regular occurrence (e.g. Anger et al., 1977); burial following storm-induced
sediment disturbance in shallower areas considered to be a significant source of mortality
by Schafer (1972); beach strandings following storms have been noted (e.g. Rees et al.,
1977); storm effects were considered by Menge (1979) to be a potentially important
source of mortality for shallow-water populations of related US species of Asterias.
(ii) Temperature: autotomy (arm-shedding) then death in response to prolonged
sure to unusually high temperatures (Schafer, 1972).

expo-

(iii) Predation: predators include the starfishes Crossaster and Luidia; cannibalism also
occurs (e.g. Mortensen, 1927; Hancock, 1958; see also Sloan, 1980); predated by a
wide variety of demersal fish (Schafer, 1972); also crabs/lobsters, though the quantitative significance of this source of mortality is unclear (see comments in Menge, 1979 for
related US species); birds, during swarming on intertidal mussel beds (Dare, 1982).
(iv) Plankton blooms/eutrophication: autotomy and then death in conditions of prolonged
hypoxia (Schafer, 1972) e.g. as may occur following collapse of a plankton bloom; mass
mortalities have been recorded in response to low oxygen conditions in the Kattegat
(Laholm Bay, West Sweden: Rosenberg and Loo, 1988); extensive mortality of rockybottom populations in response to a toxic algal bloom along the Norwegian coast
(Chrysochromulina: Bokn et al., 1990).
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(v) Trawl/dredge effects: readily caught in commercial trawls/dredges, but survival on return to sea may approach 100% according to Bergman et al. (1990); de Groot and
Apeldoorn (1971) recorded damage to some 3% of trawl-caught Asterias and
Astropecten; comparable figures were noted by Houghton et al. (1971); about 13% of
animals retained in a sample dredge towed immediately behind an otter board were damaged (Rumohr and Krost, 1991); Rauck (1988) also refers to fishing-induced mortality of
Asterias. The frequency of occurrence of Asterias with regenerating arms has been
linked to damage caused by bottom trawls (de Graaf and de Veen, 1973).
(vi) Pollution: no information.
(vii) Other: has been commercially fished for fertiliser (Mortensen, 1927; Schafer, 1972); not
a popular animal in areas of commercial bivalve fisheries (see e.g. Hancock, 1958);
parasitism of testes by a ciliate was observed in up to 30% of males in a population off
Plymouth, UK, rendering most infertile (Vevers, 1951) :conse-quences for recruitment in
subsequent years remain speculative, but could be significant if infestation was sufficiently
widespread. Menge (1979) observed disease-related mass mortality in a population of
the related US species Asterias vulgaris, though the causative agent was not identified.
Reliable report (to P. Dare) from the Wash, UK of a low-intertidal swarm being killed by
a summer rainstorm in 1988.
2.8 Echinocardium cordatum (heart urchin or sea potato)
Life-style: motile infaunal surface/sub-surface deposit feeder; found to c. 20 cm depth in sediments,
but - according to Beukema (1985) - is mainly found in the upper 5 cm, penetrating deeper in winter
than in summer; Bergman et al. (1990) recorded a peak in densities of larger specimens at 10-12 cm
in sandy sediments at a location in the southern North Sea in August; 2 cm or less in offshore silty
sand (Buchanan, 1966). Plays an important role in sediment bioturbation, through its feeding activities
(e.g. Bromley, 1990).
Habitat/distribution: occurs littorally, but mainly associated with coastal and offshore sediments in
the southern North Sea (e.g. Ursin, 1960; Kunitzer et al., 1992) and coastal sediments of the English
Channel (Holme, 1966); widely distributed, typically in sands or muddy sands. Sandy substrates may
be favoured due to increased ability to pass large amounts of sediment through the gut (Buchanan,
1966; 0.38 g sediment animal-1 hour-1: de Ridder and Jangoux, 1985). Tends to be replaced by lower
densities of Echinocardium flavescens, Spatangus purpureus and Brissopsis lyrifera north of the
Dogger Bank.
Densities: 5-10 m-2 in littoral sediments, and c. 40 m-2 offshore (Buchanan, 1966); about 12 m-2 on
average, for central North Sea; maximum densities occur at c. 40 m, according to Ursin (1960); 15-20
m-2 (frequently 60-80 m-2) in sands off the Dutch coast (in Schafer, 1972); >250 m-2 at times of juvenile
settlement on the Dogger Bank (Davis, 1925, quoted in Ursin, 1960).
Biomass/production: in central/southern North Sea, accounted for 50% of benthic biomass at sandy
sites, and 5% at muddy sites (Duineveld and Jenness, 1984). P = -0.012 g AFDW m-2 y-1; B = 5.138
g AFDW m-2; P:B = -0.002 (Carmarthen Bay, UK: Warwick et al., 1978).
Life-cycle strategy: K; growth rates vary with location, e.g. faster in shallow-water sands than deeperwater muddy sands; possibly temperature-mediated (Duineveld and Jenness, 1984; Buchanan, 1966),
though transient settlements of suspended organic matter over each tidal cycle may ensure that those animals capable of surviving regular sediment disturbance in shallower sandy areas have a rich food supply
(Jenness and Duineveld, 1985). Some evidence for
aggregation of adults for breeding (JuneAugust: Buchanan, 1966). Fast growth for first three years; slower thereafter (Beukema, 1985).
Fisheries Research Data Report (33)

16

Recruitment: infrequently successful, even though initial settlement in high densities may be a regular
feature in some areas (e.g. Bosselmann, 1991(b)) ; recruitment success may depend on temperatures of
preceding winter in some areas (Beukema, 1985); an offshore silty sand population was never sexually
mature (Buchanan, 1966). Successful recruitment years may be synchronised over wide areas (see
Beukema, 1985).
Longevity: 10-20 years (Buchanan, 1966; Ursin, 1960); probably <10 years in southern North Sea
(Beukema, 1985).
Annual mortality rate: 15-30% (Buchanan, 1966; Beukema, 1985) but prone to catastrophic
storm-induced mortality. No evidence for migration or density-dependence (Beukema, 1985).
Sources of mortality:
(i) Burial/wash-out: probably significant in most exposed shallow-water environments
(see Beukema, 1985); mortality on wash-out may occur through transport to unfavourable environments or destruction/predation at sediment surface; mass strandings have
been observed on shore-lines following storms (see e.g. Schafer, 1972; Rees et al.,
1977).
(ii) Temperature: significant mortality of coastal populations of parts of the UK coast and
German Bight during the severe winter of 1962/63 (Crisp, 1964; Ziegelmeier, 1978).
(iii) Predation: asteroids, notably Astropecten (see Sloan, 1980); a component of the diet
of a number of demersal fish, e.g. plaice (Carter et al., 1991).
(iv) Plankton blooms/eutrophication: mass emergence/mortality frequently observed
following collapse of algal blooms, as a result of lowered oxygen concentrations in bottom
water/sediments (release of biotoxins may also be important in some cases), e.g. eastern
Irish Sea (Ballantine and Smith, 1973; Helm et al., 1974); Danish coast (Dyer et al.,
1983); German Bight (Westernhagen et al., 1986; Niermann et al., 1990: populations
of this and other species rapidly became re-established following recruitment in the following year); English Channel (Forster, 1979; Griffiths et al., 1979). Rainer (1982) notes
the sensitivity of this species to prolonged deoxygenation. Rachor (1990) ascribed reduced abundances or absence of Echinocardium at a number of muddy inshore locations in the German Bight to effects of eutrophication; reduction in mean size (=age) of
Echinocardium in the Kattegat, compared with an early survey at the turn of the century,
may be explained by recent mortality of an older stock following an hypoxic event some
two years prior to the repeated survey (Pearson et al., 1985; Rosenberg and Loo,
1988), though a contributory effect of intensive fishing could not be dismissed. Sublethal
effects (partial loss of spines) noted in response to a toxic algal bloom
(Chrysochromulina: Bokn et al., 1990). Kvavig (1975) refers to large numbers of
dead specimens being washed up onto a Norwegian shoreline, though the cause was
unclear.
(v) Trawl/dredge effects: immediate effects are clearly dependant on the depth of penetration of gear, relative to the distribution of animals in sediments; significant (c. 60%)
reduction in densities of small individuals following beam trawling; reduction in larger
individuals was not statistically significant; c. 100% damage to larger individuals retained in
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trawl net (Bergman et al., 1990). Houghton et al. (1971) recorded 70% damage in
trawl nets; Graham (1955), de Groot and Apeldoorn (1971) and Rauck (1988) also
refer to significant trawl-induced mortality of Echinocardium.
(vi) Pollution: displaced in response to a build-up of anoxia in sediments in organicallyenriched areas (e.g. Pearson and Rosenberg, 1978), though may respond positively to
moderate inputs, e.g. Oslofjord (Rosenberg et al., 1987).
(vii) Other: high frequency of parasitism noted by de Ridder and Jangoux (1984), but no
evidence of adverse effects on health of individuals.
2.9 Echinus esculentus (European or edible sea urchin)
Life-style: epifaunal browser, commonly associated with kelp zones of rocky subtidal; important role
as algal grazers demonstrated by Jones and Kain (1967) and Forster (1959), but may also graze on
encrusting bryozoa, barnacles and tunicates (Bonsdorff and Vahl, 1982; Nichols et al., 1985(a);
Gubbay, 1988).
Habitat/distribution: rock or coarse gravel, from c.5 to >100 m; North Sea from northern Norway as far south as the Wash/Helgoland; English Channel; western and northern UK coasts; as far
south as Portugal but only sporadically in the southern North Sea, largely due to the absence of
suitable coarse deposits. Their occurrence on wrecks in this area indicates their potential for survival here (Gubbay, 1988; see also Ursin, 1960; Cranmer, 1985).
Densities: typically <1 to 5 m-2 in coastal localities (e.g. Forster, 1959; Comely and Ansell, 1988;
Nichols et al., 1985(a)).
Biomass/production: no information.
Life-cycle strategy: K; slow growth for first 2-3 years, exponential growth to sexual maturity, tailing
off thereafter (Sime and Cranmer, 1985; but see also Gage, 1992(a)); may grow thicker tests in more
exposed conditions (Moore, 1935; Sime, 1982; see also Menge, 1979); there may be a significant
genetic component to growth variability between individuals, which would have survival value (Gage,
1992(a)). Reaches up to 15 cm diameter.
Recruitment: little information, but apparently a slow trickle of surviving juveniles maintains
populations. Limited evidence for maintenance of shallower stocks by in-migration of deeper stocks;
spawns February-April/May with additional later (summer) spawnings in some populations (e.g.
Nichols et al., 1985(a); Comely and Ansell, 1989); duration of planktonic larval phase: 45-60 days for
spring spawners (Nichols, 1979).
Longevity: 10+ years (up to 12 years off Plymouth: Nichols et al., 1985(b); 16+ years for Scottish
coast: Gage, 1992(b)).
Annual mortality rate: Ebert (1975) quotes an instantaneous mortality rate of 0.52 (= c.40% mortality per year) for an Irish Sea population sampled by Moore (1935); however, it would seem reasonable
to assume that mortality rate would generally be relatively low beyond a critical size. Ebert and Russell
(1992) found a mortality rate of about 10% for US intertidal populations of the red sea urchin
Strongylocentrotus franciscanus.
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Sources of mortality:
(i) Burial/wash-out: little information, but may be dislodged in severe storms or crushed by
pebbles during such events (Schafer, 1972).
(ii) Temperature: no evidence for temperature as a constraint on distribution in the North
Sea (Ursin, 1960); for the echinoderm Strongylocentrotus, disease prevalence in littoral
populations inhabiting Canadian waters has been linked to the occurrence of exceptionally
high water temperatures (Scheibling, 1984).
(iii) Predation: catfish (also called wolf-fish), especially Anarhichas lupus; also a predator
of the related offshore species Echinus acutus (Wheeler, 1969; Sime and Cranmer,
1985); crabs/lobsters are probably significant predators, especially of smaller specimens
(this is certainly true for Strongylocentrotus: e.g. Lang and Mann, 1976; this species is
also predated by US populations of Asterias: Menge, 1979); otters: Scottish coast
(Comely and Ansell, 1988); E. acutus fed on by mature haddock but quantitative
importance to diet is uncertain (Sime and Cranmer, 1985).
(iv) Plankton blooms/eutrophication: extensive mortality noted on a shallow sublittoral
reef, following collapse of a dinoflagellate bloom (south-west England: Griffiths et al.,
1979); similarly for populations along the Norwegian coast in response to a toxic algal
bloom (Chrysochromulina; Bokn et al., 1990).
(v) Trawl/dredge effects: probably relatively high as a consequence of commercial dredging, e.g. for scallops; also some crushing of specimens likely to occur in animals
caught in commercial trawl nets, and during processing of catches.
Because of
thicker tests, animals are less prone to breakage than e.g. the burrowing urchin
Echinocardium, but some observations on intact trawl-caught specimens held in laboratory tanks showed high subsequent mortality: those that did not die often shed their
spines after 1-2 days, and the tests became reddened, as a result of red cells migrating to
damaged areas as a host-defence response; furthermore, the normally sterile coelomic
fluid of trawl-caught specimens was frequently heavily contaminated by bacteria (M.
Service, Dept. of Agriculture, Northern Ireland pers. comm.).
(vi) Pollution: no information. Jangoux (1984) reviews examples of the sensitivity of related
species to inputs of heavy metals, oil and sewage. Populations may be enhanced by
moderate organic enrichment.
(vii) Other: collected by pleasure divers for souvenirs or for sale (e.g. tests used as lamp
shades); concern has been expressed over possible over-exploitation in some areas of
southern Britain; gonads regarded as a delicacy especially in Portugal (e.g. Southward
and Southward, 1975; Comely and Ansell, 1988; Gubbay, 1988). About 5% of diver
returns from a UK survey of the species in 1986 noted bald, sickly or blackened sea
urchins, which may be disease-related (Gubbay, 1988; M. Service, Dept. of Agriculture,
Northern Ireland: pers. comm.) or, conceivably, an indication of senescence (see e.g.
Schafer, 1972); Maes and Jangoux (1984) report cases of bald-sea-urchin disease off
the French coast, though the causative agent was not identified. Quantitative significance
as a source of mortality is unclear, but mass mortalities of the related echinoderm
19

Fisheries Research Data Report (33)

Paracentrotus from the Mediterranean and Californian coasts have been reported.
Pearse et al. (1977) report on localised mass mortality of Californian populations of
Strongylocentrotus, disease symptoms being characterised by spine loss and reddishbrown discoloration of affected parts, the latter possibly indicating antimicrobial activity
(see Service and Wardlaw, 1984). Mass mortalities of Strongylocentrotus along the
Canadian coast have been
tentatively ascribed to the action of an amoeboid protist;
predation of moribund specimens may contribute to mortality (Scheibling, 1984).

3.

SYNTHESIS OF LIFE-CYCLE TRAITS AND MORTALITY
SOURCES

An arbitrary system of scoring (on a scale of 1-4) was employed, in order to summarise the available
information on life-cycle traits for each species (Table 1). This approach was adopted because there
were insufficient data to compile absolute estimates in all cases. In addition, species were scored
according to their perceived position on an r/K continuum (see Pianka, 1970; Krebs, 1978 and Annex), and according to their perceived resistance and resilience. Boesch and Rosenberg (1981)
have used the latter terms to describe, respectively, the buffering capacity of a community in response to
a perturbation, and the capacity of a community to recover, following such an event. While none is
considered to be exceptionally resistant to environmental stressors (such as fishing activity), there is
greater variability in resilience and  as might have been anticipated  scores conform closely with
the r/K scale.
The data are expressed in Figure 1 as the combined output from cluster analyses by species and by
attribute (using the Bray-Curtis similarity measure: Bray and Curtis, 1957, and average- linkage
sorting: Lance and Williams, 1967). The three species groups are considered to provide a reasonable
summary of the available life-cycle information.
Sources of mortality are scored in Table 2(a), again on a 4-point scale. Each source was then weighted
according to its perceived importance relative to others, and the outcome is shown in Table 2(b) and
Figure 2, the latter giving the combined output from cluster analyses by species and by attribute. While
it is accepted that there are inherent difficulties in attempting to generalise from the often patchy information on the susceptibility of local populations to a range of adverse influences (see below), nevertheless
the three species groups from cluster analysis appear to adequately reflect the outcome of the preceding literature reviews. Thus populations of Pectinaria, Abra and Echinocardium are identified as
being particularly susceptible to storm-induced burial or wash-out (at least in shallower areas) and 
where such events occur  to reduced oxygen concentrations of bottom waters. Inshore
populations of Echinus and, to a lesser extent, Cancer and Asterias are also identified as being potentially vulnerable to the consequences of exceptional algal blooms.
Trawl-induced mortality may be locally  or even regionally  significant for a number of
species, especially in intensively-fished areas. The logical expectation for a locality with a per-sistently
high frequency of trawl disturbance would be the favouring of r- over K-selected
species, as noted by de Groot (1984), among others. In this respect, intermittent effects on populations
of resilient species such as Pectinaria and Abra might be considered intrinsically less significant than
for Sabellaria and Arctica. In the former case, the re-development of reefs may take several years,
while the re-establishment of mature populations of the latter would similarly be an extended process,
by virtue of its long life-span. In both cases, variability in recruitment success adds a further element of
unpredictability to recovery rates. One rider to this is the, apparent benefit accruing to local fisheries
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from the enhanced turnover of younger specimens of Arctica in the Baltic, which may be partly due to
trawl-induced disturbance (Brey et al., 1990).
The quantitative importance of predation as a source of local mortality is difficult to assess from the
available information, though it may be assumed to be significant for Pectinaria and Abra in areas
favoured by flatfish populations.
Assessment of the significance of pollution also presents some problems: evidence from field surveys
points to the localisation of gross effects around discharge points, at least in coastal and offshore areas
(e.g. Rees and Eleftheriou, 1989). It does not follow that the biota at distance from discharges are
entirely immune from influence, but recent wide-scale surveys of the North Sea (e.g. Eleftheriou and
Basford, 1989; Kunitzer et al., 1992) and historical comparisons (e.g. Pearson et al., 1985;
Rosenberg et al., 1987) provide no indication that pollution-related mortality has resulted in wholesale
changes in species occurrences or community structure. (Note that effects of eutrophication are considered separately).
The influence of temperature and other identified factors are, in general, considered to be relatively
unimportant, though notable exceptions periodically occur, e.g. severe winters.
There is clearly scope for inclusion of additional representative taxa in order to provide more comprehensive coverage of this topic. Among those identified for future attention were the hermit crab
Pagurus, the horse-mussel Modiolus, the infaunal brittle-star Amphiura, and selected hydroids and
bryozoans.

4.

DISCUSSION

Insufficient data were available over the distributional range of selected species to permit a fully quantitative assessment of life-cycle traits and mortality sources on a North Sea-wide scale. However, with
the possible exception of the consequences of climatic change, it is probably more relevant to conduct
evaluations on local - or, at most, regional - scales, because of the expectation of marked habitat-related differences.
A notable example of this is the frequent occurrence of hypoxic events in more quiescent areas of the
Baltic compared with, for example, the western seaboard of the North Sea and English Channel. Bottom trawling and dredging have the potential for a more global influence on some of the widely-distributed species, though spatial differences in fishing effort, along with the nature and size of gear deployed,
are to be anticipated (e.g. Daan, 1991; Rijnsdorp et al., 1991).
Benthic communities inhabiting soft sediments in exposed coastal areas are prone to periodic storminduced disturbance; as a result, many of the component species can be characterised by an opportunistic life-style (high fecundity and wide larval dispersal; fast growth-rate and high population turnover)
which ensures their long-term survival. It is also evident that a proportion of individuals may survive redistribution or light burial. The effects of man-made disturbances at the sea bed in such environments
may (depending on frequency) simply mimic these events. Another parallel which may be drawn is
that both may temporarily promote the availability of benthic species as food for demersal fish: for
example, there is much anecdotal evidence of increased fish abundances in the vicinity of recentlytrawled areas.
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However, there may also be some undesirable consequences. For example, the re-establishment of
some types of food organisms (e.g. Sabellaria) may be severely inhibited by persistent trawl disturbance. Also, contaminants may be re-mobilised from underlying sediments in areas of enrichment,
e.g. near to estuaries. In this case, recent increases in the size and weight of some types of fishing gear
could create new problems even in historically intensively-fished areas. Finally, Jangoux (1984) has
suggested that, as some diseases of invertebrates (especially those caused by trematodes and nematodes) may be communicable to fish, excessive trawl-induced damage to benthos might increase the
potential for disease-transmission, though direct evidence for this is lacking.
On current evidence, the most severe consequence of anthropogenic activity that might be anticipated is that of local extinction of populations: there is no indication that the above (or any other)
benthic species are at wider risk in the North Sea/English Channel. Further, such a consequence is
unlikely to be permanent, unless the habitat has been materially altered. Noting that vacant spaces in
nature will be filled, Krebs (1978) poses the questions: by what, and how long will it take? Many studies have been made of the sequence of recolonisation, and recovery time, following gross disturbance of a habitat, and useful insights regarding the benthos can be gained from the pollution literature
(e.g. Pearson and Rosenberg, 1978; Clark, 1989).
Boesch and Rosenberg (1981) predicted that, in general, recovery times for the macrobenthos of temperate regions would be less than five years for shallow waters (including estuaries) and less than ten
years for coastal areas of moderate depth. Clearly, the recovery of communities characterised by
the presence of long-lived species with low recruitment (exemplified by the bivalve Arctica) would
be much longer.

5.

CONCLUSIONS

Appraisals of the literature for nine selected species provided useful insights into life-cycle traits and the
significance of various sources of mortality, though, as was to be expected, there was wide disparity in
the availability of quantitative data across their distributional ranges. There is scope for future coverage
of a range of other species or species-groups along these lines.
Inshore species and communities are vulnerable to a wide range of natural and anthropogenic sources of
mortality but, for those inhabiting soft substrates in exposed areas, they are generally the most resilient.
The consequences of anthropogenic influences for the fauna of stable deposits (inshore and offshore)
may be considered to be more significant, because of prolonged rates of recovery due to the longer lifespans and intermittent recruitment success of a number of the characterising species.
Species occurrences, or community types, are largely determined by the nature of the physical habitat;
criteria by which to judge the significance of anthropogenic influences should therefore take account of
locality- and habitat-specific factors.
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Table 1. Life-cycle traits scored for optimal conditions: North Sea/English Channel (1 = low; 4 = high)
Species

Density m-2 B m-2

P m-2 y-1

Recruitment Longevity Mortality y-1 K(1)- ->r(4) Resilience Resistance

Polychaeta
Pectinaria koreni
Sabellaria spinulosa

4
4

3
3

4
2

4
1

1
2

4
2

4
2

4
2

2
1

Crustacea
Cancer pagurus

1

1

1

2

3

2

2

2

2

Mollusca
Abra alba
Arctica islandica
Pecten maximus

4
1
1

3
3
2

3
1
1

4
1
2

1
4
3

3
1
2

4
1
1

4
1
1

3
2
2

Echinodermata
Asterias rubens
3
Echinocardium cordatum 2
Echinus esculentus
1

3
3
2

3
1
1

3
2
1

2
2
3

2
2
2

3
2
1

4
3
1

3
2
2

Table 2(a). Assessment of risk of local extinctions through various natural and anthropogenic factors
(1 = low; 4 = high)
Species

Burial/wash-out Temperature

Predation

Plankton blooms
/eutrophication

Trawl/dredge
effects

Pollution Other (excl.
fishing)

Polychaeta
Pectinaria koreni
Sabellaria spinulosa

4
1

2
1

3
2

2
1

3
4

1
2

1
1

Crustacea
Cancer pagurus

1

2

1

2

2

2

2

Mollusca
Abra alba
Arctica islandica
Pecten maximus

4
1
1

2
1
2

3
1
2

3
1
1

2
3
2

1
2
2

1
1
1

Echinodermata
Asterias rubens
2
Echinocardium cordatum 3
Echinus esculentus
2

1
2
1

2
1
1

2
4
3

1
3
2

1
2
2

1
1
2

1

2

4

3

2

1

Weighting
(1 = low; 4 = high)

3

Table 2(b). As Table 2(a), but with weighting factors applied
Species

Burial/wash-out Temperature

Predation

Plankton blooms
/eutrophication

Trawl/dredge
effects

Pollution Other (excl.
fishing)

Polychaeta
Pectinaria koreni
Sabellaria spinulosa

12
3

2
1

6
4

8
4

9
12

2
4

1
1

Crustacea
Cancer pagurus

3

2

2

8

6

4

2

Mollusca
Abra alba
Arctica islandica
Pecten maximus

12
3
3

2
1
2

6
2
4

12
4
4

6
9
6

2
4
4

1
1
1

1
2
1

4
2
2

8
16
12

3
9
6

2
4
4

1
1
2

Echinodermata
Asterias rubens
6
Echinocardium cordatum 9
Echinus esculentus
6
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Figure 1.

Combined output from cluster analyses by species and by life-cycle trait. Sizes of
circles correspond with sources in Table 1
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Figure 2.

Combined output from cluster analyses by species and by mortality source. Sizes
of circles correspond with weighted scores in Table 2(b)
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ANNEX.

POPULATION TRAITS ASSOCIATED WITH r- AND KSELECTED SPECIES (from Krebs, 1978 after Pianka, 1970)
r SELECTION

K SELECTION

Climate

Variable and/or unpredictable; uncertain

Fairly constant and/or predictable;
more certain

Mortality

Often catastrophic, nondirected, density
independent

More directed, density dependent

Survivorship

Often type III (see Figure A1)

Usually types I and II (see Figure A1)

Population size

Variable in time, non equilibrium: usually
well below carrying capacity of environment;
unsaturated communities or portions thereof;
ecological vacuums; recolonisation each year

Fairly constant in time, equilibrium;
at or near carrying capacity of the
environment; saturated communities;
no recolonisation necessary

Intra- and interspecific competition Variable, often lax

Usually keen

Selection favours

1.
2.
3.
4.
5.

1. Slower development
2. Greater competitive ability
3. Delayed reproduction
4. Larger body size
5. Repeated reproductions

Length of life

Short, usually less than 1 year

Longer, usually more than 1 year

Leads to

Productivity

Efficiency

Rapid development
High rm (=innate capacity for increase)
Early reproduction
Small body size
Single reproduction

Type I

Number survivors (n X ) (log scale)

1000

100
Type II
10

1
Type III
0.1
Age

Figure A1. Hypothetical survivorship curves (from Krebs, 1978 after Pearl, 1928)
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RECENT DATA REPORTS
No. 13

Investigation of radiation exposure pathways from liquid effluents at Hinkley Point power
station: local habits survey, 1986

No. 14

Current meter observations near the Sellafield pipeline, 1984-1986

No. 15

An assessment of radiation exposure due to liquid effluents from Hinkley Point power
stations

No. 16

Salmonid and freshwater fisheries statistics for England and Wales, 1987

No. 17

Marine environmental data inventory for the Bay of Biscay, Celtic Sea and west of Ireland,
March-July 1980, 1983 and 1986

No. 18

Radioactivity in freshwater systems in Cumbria (UK) following the Chernobyl accident

No. 19

Current meter observations in the Irish Sea, 1986

No. 20

Radioactivity in north European waters: Report of Working Group II of CEC Project
MARINA

No. 21

Salmonid and freshwater fisheries statistics for England and Wales, 1988

No. 22

Investigation of external radiation exposure pathways in the eastern Irish Sea, 1989

No. 23

A survey of tritium in sea water in Tees Bay, July 1986

No. 24

Near-surface sea temperatures in coastal waters of the North Sea, English Channel and
Irish Sea

No. 25

Radiocaesium in the seas of northern Europe: 1980-84

No. 26

Landings into England and Wales from the demersal fisheries of the Irish Sea and Western
Approaches, 1979-1990

No. 27

Monitoring of radioactivity in the UK environment: an annotated bibliography of current
programmes

No. 28

Radiocaesium in the seas of northern Europe: 1975-79

No. 29

Marine radioactivity in the Channel Islands

No. 30

Radiocaesium in the seas of northern Europe: 1970-74

No. 31

Radiocaesium in the seas of northern Europe: 1962-69

No. 32

Radiocaesium in the seas of northern Europe: 1985-89
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