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AQUATIC CONSERVATION: MARINE AND FRESHWATER ECOSYSTEMS, VOL. 6, 257-268 (1996)

Disturbance of benthic species by fishing activities: a
sensitivity index

DAVID S. MACDONALD!, MICHAEL LITTLE? N. CLARE ENO! and KEITH HISCOCK!
Yoint Nature Conservation Committee, Monkstone House, City Road, Peterborough, PEI 1JY, UK
2The Willows, Upper Tadmarton, Banbury, Oxfordshire, UK

ABSTRACT

1. Preliminary estimates of the relative sensitivity of sea bed types and benthic species to physical
disturbance, particularly fishing activity, have been made in order te identify areas where further
studies are required and to help formulate management plans for sites of marine conservation
importance.

2. Physical disturbance is considered in the context of a single encounter with fishing gear
followed by a recovery period during which there is no fishing, but with a view to qualifying, in the
future, the effect of multiple fishing events. Disturbance is considered in terms of the physical action
of the gear on the sea bed and the vnit area over which this action occurs.

3. The effects of a wide range of gears are considered. Static gears, which can be employed on a
variety of substrata, generally result in low level impacts for single fishing events and impacts are
localized compared with the effects of mobile gears, which can extend over considerable areas.

4. The theoretical sensitivity of individual species is assessed on the basis of how well they cope
with an encounter with fishing gear and on their likely recovery from destruction in terms of their
reproductive strategies.

5. Species considered of key importance in the structuring of communities are suggested and
examples of particularly sensitive species, which are therefore likely indicator species of physical
disturbance, are listed.

6. Fragile, slow recruiting animals are considered to be most susceptible to disturbance, while the

least sensitive species are generally fast growing and have good recruitment. ©1996 by John Wiley &
Sons, Ltd.

INTRODUCTION

There is a growing body of evidence that the pursuit of certain fisheries is likely to lead to long-term
changes in marine ecosystems (e.g. Reise, 1982; Reisen and Reise, 1982; Pearson et al., 1985; Woss, 1992;
Bergman and Hup, 1992; Brylinsky et al., 1994; Kaiser and Spencer, 1996). Some of that change will be
undesirable because it over-fishes stocks, removes non-target species, or affects other aspects of
environmental management (such as the conmservation of biodiversity or the maintenance of aesthetic
values). In conserving biodiversity, it is particularly important that those parts of the natural environment
that are irreplaceable (or of which the loss cannot be made good) are not damaged or destroyed.
‘Irreplacibility’ is a key criterion in assessing the importance of sites and species. This is expanded in the
concept of Critical Environmental Capital (CEC), which is formally defined as ‘those elements of the
natural environment whose loss would be serious, or which would be irreplaceable, or which would be too
difficult or expensive to replace in human time scales’ (Masters and Gee, 1995, p. 6). A challenge inherent in
the practical application of the CEC concept in environmental management lies in determining those
elements of the natural environment that qualify and those that do not. This depends on our ability to
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identify what can and cannot be replaced once lost. One of the characteristics suggested by Masters and
Gee (1995) to assess CEC is the physical sensitivity of species.

Definition of terms

‘Sensitivity’ is sometimes considered synonymous with ‘vulnerability’, but we prefer to maintain an
important distinction. We define sensitivity as: ‘the intrinsic intolerance of a habitat, community or
individual (or individual colony) of a species to physical damage or removal from an area due to an external
factor beyond the range of environmental conditions normally experienced’. By contrast, the vulnerability
of a species describes its exposure to an external factor. This includes, for example, behavioural
characteristics such as position, circadian rhythms or abilities to withdraw or avoid capture. Thus, a species
may be sensitive to fishing disturbance but is only vulnerable to such disturbance if it occurs on the kinds of
substrata where the disturbing fishing activity takes place and is likely to come into contact with the gear.
Therefore, we might conclude that the sea pen, Funiculina quadrangularis (Pallas, 1766), is sensitive to
bottom trawling, but is only vulnerable to bottom trawling in areas where its distribution coincides with
trawled areas. Similarly, sensitive species that occur in fine sands are generally not very vulnerable to
disturbance by crab potting because such pots are more usually set on rocky substrata.

Sensitivity must be assessed in relation to the human activity that might impact upon it. For example, a
particular species may be very sensitive to damage from physical disturbance, but be tolerant of some
particular form of localized pollution, such as nearby fish farm effluent. Being able to assess the sensitivity
of species would therefore be an advantage when determining if a site should be given CEC status and this
would feed into the management of activities in or near such sites. This in turn would implicitly require that
the process also takes into account the vulnerability of species to the particular activity for which its
sensitivity was being considered.

Types and effects of disturbance

There are many different forms of anthropogenic disturbance to which benthic species, habitats and
communities are subjected (e.g. Probert, 1975, 1984; Conner and Simon, 1979; McLusky et al., 1983; Leidy
and Fiedler, 1985; Hall, 1994). Fishing activities have long been regarded as particularly disturbing
physically with protests dating back to the fourteenth century (de Groot, 1984). Until recently, much
evidence of disturbance caused by fishing had been anecdotal. However, there is currently a strong interest
in the impacts of fishing on benthos and a growing number of scientific studies have been undertaken (see
for instance, Rumhor and Krost, 1991; Bergman and Hup, 1992; Eleftheriou and Robertson, 1992;
MacDonald, 1993; Brylinsky er al., 1994; Kaiser and Spencer, 1993, 1995, 1996; Currie and Parry, 1996;
Eno et al., 1996). Therefore, the present study, which focuses on fishing activities, is based on
interpretations of available literature (e.g. de Groot and Apeldoorn, 1971; Margetts and Bridger, 1971; de
Groot, 1984; Caddy, 1973; de Graaf and de Veen, 1973; Fonesca et al, 1984; Fowler, 1989; Eleftheriou and
Robertson, 1992; Jones, 1992; Kaiser and Spencer, 1993, 1995, 1996; MacDonald, 1993; Rees and Dare,
1993; ICES, 1994a,b; Eno et al., 1996; Hill et al., 1996). Such literature was combined with the authors’
experience and communication with marine scientists in these fields.

Not all fishing activities will have detectable effects and the severity of the impact can depend on the
frequency and/or intensity of the disturbance (MacDonald, 1993). Stable habitats with long lived species
will generally take longer to recover following disturbance (Pickett and White, 1985). Such stable
environments are often found in low energy systems such as sealochs, or in deep water offshore, and may be
substantially affected by even low frequencies of disturbance (Dayton and Hessler, 1972; Grassle and
Sanders, 1973). Conversely, communities found on or in mobile sands and gravel banks frequenily
disturbed by wave action are expected to be more resilient to high frequencies of physical disturbance
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because of the inherent instability of the habitats. In terms of species richness, the richest benthic
communities often occur in stable sediments where long-lived species, which settle only occasionally, can
survive and add cumulatively to the richness (the ‘biologically accommodated’ community of the ‘stability-
time hypothesis’; Sanders, 1968).

Theoretical considerations of disturbance can be complex (e.g. Levin and Paine, 1974; Connell and
Slayter, 1977; Connell, 1978; Fox, 1979; Sousa, 1979a,b, 1980, 1984, 1985; Miller, 1982; Denslow, 1985;
Menge and Sutherland, 1987; Hall, 1994) and disturbance due to fishing can be broken down into several
components including intensity, frequency, size and shape (MacDonald, 1993). For the purposes of this
study, however, disturbance refers only to the combination of the physical action of the gear on the sea bed
and the area over which this action extends. Manifestations of disturbance to the benthic species may
therefore range from no or minimal physical damage through to major redistribution of substrata and high,
instantaneous mortality of benthos.

Development and application of sensitivity critiera

The present work sets out to develop criteria that can be used to assess the sensitivity of species to physical
disturbance from fishing activities, and to apply these criteria within a framework that indicates
particularly sensitive species and the levels of disturbance experienced for defined fishing practices. Physical
disturbance is considered in the context of a single encounter with fishing gear followed by a recovery
period during which there is no fishing, but with a view to qualifying, in the future, the effect of multiple
fishing events. Such a framework would highlight where field studies are required to improve our
assessment of the extent and importance of sensitive species in an area, and therefore improve the
effectiveness of applying concepts such as CEC and of formulating management plans for sites of marine
conservation importance. In the context of this paper, it is important to note that sensitivity refers both to
species’ susceptibility to physical damage caused by contact with gear in a single fishing event and to their
ability to cope with such damage through regeneration or recruitment,

METHODS
Rationale

In order to define an index for sensitivity, the components of sensitivity must be understood and taken into
account. These are:

1. the fragility of individuals of a species that come into physical contact with the disturbing force;
2. the ability of the species to recover to its former population or physical status within the disturbed area.

The first component of sensitivity (fragility) depends on the organism’s physiolgy and/or structure
including stength or flexibility. For example, a certain minimum force would be required to crush the test of
an adult common urchin, Echinus esculentus Linnaeus, 1758. The susceptibility of the organism to physical
damage will therefore depend on its inherent fragility and the intensity of the impact. As many as 70% of
tests of Echinus esculentus caught by scallop dredges can be smashed by the gear upon contact or by the
material in the dredges (MacDonald, 1993), but we would expect this figure to be lower for a beam-trawl
and substantially lower for crab potting.
The second component of sensitivity (recovery) incorporates several concepts:

e the ability of damaged organisms to repair or regenerate lost or damaged parts—for example,
brittlestars are well known for being able to regenerate arms;
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o the ability of the organisms to continue occupying the disturbed habitat—for example, if seapens
are uprooted by Nephrops creels, they are subsequently able to reinsert their peduncle (Eno ef dl,,
1996);

e the supply of larvae to the disturbed habitat and their settlement success:

e recruitment to the adult population from settled larvae.

The time taken for the species to recover to its former status locally can vary from less than 24 hours (in the
case of mobile species), through a few months to decades, and in some instances, full recovery may never be
achieved (Rosenberg, 1974, 1976, 1977; Bonsdorff, 1980, 1983, 1986; Reise. 1982: Reisen and Reise, 1982;
Guillou and Hily, 1983; Peterson ef al., 1987; Frid, 1989; Jones, 1992).

An index of sensitivity

A meaningful index of sensitivity must be based upon consistent assessment of each of those factors
discussed above and this might be done using a formula. We consider the recovery potential to be the most
important and this should therefore be weighted. We propose the following index of sensitivity (S):

S = (FxI) R

where R is recovery (scored on a scale of 1 to 4, equivalent to short, moderate, long and very long recovery
period or no recovery is likely); F is fragility (scored on a scale of 1 to 3, equivalent to not very fragile,
moderately fragile, and very fragile—a recent study, which examined effects of pot fishing on benthic
species (Eno et al., 1996) and used a five point damage scale, suggests that such a three point scale may be
more easily applied); and 7'is the intensity of the impact (scored on an arbitrary scale of 1 to 3, equivalent to
low, moderate and high intensity).

Recovery represents the time taken for a species to recover in the disturbed area. Where the organisms are
largely unaffected by the passage of gear, R will be short. If the organisms are damaged or killed but
migration into the disturbed area is rapid, then R may also be short. Where recovery depends on
regeneration of damaged organisms or recruitment to the adult population from larval settlement and
growth, recovery times will then depend on the recruitment and growth rates of those species.
Consequently, slow growing, poorly recruiting species will have high R scores. With more information
on the various life history and ecological parameters affecting recovery, it might be possible to further
refine R by breaking it down into constituent components. These might include immigration of mobile
species and infilling types of growth by colonies, and recruitment of juveniles but including juvenile
mobility or space occupancy where this is normal. However, without sufficient information available for all
the species examined in this study, we opted to maintain the simpler approach. It is important to bear in
mind that in considering recovery times, the context taken in this study was a single fishing event followed
by a recovery period with no fishing: if there are multiple fishing events at the same site then recovery may
take much longer or might never even be achieved.

Fragility represents the inability of an individual or colony of the species to withstand physical impact
from fishing gear. It is primarily related to the strength of body parts such as tests, shells and exoskeletons.
Fragile organisms such as Pentapora foliacea (Ellis and Solander, 1986) and Echinus esculentus would have
a relatively high fragility score. Tougher organisms such as Buccinum undaturmn Linnaeus, 1758, and hermit
crabs in Buccinum undatum shells, would have a lower fragility score.

Intensity of impact depends on the type (and momentum where applicable) of the gear and the depth of
penetration into the substratum. Thus, static gear will generally score low compared with mobile gear, For
example, beam trawls would have a much higher score than a long-line.
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Application of the index

The relative sensitivities of different species to disturbance from fishing activities were estimated within the
context of species having a single encounter with fishing gear followed by a recovery period during which
there is no fishing.

The sensitivity scores for various species were then normalized by dividing each score into the maximum
possible score using the following relationship;

Sa

Smax

x 100

Shorm =

where Sy, is the normalized sensitivity score for any species n and Sy, is the maximum possible sensitivity
for the most disturbing fishing activity (. =241).

RESULTS

The results of calculating sensitivity indices for a variety of species and difficult types of fishing activities are
presented in Tables 1 and 2. For example, for a scallop dredge encountering Eunicella verrucosa (Pallas,
1766), fragility would be high (F=3), the intensity of impact by a dredge would be high (/=3) and the
recovery time required by Eunicella verrucosa would be long (R=3). This results in high sensitivity
(S, =181, Syony=75). By contrast, the sensitivity of Buccinum undatum encountering a gill net would be
much lower (S,=3, S,.n,= 1) since it is not very fragile (¥=1), the intensity of the gear is low (/=1), and
the recovery time would be short (R=1).

DISCUSSION
Sensitivity in relation to intensity of fishing

Calculating the relative sensitivities of different species in the context of a single encounter with fishing gear
followed by a recovery period during which there would be no fishing is clearly an unrealistic portrayal of what
happens in some real fisheries, such as scallop and cockle fisheries, where the same ground may be fished
intensively until the catches no longer justify the effort involved in fishing. Multiple fishing events in exactly the
same area will obviously cause greater disturbance than a single fishing event. The quantification of the effects
of multiple fishing events would be a logical progression from this work. This would allow further development
of an index that could take into account the frequency of the disturbance event.

Although the index of sensitivity in relation to static gear for a single fishing event is considered to be low
level when compared with that of mobile gear, this does not exclude the possibility of damage to sensitive
species by intensive use of static gear in small areas (Eno et al., 1996). Some pot fishermen deploy considerable
numbers of pots and their repeated use in a small area could possibly affect fragile species such as Pentapora
Joliacea. The impact of the weights of set nets or pots arriving on the sea bed may physically damage fragile
organisms, and this is particularly the case on rocky ground where Pentapora foliacea is found. The movement
of set nets and pots on the sea bed during rough weather or during retrieval can further detach organisms from
the surrounding rock surfaces, but this is likely to be minimal compared to mobile gears.

Sensitivity in relation to gear type

Some types of gear are designed to be fished in rocky areas (e.g. the rockhopper type of otter trawl and the
Ngwl}aven type of scallop dredge). Although other types of demersal trawl or dredge are designed
principally to operate on sediments, they also come into contact with epilithic organisms on mixed grounds.
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Table 1. Likely sensitivity of some species to disturbance caused by an encounter with fishing gear on rocky grounds. Fishing gears

have been grouped according to the relative scale of disturbance they cause. Low intensity gears include pots. gill nets and long-lines.

Medium intensity gears include otter trawls and Danish Seines. High intensity gears include dredges, rockhoppers and beam trawls.

The values of F (fragility) were derived from personal knowledge of the species structure and of R (recovery) were derived from a
review of literature on the life-histories of the species.

Sforlow  Sfor S for high
intensity medium  intensity
gear Intensity gear Snorm Spurm Suorm

Species F R (I=1) gear(I=2) (I=3) (I=1) (I=2) (=3
Leptopsammia pruvoti 3 4 33 89 241 14 37 100
Eunicella verrucosa 3 3 24 67 181 10 28 75
Caryophyllia smithii 2 3 16 44 121 7 18 50
Pentapora foliacea 3 2 16 44 121 7 IS8 50
Echinus esculentus 3 2 16 44 121 7 18 50
Flustra foliacea 2 2 11 30 80 § 12 33
Laminaria hyperborea 2 2 11 30 80 5 12 33
(mature)

Cliona celata (massive) 2 2 11 30 80 5 12 33
Holothuria forskali 1 2 5 15 40 2 6 17
Crossaster papposus 1 2 5 15 40 2 6 17
Acmaea tessulata 1 2 5 15 40 2 6 17
Gibbula cineraria 1 2 5 15 40 2 6 17
Chitons 1 2 5 15 40 2 6 17
Alcyonium digitatum 1 2 5 15 40 2 6 17
Tubularia indivisa 3 1 8 22 60 3 9 25
Nemertesia antennina 2 1 5 15 40 2 6 17
Antedon bifida 2 1 5 15 40 2 6 17
Nitophyllum puncta- 2 1 5 15 40 2 6 17
tum

Halichondria panicea 1 1 3 7 20 1 3 8
Pomatoceros triqueter 1 1 3 7 20 3 8
Encrusting algae 1 1 3 7 20 1 3 8

They may also break-up biological reefs such as those formed by Sabellaria spinulosa Leuckart, 1848, and
Modiolus modiolus (Linnaeus, 1758) (ICES, 1992) or friable rocky reefs such as shale reefs, Larger vessels
generally have a greater capacity to fish mixed ground than the smaller inshore vessels because they are able
to handle the more robust gear required. On grounds without erect epifauna the disturbance caused by a
single fishing event will depend on the size of the gear, its weight, and its degree of penetration into the
sediment.

For mobile gears, the type will also determine the ratios of those individuals caught and taken aboard as
by-catch, those that are caught but pass through the gear, and those that are impacted in sifu but not
actually caught. Many species when taken aboard suffer increased stress from desiccation, trampling under
crew member’s feet and from suffocation. Although mortality can often be very high (Wassenberg and Hill,
1989; MacDonald, 1993; Kaiser and Spencer, 1995), we do not yet know enough about these effects.

Applying the sensitivity concept to biotopes

The approach taken in the present study has been to work in terms of disturbance to sea bed types and
species. However, it would be useful to conservation managers to provide assessments of the sensitivity of
biotopes to various forms of disturbance.
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Table 2. Likely sensitivity of species to disturbance caused by an encounter with fishing gear on clean or mixed grounds. Fishing

gears have been grouped according to the relative scale of disturbance they cause. Low intensity gears include pots, gill nets and long-

lines. Medium intensity gears include otter trawls and Danish Seines. High intensity gears include dredges, rockhoppers and beam

trawls. The values of F (fragility) and R (recovery) used in these examples were derived from a review of literature on the life-histories
of the species.

S for low Sfor S for high
intensity medium  intensity

gear intensity gear S A

Snorm

norm norm

Species F R {I=1) gear (I=2) (I=3) =1 =2 =3
Funiculina 3 4 33 89 241 14 37 100

quadrangularis
Maerl 3 4 33 89 241 14 37 100
Modiolus modiolus 2 4 22 59 161 9 25 67
Virgularia mirabilis 3 3 24 67 181 10 28 75
Echinocardium 3 3 24 67 181 10 28 75

cordatum
Artica islandica 2 3 16 44 121 7 18 50
Ensis siliqgua 2 3 16 44 121 7 18 30
Sabellaria alveolata/ 3 2 16 44 121 7 18 50
spinulosa reefs
Zostera marina 3 2 16 44 121 7 18 50
Ophiura texturata 3 2 16 44 121 7 18 50
Ophiocomina nigra 3 2 16 44 121 7 18 50
Ophiothrix fragilis 3 2 16 44 121 7 18 50
Corystes cassivelannus 3 2 16 44 121 7 18 50
Aporrhais pespelecani 2 2 11 30 80 5 12 33
Pecten maximus 2 2 11 30 80 5 12 33
Aequipecten 2 2 11 30 80 5 12 33

opercularis
Turritella communis 2 2 11 30 80 5 12 33
Maja squinado 2 2 11 30 80 5 12 33
Cancer pagurus 2 2 11 30 80 5 12 33
Urticina felina 2 2 11 30 80 5 12 33
Glycymeris glycymeris 2 2 11 30 80 5 12 33
Abra alba 2 2 11 30 80 5 12 33
Spisula spp. 2 2 11 30 80 5 12 33
Donax vittatus 2 2 11 30 80 5 12 33
Tellina fabula 2 2 11 30 80 5 12 33
Asterias rubens 2 2 11 30 80 5 12 33
Luidia spp. 2 2 11 30 80 5 12 33
Astropecten irregularis 2 2 11 30 80 5 12 33
Eupagurus bernhardus 1 2 5 15 40 2 6 17
Portunus depurator 1 2 5 15 40 2 6 17
Lanice conchilega 3 1 8 22 60 3 9 25
Spiophanes bombyx 3 1 8 22 60 3 9 25
Pectinaria koreni 2 1 5 15 40 2 6 17
Buccinum undatum 1 1 3 7 20 1 3 8

The sensitivity of a biotope to an anthropogenic activity is a function of the sensitivity of the different
species making up the biotope’s component community. This poses a problem in deriving an assessment of
biotope sensitivity; should all the species be treated as equally important to the community, or should
weight be given to particular species such as key species, rare species, particularly sensitive species, or
species with high aesthetic value? Simply averaging the sensitivities of the species present in a community
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will tend to introduce bias to the estimate for the community as a whole. For example, if the community is
comprised of many species with high recruitment rates, the sensitivity of the community may be under-
rated. However, if attention is focused on particularly sensitive species then unreasonably high or skewed
results may be obtained.

A sophisticated method of assessing community or biotope sensitivity is not yet available. Until one is, a
crude means of mapping biotope sensitivity in relation to specific impacts and activities would have to rely
upon marking those biotopes in which known sensitive species occur. Where many species are present in a
community or biotope, a measure of biotope sensitivity will be difficult to arrive at. An alternative
approach could be to focus on ‘key’ species (discussed below) in the community such as Zostera marina
(Linnaeus 1758) in the case of a seagrass bed.

Sensitivity and ‘key’ or ‘indicator’ species

Key species are effectively those species that structure the community (Masters and Gee, 1995). The loss of
such species from the community would therefore be expected to seriously change the nature of the
community and possibly its viability. Within the context of sensitivity assessment, this suggests that it is
only necessary to assess the sensitivity of the key species rather than all the species present. The problem
here lies in identifying key species.

In the terrestrial environment, key species often correspond to dominant vegetation types present (e.g.
oak trees in oak woodland). In the marine environment, the equivalent situation occurs where species form
the substratum for other species (e.g. a Modiolus modiolus bed), dominate either by modifying
environmental conditions (e.g. shade and shelter from wave action under kelp forests) or by being major
grazers or predators (e.g. sea urchins on a rocky seabed), or structure the habitat through bioturbatiosn.
However, identifying key species may be difficult in many other cases, particularly with infaunal animals.
Where there are no obvious key species, indicator species may provide an alternative focus.

The term ‘indicator species’ has a number of meanings (ICES, 1994a). For example, an indicator species
might be that whose presence may indicate certain contaminations, or whose elimination from an
ecosystem may act as an early warning for the system, or whose physical or physiological characteristics
change in response to pollution. Indicator species might also be regarded as indicative of certain substratum
types (sensu Jones, 1950). In the context of the present discussion, we use the term to refer to species whose
abundance might provide a guide to levels of fishing disturbance and therefore to whether communities in
an area are natural or altered by fishing. Such species would be particularly sensitive to fishing because they
are fragile, slow growing and/or have poor recruitment prospects, are likely to be widespread and can be
easily recognized.

Indicator species are particularly useful as a measure of long-term fishing disturbance since they reflect
the effects of multiple fishing events. An example might be the sea pen Virgularia mirabilis (Miiller, 1776)
which would be expected to be present on muddy sands in depths of 50 to 100m on open coast but is
very sensitive to mobile gear and only likely to be found where fishing is absent or low intensity,
Although the ICES Working Group on Ecosytem Effects of Fishing Activities (ICES, 1994b) consider
that indicator species have little part to play in monitoring the long-term effects of fishing activities
because directly monitoring is the simpler approach, we do not fully agree and suggest that (usually
financially) restricted programmes of sampling could concentrate on certain likely indicator species. Table
3 presents some candidate species which may indicate degree of fishing intensity for different seabed types
where there are no obvious key species. Although we provide these examples, we recognize a problem
where in many instances other potential indicator species may not be helpful since they may have already
been fished out.
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Table 3. Some candidate species which may indicate intensity of fishing activity for some different seabed types.

Sea bed type Candidate indicator species

Sand Echinocardium cordatum, Ensis spp., Corystes cassivelaunus

Muddy bottoms of sealochs Virgularia mirabilis, Funiculina quadrangularis, Pachycerianthus
multiplicatus

Bedrock and reefs Eunicella verrucosa, Pentapora foliacea, axinellid sponges

Effects of fishing on community composition

Apart from the direct disturbance and mortality caused by the passage of fishing gear, changes in benthic
community compositions after fishing events have been demonstrated (e.g. Eleftherious and Robertson,
1992; MacDonald, 1993; Hill et al., 1996; Kaiser, 1996). Increased levels of disturbance to benthos
encourages a shift in species composition from long-lived and slow recruiting species, to more
opportunistic, less sensitive species that can quickly colonize disturbed areas through successful recruitment
and rapid growth. Whether or not original communities will ever return following heavy disturbances is
unpredictable since succession may not be unidirectional (see MacDonald, 1993, for a discussion).

It is important to bear in mind that the majority of the sea bed around the UK coast has been affected to
various degrees by fishing and that many communities may be the result of past and continued
disturbance. It is also likely that sensitive species will no longer be present in such areas, having become
locally extinct.

Significance for nature conservation management

The aims of nature conservation in Great Britain are most eloquently given in Command 7122 (Ministry of
Town and Country Planning 1947): ‘to preserve and maintain as a part of the nation’s natural heritage
places which can be regarded as reservoirs for the main types of community and kinds of wild plants and
animals represented in this country, both common and rare, typical and unusual’. To achieve such an
objective in a scientific and defensible manner requires the development of concepts such as Critical
Environmental Capital supported by objective measures of sensitivity. In this paper, we have worked
towards establishing a framework for assessing the ‘real’ sensitivity of species, biotopes and locations
around our coasts to fishing activities. This is a substantial advance on previous equations of sensitivity
with scientific interest. Certainly, sites that are valued because they include representative or rare features
should be protected, but some will be more or less sensitive to different activities than others. Similarly,
certain parts of marine protected areas will include species and features more sensitive to certain forms of
fishing than others. Restrictions on fishing in those sensitive areas (but not in the other areas) might then be
appropriate. Such considerations lead to the sorts of zoned management schemes described by Laffoley et
al. (1994).

Further development of sensitivity assessment and information requirement

The sensitivity index, as currently scored, tends to place any species with a poor chance of recovery or re-
establishment in the higher categories. A further category could be added for those species unlikely to re-
establish because of their longevity and poor recruitment prospects. There are other possible ways in which
the index could be variously refined, but these rely upon having further information available. For instance,
the greatest difficulty in assessing sensitivity is that very rarely do we know enough about the longevity,
growth rates and reproductive mechanisms of species to assign appropriate scores. Also, we do not yet have
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sufficient information about the effects of fishing on the vast majority of benthic species and, at best, we
can only calculate sensitivity for a small percentage of the species present in certain communities. If
sensitivity scores are to be widely used, this information needs to be compiled.

It is also clear from the literature that the effect of different fishing activities on benthos remains
insufficiently quantified. We therefore suggest that further studies of trawl path mortalities, life history
parameters, and ‘efficiency’ of capture for different gears be undertaken for non-target benthic species,
particularly sensitive species, in order that the conservation risks associated with fishing may be better
estimated. Furthermore, selected benthic communities should be monitored to assess the effects of fishing
activity on resident communities and on the recruitment of other biota. This type of information is
fundamental to our understanding of interactions between fishing gear and benthos.

ACKNOWLEDGEMENTS

This paper was developed from a desk study undertaken by staff of the Joint Nature Conservation
Committee (JINCC) as a contribution to the work of the UK nature conservation agencies’ Fisheries Task
Group. We are grateful for comments from members of that Group. We are also grateful to Ivor Rees
(University College, North Wales), Bill Sanderson (JNCC), and Chris Frid (Dover Marine Laboratory,
Newecastle) for useful comments, Paul Knapman (English Nature) for helping to clarify fishing techniques
and Tim Hill (’NCC) for assisting in identifying sensitive species. The referees, Mike Robertson and Mike
Kaiser are also thanked for making significant comments.

REFERENCES

Bergman, M. J. N. and Hup, M. 1992. ‘Direct effects of beam-trawling on macrofauna in a sandy sediment in the
southern North Sea’, International Council for the Exploration of the Sea Journal of Marine Science, 49, 5~13.

Bonsdorff, E. 1980. ‘Macrobenthic recolonization of a dredged brackish water bay in SW Finland’, Ophelia,
(Supplement), 1, 145-155.

Bonsdorff, E. 1983, ‘Recovery potential of macrozoobenthos from dredging in shallow brackish waters’, Oceanologica
Acta (No. Spec.), 1983, 27-32.

Bonsdorff, E. 1986. ‘Recovery potential of macrozoobenthos from dredging in shallow brackish waters’, in Fluctuation
and Succession in Marine Ecosystems: Proceedings of the 17th European Symposium on Marine Biology, Brest, France,
27th Sepi—1st Oct, 1982, Gauthiers-Villars, Montrouge, France.

Brylinsky, M., Gibson, J. and Gordon, D. C. Jr 1994. ‘Impacts of flounder trawls on the intertidal habitats and
community of the Minas Basin, Bay of Fundy’, Canadian Journal of Fisheries and Aquatic Science, S, 650-661.
Caddy, J. F. 1973. “‘Underwater observations on tracks of dredges and trawls and some effects of dredging on a Scatlop

ground’, Journal of the Fisheries Research Board of Canada, 30, 173-180.

Connell, J. H. 1978. ‘Diversity in tropical rain forests and coral reefs’, Science, 199, 1302-1310.

Connell, J. H. and Slayter, R. O. 1977. ‘Mechanisms of succession in natural communities and their role in community
stability and organization’, American Naturalist, 111, 1119-1144.

Conner, W. G. and Simon, J. L. 1979. ‘The effects of oyster shell dredging on an estuarine benthic community’,
Estuarine and Coastal Marine Science, 9, 749-758.

Currie, D. R. and Parry, G. D. 1996. ‘Effects of scallop dredging on a soft sediment community: a large-scale
experimental study’, Marine Ecology Progress Series, 134, 131-150.

Dayton, P. K. and Hessler, R. R. 1972. ‘Role of biological disturbance in maintaining diversity in the deep sea’, Deep
Sea Research, 19, 199-208.

de Graaf, U. H. and De Veen, J. F. 1973. ‘Asteria rubens and the influence of the beam-trawl on the bottom fauna’,
International Council for the Exploration of the Sea, C. M. 1973/K.:37.

de Groot, S. J. 1984, “The impact of bottom trawling on benthic fauna of the North Sea’, Ocean Management, 9,
177-190.

de Groot, S. J. and Apeldoorn, J. M. 1971. ‘Some experiments on the influence of the beam-trawl on the bottom fauna’,
International Council for the Exploration of the Sea, C. M. 1971{B:2.

Denslow, J. S. 1985. ‘Disturbance-mediated coexistence of species’, in Pickett, S. T. A, and White, P. S. (Eds), The
Ecology of Natural Disturbances and Patch Dynamics, Academic Press, London, 3-13.



DISTURBANCE OF BENTHIC SPECIES 267

Eleftheriou, A. and Robertson, M. R. 1992, ‘The effects of experimental scallop dredging on the fauna and physical
environment of a shallow sandy community’, Netherlands Journal of Sea Research, 30, 289-299.

Eno, N. C., MacDonald, D. S. and Amos, C. 1996. ‘A study into the effects of fish (Crustacea/Mollusc) traps on
benthic habitats and species’, Final Report to the European Commission: Study Contract No. 94/076.

Fonesca, M. S., Thayer, G. W., Chester, A. J. and Folte, C. 1984. ‘Impact of scallop harvesting on eelgrass (Zostera
marina) meadows: Implications for management’, North American Journal of Fisheries Management, 4, 286-293.
Fowler, S. L. 1989. Nature Conservation Implications of Damage to the Sea Bed by Commercial Fishing Operations,

Nature Conservancy Council, CSD Report, No. 79.

Fox, J. F. 1979. ‘Intermediate disturbance hypothesis’, Science, 204, 1344-1345.

Frid, C. L. J. 1989. ‘The role of recolonization processes in benthic communities, with species reference to the
interpretation of predator-induced effects’, Journal of Experimental Marine Biology and Ecology, 126, 163~171.

Grassle, I, F. and Sanders, H. L. 1973. ‘Life histories and the role of disturbance’, Deep Sea Research, 20, 643—659.

Guillou, M. and Hily, C. 1983. ‘Dynamics and biological cycle of a Melina palmata (Ampharetidae) population during
the recolonization of a dredged area in the vicinity of the harbour of Brest (France)', Marine Biology, 73, 43-50.

Hall, S. J. 1994, ‘Physical disturbance and marine benthic communities: life in unconsolidated sediments’,
Oceanography and Marine Biology: An Annual Review, 32, 179-239.

Hill, A. S, Brand, A. R., Wilson, U. A. W., Veale, L. O. and Hawkins, S. J. 1996. ‘Estimation of by-catch composition
and annual by-catch mortality on Manx scallop fishing grounds’, in Greenstreet, S. P. R. and Tasher, M. L. (Eds)
Aquatic Predators and their Prey. Blackwell Scientific Publications, Oxford, 111-115.

ICES (International Council for the Exploration of the Sea) 1992. ‘Report of the study group on ecosystem effects of
fishing activities, Copenhagen, 7-14 April 1992°, International Council for the Exploration of the Sea, C.M. 1992/
G:11.

ICES (International Council for the Exploration of the Sea) 1994a. ‘Sensitivity of species to physical disturbance of the
sea bed’, in Report of the Benthos Ecology Working Group, Yerseke, 9-13 May 1994, International Council for the
Exploration of the Sea, C.M. 1994/1.:4.

ICES (International Council for the Exploration of the Sea) 1994b. ‘Indicator organisms’, in Report of Working Group
on Ecosystem Effects of Fishing Activities, Copenhagen, 20-27 April 1994. International Council for the Exploration
of the Sea, C.M. 1994/ASSESS/ENV:1.

Jones, N. S. 1950. ‘Marine bottom communities’, Biological Reviews, 25, 285~313.

Kaiser, M. J. and Spencer, B. E. 1993. ‘A preliminary assessment of the immediate effects of beam trawling on a benthic
community in the Irish Sea’, in 81st ICES Statutory Meeting, Dublin, Ireland, International Council for the
Exploration of the Sea.

Kaiser, M. J. and Spencer, B. E. 1995. ‘Survival of by-catch from a beam trawl’, Marine Ecology Progress Series, 126,
31-38.

Kaiser, M. J. and Spencer, B. E. 1996, ‘“The effects of beam-trawl disturbance on infaunal communities in different
habitats’, Journal of Animal Ecology, 65, 348-358.

Laffoley, D. d’A., Baxter, J. M., Connor, D. W., Gilliland, P., Hiscock, K., Platt, H., Richards, M. and Tasker, M.
1994. ‘The development of a generic management model for European Union marine Natura 2000 sites’, in
Brunckhorst, D. J. (Ed.) Marine Protected Areas and Biosphere Reserves: Towards A New Paradigm, Proceedings of
the Ist International Workshop on Marine and Coastal Protected Areas, Canberra, Australia, August 1994, 81-85.
Australian Nature Conservation Agency, Canberra, Australia.

Leidy, R. A. and Fiedler, P. L. 1985. ‘Human disturbance and patterns of fish species diversity in the San Francisco Bay
drainage, California’, Biological Conservation, 33, 247--268.

Levin, 8. A. and Paine, R. T. 1974. ‘Disturbance, patch formation, and community structure’, Proceedings of the
National Academy of Science of the USA, T1, 2744-2747.

MacDonald, D. S. 1993. ‘Ecological Studies on the Effects of Scallop Dredging on the Benthos of the North Irish Sea’,
Port Erin Marine Laboratory, University of Liverpool, Ph.D. Thesis.

Margetts, A. R. and Bridger, J. P. 1971. ‘The effect of a beam-trawl on the sea bed’. International Council for the
Exploration of the Sea, CM. 1971/B:8; 9.

Magters, D. and Gee, K. 1995. “Criteria for identifying the critical environmental capital of the maritime zone: a
discussion paper’, English Nature Research Reports, No. 136, English Nature, Peterborough.

McLusky, D. S., Anderson, F. E. and Wolf-Murphy, S. 1983, ‘Distribution and population recovery of Arenicola
marina and other benthic fauna after bait digging’, Marine Ecology (Progress Series), 11, 173-179.

Menge, B. A. and Sutherland, J. P. 1987. ‘Community regulation: Variation in disturbance, competition, and predation
in relation to environmental stress and recruitment’, American Naturalist, 130, 730-757.

Miller, T. E. 1982. ‘Community diversity and interactions between the size and frequency of disturbance’, American
Naturalist, 120, 533-536.



268 D. S. MACDONALD ET AL.

Pearson, T. H., Josefson, A. B. and Rosenberg, R. 1985. ‘Petersen’s benthic stations revisited. 1. Is the Kattegatt
becoming eutrophic?” Journal of Experimental Marine Biology and Ecology. 92, 157-206.

Peterson, C. H., Summerson, H. C. and Fegley, S. R. 1987. “Ecological consequences of mechanical harvesting of
clams’, Fisheries Bulletin of the United States, 85, 281-298.

Pickett, S. T. A. and White, P. S. 1985. The Ecology of Natural Disturbance and Patch Dynamics, Academic Press,
London.

Probert, P. K. 1975. ‘The bottom fauna of china waste deposits in Mevagissey Bay’, Journal of the Marine Biological
Association of the United Kingdom, 55, 1944,

Probert, P. K. 1984. ‘Disturbance, sediment stability and trophic structure of soft bottom communities’, Journal of
Marine Research, 42, 893-921. .

Rees, H. L. and Dare, P. J. 1993. ‘Sources of Mortality and Associated Life-cycle Traits of Selected Benthic Species: A
Review’, Ministry of Agriculture, Fisheries and Food, Directorate of Fisheries Research. Fisheries Research Data
Report Number 33.

Reise, K. 1982. ‘Long-term changes in the macrobenthic invertebrate fauna of the Wadden Sea: Are polychaetes about
to take over?, Netherlands Journal of Sea Research, 16, 29~36.

Reisen, W. and Reise, K. 1982. ‘Macrobenthos of the subtidal Wadden Sea: revisited after 55 years', Helgolander
Meeresunters, 35, 409-423.

Rosenberg, R. 1974. ‘Spatial distribution of an estuarine benthic faunal community’, Journal of Experimental Marine
Biology and Ecology, 15, 69-80.

Rosenberg, R. 1976. ‘Benthic faunal dynamics during succession following pollution abatement in a Swedish estuary’,
Oikos, 27, 414-427.

Rosenberg, R. 1977. ‘Benthic macrofaunal dynamics, production and dispersion in an oxygen-deficient estuary of west-
Sweden’, Journal of Experimental Marine Biology and Ecology, 26, 107-133,

Rumbor, S. I. and Krost, P. 1991. ‘Experimental evidence of damage to the benthos by bottom trawling with special
relevance to Aretica islandica’, Meeresforschung, 33, 340-345.

Sanders, H. L. 1968. ‘Marine benthic diversity: a comparative study’, dmerican Naturalist, 102, 245-282.

Sousa, W. P. 1979a. ‘Disturbance in marine intertidal boulder fields: the non-equilibrium maintenance of species
diversity’, Ecology, 60, 1225~1239.

Sousa, W. P. 1979a. *Disturbance in marine intertidal boulder fields; the non-equilibrium maintenance of species
diversity’, Ecology, 49, 227-254.

Sousa, W. P. 1980. ‘The responses of a community to disturbance: The importance of successional age and species’ life
histories’, Oecologia, 45, 72~81.

Sousa, W. P. 1984. ‘The role of disturbance in natural communities’, Annual Review of Ecolagical Systematics, 185,
353-391.

Sousa, W. P. 1985. ‘Disturbance and patch dynamics on rocky intertidal shores’, in Pickett S. T. A. and White, P. S.
(Eds) The Ecology of Natural Disturbances and Patch Dynamics, Academic Press., London, 101-124,

Wassenberg, T. J. and Hill, B. J. 1989. ‘The effect of trawling and subsequent handling on the survival rates of the by-
catch of prawn trawlers in Moreton Bay, Australia’, Fisheries Research, T, 99-110.

Wéss, E. R. 1992. ‘Bryozoa of the US Antarctica Rescarch Program: Preliminary report’, in Hayward, P. J., Ryland,

J. S. and Taylor, P. D. (Eds) Biology and Palaeobiology of Bryozoans, Olsen and Olsen, Fredensberg, Denmark,
205-210.



AQUATIC CONSERVATION: MARINE AND FRESHWATER ECOSYSTEMS, VOL. 6, 269-285 (1996)

Benthic disturbance by fishing gear in the Irish Sea:
a comparison of beam trawling and scallop dredging

M. J. KAISER
The Centre for Environment, Fisheries and Aquaculture Science, Conwy Laboratory, Conwy, LL32 8UB, UK
A. S. HILL
Port Erin Marine Laboratory, University of Liverpool, Port Erin, Isle of Man, IM9 6J4, UK
K. RAMSAY
Ecology Group, School of Biological Sciences, University of Wales, Bangor, LL57 2UW, UK
B. E. SPENCER
The Centre for Environment, Fisheries and Aquaculture Science, Conwy Laboratory, Conwy, LL32 8UB, UK
A. R. BRAND, L. O. VEALE, K. PRUDDEN
Port Erin Marine Laboratory, University of Liverpool, Port Erin, Isle of Man, IM9 6J4, UK
E. 1. S. REES
School of Ocean Sciences, Menai Bridge, Ynys Mdn, LL59 SEY, UK
B. W. MUNDAY
Fisheries Research Centre, Abbotstown, Dublin, Ireland
B. BALL
Department of Zoology, Martin Ryan Marine Science Institute, University College Galway, Ireland
and
S. J. HAWKINS
Centre for Environmental Sciences, University of Southampton, Southampton SOI7 1BJ, UK

ABSTRACT

1. The distribution of effort for the most frequently used mobile demersal gears in the Irish Sea was
examined and their potential to disturb different benthic communities calculated. Fishing effort data,
expressed as the number of days fished, was collated for all fleets operating in the Irish Sea in 1994. For each
gear, the percentage of the seabed swept by those parts of the gear that penetrate the seabed was calculated.

2. For all gears, the majority of fishing effort was concentrated in the northern Irish Sea. Effort
was concentrated in three main locations: on the muddy sediments between Northern Ireland and
the Isle of Man (otter and Nephrops trawling); off the north Wales, Lancashire and Cumbrian coast
(beam trawling); the area surrounding the Isle of Man (scallop dredging).

3. In some areas, e.g. between Anglesey and the Isle of Man, the use of scallop dredges and beam
trawls was coincident. A comparative experimental study revealed that scallop dredges caught much
less by-catch than beam trawls. Multivariate analysis revealed that both gears modified the benthic
community in a similar manner, causing a reduction in the abundance of most epifaunal species.

4, Although beam trawling disturbed the greatest area of seabed in 1994, the majority of
effort occurred on grounds which supported communities that are exposed to high levels of
natural disturbance. Scallop dredging, Nephrops and otter trawling were concentrated in areas that
either have long-lived or poorly studied communities. The latter highlights the need for more
detailed knowledge of the distribution of sublittoral communities that are vulnerable to fishing
disturbance. ©British Crown Copyright 1996.

L _ Received December 1995
© British Crown Copyright 1996 Accepted September 1996




	Seite 1
	Seite 2
	Seite 3
	Seite 4
	Seite 5
	Seite 6
	Seite 7
	Seite 8
	Seite 9
	Seite 10
	Seite 11
	Seite 12
	Seite 13
	Seite 14

