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1 _ INTRODUCTION
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1.2 Terms of Reference and Scope of Wo'rk

" The Study Group on Ecosystem Effects of Fxshmg
_ Activities met at ICES Headquarters from 7-14 Aprl
. with the following terms of reference:

a) descnbe as far as possnble, the present direct
impacts of fishing practrces in terms of physical
disturbance of the sea bed, mortallty of target and
non-target species mcludmg non-catch mortality,

discarding and production of offal, and lost fishing -

gear and other ﬁsheries—generated litter;

h) compare, where practrcable, the rmpacts of fxshmg
activities on the marine ecosystem with the impacts
of other anthropogemc activities in terms of type and

" scale;

c) descnbe the historic trends in fishmg effort, type of
ﬁshmg, and abundance of fish and other organism;

' d) identify and ‘describe long -term effects of ﬁshmg on

the North Sea ecosystem and describe, as far as
practlcable, how hlstonc trends in abundance of ﬁsh
and other organisms relate to fishing and other
factors; ‘

e) idehtify and describe the various fisheries and envi-
ronmental management ohJectwes and examme.
options for common measures;

f) prepare a three- -page summary of the findings whrch
may be used as a component of the 1993 Quality
Status Report on the North Sea environment;

g) submit a written report to the Consultatne Commxt-
tee, ACFM; and ACMP whxch may serve as a back-
ground document to the summary.

Ecosystem changes may be described and quantified in
a variety of .ways. In this report, we have focused on
describing changes in the abundance of individual

. species. However, we do recognize that for benthos, in

particular, the practlcal problems involved in describing
changes at the populatnon level are large, due to the
numerous species. In some cases, community propemes
have, therefore, been considered. .

~ The effects of ﬁshlng activities may occur at severaf

levels of spatlal scale. At its previous meetmg, the Study
Group decided to consider three levels as targets: local,

North Sea Task Force Areas (F:gure l) and North Sea
wide. Because this report is going to serve as the
background for a holistic assessment of the effects of
fishing activities in the 1993 Quality Status Report, most
effort has been put into describing the effects on a North
Sea wide scale.

Ina few cases, however, much of the North Sed popula-
tion of a species may be restricted to a smaller area. In
these mstances, the effects of fishing may have a srgmﬁ-
cant effect on the total populauon These cases are
addressed as far as possible in the report.

In other cases, particularly in coastal zones, fishing
events may have large, but very local effects. These
cases can be lmportant for local subpopulatrons but
cannot be shown to have significant populatron impacts
at the scale of the North Sea, often due to a lack of
research. When such events are thought to be representa-
tive of a wider area, they are hxghllghted in the report,

even though the amount of data does not allow a quantifi-
cation of the impact for the entire North Sea population.

2 SUMMARY FOR NSTF

On the basis of the concern expressed by the North Sea
Task Force regardmg the lmpact of the ﬁshmg mdustry
on the North Sea ecosystem and the subsequent request
by the Third International Conference on the Protection
of the North Sea that the NSTF address this issue in the
1993 Quality Status Report, ICES established the Study
Group on Ecosystem Effects of Fishing Actlvmes to
review and report on this issue. This extended summary



descnbes the main f'mdmgs of the Study Group The full
report of the Study Group will be available in September
1992. ,

Introduction

Ecosystem effects of fishing activities may occur at all

scales of space and time. Although a clear distinction

between local, regional and North Sea-wide effects
cannot always be made, the global approach taken in thxs
report is inappropriate for consideration of some more
local ecosystem effects, both of fishing and other human
activities, which will be conSIdered in regional reports

Fisheries exploxt spec1es agamst the background of a
vanable environment which is a major source of pertur-
bation to the system The effects fisheries cause should

‘ thus be viewed as one of several anthropogemc interac-
tions in a non—equlhbnum system. .

Fishing has a number of direct effects:

a) ‘It causes mortality on the target fish and mcxdentally
on other biota;

b) It makes food available to other species in the eco-
' system by 1) discarding unwanted catch of fish and
benthos, ii) dxscardmg wastes, and/or iii) by kxllmg
or damagmg animals in the path of the gear during
its deployment; :

<) lt dlsturbs the seabed by the action of some ﬁshmg
© gears; and

.d) It generates lltter composed of lost or dumped gear
as well as other, non-specific, debris.

These direct effects in tumn can lead to indirect effects
such as the modification of predator-prey relationships,
thereby changing the flow of energy through parts of the
system They can also lead to the modification of habi-
tats.

Temporal trends in l'ishmg and marine bnota in the
North Sea : v

Flshmg in the North Sea has a long hlstory (see Table

3.3.2); some sngmﬁcant techmcal developments took ,

place by the end of the Nineteenth Century, and the pace
of innovation has accelerated since then.

Time-series data on total catches by species are av ailable
from the beginning of the century onwards. Total catch
mcreased gradually from 1 million tonnes around 1900
to 2 million tonnes around 1960 (see Fxgure 3.1.2.a).
Dunng the 1960s, the catch increased steeply to 4 mil-
lion tonnes, followed by a gradual decline to around 2.5
m_ﬂlnon tonnes in recent years. The catch of major fish

categones (e.g.; pelaglc, roundﬁsh flatfish, industrial)
has been rather more variable (see Flgure 3.1.2.b).
Roundﬁsh catches increased sngmﬁcantly in the 1960s, an
increase that is generally referred to as the "gadoid
outburst”, followed by a gradual decline since 1970.
Pelagic ﬁsh catches decreased sharply after about 1970
while industrial fish catches increased at about the same
time. More recently, some pelagic fish catches have
increased, some roundfish catches have decreased to their
lowest levels in the past 30 years, while industrial
catches have been mamtamed albeit wnth major changes
in species composition.

Fish catches depend both on fish abundance and on the
intensity of fishing. Estimates of fish abundance for a
number of fish species have become available during the
past 40 years, and time series of these are shown in the
reports of the ICES Advisory Committee on Fishery
Management

The dev elopment of the 1nten51ty of ﬁshmg, expressed as
ﬁshmg mortallty rate, for a number of lmportant North
Sea stocks is shown in Fxgures 3.3.3.1 to 3.3.3.4,
Fishing pressure has generally increased over the last
century. For some stocks, notably haddock, exploitation
has been hlgh since the early part of this century.

Time-series data for nurber of seabirds go back to the

_begmnmg of the century and show large increases for *

many species (see Figure 3. 1.5). Some specxes have,
however, shown declines over the last 15 years (see
Table 3.1. 1). Tlme -series data exist for common and
grey seals since 1965 and show that seal numbers

: increased until l988 but then common seal numbers

declined sharply owing to the phocme dxstemper epl-
demic (see Flgure 3.1.6). For cetaceans, the trends in
abundance are far less certain. However, the avallable

© evidence suggests that declines have occurred in por-

poises in the southern N orth(Sea sm}ce World War Il and
in bottle-nosed dolphins over the last century. No appro-
priate large-scale time-series data exist for benthos.

Direct effécts of ﬁshlng
Some of the direct effects of fishing can be quantified.
a) Mortalities

The current levels of ﬁshmg mortahty (expressed as
. percent of the populatxon present at the start of the
year which is caught durmg the year) for the most
lmportant commercial fish specres in the North Sea
.are summarized in Table 4.4.2. For some species,
. these levels imply that more than half of the fish of
exploited ages will be captured during a year.



Fish also escape through the meshes, and some of
these are damaged or killed. The quantities which
escape cannot readily be assessed, however, the
proportion of these which is llkely to sun ive is gwen

- in Table 4.5.1.

-The ﬁshmg effort (intensity of fishing) deployed in
1989 in almost all of the NSTF areas has been cal-
culated (see Tables 3.3.4.a-i) for various gear types.
For towed gears the effort data have been converted
into estimates of the total swept areas' (see Tables
4.2.3 and 4.2.4). It should be noted, however, that
the appllcatlon of fishing effort is very uneven and,
thus, certain areas will be fished many times while
others are missed.

In the case of benthos, towed fishing gears cause
mortalities on infauna and epifauna.

- Infauna is most affected by gears that penetrate the

seabed, such as beam trawls. Mortalities on animals
in the path of beam trawls have been estimated for a
limited number of specxes and ranged from 15% to
55%. The conversion of percent mortality in the
trawl path into mortality for mdlvndual Task Force
areas or the entire North Sea is problematic. This
would require _estlmates both of the spatial distribu-
tion of the gear deployment and of the benthic spe-
cies. Among the benthic animals caught in the beam
trawl, the mortalities range from virtually zero to
close to 100% depending on the species.

.Eplfauna 1s affected by all towed fishing gear, but
insufficient mformatlon is avaxlable on the relative

gear.

In the case of seabirds, there are many observations
that attest to mortality from entanglement in fishing
gear. Evidence points to the largest lrnpact bemg
from gill nets and other ﬁxed nets on dxvmg sea-
birds. This impact cannot be quantified at present. It
is thought to be sporadic and localised. The local
mortality rates can clearly be high, but at the North
Sea populatlon level and even at the colony level

they do not preclude population increase.

Seals can become entangled and killed in fishing
gear. Evidence suggests that the largest impact

comes from fixed salmon nets. In some countries,
seals may also be shot legally if they interfere with
fishing gears. The resulting mortalities have not been
quantxﬁed but the North Sea seal population levels

" have not declined in this context.

.b)

<)

Small cetaceans are caught in gill nets, but the data
are not adequate to quantify the resulting mortality.

There is a shortage of relevant demographxc infor-
mation on biota affected by fishing gear.

Food inputs

After capture, fish and benthos may be discarded for
either regulatory reasons (undersized or over-quota
fish) or because no market for them exists. For
haddock and whiting, caught in demersal fisheries in
the northern North Sea, extensive discard data are
collected routlnely (see Table 4.5.2). For other fish-
eries and areas, some data have become available
and approximate discard rates can be derived (see
Table 4.5.3). However, no global estimate can be
provided at present. Some of the discarded animals
survive, but many are dead or moribund. In addition,
some fishing operations dump fish offal (fish pro-
cessing waste). Both discards and offal provnde an
important food resource for scavengmg organisms,
notably seabirds. Fish and other organisms that have
passed through the meshes, either already dead or
dying as a result thereof, add to these inputs, but
will be more available to benthic scavengers.

Physical disturbance of the seabed

The action of some fishmg gears physrcally changes
the seabed, but the effect will depend on the gear
and the nature of the substrate. There are rough
estimates of how far individual gears penetrate into
the seabed (T able 4.2.1). There are also estimates of
the total area swept2 (Tables 4.2.4 and 4.2.5). Heavy
towed gears can change the sediment charactenstlcs
of the seabed, displace boulders which form'a pri-
mary substratum for benthic organxsms, mobilize
sediment pamcles, leadmg to transport of fine
pamculate matter and modification of sediment
geochenustry including sediment-water exchange
(e.g., of nutrients).

! The swept area is the seabed area that would be covered by the deployment of the gear if there were no rephcatlon

N.B. This should not be used to infer the area of the North Sea impacted by trawhng because replication may frequently occur.

2 The total area swept is the seabed arca that would be affected by the deployment of the gear if there were no rephcatlon

N.B. This should not be used to infer the area of the North Sea affected because replication may frequently oceur.



d) Litter

Fxshmg operatxons generate litter through the acci-
dental loss of gear and by the dumping of damaged
gear. In addition, fisheries produce debris compar-
able to that produced by shipping in general, such as
the plastxc litter which ends on the sea floor and on
beaches.

Comparison with other anthropogenic activities

Anthropogenic activities other than fishing also affect the
North Sea. The anthropogenic activities covered in the
context of this repon preclude ﬁshmg and/or mimic
ﬁshmg effects on biota. Thus, it may be very difficult to
separate these effects from the consequences of fishing.

Offshore structures (e.g., wrecks and platforms) locally
preclude fishing operatlons They provxde refuges and
sites of increased biomass and diversity for fish and ben-
thos. Pomt sources of wastes from oil productlon and
orgamc/sewage enrichment, alter benthic communities in
the vicinity, frequently resultmg in a dominance of
short-lived, opportunistic species; this is essentially
comparable with the effects of intense bottom trawlmg
Hypoxxa can be caused by the combined action of several
factors, e.g., poor water exchange, elevated water
temperature and eutrophxcauon Areas of hypoxia have
resulted in emxgratxon of fish and other motile biota and
in mortahty of more sessile biota (e.g., benthos and
shellfish); these effects may initially result in elevated
catches of benthos and shellfish in trawls before mortality
occurs, while hypoxia-caused emigration and mortality
may mimic some of the results of overfishing.

Long-term effects

Generally, the long-term effects of f'shlng on marine
biota are 1mpossxble to predlct at the species level.

While short-term effects may be predicted, the long-term
consequences to specxes may be quite different. Predic-
tions may, however, be possible of broader communlty
attnbutes, such as speCles drversnty or size distributions.

A further important exceptlon to the rule of limited
predlctablllty is the possnble elimination of a vulnerable
species by sustained over-explontatron Slow-growmg
species with low Afecundlty are the most likely candidates
for such local extinctions.

Fisheries haye altered the size distribution of ekploltetl
fish species by reducing the abundance of larger fish.

Populations of fish species taken for human consumption
have been heavily exploited for most of this century, but
have been able to wrthstand this. Expenence suggests,
however, that intensive explontatlon requires careful
control during penods of natural]y induced decreases in
recruitment. Some gadoids are at thexr lowest level of

_ blages.

spawmng stock biomass in the past 30 years, and this
gives reason for concern.

Far fewer data are available for the short-lived fish
spec1es explmted by the mdustnal fisheries. These spe-
cies constitute an 1mportant source of food for a a number
of other species and changes in their abundance may thus
have impoﬁant direct and indirect consequences.

Consnderatlon of the bxology of many benthlc specxes
suggests that they are unlikely to suffer from recruitment
failure at the current levels of ﬁshmg However, undis-
turbed reference sites are not avanlable and areas closed

-~ to ﬁshmg for scxentlﬁc mvestxgauon would facilitate

understandmg of the processes.

Despnte low fecundxtles, birds and seals have sustaxned
their populahons whlle subject to fisheries-induced mor-
tahty The situation for cetaceans is uncertain due to an
ignorance of their distributions, abundances and mortality
rates. Clearly, a better understanding of their population
dynan'ucs is needed but the generally low rate of
reproductlon in cetaceans suggests that they might be
parttcularly vulnerable to additional mortality caused by
fishing.

Apart from the long-term population effects of fishing,
it is possible that the selective pressure of fishing might
lead to evolutlonary changes in the blology of affected
species. It might also reduce genetic diversity in
exploned stocks. .

The ﬁshmg mdustry currently mtroduces considerable
amounts of food into the marine environment in the form
of discarded fish, offal and animals killed by non-catch
fishing mortality. Changes in discarding practices due to
changing fisheries regulations (e.g., mesh changes to
eliminate the capture of discards or the prohibition of
dlscardmg) could therefore, produce large effects on
scavenger specxes and the specxes with which they inter-
act. :

The- physncal effects of ﬁshmg can lead to structural
changes in habitat and thus changes in specxes assem-
Some bottom . commumtnes may be more
vulnerable than others, but the extent to which changes
have occurred cannot be assessed at present.

: leen the complexxty of the interactions among the

vanous components of the system and the vanablhty of
the environment, it is difficult to separate the long-term
effects of fishing from changes due to other factors.
Very few of the observed long-term changes in North
Sea biota have thus been conclusively linked to fishing.



3 OVERVlEW OF LONG-TERM CHANGES
IN THE NORTH SEA

Durmg the past three decades, a consxderable amount of
research effort has been devoted to improving the
understanding of the ecology of the North Sea. In
pamcular, several symposxa have been almed, at the
integration of the knowledge available wnthm dlfferent
scientific dlscxplmes dealing with the manne environment
_ in order to address the issue of the causes of observed
changes (Goldberg, ed 1973 llempel ed., 1978; De
Wolf et al. eds., 1990a,b, 1991; Dickson ed., in press).

Although a wealth of time serles information has been
made available on a large variety of bnologxcal and
hydrograplucal characteristics of the North Sea as wellas

of parameters descnbmg anthropogenic actlvmes, the
outcome in terms of cause and effect has not been
particularly conclusive so far. It is not possible to
condense all the available information effectively here
and the reader is referred to the original symposmm
volumes. However, in order to allow for a discussion ¢ on
the long-term effects of ﬁshmg on thé system (Secuon
7), the outstandmg events are summarized in this sectlon
In addition, new data are provnded déscribing the global
development of the fisheries durmg this century as well
as a descnpuon of the spatlal dxstnbuuon of the present
effort, categorized by gear type, over the different NSTF
areas in 1989.

3.1 Changes in Biotic Parameters
Phytoplankton

Data collected since 1932 during the Continuous Plank-
ton Recorder Survey show consistent patterns of geo-
graphical, seasonal and annual vanatlon in the distribu-
tion of phytoplankton and its major taxonomic compo-
nents (Reid ez al., 1990). Coloration of recorder. silks
(assumed to be indicative of algal biomass larger than
280 um) shows little evidence for long-term trends
.except possibly in the southern North Sea where there
was a general increase in levels until the mid 1970s,
since when colour has declined. Long-term observations
made at Helgoland since the 1960s also show trends of
increasing phytoplankton biomass up to 1984.

The authors conclude _that there is no evidence from
exlstmg reports for an increase in the frequency of
occurrence of algal blooms, although some recent years
. stand out with larger numbers.

Zooplankton

The zooplankton community in the North Sea varies
geographlcally in relation to the ongm of the different
water masses (Fransz et aI 1991) and variations ha\e
been observed in the area of penetrauon of oceanic

species in the northern North Sea. The Continuous

Plankton Recorder Survey data indicate a marked and
consistent decline ini zooplankton abundance (predomi-
nantly copepods) from 1950 to 1980, followed by a
recoxery in the late 1980s to the level of the 1960s
(Flgure 3.1, 1).

Benthos

Although recent efforts have greatly enhanced our
information on the quantitative distribution of both

" macrobenthos (e.g.; ‘Elefthenou and Basford, 1989;

Duineveld et al., 1991) and meloben(hos (Hexp et al.,
1990), there is a paucity of time- senes information that
would allow an evaluatxon of long-term trends in the
bottom fauna, except on a \ery local scale (e.g., German
Bight, Rachor, 1990; off northeast England and in the
Skagerrak Austen et al., 1991). An EC initiative to
coordmate time-series studxes across large geographical
areas is notable in this respect (Keegan ed.; 1991).

l-'ish

Thanks to the routine stock assessment of commercial
fish species, detailed information is available on changes
in the strueture of these populanons at least for the last
30 years (Daan er aI 1990a; Anon., 1991a, 1992c).

These publxcatlons provide detailed time-series informa-

tion on biomasses, ﬁshmg mortalmes and annual recrunt-
ment, Figure 3.1.2 summarises only the trends in
landmgs in Sub-area lV Figure 3.1.2.a shows the total
landmgs and Figure 3. 1.2.b the landmgs of the 11 maJor
species. split according to 4 groups The xmportant
features include a sxgmﬁcant increase in the landings of

"the four gadoid species in the 1960s, which is generally

referred to as the 'gadoid outburst’, followed by a
gradual decline since 1970. Both the herring and mack-
erel yielded extremely high catches in the 1960s, fol-
lowed by a marked decline. The catch of short-lived
industrial species also increased i in the 1960s and early

: l970s Although maintained at a hlgh level, the composi-

tion of the industrial catch has undergone some marked
changes in the 1980s. Sandeels make up the vast majority
of the catches and sprat has markedly decreased. The
catch of sole has remained remarkably stable since the
late 1940s whereas the plaice exhibits a steadily increas-
ing trend over the entire penod

At the Arhus Symposnum, timé-series data have also
been presented on a variety of by-catch species of lesser
economic xmportance (Hempel, ed.; 1978). A _regular
bluefin tuna ﬁshery developed after World War 1I,
although specimens had been taken as a by-catch in the

. herring fishery from the second half of the 19th century

The North Sea fishery collapsed in the 1960s, apparently
due to a change in migration (Tiews, 1978). Changes
have also been recorded for a number of *southern’ fish
specnes (sardine, sea bream, horse mackerel) penetrating
irregularly into the North Sea (Postuma, 1978). How-



ever, a problem is that many of these inv estigations have
not been brought up to date, although a considerable

amount of new information must be available from the’

various trawl surveys that have been carried out since
1975. Data from other sources are in some cases avail-
able (e.g., De Vooys et al., 1991), but have to be
integrated before they can be properly evaluated.

One indication of changes in abundance for by-catch
.species of commercial interest is presented by the total
landmgs as reported in ICES Bulletins Statlstrques
Figure 3.1.3 provides trends in the reported landmgs of
less common large gadords, large -flatfish species and

elasmobranchs Although considerable care is required in 4

interpreting such data in terms of absolute abundance,
these data suggest that catch levels of the roundfish and
the flatfish have remained remarkably constant with the
exception of the halibut. Among the elasmobranchs, the
rays exhrbrt a steadily declining trend in reported land-
ings over most of the century. In contrast, the catches of
sharks increased remarkably after World War II, . and
have only fairly recently shown a decline.

Birds

Due to the relative ease with which some seabirds can be
counted at their colonies, there are good time series of
counts avarlable Table 3.1.1 indicates changes between
the two most complete censuses on British North Sea
* coasts. Many of these figures represent changes for the
whole North Sea population. Figure 3.1.4 shows trends
in numbers of gulls and terns in the German Wadden Sea
where censuses are conducted on an annual basis. Such
information exists also for a few other parts of the North
Sea. :

Some time series rnay be extended further into the past.

Fulmars did not nest in the North Sea until 1878, but are
now the second most numerous species (Frgure 3.1. 5).

Gannets have increased throughout this century with new
. colomes still being established to extend their breeding
range (Leopold, 1991). Kittiwakes mcrea%ed rapldly for
much of the present century, but the rate of i rncrease has
slowed recently. The most rapid mcreaqe was in the
southern North Sea, and most of the recent declines in
numbers have occurred around Shetland (Coulson, 1963

1983, Lloyd et al., 1991).

Mammals

There are reliable estimates of the seal populations in the
North Sea (Figure 3.1.6; RerJnders and Lankester,

1990), mdlcatmg a steady increase in grey seals since the
1960s. Common seals in the coastal areas showed a

steady decline until the early l970s after which time the
populatrons increased, with a major mterruptron in 1988.

For the cetaceans, the trends in population size are far
more uncertain. Harbour porporses are regarded as being

’ pnmanly coastal in their drstnbutron, occumng mostly

in shallow contmental water The North Sea is, there-

: fore, regarded as the most important habitat for por-

porses in the northeast Atlantic (IWC, 1991). Information
on the populatron size of porpoises in the North Sea is
limited. Nomegran surveys have provrded an estimate of

. 82 600 for the northern North Sea (Bjérge and Oien,

1990), but no surveys have been published for the
southern North Sea. However, the available evidence
suggests that the abundance of porpoises in this area has
decreased considerably since World War 1I (Reijnders
and Lankester, 1990).

Only one resident populatlon of ‘bottlenose dolphrns is
known to live in the North Sea (Moray Firth, northeast
Scotland, Anon. 1991b). Also for this specres. the
available evidence from srghtmgs and strandmgs suggests

© a general decrease during the last century (Reijnders and

Lankester, 1990).

Other small cetaceans observed in the Noith Sea include
white-sided dolphrns. white-beaked dolphms, pilot

* whales, killer whales and others. No quantrtatrve data are
- available on the present or past absolute abundances.

32 Changes in Hydrography

As with many other features relevant to this study group,
the variation in physical oceanography of the North Sea
is patchy in space and time. One must heed admonitions
about the unrepresentatneness of short-term means in
physical measurements, and of local measurements

Some generalrzatrons are possible, such as the import-
ance of climate and weather to the state of the physrcal
environment, and the fact that there appear to be many
vo,eather-related events at time scales of around 50 days.

. There are major circulation pattems, as well, wrth

important inflows through the Strait of Dover and vra the
Fair Isle Current, a flow ﬁrst out to and then retummg
from the Skagerrak and a major outﬂow through the
Nomegran Current. Although the tumover time for
water in the North Sea is of the order of one year, rn the
places of major inflow or outflow the turnovers are in
the order of 4 months (Otto et al., 1990). ‘There rs a
great deal of \anatlon in the timing of these water
transports, partrcularly the influxes from the North
Atlantic, with the occurrences of major pulse events
varying by several weeks over a few years. The variabil-
ity of these oscillations has large effects on production at
lower trophic levels of the North Sea.

Through this background of substantral vanabrlrty in
oceanographic conditions’ in space and time, some

: srgmﬁca.nt anomalies have been visible in recent decades.

These events- have been large enough and persrstent
enough to be trackable. The most marked event has been



the large anomaly in Atlantic water. inflow in the late
1970s, known as the "Big Slug”, that moved through the

Northeast Atlantic. This produced significant cooling of

sub-surface waters. Salinity showed a correspondmg
decrease. The major salinity anomaly was more pro-
nounced in the north, and had moved out of the North
Sea by the beginning of the 1980s. Temperatures
remained relatively cool until very recently, when they
have increased abruptly to levels matchmg the warmest
on record (Svendsen and Magnusson, 1992, Figure
3.2.1).

. -

" Ona longer time scale, there appears to have been a

prolonged and gradual warming trend for most of the
first half of this century, with the trend most marked in
the summer, and in the northern parts of the North Sea

- (Figure 3.2.2). No overall trend is apparent in the

salinity record, but positive anomalies persrsted for the
late 1940s and late 1950s, wrth the mtenenmg penod
tending to be low, but variable. The pattern of salmlty
changes shows a sllghtly later tlmmg in the south than in
the north. There is substantlal variation in salmlty on a
)ear-to year basis, more variation than is captured in the
coarse multi-year patterns (Hill and Dickson, 1978; Otto
et al., 1990; Figure 3.2.3). :

3.3 Spatial and Temporal Distributions of Fishing
Effort .

331 lntroductlon

Fishing activity in the North Sea has a long history, as
do complamts about its effect on the environment. Some
fishing gears, such as glll nets and hooks and lines, have
their origin in prehlstory whereas other more modern
gears have surprisingly long histories. Complamts about
possible envrronmental effects of the use of trawls in the
North Sea are known as early as the 13th century (de
Groot, 1984).

332 Timetable of significant events

The technologlcal developments of the past | two centunes
have had a profound effect on the types of fishing gear
deployed in the North Sea and on the mtensxty with
which they can be deployed. Many of these innovations
have led to a more efficient exploitation of the various
fish resources of the North Sea. The increased efficiency
aggravated difficulties in lmutmg fishing effort. These
factors have produced increases in the mortahty rates on
fish stocks. Table 3.3.2 shows some of the more import-
ant developments in the technology of ﬁshmg dunng the
last 120 years. The effects of these innovations on other

, parts of the North Sea ecosystem are, however, less

clear. Many may have decreased the effect of fishing on
non-target specxes

Some reducuons in rmpact are consequences of directing
fishing more precrsely onto the target species, e.g., the
echo-sounder or fishing charts. Other reductions in
impact follow from increasing the fishing efficiency of
the gear. while not increasing its effect on the bottom
commumty, e.g., Vrgneron Dahl gear, high headline
gear etc. Some mnowatxons ha\e been designed specifi-

_cally to reduce impacts on non-target specnes, e.g., gnlls

on shnmp trawls (although their effects are not always as
expected). Other i innovations may ha\e produced greater
effects on the ecosystem by mcreasmg by-catches of
other species in the quest for hlgher fish catches, e. 8
the twin beam trawl and some gill nets.

For. these reasons, the effect of fisheries on the marine
environment cannot be related in any smu)le way to the

“level of ﬁshmg effort generated on the various species of

fish. Historically, fishing effort data have been collected
with the obJectlve of measuring the mortality rate on
fish. Even in those direct applications, their use is not
always straightforward. Considerable caution should be
used when interpreting effort data as measures of effects
on other parts of the ecosystem.

3.3.3  Time series of effort and mortality data

 Fishing effort data attempts to measure the amount of

fishing that is done. Fishing effort is a rather vague term
which means different things to different groups of
people To an economist, for example, it rmght mean the
monetary cost of fishing, to a fishery manager it might
be some measurable quantlty of fishing time by partxcular

_classes of vessel; and to a fisheries biologist it would

usually be seen as a measure of fishing intensity which
correlated with the level of fishing mortallty generated on
particular fish stocks. Each of these various viewpoints
might well generate different data time series from the
same fishing fleet and we need to be rather careful in
how we combine and mterpret such time series. For the
purposes of this report, we wish to obtain an overview of

 the de\elopment and deployment of fishing fleets. In

doing thls, we may well be aggregatmg data too far for
other more detailed purposes.

" Effort data are available in the natlonal statrstlcs of a

number of ICES mémber countnes and in some mtema-
tional collections of fisheries statxstlcs The motnatxon
for collectmg and pubhshmg national statistics is often to
inform governments about the domestic mdustry There-
fore, the data collected and reported at a national level
can change from time to time as can the dlllgence with
which the data are collected. International time series of
effort data were more often compiled with the intention
of measuring the impact of fishing on fish stocks.
Nevertheless, these series suffer from the incompatibil-
ities and mcompleteness of the national collection

systems upon which they are based Moreover, such
series seldom record the small progressive changes in



practice and efficiency that have occurred. Rather,
incremental changes are not addressed for some period,
and then an abrupt compensation is made in the series.
This makes the compilation of long time series of effort
and ﬁshmg mortallty data difficult. It also begs the
question as to what the time series should seek to
" describe. One approach to take might be to try to record
the raw mputs to the ﬁshery, such as energy usage or the
number of men employed in the mdustry Calibration of
such a series would be difficult, so a more feasible
. approach given the exxstmg data sets, is to try to
. measure the fishing intensity on various key fish species.

An alternative to effort time series data for describing the
intensity of fishing on different fish stocks has become
available in more recent years. This is to use the time
series of fishing mortalities from virtual populatron
analysis (VPA), as reported in ICES working group
reports. This techmque uses the data sets of total interna-
tional catch-at- -age data by specnes complled by ICES, to
estimate fishing mortahty on various specxes in the North
Sea. Table 3.3.3 gives the references to these time series
and their extent. :

A number of distinct fisheries exist in the North Sea and
there is no single measure of fishing effort and associated
mortality that can be applied to describe the evolution of
the entire fi shery. Rather, fishing effort must be seen as
a multldlmensronal attnbute Careful study of relation-
ships among ﬁshenes may allow calibration of effort and
mortalmes for some combinations of specxes, but 1s
likely to indicate that ﬁshmg mortahty on one specres
. srmply cannot be used to estimate mortahty on other
species. If fishing mortalmes differ among stocks
targeted by fisheries, it is even less certain to use the
- trends of fishing mortalities on fish as direct indicators of
impacts on other components of the North se.d.

Despite these reservations it would be worthwhnle to use
available fishing effort series to extend the VPA-based
fishing mortahty series as far back as possrble A number
of attempts to do this have been made in the past These
attempts were made by scientists whose expenence was
nearer in time to the data collection than our own, so it
seems appropriate to use their results rather than to go
back to the hrstoncal statlstxcs which they mterpreted

Anon. (1969) provides a number of effort measures for
various fisheries in the North Sea which extend back in
some cases to -1914. Calibrating these series with the
VPA results enables the effort series to be extended
forward in time and allows the VPA results to be
extended back in time.

Figure 3.3.3.1 shows such extended time series of
fishing mortahty (F) for cod, haddock and whiting whlch
are caught in the North Sea roundfish fishery. These are
based on catch rates obtained by Scottish trawlers applied

to the international catch of each species for the period
1914-1966. The resulting total international effort was
converted into fishing mortahty and extended to 1989
using VPA results. The area of overlap between the
effort and the VPA series is relatively small and there
may be problems with calibration. However, there is
reasonable similarity between the reconstructed series of
fishing mortahty for haddock and the Fs from an earlier,
independent VPA (Pope, pers. comm.) (see Figure
3.3.3.5). Earlier than about 1930, the two series of Fs
for haddock diverge, suggesting that the effort units used
in earlier than the 1930s are inconsistent with present
units. In order to remove this mconsnstency, estimates of
levels of fishing mortahty for haddock prior to the
Second World War were denved from Scottish research
vessel catch-at-age data gwen by Sahrhage and Wagner
(1978). These estimates were then used to downscale the
fishing mortahtles obtained from the effort times series
prior to 1930. Assummg that the downscaling represents
a change in the ﬁshmg power in the roundfish fishery, a
similar downscalmg was applied to cod and whltmg

The reconstructed series of Fs shows that mortality on
haddock and whiting has been high and fluctuating, but
without a trend, for most of this century. If the values
for the early part of this century are correct, fishing
mortality on haddock was as high as, or higher than, has
been attained since. Fishing mortality was lower on cod
for most of this century, but has increased quite marked-
ly since 1960 and now matches that on haddock and
whxtmg Fishing mortality on haddock, and to a lesser
extent on whiting, is generated in the northern and north
central North Sea. Fishing mortality on cod in the North
Sea is generated in a less localised fashion.

Fishing effort for the two major specres of flatfish, sole
and plaxce, are also avaxlab]e in Anon. (1969) The
estimates of effort directed at plaice are based upon the
catch rates of English trawlers per hour's fishing applied
to the international catch from 1909 to 1966. These data
were converted into ﬁshmg mortahty using results from
the VPA which extends from 1951 to the present and
further calibrated using data from Bannister (1978) on
average fishing mortality in various time penods since
1929. Fishing effort for sole was derived from catch
rates of Dutch otter trawlers from 1946~ 1966. This series
was ‘converted into fishing mortality using the VPA

" series which covers the year 1957 to the present.

The trends in fishing mortality for sole and plaice are
shown in Figure 3.3.3.2. Fishing mortalities in both
flatfish fisheries have increased steeply in recent years.

This has largely resulted from the introduction of twin
beam trawlers in the 1960s, whlch enabled the use of
heavier tickler chains used to stir up flatfish into the net.

Such ﬁshmg practrce, and the resultant levels of fishing
mortalities, are mainly associated with the North Sea

south of 56°N.



. The ﬁshmg mortality series for hemng (Fl},ure 3.3.3.3)
comes directly from the VPA made by the Herring
Assessment Workmg Group for the Area South of 62°N,

extending back only to 1947. F increased slowly through
. the 1950s, and then trebled abruptly to values well over
1.0 from 1964 to 1968, due to redirection of the herring
purse seine fleet from Norway (Saville and Bailey,
1980). Fishing mortality stayed at those elevated levels
until the fishery collapsed between 1976 and 1978 and
fishing was reduced greatly. With the rebuilding of the
North Sea herring stock due to strong recruitment,

fishing mortahty values have recently returned to levels
that persnsted in the earlier part of the series.

_ The industrial fisheries started in 1 the early 1950s. In the

begmnmg, herring constituted the main part of the’

landings, but then sandeel, Norway pout and sprat
increased in importance. Norway pout and sprat were
mainly important in the 1970s, after which the catches of
these two species declined. From 1985 onwards, sandeel
has constituted approximately two-thirds of the total
 catches. Figure 3.3.3.4 shows the trend in fishing
mortality on sandeel. The values from 1974 onwards
have been extracted from the report of the Multispecies
Assessment Workmg Group (Anon., 1991e) and
extended by effort data from Anon. (1977) and Anon.

(1978) using the same procedure as for roundfish. The -

time series show that the fishing mortality increased in
_the late 1970s to a level of around 0.6. This level has
since been maintained, albeit with large year-to- year
fluctuations in fishing mortality in the most recent years.

3.3.4 Distribution of fishing effort by NSTF areas
in 1989

Data on catch and effort from 49 fleets composed of
types defined by nation/gear combinations were made
available from the archives of the EC's STCF \&orkmg
group on the rmprovement of North Sea explortatron
patterns, Data were made available by all countries
except Belgium. Also, effort data were not available
from the Kattegat and Skagerrak (NSTF area 8) and
from several gears in the English Channel (NSTF area
9). -

The avarlable effort data are in a variety of different

units. Most reflect the time spent fishing rather than the
time and power used Therefore, it is not »ery sensible
to combine the raw data as they stand. On the other
hand, presentmg the data dlsaggregated by fleet would
present an umnterpretable data set. The data clearly need
to be mtercallbrated and presented by gear. To achieve
this, the catch per unit effort (CPUE) for each fleet for
each of the NSTF areas and for each quarter of 1989
were used in an analysis of variance (ANOVA). The 49
fleets were classified into nine main gear types: beam
trawl,
industrial pair trawl, seines and ringnets, pelagic trawl,

otter trawl, pair trawl, industrial otter trawl,

purse seine, and others (see Annex 2). For each of the
gear types, the CPUE for fleets, areas and quarters was
fitted using the model

 CPUE = F(f) + AQ(a,q) + error -

where F(f) is a factor for ﬂeet(t) and AQ(a,q) is an
area(a), quarter(q) interaction term. The linear model
provides combined estimates of area quarter catch rates,
standardized to the units of one fleet. These estimates )
were then used to divide each fleet’s area, quarter catch
data, to produce standardized effort values for each gear,
area and quarter (see Tables 3.3.4.a-i). The quarterly
catch data and further details of the analysis are pres-
ented in Annex 2. The choice of which fleet to use as a
standard is arbitrary, and naturally cannot be the same
among gear types. Therefore, comparisons of values
among tables is not valid (different calibration stan-
dards), but comparisons within tables are legitimate.

3.4 Changes in Other Anthropogenic Parameters

. Nutrients -

In some coastal reglons of the North Sea, sufficient data
exist to ldentlfy increasing trends in the concentrations of
mtrogen and phosphorus nutrients. However, the
timeseries of data do not allow unequnocal analyses to
be camed out for all reglons There is no evidence for
increasing nutrient concentrations in the offshore waters
of the North Sea (Anon., 1990c, 1991f).

~ Others

No comprehensive timeseries infonnation on a North Sea
wide scale was available to the group for other human
actmtres

-4 . QUANTIFICATION OF THE DIRECT

IMPACTS OF FISHING ACTIVITIES

4.1 intrdduciion

. In this section, the direct effects of f'tshmg are described

for a variety of blologrcal sub- systems within the Nonh
Sea. The direct effects are as follows:

a) Flshenes ‘cause mortahty on the target fish and
incidentally on other biota;

b) Fisheries make food available to other species in the
ecosystem by i) dlscardmg unwanted catch of fish and
benthos, i) dlscardmg wastes, and/or iii) by krllmg
or damaging animals in the path of the gear dunng its
deployment :



¢) Fisheries disturb the seabed by the acuon of some
towed fishing gears,

d) Fisheries generate litter composed of lost or dumped
gear.

It is recognized that estimates of these effects on a North
Sea-wide scale, or at least for defined sub-areas within
it, are in principle desirable. In practice, however, most
-of the information available is based on small-scale
studies and it is very difficult, with present knowledge,
to extrapolate from these to larger scales. One exception
concerns the effects of fishing on the fish stocks them-
selves. For the main stocks of exploited species, esti-
mates are available of the proportron of the stock that is

removed by fishing each year either for the whole North -

Sea or smaller parts of it.

Some of the information used in this Section is derived
from studies in areas other than the North Sea. However,
such studies are only used where they are helpful in
providing indications of the likely effects in the North
Sea itself. A ST

4.2 Estimates of Areas Affected by Towed Gears

It has long been récognized that the absolute level of
disturbance of the seabed is very dependent on the type

~ of gear.employed and the nature of the seabed over .

which the gear is towed. Thus, light gears such as
shrimp beam trawls penetrate the seabed to a lesser
degree than heavy beam trawls designed to catch flatfish.
Although the precise relationships between gear design,
towing speed and bottom type have not been determined
for all types of gear, available data allow a qualitative
classification of the relative levels of disturbance from
each, and identification of the parts of the gear which are
most responsible. This is given in Table 4.2.1, which
shows that heavy beam trawls for flatfish species can
penetrate the sediment 6 cm or more, whereas the
different dredges and the doors of the otter trawl can also
have a significant penetration depth.

Information such as that prov 1ded in Table 4. 2.1 gives
. only a qualitative indication of the relative impact of the
various types of gear per unit of fishing effort. This is
mirrored by the majority of impact studies which focus
on the scale of the individual trawl or dredge track. As
a basis for estimating the importance for benthic com-
munities, this is in many ways inadequate. .

Estimates of the total area drsturbed by ﬁshmg have
traditionally come from two sources, namely direct
observation of visible signs of trawls on the sea bed and
analysis of the distribution of fishing effort from fishing
records. Using side-scan sonar records from the Kiel
Bight (southwestern Baltic), Krost e al. (1990) estimated
that the most disturbed regions had up to 35% of the area

10

as visible tracks (mean value 25%). During a survey in
the Dutch part of the North Sea, 70% of the research
area (9 km®) was covered with trawl tracks (BEON,

© 1992). As with all estimates of this kind, however, the

interpretation of these values is difficult because the

-persistence of visible tracks is uncertain and depends on
the sediment type and current regime.

Fr'orri thc distribution of fishing effort, estimates of the
spatial or temporal distribution of fishing disturbance can
be made. Churchill (1989), using records from the US

- Fisheries Service, estimated the distribution of fishing

effort for the northeast coast of the United States. These
data allowed an estimate of the cumulative area fished
annually in separate 30’ Latitude x 30’ Longitude boxes.
At this scale of resolution, the total area fished in some

. boxes, notably off Long Island and Narragansett Bay,

was more than 3 times the actual area. Rauck (1985)
estimated that several areas of the North Sea are trawled
3 - 5 times per year. For different ICES statistical
rectangles of 30 x 30 nm in the Dutch sector, Welleman

, (1989) calculated values of 0.5 to 7 times per year.

* Using the estimates of area covered in 100 hours ﬂshmg

in Table 4.2.1 and estimates of fishing effort by gear in
Tables 3.3.4.a-i, estimates have been made of the area of
seabed impacted by each fishing gear per year within
each NSTF area. Using scaling factors to express fishing
effort by different fleets in the same units, the values in

- Table 4.2.1 were applied to the effort scaled to the fleet

which correeponded most closely to the characteristics
gnen in the Table. The list of ﬂeets chosen for this
purpose is given below:

Netherlands beam trawl >300 HP
assumed to fish 16 hours per day from
port R :

Beam trawl

Otter trawl Scottish trawl (effort in hOUrs'ﬁshing)

Danish single boat ‘ind‘ustrial trawl
> 100GRT assumed to fish 16 hours
‘per day absent

Ind. Otter tr.

Ind. Pair tr. Danish industrial pair trawl

> 100GRT assumed to fish 16 hours

per day absent

Pair trawl - Scottish pair trawl demersal (effort in
hours ﬁshmg)

Danish seine - Scottish seine (effort in hours fishing)

- The scaling factors used are glv‘eri’m Table 4.2.2.

Separate effort data were not av anlable for scallop trawls

- and dredges



In Table 4.2.3, estimates of the area swept per year by
those parts of the gears that have a major effect on the
seabed are given. These consist of the entire length of
the beam trawls and the area covered by the otterboards
of otter trawls and industrial trawls. It was assumed that
pair trawls and Danish seines do not have a major effect
on the seabed.

Although the ground rope of trawls and seines is not

expected to have a major effect on the seabed and its

fauna, estimates are given in Table 4.2.4 of the total area
swept by each gear. It was assumed that pelagic trawls
and purse-seines do not touch the seabed.

In the case of area coverage by the ground rope, it
should be noted that this is not equivalent to the effective
area swept by the gear for demersal fish because the
herding effect of the bndles of the otter trawls and ropes

of the seines increases the effective swept area for fish

considerably.

Table 4.2.5 compares the swept area of beamtrawls and
otterboards with the size of each NSTF area. It shows
that the percentage covered (100*total area swept per
)ear/surface of NSTF area) ranges from 0.3 to321% in
areas the where beamtrawling occurs. NSTF areas 4 and
5 are the most frequently trawled (280% and 150%,
respectively). For NSTF areas 1 to 7 as a whole,
grounds fished by beamtrawl occupy at most 34% of the
total sea area. The areas affected most by otter trawl
boards are NSTF areas 5 and 6.

The estimates of total area swept presented in Tables
4.2.3t0 4.2.5 are rough estimates based on the quahtat-
ive information presented in Table 4.2.1. They are
presented in order to illustrate the scale of physical
disturbance caused by ﬁshmg and do not take the
distribution of effort on various ﬁshmg grounds within
each NSTF area into account. On a "micro-scale” the

surface area affected may therefore be completely

different. This was demonstrated by recent attempts to
measure the micro-distribution ‘of fishing effort
(Runsdorp et al., 1991) In this study, the behaviour of
mdmdual ﬁshmg boats in localized (1 mile x 1 mile)
blocks was followed and the results showed that effort is
very patchnly distributed in space. Extrapolatlon of the
observed distribution of fishing effort usmg Monte-Carlo
simulations which assumed that effort is drstnbuted at

.random between fishing trips, but patchlly within a trip,

suggested that of the five ICES statistical rectangles
studied, two showed a random distribution of fishing
effort, and for the remainder less than 60% of the
available area was trawled This pattem may be
explalned by the concentration of effort on good ﬁshmg
grounds and the avoidance of areas where gears may be

" lost; however, the distribution of unfishable grounds was

not presented.

In the North Sea, scallop dredgmg represents very
localized and minor fisheries, whereas mussel and cockle
dredging are the major activities in localized coastal
areas. Scallop dredging, however, dominates Channel
bivalve fisheries. Between 1974 and 1989, the estimated

" total area dredged by large English scallop boats

increased from 132 to 1600 km® on beds in the Channel
(ICES Divisions VIId,e) and from 0 to 90 km® on
localized beds in the North Sea (ICES Dmsmn IVb)
(MAFF, unpubhshed data). Similar data for areas heavnly
fished by French scallop dredgers and otter trawlers in
the Bay of St. Brieuc (800 kn?® in area) indicate that 160
km? and up to 5600 km® of the Bay are swept annually
by the two types of gear (Harnon et al., 1991). These
data suggest that the Bay is swept 0.2 to 7 times per year
by the two types of gear, respectively.

43 Impacts on Physncal Striicture of the Sedi-
ment and Abiotic Processes

All towed ﬁshmg gears which exp]ort bottom hvmg
species disturb’the sediment and hence may have an
impact on the structure and processes at the seabed.

Properties which may be affected include grain size

distributions (including the removal or displacement of
boulders), sediment porosity and chemical exchange
processes.

Fxshmg may change sediment characteristics. In the
Dutch sector of the North Sea, it was observed that the
passmg of heavy beam trawl gear changed the medlan
grain size of the top 5 cm of sediment, whereas some
minor changes in porosnty and recnprocal formation
factor (i.e., sediment conductxvnty) were observed
(BEON, 1991). Another direct consequence of fishing is
the dxsplacement of boulders whxch would otherwise
offer a primary substratum for many eplfaunal taxa. This
effect has been noted, partlculary with reference to
dredge fishing for scallops (Caddy, 1973; Chapman et
al., 1977; Fowler, 1989; MAFF, unpublished data;
Dupouy, 1982). Also, beam trawl ﬁshmg is known to
remove or displace boulders.

A direct consequence of disturbance of the sediments is
an increase in the suspended sediment load and the
possnblhty that fishing will facnhtate the net transpon of
finer sediments. This effect was studied on the northeast
coast of the United States by Churchill (1989), who
concluded that trawlmg could be the pnmary source of
sediment transport over the outer shelf in areas where
storm-related bottom stresses were weak Desplte these
conclusxons, however, trawlmg did not appear to result
in significant short term erosion of the outer shelf
sediments. The resuspension of sediments may influence
the uptake or release of contaminants and, depending on
the frequency of disturbance, the redox status of the
disturbed sediment, and the nature of the contaminant(s).
Clearly, such effects may be more significant where
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contaminant burdens are relatively high, e.g., near to
areas affected by major industrialization.

, Another potential consequence of sediment resuspensron
is a shift in sedrment-water exchange, e.g., of nutrients.
Depending on sediment type, season, and chemical
compound concerned, the net flux may be influenced
posrttvely or negatively. For sediments normally releas-
ing nutnents the disturbance will result in an immediate
increase in nutrient release, followed by a period of
lower flux until the original nutrient profile of the
sediment 1s restored. The net results on the nutnent
exchange may be rather small, although an increase in
ammonium or nitrate flux (Rlemann and Hoffmann,
1991) may influence the demtnﬁcanon rate. It should be
pointed out that repetltne trawlmg on the same ground
may enhance nutrient release from sediments and that
estimates of average trawlmg effort for large areas may
be unsuitable for estimating these effects.

Nutrient release by otter trawl dlsturbance has been
studied by Krost (1990) in the Kiel Blght (southwestern
Baltlc) who calculated the additional phosphate and
ammonium mput to the water-column resultmg from this
t)pe of activity at 33-167 and 96-435 tonnes per )ear,
respectrvely (see also Section 6.1). On the other hand,
the oxygen penetrahon into the sediment might be
enhanced by the fishing activity, resulting in shifts in
mineralization patterns and redox-dependent chemical
processes. Among other consequences, a change from
anaerobic to aerobic conditions facilitates the degradation
of hydrocarbons. Finally, reworking of the sediments
may result in burial of organic matter.

4.4 Mortality

4.4.1 Benthos

In Table 4.2.1, the bottom area in contact with various
types of ﬁshmg gears was calculated by estxmatmg the
‘area affected per 100 hours fishing. This was achieved
using the expected length of a tow and the width of the
relevant parts of each gear.

Gears can be subdivided into those which penetrate the
sediment to a marked degree, thereby affecting infaunal
'taxa, and gears for which effects are probably restricted
to epifauna. Mortalities of infauna might occur, for
example, from damage by tickler chains, the teeth of
scallop dredges, or the doors of otter trawls. Ground
ropes of ottertrawls rigged without chains will probably
only affect epifauna. . For shrimp trawls, pair trawls,

Danish and anchor seines, there is little penetratron of
the gear into the seabed and the main effect is on
eplbenthos either as the gear passes or by capture with
consequent damage in the cod-end or on deck. The
quantity of eplbenthos that is brought on board can be
minimized when the ground rope is rigged wrth rollers or
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other devices to keep it clear of the bottom. Fixed gill
and tangle nets have minimal effects on benthic taxa,
with the exception of crabs which become entangled.

The gears which disrupt the sediment most are beam
trawls and shellﬁsh dredges. Again,* the method of
rigging the gear can have a profound effect on the level
of disturbance and, in the case of the beam trawl, there
is a clear positive relationship between the number of
tickler chains used and the biomass of benthos caught (de
Groot and Apeldoorn, 1971; de Groot, 1984; Creutzberg
et al., 1987). From Table 4.2.5it appears that benthic
mortalities caused by the otter trawl boards are likely to
be at least one order of magnitude lower than those
caused by beamtrawls, but overall, Table 4.2.5 shows
that the benthos of large sectors of the North Sea is
potentlally vulnerable to trawl-induced changes ‘The
results of quantxtauve studies which have exammed the

effects of beam trawls and scallop dredges are summar-
ized below.

For 12-metre beam trawls, the most comprehensive data

_available on effects on the benthos are provided in two

reports by the Dutch BEON group (BEON, 1990, 1991)
Survn al rates for infauna and epifauna caught in the net
were between 70 and 90% for starfish, up to 50-90% for
many molluscs, and 40-60% for crab species. However,
survival rates of only 10% were recorded for the large
bivalve Arctica .islandica. Trawl-caught whelks and
hermit crabs were largely unaffected. The presence of
benthic taxa in beam trawl catchés in other studies -
indicates that other species, such as Tubularia, Lagis,
Ensis, and Solen may also be affected (Graham, 1955;
Bridger, 1970; Houghton er al., 1971; de Groot and
Apeledoom, 1971; Margetts and Bndger, 1971; de
Groot, 1973). Comparison of box core samples taken
before and after trawlmg indicated that there were

- extensive changes to the infauna v»hxch remained after

the passage of a 12- metre trawl. A significant reduction
in the numbers of burrowing sea urchin Echinocardium
(a 15% reductton for large and 55% reduction for small
mdxvrduals) was observed and the density of tube-buil-
ding polychaete species was also reduced by 50%
(BEON, 1990). Taken together, these limited results

: suggest that in the path ofa beam trawl a relatrvely high

proportion of some benthic specres can be killed.

'Otter trawlmg may have an xmportant rmpact on non-

target commercial specres For example, in the Westem
Channel newly moulted splder-crabs and scallops may be
killed or damaged (Hamon et al., 1991).

In common with beam trawl studres there have been
relatively few quantltatrve studies of the effects of scallop
dredges on benthic commumtles Early studxes on scallop
dredging concentrated on documentmg the nature of the
physical disturbance, and on _qualitative analysis of the
effects on the epibenthos in the by-catch and at the sea--



bed. Epil)enthic mortalities can be marked. Substantial
mortalities may include specimens of the target (comrmer-

cial) species, which are left injured on the seabed or

discarded (Caddy, 1973; Chapman et al., 1977; Dupouy,
1982). Scallop grounds tend to occur in relamely deep
water areas (30 - 70 m) with high species diversity,
much of v.hxch may be associated with rocks and boul-
ders in the area. Dredging in such areas has been
implicated in reducing species abundances in these areas
(Holme, 1983), especially of the sessile species which
" occupy the hard rock substrates (Bullimore, 1985). -

At least nine species of bivalve molluscs are harvested
from diverse habitats in the North Séa and Channel, by
a range of specialized traditional and modern dredges
(Table 4.4.1). Their effects on the seabed and benthos
depend on substrate type, hydrographrc features, and
cornmumty structure, as well as upon the partlcular
design and operatlon charactenstlcs of the gears. . Table
4.4.1 provides a summary of the dredge fisheries and an
lndrcatlon of the levels of their likely impact. Two main
gear classes can be recognized: - (a) non-h)drauhc or
_ traditional dredges, including several new desngns (b)
hydraulic dredges which use water-jets to extract burrow-
ing specres from the sediments. However, with the
exception of cockle hydraulic dredging, information on
dredgmg effects is fragmentary, superﬁcnal descriptive,
and even anecdotal. .

Apart from affectmg mortallty, dredgmg and trawlmg
may contribute to - the dlspersmn of some 'introduced

"pests” (e.g., Crepidula fornicata in the English Chan-
‘nel), elther directly through transfer by gears along the
seabed or indirectly as by-catch discards.

4.4.2 Fish

In recent years, the landings of fish in the North Sea
have been in the order of 2.5 - 3 nulhont Very approxl-
mately, this can be broken down into 600,000 t of
demersal fish (gadoids and flatﬁsh) 1,000,000t of
pelaglc fish (herring and mackerel) and 1,000, 000 t of
species landed for reduction to meal and oil (Norway
pout, sprats and sandeels). To a first approxrmatlon,

these landmgs are taken from a biomass of the same
species in the order of 7-8 million t (Anon., 1991e).

Estimates of mortallty rates of the main explorted specres
in the North Sea are made regularly by ICES workmg
groups and publlshed in their reports. They are also
summarised in the reports of the Advisory Committee on
Flshery Management (ACFM), the most recent of vvhlch
is that for 1991 (Anon., 1992c¢).

A summary of recent fishing mOrtalnty rates for the main
species explorted in the North Sea is gnen in Table
4.4.2. These are given for the age groups most heavnly

exploited and for juvenile fish. They are given in terms

- of instantaneous rates of ﬁshing mortality (F), which is

related to the fishing effort on the stock. The mortahty
rates are also expressed as the percentage of the stock in

. number alive at the begmmng of the year that is caught

by fishing during the year. Thése two values do not bear
a simple relationship to each other because the percen-

tage caught also depends on the natural mortalnty rate ,

which differs among species and age groups.

In general terms, l'rshrng mortality rates on the main
North Sea stocks are high, although it should be noted
that they are in some stocks very vanable from year to

' )ear (see Anon., 1992¢). In the case of the two roundfish

specres, haddock and whntmg, for whxch dtscardmg is
thought to account for a sxgmf' cant part of the catch, the
estimates glven include the mortality of fish dxscarded

For some other stocks in which dlscardmg is known to
occur, however, discards are not routmely included in
the estimates of fishing mortality. The extent of discard-
ing is dealt with in Section 4.5.

Apart from the mortalrty generated on juveniles and
adults various towed gears in contact with the bottom
may damage fish eggs attached to the seabed (e. g
hemng) Some Spavmmg beds are closed to fishing
during the spawning season.

4.4.3 Seablrds

Seabirds are capable of becomlrig entangled in most
types of fishing nets, but more birds are killed in some

<types than others. Birds have been reported killed -

partxcularly in gill and other static nets. There have been

no comprehensne studies of entanglement in the North'

Sea, but the avallable evidence indicates that in those
areas that support both fixed net ﬁshenes and diving
seabirds, entanglement is likely to occur.

There have been quantitative studies on the effects of gill
net fisheries at a local scale. In the English Channel,
inshore gill nets have proved to have particularly high
by-catch at some times and places. Robins (1991)
showed that these nets, set for bass, have caught yrrtually
all of the diving birds (mostly razorbills Alca torda and
divers Gavia sp.) using St. lves Bay. For mstance, m
eight fishing days in January l988 about 900 auks were
removed dead from these nets. The numbers caught at
this single site are not sngml' cant at the North Sea

: populatxon level, but this srtuatlon is probably ty plcal of

sites where diving seablrds are common and netting is
undertaken. An investigation by the Royal Socxety for the
Protection of Birds in the UK in the winter of 1991/1992
indicated that most entanglement events are sporadtc and
localised (ref-to-come). The extent of usage of gtll nets
on other Engllsh North Sea coasts has not been quan-
tified as many of these nets are deployed from vessels
less than 10 m in length (whlch are_not requlred to
complete logbooks); however, several thousand kilo-
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metres of monofilament gill net are imported into

. England and Wales each year. There is some qualitative
information on the distribution of gill net fisheries around -

England and Wales (Figure 4.4.3; Potter and Pawson,
1991). Monoﬁlament gill nets are not in legal use off
Scotland, though there is some lllegal use. The impact of
these illegal nets on seabirds is not easily quantlﬁed
There is widespread belief that monofilament gill nets are
a particular problem (Mead 1989), but seabirds are taken
in all types of gill nets. ,

Oldén et al. (1988) estimated that 25,000 diving seabirds

“were killed by drowning in herring and cod gill nets in

the southeast Kattegat between 1982 and 1988. The
mAJonty (90-95 %) of these birds were gunllemots, and
had migrated from populatlons breeding on the Scottish
North Sea coast. Most of the fishing activities here are
for herring, but most birds were found in bottom-set cod
nets with a mesh size of 150 mm. Herring nets were of
55 mm mesh and were set either on the bottom or near
the surface. These tended to catch cormorants.

In the northwestern North Sea nets set for salmon near
seabird colonies have trapped and drowned auks
(Melville, 1973). Guillemots .Uria aalge have been
recorded being caught in nets being trawled for sandeels

on the northwestern Dogger Bank (M.L. Tasker, pers.-

obs.). Galbraith er al. (l981) found _ that. shags
(Phalocrocora.r aristotelis) were caught in lobster traps,
but most of these birds were recently independent
juveniles that had failed to learn the skills of foraging.
The overall extent of these mortahty sources is unknown.

.There is only limited grll nettmg off the Netherlands,

Germany and the North Sea coast of Denmark. There is
little information available on gill netting off Belgium.

Off France (English Channel), there is a fishery for bass,
pollack, cod and sole undertaken by approximately 600
ﬁshmg boats over 4300 boat/months (1990) (IFREMER,

unpubl data). There have been no studies of entangle-
ment in this fishery. In Norway, salmon drift netting was
associated with hlgh le\els of by—catches in the 19803,
but this form of fishing was terminated in 1989. Returns

 of leg-rings from auks found dead indicate that birds off

the coast of Scandinavia have been killed in large
numbers by net entanglement The proportion of birds
caught this way in relation to other methods of recovery

(e.g. “ shooting, oiling) increased substantially in the
1980s (Mead; 1989) (Table 4.4.3). :

Outside the Nort_h Sea, severe ep‘isodes of entanglement
have been documented (e.g.; in the southeastern Katte-

‘gat, northern Norway, southern Pacific, off California,

west coast of Ireland, southwest Greenland) and have
been lmpllcated in substantial declines in bird populations

‘in some areas (Evans and Waterston, 1978; King, 1984;

Platt et al., 1984; Whilde, 1979). However, in only one
case among eight listed worldwide by Robins (1991),
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could breedmg seabird populatton decline be attnbuted
with certamty to entanglement Inadequate mvestlgatne

resources contribute to the lack of scientific proof

4.4.4 Manne mammals

An ICES Study Group on Seals and Small Cetaceans in

Northem European Seas was established in 1991 and has
now met on two occasions. Included among the terms of
reference for the most recent meetmg, in March 1992,

were requests that the Study Group "assess trends in, and
the current status of, seal and coastal dolphin populations
in the North Sea". The Study Group was also asked to
"evaluate available information on the by-catch of those
species, the extent as well as type of fisheries involved".

It was generally agreed at this Study Group that inciden-
tal catches of marine mammals in fishing gear in the

. North Sea were poorly documented Existing data had

mostly been collected on an opportunistic basis, and were
therefore not representatwe, and could not be used to
estxmate.the total number killed by fishing operations.
Even if the total number killed could be estimated, the
level of mortality could not be accurately assessed
because of the uncertainty regardmg true populatlon
sizes.

4441 Seals

._ Both seal species may become trapped i in towed gears,

but most seal by-catch mortallty is attributed to fixed
type gears (Anon - 1992d) Tags from grey seals
recovered from pups entangled in gill nets (Wug and
Oien 1987 1988) and common seals (Phoca vitulina)
have been recorded trapped in fyke nets in Dutch coastal
waters (Boer, 1989) In the U.K. seals of both specres
have been drowned in fixed nets set for salmon or have
been shot by netsmen protecting their nets and catch
(Rae, 1968; Pierce et al., 1991). -

| 4.4.4.2 Cetaceans

Table 4.4.4 gives a summary of the results from some
studies of cetacean by-catch mortality in the North Sea.
These studles xndlcated that gill nets killed the most
cetaceans, and that among glllnet-caught porpoises, most
were taken in large-mesh nets. Catch” rates varied
seasonally and, in German waters, animals were malnly
taken at night. In the Danish study, incidental catches
were mostly of young animals.

Around the British Isles, several species of small ceta-
ceans have been reported as incidental catches, but in the
North Sea, reported by-catches of specnes other than the
harbour porpoise (Phocoena phocoena) are rare. Por-
poises are taken in various types of gear. but most
by-catch records came from coastal gill nets, except




around Shetland where all reports for which the gear was
known came from whitefish trawls. A voluntary scheme
for fishermen to report catches to local fisheries officers
has been in place in England and Wales for a number of
years, but reports have been rare. Over the last 10 )ears
Scottish scientists have made more than 600 \oy ages on
commercial fishing vessels and not a srngle mstance ofa
cetacean becoming entangled in the net was recorded
(Anon., 1992d).

By-catch has been recorded in the Netherlands for the
“last 6 to 7 )ears (IWC, 1991). Small numbers were
recorded in most gear types used by Dutch vessels in the
North Sea (Anon., 1992d).

There isno systematrc procedure for recording by-caught
cetaceans in Nomay Small cetaceans were known to be
caught in some fisheries, especially the salmon drift-net
fishery which has now been closed. In 1988, 96 porpoise
carcasses were bought from salmon-netters; about 35
by-caught porpoises were bought from the traditional
. fisheries in 1989 and 1990 (Bjorge et al., 1991; Anon.,
1992d).

Harbour porporses were trapped m Pound nets in
Denmark in the 1960s, but the use of these nets has
declined in recent years. Surveys conducted between
1979 and 1991 indicated that considerable numbers of
porporses were still caught few were taken in trawls, the
majority were entangled in bottom-set grll nets. Exact
) ﬁgures for the total by-catch are not awallable, but
estrmates suggest that it is more than 1000 per year and
could run to several thousand (Anon., 1992d). About
two-thirds are caught in the west and north of Denmark
and the rest in Danish inshore waters.

4.5  Non-catch Mortahty and Dumping of Discards -

and Offal
Non-catch mortality

As well as the catch ﬁshmg operatrons cause lncrdental
mortahty of fish whrch escape from the gear. ln the case
of most trawling gears and Danish seines, fish are herded
in front of the net; some escape before entering the cod-
end and some, either voluntarily or mvoluntanly, pass
through the cod-end meshes Of those retained, some are
lost in the act of haulmg the net and, in the pelagic fish-
enes, whole catches may be released before being taken
on board. Of the fish taken on board, a portion may be
discarded. Of those retained, either the entire fish may
be landed, or the fish may be gutted and/or processed
(e-g., filleted) and the resulting offal discarded. Corre-
spondmg considerations also apply to encrrchng gears
and to trapping, netting and hooklng gears.

Reliable data series exist for landmgs and in sorne cases
discards, but there is little quantitative information on the

incidental mortality rates caused to the stocks ds 4 result
of mortalrty of fish that escape from fishing gear
Nev. ertheless, a number of studies have been carried out
on the survival rates of fish that escape from fxshmg gear
during the catching process. *

Fish that escape from towed gears incur scale loss which
can be caused both by abrasion agaxnst the meshes and

'by abrasion against objects caught in the trawl itself

(Main and Sangster, 1990). The extent of scale loss
differs between specres and varies accordmg to the mesh
size, the t) pe of meshes (square or dramond) and the rig
of the gear. However, some scale loss appears to occur
in all fish that escape from cod-ends, at Jeast those above
a certain size in relatlon to the mesh srze in use (e.g., all
fish over 18 cm in length from 70-90 mm mesh trawls).

The possible causes of death include loss of
osmoregulatory ability (from scale loss), internal organ
damage (from pressure within the cod-end) and second-
ary viral or bacterial infections (from skin damage)

There are reports of diseased fish in which ulcerations
were thought to have been the result of damage by nets
(Mellergaard and Nielsen, 1990). Fish with net injuries
appear to be more susceptrble to lymphocystls than fish
vnthout injuries (Dethlefsen et al., 1987) There is also
some evidence that stress due to the capture process may
increase mortallty (Black, 1958).

Based on expenments in which escapmg fish were caught
and retained in cages in situ, mortalrty rates of gadoids
ranged from 6-33%, dependmg on the type of mesh and
mesh size in use (Mam and Sangster, 1991). leferences
in scale loss and mortalrty also exist between specres,
haddock being more susceptible than cod (Isaksen, 1991;
Engas ef al., 1990) The mortality rate of fish in a net
also depends on haul duratlon, catch quantrty, and catch
composmon ln the Gennan shnmp ﬁshery, Von Kelle
(1976) found a direct relatxonshrp between towing time,
total catch welght and the survival of small sole, dab and
plaice. The survival rate of undersized flatfish was 51%
for plaice, 57% for sole, and 26% for dab. Survival
rates decreased when large quantmes of Jellyﬁsh (Cyanea
and Pleurobrachia) were present in the net.

In the case of beam trawling, the reports available
indicate rather variable survival rates of small fish that -
escape. In one set of experiments, most small fish
apparently escaped through the meshes of a commercial
trawl fairly undamaged. At least 56% of dab (Limanda
limanda L.), 85% of plaice, 100% of sole (Solea solea)
and 68% of dragonet (CaIIton)mus spp.) and solenette
(Mlcrochtrus boscanion) which escaped from the cod-end
into a cover survived the first 24 hours after capture
(BEON, 1990) In another set of expenments the sur-
vival of soles that escaped through the meshes u.as
estimated at 60% (Van Beek er al., 1989). Deaths were

15



attributed to the action of the tickler chains and the
injuries inflicted while in the net.

There appears to be no information on the survival of
fish that escape from gill nets.

Survwal experiments on pelaglc ﬁsh are less easy to
mterpret because of the difficulty of maintaining them in
cages. Reported survival rates were around 60% for
herring escaping through square mesh panels (Suuronen

.1991), but mortality was also recorded among controls,

so the true survtval rates may have been hlgher than this.
In experiments on Baltic herring escaping from dramond

‘mesh cod-ends, reported . mortality rates were 3%

(Treschev et al., 1975) and 10-15% (Borisov and
Efanov, 1981). Lockwood et al. (1977) mvesugated the
survival of mackerel after escape or release from a purse
seine. It was found that 50% of the fish died after 48
hours at a stocking density of 30 fish m?. Trials with
fish densities comparable to those expenenced ina "dried
up" purse seine prior to "slipping”, showed that up to
90% of "slipped” fish died within 48 hours of release.

The only direct observations of non-catch mortality
caused by fishing are those of Zaferman and Serebrov

~ (1989) who used an underwater submersible to make

observations on escapes of cod and haddock from a 100
mm diamond mesh cod-end in the Barents Sea. After
hauling the fishing gear, dead haddock and cod were
seen lying on the sea bed in the path of the trawl.

From the data available, it is not possible to reach firm
conclusxons about the percentage of ¢ escapmg fish that
survive. For each main method, however, the range of
survwal rates reported and the penod over which the fish
were kept, where known, are shown in Table 4.5.1.

In all the studies summansed above in Whlch the experi-
mental period after capture was short, there is also a

measure of uncertainty about the ultimate level of

mortality.

As a very rough approximation, it might be assumed that
in the order of 75% of fish that escape from towed gears
survive. In itself this provndes no estimate of the addi-
tional unrecorded mortality caused by capture and

‘ escape, because this also depends on the quantities of fish

that escape from the cod-end. In general, the fish that are

.damaged i in a net will be in a fairly narrow size range

because very small fish will tend to escape through the
large meshes in the front parts of the net often without
damage In a series of covered cod-end expenments
reported by Robertson and Ferro (1988), the ratio of fish
in the cod-end cover to fish in the cod-end itself was
1. 2 1 for haddock and 0.4:1 for whiting, Assuming a
ratio of 0.8: 1 and a surv1val rate of 75%, this implies
that, in this experiment, the additional non-catch mortal-
ity was about 20% of that attributable to the catch. The
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additional mortality will vary consrderably in different
srtuattons dependmg on the precxse specrﬁcatxon of the
gear inuse in relatlon to the size and specres composition
of the fish that are accessxble to the gear.

) The fate of dead and monbund fish in the short-term has

not been extensively studied. In the more usual case of
fish escaping gradually from a trawl, it seems unlikely
that the density of dead fish in any one area will have
anything more than a transient effect. It is also far from
clear whether fish that ultimately die as a result of net
damage add to known causes of natural mortality (e.g.,
predation) or whether they replace other fish in the diet
of predators. On average, therefore, it seems likely that
non-catch mortahty adds a small but signifi cant contribu-
tron to the overall mortallty of fish. There are certain
gears and areas, however, in which non-catch mortahty
is likely to be somewhat higher.

Discards
Discarding of fish during commercial fishing activities in

the North Sea has been recorded since at least the 1920s
and data exist on the proportion of fish discarded in a

- number of fisheries. In earlier penods, percentages of

roundfish discarded in the trawl and seine fisheries were
reported to be 30-40% in the 1920s and early 1960s. In
the late 1970s, discarding rates of haddock and whiting
were estimated to be about 14% in trawl and about 20-
30% in seine catches (Jermyn and Robb, 1981) Regular
sampling of the Scottish fisheries, mainly in the northern

. North Sea, has provided data on discards. The ICES
- Roundfish Working Group has used these data to esti-
_ mate total discards of these two species by all countnes

in their assessment of the stocks of these two species

(Table 4.5.2).

Representative discard data are difficult and expensive to
collect and insufficient information exists to allow a
quantlﬁcatlon of the total amount of fish of all species
discarded annually, However, some data were provrded

" by Denmark, the UK and the Netherlands for seine-net,

otter trawl and beam trawl fisheries. These data are
summansed in terms of percentage discarded by category
in Table 4.5.3. If such data are extrapolated to the total
catch in the demersal ﬁshenes, they suggest that the total
wenght of fish discarded in the North Sea annually is in
the same order of magmtude as the landmgs from these
fisheries. However, it must be stressed that extrapolatxon
to the entire catch is problematlc because of the small
number of samples for any time penod and area and the
consequent dan ger that samples for one area may have to
be used to esttmate discards in other areas where the snze
and species composmon of the catch may be quite
different. Dlscard rates in the’ plalce fishery, for
example, can vary consrderably between inshore and
offshore areas because of the dlfferent size range caught




+ Using Scottish discard data and other data obtained in the
area of the Shetland Islands, Furness er al. ( 1988) used
observed discard rates to estimate the total quantlty of
fish discarded around the British Isles. For the North Sea
and Channel they estxmated a total quantity of about
90,000 t per year in the v&hxteﬁsh (i.e., demersal)
fisheries. The percentages given in Table 4.5.3 suggest
that the total quantities are higher than this.

Studies on discarded fish indicate rather variable survival
rates. Hoywe\ er,. these studies are probably of rather little
relevance because a hlgh proportron of discards may be
eaten by scavenging orgamsms, e.g.; seabirds (see
Section 6.4).

The quantities of fish offal discarded into the North Sea
from vessels fishing for roundfish and Nephrops have
_been estrmated by Fumess et al.” (1988). Estimates of
offal as a propomon of total fish weight range from 6.5-
- 14.3%, with a mode at around 12.5%. Applying this
percentage to demersal fish landmgs of around 450,000
"t in the North Sea gives an estimate of 56,000 t of offal
discarded annually This makes no allowance for the
relativ ely small amount of fish landed whole. ThlS
estimate compares with an estimate of 84,000 t based on
much larger landings of roundfish made by Fumness et al.
(1988).

Some data are also available on the discarding of benthos
(T able 4.5.3). In general by-catches of benthos’ and
morgamc debris are made mainly in gears that fish very
close to, or dlg into, the seabed. A further study based
on limited sampling in the southern North Sea indicated
that catches by beam trawl contamed 35% benthos of
- which, depending on the species, 7 to 100% was alive on
" return to the sea (BEON, 1991).

4.6 ' Lost Gear and Other Fisheries Debris
- Ghost fishing

It is known that gill nets, tangle nets, and traps may
continue to fish for some time after being lost or dis-
carded. The term "ghost fishing” is used to describe this
phenomenon.

The length of time that such gill and tangle nets continue
to fish depends on a number of factors, such as the
current speed, the amount of foulmg weed in the water,
the rate of other marme foulmg, the amount of fish

caught, and the presence of crabs; these are all things
“which cause the nets to collapse to the bottom and cease

ﬁshmg (Mlllner, 1985). In areas relatrvely free of

foulmg, the nets may contmue to fish at some reduced
- lével of efficiency until the buxld-up of fish and crabs

-forces thls collapse Once on the bottom, multlﬁlament 4

nets remain tangled while monofilament nets may, once

clear of fish remains and crabs, drsentangle, return to an i

upright posmon, and resume fishing. O\er the longer-
term, such nets gradually build up an encrusting layer of
marine organisms and become more visible to fish.

’ The Study Group had only limited mformatlon on the

abundance of lost or "ghost" ﬁshmg gear and none on
mortalities resulting dlrectly from such gear in the l\orth
Sea. Some mformatwn on both abundance and related
mortalities was, however, available for a areas off Norway
and eastern Canada. This information came from three
unpublished reports of the Norwegian Directorate of
Fisheries (Misund, 1990, 1991; Kolle, 1991) and a
summary report of as yet unpublished Canadian Depart-
ment of Fisheries (DFO) data. While the degree to which
such mformatlon may relate to conditions in the North
Sea is uncertain, the ﬁndmgs do provxde some insight
into the abundance,and fishing behavnour of "ghost"

ﬁshmg gill nets.

-

The Norweglan reports indicate the capture, usmg towed '
grapnels, of large numbers of ghost gill nets in two
separate areas off the Norwegxan coast, It was obser\ed
that old nets were still fishing and that m some there was
"a relatively large amount of fish". Nets lost in 1983
continued to fish, as evidenced by both’ boney remains
and recently caught fish. More fish were obsérved in
nets found on soft bottoms than in those over harder
substrates Nets found in deeper “aters also contained
more fish.

In the Canadxan study, an area along the 50 fm isobar on
the northern edge of Georges Bank was fished using
grapnels. Long-liners and trawlermen had complained of
ghost-fishing gill nets in this area. Eight percent of the
236 tows resulted in the recovery of 19 gill nets. The
remains of 94 ﬁsh (cod, hake, dogﬁsh and unidentified
skeletons) were found in the nets.

The Canadlan study also provnded prelmunary mforma
tion on the length of time various types of fish remain in
gill nets once caught. Two expenments were camed out,
The first indicated that the time requrred for scavengers
to consume all the flesh of entangled fish (resndence
time) ranged from 1-5 days (mean = 2). In the second,
residence time ranged from 2-12 days (mean 6). No
correlatlons were evndent between resxdence time and
water temperature or with locatron in the nets. A further
experiment will explore the apparent relatlonshnp between
amphxpod densities and the residence time of the cap-

' tured fish.

Other lmpacts

'Fragments of lost and dlscarded nets of all types may

also entrap both seablrds (llartwng et al.; 1985; Schrey
and Vauk, 1987) ‘and marine mammals (Shomura and
Yoshlda 1985) About 3% of all live gannets observed
at Helgoland were entangled in fragments of fishing gear
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and 29% of dead gannets found there had died of
" entanglement in plastic, including fishing net (Schrey and
Vauk, 1987). Most nests at Flamborough Head and in
the Channel Islands (N.M. Harrlson, M.G. Hill, pers.
comm.) and 90% of the nests at a colony off Newfound-
land (\tontevecchr, 1991) contained fishing gear Bll‘dS
have been observed to die by entanglement in gear at
thelr nests, but there has not been a comprehensive
suney of this mortality.

Unpublrshed data from a MAFF research survey
(Cirolana 7/91) indicated a catch usmg a Granton trawl,
of 0.528 kg/hr of t'rshmg nets or nettmg (type unspec-
ified) (Pope, pers. comm. ). This represented 24% of the
" total "rubblsh" catch. A report on macro- pollutants on
the Dutch continental shelf (Rutten, 1991) lists ﬁshmg
gear and nets, but provrdes no quantltatlve mformatlon as
to their abundance. Another paper,,based on vrsual
observ ations, descnbes the ov erall and relative dlstnbu-
. tions of floating marine litter in some areas of the North
" Sea (Dixon and Dixon, 1983). N)lon nettmg and rope
represented the least frequently encountered of the five
categories of debris listed, the others being metal and
glass, man-made wood items, paper and cardboard, and
plastics. As most lost nets would be submerged their
. frequency of occurrence must be much greater.

Further evrdence as to the extent of lost ﬁshmg nets with
the potentlal to cause mortalities comes from a Japanese
survey on the dlstnbutron and density of marine debris in
the Pacific. In this survey, approxlmately 217 fishmg
nets were visually observed over a track of 220, 000 nm
(Anon .o 1991g) Agam, their frequency of occurrence
must be much greater than can be observed on the
surface. An Australian study, on the rate of accumulation
of fishing and other debns on the shores of Heard and
Macquane Islands in the Southem Ocean found that
over a 12- month penod 3 nets, or parts of nets, washed
ashore on Heard Island (Sltp and Burton, 1991). Based
on the length of shore surveyed this amounts to one net
for every 0.12 km of shorelme Heard Island is relatwely
close to a fishing area On Macquane Island, Wthh is

far removed from any ﬁshmg area, no nets were found.

5 INFLUENCE = OF . ANTHROPOGENIC
. ACTIVITIES OTHER THAN FISHING
‘ Anthropogemc activities other than ﬁshmg also affect the
North Sea. In this section we have concentrated on
describing those which mimic the effects of fishing on
the biota and those which exclude fishing operations.

Areas of hypoxra have, for example, resulted in the ’

emrgratlon of fish and other motile biota and the mortal-
ity of more s_essrle biota (e g., benthos and shellfish);
these effects may mmally result in elevated catches of

benthos and shellfish in trawls before mortality occurs, '
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while hypoira-caused emigration and mortality may
mimic some of the results of overfishing. Offshore
structures (e g., wrecks and platforms) locally exclude

. ﬁshmg operations and thus provide refuges and sites of
. mcreased bromass and dnersrty for fish and benthos.

Point sources from oil productron and orgamc/sewage
enrichment alter benthic communities in the vicinity,
frequently resultmg in a dominance of short-lived,
opportunistic specres, this is basncally comparable with
the effects of certain types of pamcularly intense bottom
trawling.

5.1 Eutrophication and Oxygen Depletion
Eutrophication is sensu stricto nutrient enrichment

(Anon . 1990b), e.g., an mcrease in ‘the amounts of
nitrate and/or phosphate ln an area. Sources- of such

» nutrients are commonly sewage (treated or untreated),
, atmosphenc deposition of mtrogen and phosphorus

compounds, leaching from farmlands and forests, and‘
waste products from aquaculture/manculture Under

~ undisturbed condltlons, phytoplankton production is

linked to nutrient input in such a manner that, although
there are seasonal and annual vanattons, there is no net
mcrease m total pnmary productlon In addmon, the

constant

. Under . eutrophrc conditions, an mcrease in pnmary

productron occurs, with the result that excessive sedimen-
tation of dead/decaying phytoplankton cells to the bottom
is noted. Under condltlons of poor water
renewal/exchange (e.g., low current speeds), organic
matenal rapidly accumulates on the bottom, providing a
high oxygen demand assocrated with its metabolism.
These situations may result i m oxygen deplet:on (hypoxia)
or even total lack of oxygen (anoxia) in near-bottom
waters or within the sediment itself. This may lead to the
absence of species of zoobenthos/shellfish and bottom-
living fish thr0ugh active migration from the area.
Sessile species (e.g.s Echinocardium cordatum, and
various bivalves) may well die through lack of oxygen
and/or the build up of toxic HS. A shortage of benthic
animals may also make these areas poorly suited for
benthic-feeding fish.

_Certam types of dlsturbance of the bottom sediments,
_ especrally where these are relatlvely poorly oxygenated

may lead to the llberatron of H,S and orgamc material

such that an even greater reduction in oxygen levels

occurs. Such types of disturbance can be caused by

dredgmg, deeper forms of trawling, etc. (see Table

4.2.1). Bacteria living in the absence of oxygen thrive on

sulphates and other compounds Special bacteria can also

convert metals in sedrments, releasmg them into the

water column. Inorganic mercury can be converted into
methyl mercury, which is readily taken up by various

marine animals, e.g., fish..



Regardmg evidence for eutrophtcatlon in the North Sea,
trends showing increases in nutrient levels are generally
restricted to shallower ‘water areas, for example, the
German Bight. Such areas are characterized by both
relatively restncted water exchange/renewal and
enhanced nutrient . inputs from land-based sources.

Studies conducted in the German Bight demonstrated a
doubling of phy toplanl\ton blomass, as well as changes in
species composmon from diatom-dominated assemblages
towards ﬂagellates increased winter levels of nutrients
were also apparent (Radach and Bohle-Carbonell; 1990).

52 "Unusual"/"Noxlous Algal Blooms

In the scientific sense, a "bloom" consists of rapid
growth resulting in a high biomass of one or more algal
species. Often, however, the "blooms" that attract public
attention (through toxicity, foam production, etc.) are not
blooms at all in the true scientific sense, but merely the
presence of a "harmful” algal specres within  the
phytoplankton community. Iti is, for example, not certain
that the mdely pubhcrzed occurrence of Chr)sochromu-
lina polylepis in the KattegatlSkagerrak in May-June
1988 (Nielsen and Richardson, 1990, Bokn et al.; l990)
was a bloom in the scientific sense of the word.

Although this species dominated the phytoplankton
commumty at the time, the distribution of algal biomass
was quite typtcal for this area and time of year. Thus,
the only exceptlonal" aspect to this "bloom" may have

been the presence of a toxic species.

lt is, howe\er, well known that some toxrc/noxrous
species exist within the phytoplankton community as a
whole (Rerd 1990). Many historical examples of the
presence of toxic phytoplankton exrst that cannot be
related i in any way to eutrophtcatton or pollutton Thus,
there is no evrdence that the existence of toxic algal
species, in itself, can be directly related to eutrophication
. or pollution, \

The tokins associated with 'blooms can be producal by
algae. Table 5.2 provides a list of the dtseases, the
rmpltcated manne foods, and the toxm producmg

nucro-orgamsms Itis clear that in some areas there is an -

increase in the frequency of occurrence of toxlc/noxrous
algal blooms. In some cases, this i mcrease may partly be
. apparent in the sense that there is more awareness and
monltonng (due to mariculture rnterests) directed towards
ph)toplankton "blooms". However, in other cases, the
increases seem llkely to be real.

Nutnent ennchment is one of the promment factors,

directly or rndlrectly, associated with this increase
(Wallentinus, l990) Acknowledgmg the presence of
toxic/noxious species and non-toxic specres within the
total phytoplankton commumty, it must be assumed that
_the growth of both toxic/noxious species and non-toxic
species will be stimulated by eutrophication and the

occurrence of "unusual blooms" will thus increase
(Anon., 1990b). In some coastal zones of the North Sea,
the duration and maximum biomass reached by blooms
of Phaeoc)stls pouchetii has 1ncreased over the last 20

" )ears, with the assocrated nuisance of the formation of

foam accumulatmg near shores. These blooms are
related amongst other factors, to high concentratlons of
nutrients (Lancelot, 1990).

Regardmg the factors whrch lead to the occurrence of a
particular algal species at a partrcular time and place,
the list is long (Reid, 1990) and almost certatnly incom-
plete at the present time. A list of these factors includes
saltmty, temperature, current speed and direction, light
regrme, turbulence, nutrient (lncludmg trace metals and
micro-nutrients) avatlablhty, the ratio betvueen the
concentratrons of different nutrients, and the presence of
specific grazers (selectmg/retarmng particular size

 fractions of phytoplankton cells and species). The

composrtlon of the algal flora and the probabrltty of the
occurrence of toxic specres in the sea at any gnen time
will be a function of complex ecologlcal interactions. The
situation in the sea, compared to a terrestrial analogue,

- is complrcated and exacerbated by the short generation

time of phy toplankton relative to land plants, and the fact
that phytoplankton are dlspersed and transported by
water movements Thus, at the present time, it is not
possrble, as a rule, to tdentlfy the ovemdlng factors
determmmg the presence or absence of toxrc/non toxic
algal specres at any gtven tlme/place in the sea. llow-
ever, some coastal areas appear to be charactenzed by a
relattvely frequent occurrence of some "noxious™ algal
blooms. In some cases, this may be related to the
hydrographic characteristics of these regions.

Exceptronal algal blooms have’ prevrously caused prob-
lems for fishenes, aquaculture, tourism, and recreational
interests (Anon 1992¢).

53  Effects of Eutrophication on Benthos

Changes in the benthic macrofauna under mcreasmg
inputs of orgamc substances, such as may arise from the

» sedimentation of enhanced quantrtles of phytoplankton

cells as an end product of water column eutro-
phrcatlon, can be illustrated by reference to the ’enrich-

~ment’ model of Pearson and Rosenberg (1978) As the

model has a bearmg on other toplcs in this Section, a
brief descnptron is appropnate Its relevance to genenc
hypotheses concernmg biological responses to *disturb-
ance’ are mentroned in Section 5.5, below see also Rees
et al. (l99l) :

The sequence of events can be summarised in terms of
specres/abundance/btomass curves (Flgure 5. 3). At low
input lévels, there is a general enhancement in the values

“of these vanables However,,as mputs increase and

organic matter builds up within sediments, S|gnlf1cant
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structural change in the community is induced. This
phase is characterised by a proliferation of small-sized

“and  short-lived opportumstlc species  (typically

polychaete worms) at the expense of larger, longer-lived
and deeper-burrowing specxcs Accompanymg, and partly
explammg, this change is a shallowing of the Redox
Potential Dnscontmunty layer, with the result that the
fauna becomes mcreasmgly concentrated into the surface
layers of sediment. Further accumulation, leadmg to
anoxia even at the sediment surface, results in the
elimination of all macrofauna species. It will be noted
that this model is equally applicable to trends in space
and time. '

Regardmg evidence for eutrophlcatlon in the North Sea,
trends showwg increases in nutnent levels are generally
restricted to shallower water areas, for example, the
German Blght Such areas are characterised by both
relatively restricted water exchange/renewal and
enhanced nutrient mputs from land-based sources.

' Studles conducted in the German Bight demonstrated a

doublmg of phy toplankton biomass, as well as changes in
specxes composmon from dlatom-dorrunated assemblages
tow ards ﬂagellates, incréased winter levels of nutrients

" were also apparent (Radach and Bohle- Carbonell, 1990).

Apparent incredsés in benthic biomass, reduction in
species dlversuy and elevated abundances of certain
*opportunistic’ specnes, compared with earlier surveys,
have been cited as evrdence in support of eutrophlcatlon
of parts of the southern North Sea (e.g., Duineveld et
al., 1987; Hickel er al.; 1989; Kroncke, 1990; Rachor,
1990), and perhaps more noticeably in the relatively
qu1escent condltlons of parts of the Skagerrak/Kattegat
(€.g., Pearson et al.; 1985; Rosenberg etal., 1987). The
latter two surveys mvolved comparisons with surveys at
the tum of the century Josefson ( 1990) provndes support
for the view that observed changes may be a recent
phenomenon. in parallel with increases in nutrient inputs
to the system It is notable, however, that a number of
the above papers cite intensive trawling at the seabed -
the dnsturbmg effects of whlch may be analogous to those
of organic enrichment - as a possible confounding factor.

Buchanan and co-workers have reported on bi-annual
sampling of an Amphiura community at two muddy sites
off northeastern England, the most recent of which
(Buchanan and Moore, 1986a,b; Buchanan e al., 1986)
ldentlﬁed a biennial cycle of high and low densmes
dunng a stable period in the 1970s. An upward trend in
numbers and biom::ss was discérnible since 1980, wnth
some evidence for . reversal in 1984/ 1985. This was

tentatlvely ascribed to changes in the supply of orgamc '

matter to the seabed. However, in a complementary
evaluation of temporal trends in benthic and pelagic
(zooplankton) populatxons. Roff et al. (1988) concluded
that the former were more likely to be limited by
predauon and competition than by food supply; further-
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more, there was no evidence to link inter-annual cycles
in zooplankton and benthos.

Austen ez al. (1991) compared annual trends m the
benthos off northeastem England with those at a compar-
able deep water site in the Skagerrak, over the penod
1971-1988. The results were notable for a shift in
community structure at both sites between 1980 and
1981. They further attempted to establish links with

. cha.nges in plankton communities derived from Continu-

ous Plankton Recorder (CPR) data, For the eastern North
Sea, there was a less marked change in structure at about
this time, but no such distinction could be drawn from
data for the western North Sea. A comparison of annual
changes in total abundance and, for the Skagerrak, total
biomass with changes in phytOplankton colour and

. zooplankton abundance provnded tentative evidence of a
_ degree of co—vanabrhty The authors speculated that a

general i increase in abundance and biomass of the benthos
at both sites in the 1980s rmght be due to effects of
eutroplucatxon ‘

5.4 ll) poua/Ano“a and lmphcahons for Benthos

and Fisheries

Hypoxla may result in the endofauna movmg towards the
sediment surface in order to get more oxygen. However,
further development towards anoxlc conditions may
result in the death of both benthic organisms as well as
bottom-dwelling fish species. Low fish numbers regis-

“tered during such situations are often due to emigration

from the area, and not only mortality. Unusually high
catches of benthos combined with very low catches of
fish, of which many caught were already dead, were
obsened in September 1981 about 40 miles off the
Danish west coast covenng an area of approxxmately
2 000 km (Dyer et al., 1983). In August September
1982, the bottom water in an area of more than 10,000
km? in the southeastern North Sea had oxygen concentra-
tions of less than 4 mg/l, with the lowest values near 1
mg/l (Figure 5.4.1). Fish catches in the affected areas
were low, and dead fish and macrobenthos were
observed on the bottom (Dethlefsen and Westemhagen,
1983). In August 1983, oxygen defi cnency with concen-

, tratrons close to zero at certam stations were observed in

the same area as in 1982 (Westemhagen et al., 1986).

"These authors observed a change in the benthxc commun-
. 1t|es from a fauna dominated by specnes tolerant to low
. oxygen in 1982 - 1983 to a dominance of more oxygen

demanding specnes (e.g., short-lived polychaetes) in 1984
when more normal" Oxygen condmons were observed.
In 1983, the total biomass was only 30% of that in the
following years (Nnennann et al., 1990; chkel et al.,

1989). However, the benthic commumty structure and
biomass recovered within two years (Nlermann et al.,

1990) After a series of "normal” years, oxygen deﬁ-
ciency problems reoccurred but on a more restricted
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spatial scale, approximiately 240 km?, in 1989 (Niermann
et al., 1990).

Reduced levels of oxygen near the bottom have been
observed partrcularly in the southern Kattegat over the
course of many years, but the phenomenon has become
acute during the last decade. The situation becomes
especrally marked during the autumn, typically in
September - October. The southem Kattegat has a
complicated h) drography vnth a marked halocline, with
low salinity water ongxnatmg from the Baltic Sea and

Swedish rivers at the surfacé and North Sea water with -

high  salinity at the bottom A parttcularly
well-documented change in oxygen concentratrons was
apparent in 1988- 1991 (Flgure 5.4.2 a-d); 1988 was
charactenzed by very low oxygen concentrattons distrib-
uted over a large area; 1989 showed a much reduced
areal coverage due to wind/storm-induced mrxmg of the
water column, the 1990 situation once agam showed
large areas covered by reduced oxygen concentrattons
extending also into the Oresund area; the 1991 situation
resembled that in 1990,

The main fisheries in this region are those for cod,
flatfish, and Nephrops norvegicus. After several years
with OXygen levels reduced to <1 ml/l, a pronounced
change in these fisheries has occurred, together with that
of the benthos, as well as aberrant behaviourial pattems
of various species. Swedish and Danrsh studies indicate
that below 2 ml O./1, several fish specres leave the area,
Nephrops leave their burrows and remain on the surface
of the seabed, and even infaunal species move onto the
sediment surface At about 1 ml O./1, many species of
z00benthos as well as Nephrops die (Baden et al., 1990a,

. 1990b).

Although the dtstnbutron of various fish stocks are
known to vary on a seasonal basrs. the lack of food
associated with hypoxta/anoxra in some areas obviously
makes them unattractive to ﬁsh As Nephrops left their
burrows, they became more catchable to the trawls.

Increased catchability and mortahty/emrgratlon has
resulted in reduced stocks. Nephrops catches are essen-
ttally absent from a line south of the town of Falkenberg
in Sweden and the isle and of Anholt off Denmark ,
There was a general trend of decreasing landings in the
entire Kattegat from the early 1980s to 1991. In the
southern Kattegat (Figures 5.4.3 b and c), both landings
and effort exhibited decreasing trends during this penod

Besides the general decline in the Nephrops stocks,
oxygen concentrations especrally dunng September 1988
(Figure 5.4.2 a) further caused a marked decrease in
effort, landmgs and stocks (Frgures 5.4.3 b-c). This has

. also been corroborated by screntlﬁc surveys and

video-films obtained by Remotely Operated Vehicles
(ROV). The commercial fishery has now moved to the
northern Kattegat where landmgs have also subsequently
decreased but where effort has remained high (Figure

. 5.4.3 a) The lesson of this is that vanabrlrty in oxygen

levels may reduce stocks and landmgs in a giv en area in
a manner that partly mimics that observed as a result of
overﬁshmg

Hypoxia appears to be assoctated with i mcreasmg suscep- .
tibility to infectious dtseases, such as lymphocystts and
epidermal paplllomas, in dab. This is evident in parts of
the North Sea as \well as the Kattegat (Dethlefsen, 1990;

Mellergaard and Nielsen, 1990).

o

5.5 Orgamc Drscharges; and  Associated

Contaminants

'l'he main categories of point-source inputs are sewage,
sewage sludge, and wastes from food processmg/paper
manufacture These are discharged via pipelines or, in

the case of some sewage sludge from the UK, from -

shnps Most major ptpelme discharges of sewage are to
rivers or estuaries, and hence the route to thesea is vra
river outﬂow, by which time the orgamc component may
be substanttally reduced. However, a number of large
coastal settlements discharge directly to sea via short or
long outfalls; much of this material is untreated, beyond
initial screemng of large debris. A summary of direct
and river inputs to the North Sea of selected substances
from all sources is glven in NSTF (1990) This Section
deals mamly with rmpacts ansmg from the partrculate
component of sewage and sludge Possrble consequences
of nutrients and dissolved orgamc matter are considered
under eutrophlcatron The text is based primarily on
expenence with sewage sludge, but the impact of the
organic component of other orgamc carbon-rich wastes
would be very similar.

Sewage sludge disposal to the North Sea and English
Channel is conf'ned to UK waters, amountmg to some 5
million wet tonnes per annum drstnbuted among ten
sites. A target date of 1998 for the cessation of this sea
dtsposal option was announced pnor to the Third Mlms-
terial Conference on the North Sea. The sludge may be
the end product of pnmary or secondary treatment of
sewage, and its contaminant load varies regronally
accordtng to the balance of urban and industrial inputs to
the sewerage system pnor to treatment. Traces of a very
wide array of contarmnants will be present (Table 5.5)
and, because of this, most studies of the btologlcal
consequences of dtscharges have treated the mednum as
an entity, rather than in terms of its numerous constituent
parts. . ‘ .

Franklin (1983) showed that the short-term toxrctty of
dilutions of sewage sludge to a variety of organisms was
relatrvely low. lmpacts in the water column following
discharge of sewage or sludge have been assessed by
broassays of ﬁeld samples, e.g., using oyster embryos or
caged mussels (Tham. 1990; Lack and Johnson, 198S5;
Roddie and Johnson, 1990). Such studies provide little
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evidence of reduced water quality attributable to dispers-
ing sludge, beyond the immediate area of discharge.

There is some evidence to suggest that contaminants may
enter the planktomc food chain via feedmg (e.g., by
copepods and mysids) on flocculent organic material held
in squensxon, although the quantxtatne srgmﬁcance of
_ such a transfer route is uncertain (Chapman, 1986)

Most field studies of blologlcal effects have concentrated
on the impact of the partlculate component following
settling to the seabed. Benthic organisms may respond to

. the organic component ("enrichment”) or to the purely

physical consequences of accumulating parttculates
"Toxic" effects, arising notably from physio-chemical
changes in the sediment as a by-product of the enrich-
ment process, have typically been observed in quxescent
areas which promote a build-up of material at the sea
floor. .

The intensity and spatlal extent of blologlcal effects will
clearly depend on the size of the dtscharge and the
characteristics of the recnplent area. Examples of well-de-
fined gradients are provided by studies in fjords/sea lochs

: (e g., Pearson, 1975 Rosenberg, 1976) v&here changes
in the quantities of pulp mill dlscharges over time have
provided a useful means of monitoring processes of
degradatlon and recovery. Pearson (1987) has also
reported on comparable gradlents associated wrth sewage
sludge disposal in the sheltered Clyde Sea area (Scot-
land).

The empirical model of Pearson and Rosenberg (1978),
which describes structural changes in the benthos along
an organic enrichment gradlent has been found to be
widely applicable. It conforms with genenc h)potheses
concemmg the role of "disturbance” in the maintenance
of commumty dnersrty, these tmply that the hrghest
diversity occurs at intermediate levels of dlsturbance
(Connell, 1978; Huston, 1979). "Pollution” in this con-
text is just one manifestation of disturbance, as described
by Warwick (1986) for marine benthos. Certain parallels
" may, therefore, be drawn between the responses of
benthic orgamsms to.many waste drscharges, and to
those occurring in the aftermath of deployment of certain
types of fishing gear on the seabed. Thus, the enrichment
process induces succession changes in the benthos, with
short- llvedopportumsts(typlcallydeposxt feedmgworms)
being favoured over the longer-ln ed, deeper-burrowing
and more "sensitive" ("sensitivity" bemg defined by the
ability of a species to adapt to, or tolerate, stressful
events (see Gray et al., 1990)) specnes

Such marked "effects” gradients may be contrasted vnth_

studies at sewage sludge disposal sites in the more
drspersrve conditions typtcal of the UK east coast, where
1mpacts on the benthos are generally harder to discern
(e.g., Norton et al., 1981; Talbot er al., 1982; Pearson,
1986; Rees et al., 1990).
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. Studies of the possible bioaccumulation of perststent

contaminants along the food chain to commercial fish are
not normally feasxble on local scales because of the
relatively small size of the waste field relative to the
dlstnbutlon and moblltty of fish populatlons Such work
is more appropnate to reglonal scales; e.g.; Franklin
(1990) indicated that contammant levels encountered in
commercral species from UK waters are below the rel-
evant Environmental Quality Standards, and do not pose
a threat to human health.

More significant in some estuarine and coastal localities
is the risk of faecal/microbial contamination of edible
shellfish stocks; various conditions are imposed by local

- authorities concerning the treatment of such stocks prior

to commercial sale.

While there is much anecdotal evidence that enrichment
arising from sewage discharges leads to locally enhanced
fish populations, there is little supporting scientific data
for such effects in the Nonh Sea. Agam this 1s partly a
sampling problem ansmg from the relatively small spatial
scales of any discharge effects Off the Californian coast,
Spies (1984) provided some evndence to suggest that
structural changes in the benthlc commumty in response
structural changes in the fish commumty, reﬂectmg the
ability of different species to exploit the modified food
resource. ‘ .

Player ( 1971) and Pounder (1974 1976) have provrded
some evidence that sewage and certam trade waste efflu-
ents may provrde an important food source for birds,
either directly in the form of drscharged materials, or
indirectly through localized increases in benthic biomass
brought about by organic ennchment

Conclusions:

i) Well—deﬁned effects are mvanably localized in
extent and are, in principle, reversible;

i) - Empmcal models adequately predlct benthic

- responses to organlc ennchment, at least in
quiescent areas; such responses may in many
respects be analogous to those occurnng as a
consequence of physical disturbance at the seabed
e.g.s ansmg from commercral fishing gear;

i) An 1mportant mference to be drawn from current
) h)potheses concemmg influences on commumty
structure is that the highest dlversrty occurs at
intermediate levels of drsturbance Mamtenance of k

high diversity as a management goal is therefore

- not incompatible with controlled waste dtsposal or
other anthropogemc activity (mcludmg ﬁshmg)
‘However, there may be other goals, such as the



. preservation of sensitive species and habitats,
which may not be fulfilled;

A model which adequately describes the responses
of benthos (and fish) to drscharges in dlspersxve
areas is currently lackmg Scientific studies in
such areas are often hampered by the occurrence
of high natural variability. However, the benthic
commumues of such "high energy" systems may
be more robust to physical disturbances or to the
discharge of contaminants;

iv)

v) It seems 'plausible'_that some organic discharges
' may result in locally enhanced fish populations,

but the evidence is largely anecdotal;

vi) The spatlal extent of 1dentrﬁable effects on the
benthos arising from organic discharges to the
North Sea, relative to those which may be attribu-

. table to the use of certain types of heavy fishing
gear, is probably relatively small. However,
outfall responses may still have local sxgmftcance
depending on the sensmvnty of the recipient
environment,

5.6 Shipping, Offshore Structures, Hazards and

Port Activities

Shipping

Shlppmg activities are partrcularly prevalent in shelf seas

and coastal areas. In shallow regtons, vessels with deep

. drafts (e.g., oil tankers) may transﬁgure the bottom.

Ships provide noise, both from engines and from propel-

ler cavitation. It is well known that certain fish specnes,

e.g., hemng, take evasive actlon well before a vessel is

overhead. In heavily trafﬁcked areas, propellers "churn"

s1gn|ﬁcant volumes of water, sometimes m_|unng plank-
ton, fish eggs and larvae Everyday seepage of ail and

fuel also occurs, and gases and chemicals are emitted
from funnels.

The North Sea is one of the most acmely trafﬁcked
shipping areas in the world on average 300 or more
ships pass through the Channel per day Shipping cannot
be considered to be a notable source of mortality for
brota with the possible exception of planktomc organ-
isms. The extent to which shipping has an effect on the
distribution and behavrour of biota is essentially not
known.

Offshore structures

The number of offshore platforms for ml and gas
exploratlon is mcreasmg relatlvely slowly in the North

Sea. The oldest at present date from about the early
1970s and are still in operation. It is expected that the

. are  Ekofisk-Emden,

number of fixed surface installations will peak in the
year 2000 but that the subsea developments will continue
to 1ncrease as will the extent of the undersea pipelines.

In most countries, national leglslauon insists that, after
removal of the platform, the bottom be cleared of debris.

As many of the offshore fields have passed their peak
and now exhibit declining production, smaller fields that
previously have been untouched will be brought into
operation. As theése are frequently too small for a whole
platform they tend to be explorted via "subsea comple-
tions". Thus,, an lncrease in subsea platforms and
associated well-heads may be expected in the North Sea
in the future. Pile constructions are often removed by
cutting the legs of the platform 6 m below bottom level.

Abandoneéd wells are cemented below the bottom level
and cut, while temporanly abandoned wells are cemented
as above, but up to 3 m of prpe protrudes above the
seabed. Currently there are about 160 platforms, 250
well-heads and over 5,000 km of pipeline in the North
Sea.

Explontatlon platforms have a safety zone of about 500
m, whrle exploratron platforms have no safety zone, as
their presence at a given locality is usually of short
duration. Subsea platforms also have safety zones.

lmtlally, plpelmes either were or had to be buried about
2 m below the seabed. At present, only prpelmes vuth a
diameter of <17.5 cm have to be buried 0.2 m into the
bottom. Larger diameter pipelines are left on the bottom,
eventually sinking into the bottom by “self-burial”.

Plpelmes have no safety zones, and often act as focal
points for attracting fish. Trawhng parallel to the
pnpelmes frequently occurs. The prpelme system of the
North Sea is likely to be expanded by 30-50% in the .
near future. Large lines under construction/completion
North Gas-transport (NGT),
NOGAT (Dutch Shelf), and Zeepipe (Norway -
Zeebrugge/Belgium). .

Explosives

Large quantmes of mines and munmons/bombs were
either mtentnonally posrtloned or Jemsoned in the North
Sea during and 1mmed|ately after the two World Wars.
The dumpmg grounds for munitions were ongmally
limited in area. Flshmg acttVtty has also contributed to
the dispersal by re-dumpmg caught explosives.

Wrecks and artificial reefs' '

There are about 20,000 known wrecks in the North Sea
(Leewxs and Waardenburg, 1991) Although the wrecks
may be a hindrance to fishing (e.g., snaggmg bottom
trawls), they provide beneficial shelter for r many marine

species, especxally fish, thus ennchmg the marine biota.
Trend studies on the benthrc community on wrecks show
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an increase in abundance and biomass of "hard-substrate"
species (Leewis and Waardenburg, 1991). Both non-com-
mercial as well as commercial fish species may find

"safe-havens” in wrecks. Recently, several artificial (i.e.,
purposely made) reefs have been constructed to provide
conservation and enhancément areas (Collins er al.,
1990).

In conclusion, all these offshore structures function as
protected areas, especially with regard to ﬁshmg actrv-
ities. They demonstrate elevatrons in blomass and species
diversity.

5.7 - Mineral/Substrate Extraction and Disposal
Effeécts of extraction of marine sediments

The effects of extraction activities (extraction'of sedi-
mentS/suhstrates, but also of the:calcarious seaweed,
"maerl") on living resources include:

1) Physical impacts on the seabed and water column

- changes in substrate character;

- suspensron and drspersron of ﬁnes in the water
column; ’ :

- balance between deposition and erosion both in
the area in question and in surrounding areas.

2) Chemical impacts on the seabed and water column

Dredging in sheltered areas may cause concern over
the potential rele&se of toxic materials and heavy
metals "locked up” in deep, anoxic sediments prior

' to being exposed to oxygenated conditions by the

" action of the mechamcal dredge Resuspensron of
bottom matenal rich i in orgamc content can place an
elevated oxygen demand on the environment. In
some cases, increased recirculation and liberation of
nutrents from sediments occurs, adding to
eutrophication risks.

3) Biolog’ ical impacts
- the loss of organisms in the extracted sediments;

- the effect of the deposmon of fines lost from the

dredger both with regard to temporary water _

column effects of suspended fines on primary
production (e.g.; elevated turbidity), and long-
term change in thé character of the benthos

Changes in substrate character may affect benthic

community structure and succession, and thus the type of
foodk available for finfish and shellfish. Particular

substrate types are- frequently type-specific for the
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attachrrent of demersally attached eggs, as well as the
settlement and recruitment of larval stages. Sessile
organisms .may become partly covered or buried by
fines. llrgh ratlos of partrculate morgamc matter to
partlculate orgamc matter in suspended material may
result n cloggmg in filter feedmg ammals, delayed gut
passage time, reduced assimilation rates and, according-
ly, result in reduced growth (Anon., 1989a).

Capital and maintenance dredging activity

Dredged materials from the maintenance of navrgable
channels, channel deepenmg, port/harbour construction
and so on are disposed of under national licence at
several coastal (and estuanne) locations in the North Sea.
Table 6.2 provides a rough estimate of the area of seabed
being used for this purpose. The drsposal activity is
monitored at an international level through the Oslo and

- London Dumping Conventions, and information on

quantrtles and chermcal quahty is pubhshed in Oslo
Commission reports. Some 70 million tonnes were
deposrted at sea (i.e., within *Convention waters) in
1990, with similar quantities to ‘internal waters®,
especially estuaries.

Guidelines concerning the chemical qualrty of the
matenal suitable for marine disposal are desrgned to
rmmrmze adverse consequences for the biota. Asrde from
lmpacts at the site of dredging acttvnty, the main effects
to be antrcrpated are physical in nature, e.g., through
blanketing of bottom deposrts and fauna in the immediate
aftermath of disposal, and/or assocrated with orgamc
enrichment, e.g.; where soft sedrments are dredged from
deposmonal areas within estuanes drammg hrghly
urbanised catchments

In many maintenance dredging operations, there is an
element of re—cyclmg involved: the dlsposal of ‘sedi-
ments of similar nature to those of the receiving envxron-
structure of the sedrments, or to the benthos, especially
in dispersive environments.

Some types of large-partrcle solid wastes e.g., from

capital dredgmg projects or mmmg, may matenally alter .

the seabed within lrcensed areas, and may render it
unsuitable for some types of fishing activity. However,
it may be expected that such material would generally be
contamed within the boundaries of the licensed site.

Eagle et al. (1979) estimated that some 2% (or 40 ki)
of the inshore ﬁshmg zone between Blyth and Teesbay
off the Enghsh northeast coast was in some way affected
by colliery waste, fly ash and dredged material disposal.

These effects ranged from practlcally azoic conditions in
areas avoided by trawlers, to marginal depletion of
benthos and little interference with crab and lobster
potting in peripheral areas.



Existing and new approaches to the management,
monitoring, and modelling of dredgings disposal in
European waters have recently been reviewed in Alzieu
and Gallene (1990). It is to be expected that such matters
will receive increasing attention in the coming years.

Estimation of scale of effects and consequences of
dredging for sand and gravel

The scale of effect of sediment extraction projects and
correspondmg consequences for marine life and fisheries
are dependent on the environmental characteristics of the
area (e.g., wave and current regime, geology, turbldnty,

.the nature and extent of the extraction operation, and the _

time to recover or for the readjustment of the benthos).

In pnncnple, an estimation of the scale of effects and
consequences is possxble for any given site-specific
sediment extraction project (Anon., 1990c). The overall
immediate loss of biota in the extracted sediments can be

estimated from the areal extent of extraction and an’

analysis of the biota in benthic samples, and fish/
shellfish surveys considered representative for the area.
However, our understanding of the contribution of
benthic organisms to the diets of other marine organisms,
such as benthic- feedmg fish species, is frequently not
sufficient to provrde an accurate assessment of the effects
of this loss through each component of the food web. In
some areas, a proportron of the benthic biota lost may
have a direct, economic value to a commercial shellfish
fishery. ,

The contribution of suspended fines to increased turbidity
and possrbly reduced primary productxon in the water
column may be . approxrmated by a. srmple dlsper-
sion/settling model using current data applred to the
dxscharged fines. anary production can be significantly
" reduced in the zone in which higher than background
turbndxty levels are predicted to occur. While agam one
can extrapolate the effects of a loss of pnmary produc-
tion through a sxmple food v~eb model; it can be con-
- sidered that the expected area of aggregate extraction
relative to the total North Sea area of about 575 * 10° sq
- km is likely to be insignificant. Nevertheless, potentially
significant, small-scale effects on sensitive biota
(especially filter feeders) may occur.
5.8 orrshore Explorauon, Exploitzition,' and
" Impacts

In thrs sectron, the Skagerrak and Enghsh Channel are
not included in the quantitative results. There are no
hydrocarbon activities in the Skagerrak and no data on
activities in the Englrsh Channel were available to the
Study Group.

Geophysical p"m‘gp‘m;ng

The orl and gas industries initially used explosnves for
seismic surveys. The use of explosives was abandoned as

it caused death to marine animals, especrally fish. The

air gun was brought into use for two-drmensronal (2-D)
seismic surveys from 1963. Most of the potentlal
resources of the North Sea have been surveyed by 2-D
seismic surveys However, since l983 three-dxmensronal

: wrth the lrkelrhood of small reserves of onl and gas and ‘

all areas not yet covered using 2-D surveys, will be
surveyed by 3-D. The greater accuracy and prectsron of

. the surveys‘resulted in an increase in successful explora‘
< tory drilling (from 25% to 60% successful). It is esti-

mated that about 10 years will be requrred to cover all
potential gas and oil reserves with 3-D sun eys.

<'I_'he 3-D seismic arrays can’ only bs used during calm

weather conditions, mainly from April to September. It
can thus be expected that conflict will arise near the

" coast with breeding colonies of birds and further out with

the blrth/nursery areas of marme mammals (e ge» seals

"calving" areas are frequently poorly delineated.’

The effects of the air gun depend on the type of bottom
(e.g.; sand, rock, or mud), but have been reported as a
cause of death for zooplankton and larval/young fish in
relam ely close proximity (generally within 2-3 m) of the
emission source (Dalen and Knudsen, 1987)

Oil and gas

This sectron contains no mformatlon on acuv:ty in the

group, or for the German North Sea Sector, Kattegat or
Skagerrak which have no emissions.

EmisSionSIdischargés o

Signitlcant oil and gas production startéd in the North
Sea in the late 1960s. Total well drillings to date number
3000 to 4000 (Figure 5.8.1).

There are three mam sources of contammants arising
from the offshore mining industry:

- drll cuttings; -
- productron water; and

- spills.

A major component of the contaminants from these
sources is oil. Oil- based mud (OBM) drill cuttings

- contribute the greatest amount of oil (Frgure 5.8. 2)

(Anon 19920 From 1988 there has been a decline in -
the amount of oil via cuttings because of current regula-
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trons, according to PARCOM (Paris Commrssxon) deci-
sions. The relative contribution of productron water to
the total amount of discharged oil has increased in recent
years, both because of the decrease in the amount of oil
released from cuttings and because of the increase in the
amount of production water. Accidental spills result in

only minor amounts of orl entering the North Sea (Figure -

3.8.2).

A large amount of cuttings are produced every year. For
example, in 1985, the estimated amount of (OBM drill)

cuttmgs discharged was 260,000 tonnes. The other’

components of dnllmg muds (both oil-based and water-

.based muds) are numerous, including toxic heavy metals,
barite, bentomte inorganic salts, surfactants and deter-
gents, corrosion inhibitors, lubricants and - brocrdes
(UNEP, 19853). ’

Productron water isa \ery complex chenucal mixture and
wrll vary in composmon from field to field and within
_ one field dependmg upon its duratlon and operation. Its
toxrcrty is lrkely to be due to the presence of biocides
(Law and Hudson, 1986) The amount of productlon
water discharged .annually into the North Sea has
increased during recent years (Anon., 1992f).

" The pipeline is still the safest transport system available

for oil and gas. Only about 1% of all the oil spilled

' world-wrde into the sea originates from pipeline leakages
.and ruptures )

Contamination

Contaminants enter both the water phase and the sedi-
ments (Frgure 5.8. 3) The amount of oil in sea water,
"ansmg from discharges of OBM drill cuttmgs and
productron water, as well as ﬂanng operatlons, is
generally low (Anon 1989a). Sheens of oil observed on
the sea surface may come from ﬂanng operatrons and
offshore mmmg dxscharges or from shipping. During
overflights, an average of 1-2 oil sheens per flight hour
have been observed over the last.few years (Anon.,
1989b; Anon.; 1991h). : -

The accumulatlon of contaminants in the sedrments
mamly anses from dxscharges of OBM drill cuttmgs, but,

" depending on the current regrme and depth it may also .

arise from production water discharges in (turbid)
shallowwaters (Reiersen et al., 1989; Gray et al 1990;
Figure 5.8.3).

Background concentrauons of oil in North Sea sediments,
at reference sites away from the mﬂuence of drilling
sites, are in the range of 0.2 - 15 mg oil’kg dry sedi-
ment, dependmg of the sediment type (sandy < silt) and

) analytlcal methods used (Law and Fileman, 1985; Massie
et al, 1985) Ele\ated oil concentrations in the sedi-

_ ments, as high as 100 g oil/kg dry weight, have been
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 found near dischargé sites (Davies e al., 1984; De Jong

et al.; 1991; Van Het Groenewoud, 1991). Depending on
the level of input and the hydrography, eleyated oil
concentrations have been found from 750 m to 12 km
from the drill site (COWICONSULT 1989; Reiersen ez
al., 1989; Kingston, 1992). Once drilling has ended
long-term (>6 years) oil contamination around drilling
sites is observed. This is due to the rathér low bio-
degradatron rates of oil and the redistribution of oil-
contaminated sediments (Daan etal., 1990b; De Jong et

- al., 1991). Takmg into account the total amount of oil

discharged through cuttmgs up to 1990, it has been
estimated that as much as 8000 km® of seabed in the
North Sea has sediments with elevated levels of oil (QSR
Expert Group, 1992). Elevated levels of heavy metals
(Cd, Cr, Cu, Hg, Pb, Zn), associated with discharges
from drill cuttings, have,be‘en found around several
drilling _platforms = (Reiersen et al., 1989;
COWICONSULT, 1989).

imp‘a‘c:s'

Toxicants originating from offshore mmmg discharges
find therr way from the sediment and water phase into
various orgamsms (Figure 5.8. 3). Mussels have been
found to be contarmnated with oil up to 6 km from an orl
platform (Anon.; 1988a; Van Het Groen

1991).

For most macrobenthos, the NOEC (No Observed Effect
Concentration) is about 10 mg oil/kg dry sediment.
Above this level, a \anety of effects become visible,
such as a reduction in sensrtrve Specles an increase in
some opportunistic specres and an overall reductxon in
macrobenthos (Daan et al., 1990b; Gray et al.; 1990;
Kingston, 1992). In about 20% of the 8000 km? of the

-~ seabed which show elevated levels of oil, the oil concen-

tration may be high enough to give rise to an overall
reduction in macrobenthos.” Affected areas are not
evenly drstnbuted throughout the North Sea, but rather
concentrated m certain subareas (Frgure 5.8.1). Sessile
benthrc orgamsms have been shown to become smothered
by cuttings (Davies et al.; 1984).

Experiments with caged mussels placed around drilling
sites showed a reduced scope for growth, but no effects
on the survival of mussels (Van Het Groenewoud, 1991).
For infaunal species, such as Amphmra ﬁlzformrs, sedi-
ments from up to 500 m from rigs have been found to be
toxic (Figure 5.8. 4, De Jong and Zevenboom, 1991).

Adverse effects of oil at the sea surface and in the sea
water depend on the co-occurrence of the location of oil
spills and seabirds. Seabirds are at risk from floating oil
due to damage to the waterprooﬁng of their feathers
(Flgure 5.8.3). Sea mammals, pamcularly those that
spend long periods at the water surface, are also at risk
(Dicks er al., 1987).



6.2

6 . COMPARING THE DIRECT EFFECTS OF -

FISHING WITH THE EFFECTS OF OTHER
ANTHROPOGENIC INFLUENCES AND
NATURAL PROCESSES
6.1 rntmdactioii
In this sectron. we attempt to compare the direct effects
of fishing with other anthropogemc influences and natural
processes The major anthropogemc influences con-

srdered are descnbed in Section 5 and appropriate details
on natural processes are elaborated upon here. . -

lmpacts on- the Ph)Slcal Structure ol‘ the
Sediment and Abiotic Processes

Other human activities which nught be expected to
influence the structure of the sediment in a way similar
to fisheries include sand and gravel extractron, pipeline
and cable laymg, dredging, and oil platform constructron
In contrast to fi shing, however, these activities are much
more localised. Table 6.2, modified from Anon. l992g,
summarizes the areas influenced by the different human
activities, and shows that the area influenced by ﬁshenes

is more than one order of magnitude larger than areas

influenced by any of the other activities.

The impact of fishing activities should also be compared
to drsturbance caused by natural processes and events. In
some areas, strong currents and storms may have effects
that are at least equivalent to those caused by fishing. In
shallow areas (<25 m), storms will change sediment
characteristics in a way similar to that described for
fisheries (see Sectron 4.3). There are only few data
available to compare these effects. A theoretical approach
companng the energy mput of beam trawlmg versus
wave action dunng a severe storm showed that the
mtensrty of energy transfer per unit of time dunng the
passage of the trawl is a factor of 100 or more greater
than during a storm, actually indicating the incompar-
ability of these events. However, on an annual basis the
energy transfer of beam trawls is far less than that of
waves (de Groot and Vogel, working doc. 3). In deeper
areas, the influence of wind events decreases, thus
increasing the relative influence of fisheries. However,
Cacchione et al. (1987) conclude that also in deeper
water (85 m) winter storms may be a major factor
controlling the distribution of surface sediments.

The effect of trawlmg on nutrient exchange rates has
been measured for otter trawls in the Kiel Bight (Krost
1990). Consrdenng that the phosphate gradients in the
sedrment in the Kiel Brght are similar to or shghtly
steeper than those in sub-area 4 in the North Sea, we
may assume that the effects in this part of the North Sea
are the same or less. We estlmated that in NSTF sub-

_area 4 (otter trawled surface area 749 km?), the trawl

doors enhance the phosphate release from the sediment

by maxlmally 70- 380 tonnes per year. Beam trawlers
(trawled surface area 132,000 km®) enhance the phos-
phate release from sedrments by maxrmally 10,000 -
70,000 tonnes per year These additional releases are
pulses largely compensated by lower fluxes after the
trawl has passed, and therefore the net result is almost
zero (see Sectron 4. 2). In companson, Lindeboom
(1975) found in the same area a phosphate release from
the sedlment of over 4 000 tonnes as a result of one
storm event. Both processes are a recyc]mg of phosphate
within the system while the river input amounts to
26,000 tons per year (PARCOM, 1992).

Companng the effects of fisheries with the effects of
natural events, it may be concluded that the relative
impact of fisheries on abiotic processes is small.

6.3  Mortality
6.3.1 Benthos

To compare possible effects of fisheries, the level of
mortalrty from the various sources must be estimated.
For many sources of mortahty, the spattal and temporal
scales over which they operate are not comparable This
means that efforts to rank the lmportance of an intense
local effect compared to a more subtle effect which
occurs over a wide area, requires value judgements
which we are reluctant to make, Notwrthstandlng thexe
dlfﬁculttes, some coarse but robust conclusions can b
drawn for some sources of mortality.

Table 6.2 prondes estrmates of the total area of the
North Sea affected by various activities and indicates that
the area swept by those parts of ﬁshmg gears which have
a H‘lﬂ_]Ol‘ impact on the seabed is at least one order of

: magmtude greater than that covered by any other acttv-

ity.

" In many areas, activities other than l'rshrng occur, but the

areas affected are much more localised. For example, in
NSTF sub-reglon area 4 changes attnbutable to the
offshore oil and gas industry occur over less than 8% of

"the total area; of which only 2% will show serious

benthlc effects (see Section 5). In contrast beam trawl-
ing is vndespread probably covenng almost all fishable
grounds in the subregron Mortalities in the immediate
vrcrmty of pornt source discharges, such as oil platforms
or dredged matenal disposal grounds, are high and

: »effects on the commumty are much more profound than

any effect that has been documented for fishing. One
possxble exceptlon to this is the case of reef burldmg taxa
which have been destroyed by fishing gears. On the other
hand, the spatial scale over which many fishing activities
operate is much greater than the scale of other activities.

Assessment of the significance of pollu'tio‘n presents some
problems: evidence from field surveys points to the
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localisation of gross effects around discharge points, at
least in coastal and offshore areas (e.g.; “ Rees and
Eleftheriou, 1989) Recent wide- scale surveys of the
North Sea (e.g., Eleftheriou and Basford, 1989
Kunitzer, 1990) and " historical comparisons (e.g. -
Pearson et al., 1985; Rosenberg et al., 1987) provide no
indication that pollutron -related mortaltty has resulted in
whole scale changes in species occurrences or commumty

. structure. (Note that the effects of eutrophrcatlon are
. considered separately.) ,

Areas which eipenence temporary anoxia can be large
and benthic mortalities can be high (see Sectton S. 4).
The mortalities recorded for benthic taxa may be even
greater than those caused by fishing i in these areas As

“with pomt~source pollutron, however, companng pro-

cesses operating over different spatlal and temporal
scales is problematic.

Changes in thespatlal and temporal distribution of benthic
communities also occur as a result of natural processes
Of these, the natural physxcal disturbance of sedlments
by currents, waves and storms is, perhaps, the most
obvious. Natural sedlment disturbance and the benthic
mortalities that may be associated with it will clearly
correlate with depth and sediment type, and shallow

- (<20 m) sandy sediments are likely to be most affected.

Data on net bed-load movement are clearly avatlable, but

for the questron of fi shing drsturbance, it is the mtemut- :

tent bed- load events resulting from storms that are likely
to be most important (Eagle, 1975; Rees er al., 1977;
Yeo and Risk, 1979; Dobbs and Vosarik, 1983).

. Daan (1991) offers an approach to assess the relative

lmportance of fishery-induced mortahty, which uses
average productxon/blomass (P/B) ratios of benthic
species as a measure of the instantaneous natural rate of
total mortallty These average P/B ratios were compared

to the estimates of mortallty caused by the passage of

ﬁshmg gears, assuming that all mdlvrduals in the path of
the gear are killed. He concluded that trawl induced
mortalrty was minor relative to other sources. However,

* there are lmutatrons regarding the methods described

above, which are readily acknowledged by the author
First, the P/B ratios used are estimates for the commun-

: 1ty as a whole Thus, the analysrs considers the gross

attributes of benthic commumtles and does not address
the questlon of effects on partxcular taxa which may be
sensitive to ﬁshmg ln addltlon, the analysrs assumes that
the communlty compnses a homogeneous assemblage of
individuals such that rates of growth or mortality do not
change wnth size or age. Thus, the effects of fishing on
the size structure of populatlons and the potential for
consequent changes in the P/B ratio are not explored
Moreover, P/B ratlos will be dominated by small-bodred
taxa and are relatlvely insensitive to changes in the
abundance of large mdmduals For a more complete
account of the utility of P/B ratios, see Section 9.2.
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‘We have made efforts to quantltatlvely assess the effects
" of fishing on the North Sea ecosystem It should be

recogmsed however, that the level of analysxs we have
been able to apply is coarse and is severely limited by
available data. Table 6.3.1 sumrhanzes the outcome of
a literature review conceming lifecycle traits and
sources of mortallty for local populattons of nine benthic
species. Each species was scored (on a scale from 1 to
4) according to perceived risks of local extinction of
populatlons (Rees and Dare, workmg doc. 7). For
example the consequences of toxrc algal blooms or
anoxia can be. locally severe for Echinocardium
cordatum. Tt should be clearly understood that its
vulnerabrhty w111 depend on the magmtude and geo-
graphlcal location of the event However, for the North
Sea as a whole there is no evidence that this benthic
species is at risk (see Section 7.2.1).

Echinocardium and Arctica are two conspicuous species
for which damage by trawls has been noted (BEON,
1991).Echinocardium lives for 5-10 years in the southern
North Sea (Beukema, - 1985), while Arctica have been
reported to live for 100 years or more off the north-
eastern USA (Thompson et al., 1980; Ropes, 1984) and
approximately 20 years in the westem Baltic Sea (Brey
et al., 1990). Recrurtment success in both is likely to be
very variable between years Trawl-induced mortallty-
may be locally significant for a number of other species,
especially in mtensrvely fished areas.

6.3.2 Fish

The known causes of mortallty in wild populattons of

- fish include ﬁshmg, predatlon disease, thermal shock,

anoxxa, and porsomng Mortallty in most populatlons
appears tobea gradual process of attrition rather than a
series of eptsodrc events. However, mass mortalities do
occur at ttmes following local pollutxon 1nc1dents drsease
outbreaks or occasronally freak natural events such as
incursions of water of abnormal temperature These are
usually local and transient in effect."

In some cases habltat degradatton may affect ﬁsh for

’ example, by destroymg the spawmng grounds of

demersal spawners It has been suggested for example,
that the extinction of the populatlon of spnng-spawmng
hemng in the Firth of Forth may have been caused by
dumping of colhery waste ‘on the spawrung beds
(Johnston and Davies, 1975). There is no evidence of
habitat degradauon on the spawnmg grounds of herring
elsewhere in the North Sea at present although this is
one of the considerations in the granting of concessrons

" to explore for hydrocarbons Outside the North Sea area

as such; a spawning ground for hemng in the Firth of
Clyde is closed to all active forms of ﬁshmg dunng the
spawnmg season to protect the beds of spawn Other
cases of habrtat degradatron include the direct 1mpacts of
hypoxia and anoxia on fish communities, e.g., in the



" southeastern North Sea and the Kattegat (see Section
5.4). .

In the major fish populations in the North Sea, mortality
has been modelled by a combination of fishing mortality,
predatron mortahty and other mortahty The model
("Multlspemes Virtual Population Analysis®", MSVPA
(Anon .» 1991e; Sparre, 1991)) includes eleven of the
_most 1mportant commercrally exploxted fish specnes in the
North Sea for which time series of the age composition
of the catches are available.

To estimate mortality rates attributable to different
causes, the model partitions mortality into:

i) fishing mortality,

i) predatlon mortality caused by cod haddock,
whltmg, saithe and mackerel (the ’MSVPA’
predators), and

iii) other mortality, combining estimat‘es'of predation
by birds and mammals with estimates of other
sources of mortality. .

To provide a frame of companson, mean values esti-
mated by the model of each of the above mortality
factors over the period 1985-1989 have been converted
into proportlons of the annual productron of that stock
(Table 6 3.2). From these estimates it can be seen that
the primary source of mortality differs widely between
stocks. In the relatrvely long- -lived stocks cod, salthe,
plaice and sole, fi shmg mortallty is by far the most
rmportant factor, whereas in stocks of small, relatively

short- lived specres, other causes of mortality predorm-_

nate, Predatron mortahty by the "MSVPA! predators in
the model is qurte important in the case of Norway pout,
sprat and sandeel but qunte a high proportion of the
mortality in some species is caused by other factors.

The annual production of fish in the North Sea by the
eleven species included in the model (Table 6.3.2) has
been estimated at 7.5 million t. Of this, fishing takes 2.5
- 3 million t, the "MSVPA" predators take 2 million t and
other sources of mortallty account for about 3 million t,
Of the "residual” mortahty, it has been estimated that
seabirds take in the region of 0.35 million t (Bailey,
1986), although a similar estimate made by Tasker and
Hislop (in Anon ., 1991e) included discards and offal
taken by scavenging seabrrds

Takmg into account the fish species not included in the
"MSVPA’; the total annual fish productron in the North
Sea has been estimated at between 10 and 13 million t
(Bailey, 1986; Sparholt 1990). This ﬁgure is rather
hrgher than some earlier estimates based on estimates of
primary productlon and assumed transfer coefficients
(e.g., Steele, 1974).

While the above estimates are appropnate for the North
Sea as a whole, seabirds clearly take a much higher
proportlon of the productlon in smaller areas. In the

. Shetland area, for example, Bailey et al. (1991) esti-

mated that the seabird consumptron/productron ratio of
sandeels (Ammoa')tes marinus) was in the range 0.28-
0.33.

- To summanze, it may be concluded that the main causes

of adult mortallty of fish differ between species and that,
whereas fishing is the main cause of mortalrty in the
larger species used for human consumptron predatlon by

- natural predators is the most important factor in the small

or short-lived specles and for juvenile fish in general,
6.3.3 Seabirds -

Companson of ‘the various 1mpacts of ﬁshmg, other
anthropogemc activities, and natural | processes on seabird
populations in the North Sea (and elsewhere) is ham-
pered by several aspects of seabird biology.

Most seabirds have a long period of immaturity, fol-
lowed by a relatnely long breeding life compared with
many marine orgamsms In general fecundity is low
Sources of mortality can thus have a different effect on
a populatron of seabxrds, depending on when they
operate. Mortallty early in life will have relatnely less
effect on populauons than early in adulthood. It is
therefore difficult to compare the 1mportance of direct
ﬁshery -related causes of death, such as entanglement,
with other causes of death

Chemical pollutlon has reduced the populatron size of
seabirds at least once. Effluents from a pestlcrde factory
near Rotterdam from 1964 to 1968 led to over 70%
mortahty in terns, hemng gulls, eiders and other birds
(Dumker and Koeman, 1978; Rooth 1980; Snut 1981)

" This resulted in a steep decline in the breedmg popula-

tions of these species in the Wadden Sea; some of these
populatrons have yet to reco»er fully Becker et al.
(1991) showed that common tern eggs which failed to
hatch had significantly higher levels of DDT and PCBs
than eggs collected at random in the same colony.

Several schemes record the number of birds that wash up
dead onto beaches, with some schemes recordmg appar-
ent causes of death. Averbeck et al. (1992) recorded that

"overan elght-year penod (1983 to 1990) 9524 birds were

found déad on a sample of 25 km of beach on the
German North Sea coast surveyed at least twice a month.

of these, 28% were vxctrms of oil pollutlon, m the
winter of 1991, this proportnon fell to 15% (C.

Averbeck, pers comm) The remamder died of
unknown causes. However, in another study on 65 km of
German beaches surveyed regularly between 1983 and
1988, 78 birds were found dead entangled in plastxcs or
litter, of these 17 were in litter/netting attributable to the
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ﬁshmg mdustry (Hartwrg et al., 1992). Further north on
the North Sea coast of Denmark over 80% of birds
found dead are oiled, with very few killed by nets
(Damelsen et al., 1990). Birds which drown in nets are
often difficult to separate from birds which have died
naturally, an exception to this is when wings are
removed when clearing nets.

When bird rings are returned from birds found dead, the
cause of death is often reported Of 460 first-year
guillemots ringed in Shetland between 1959 and 1990,
Heubeck er al. (1990) found that 46% were killed in
fishing nets. A further 29% were ’found dead® - a
category likely to include some birds drowned in nets.
Equivalent figures for 304 older birds were 31% and
40%. Most of the fishing net casualties were from
Scandinavian coasts. Mead and O’Connor (1980) ana-
lysed all recoveries from the coasts of Britain and Ireland
from 1967 to 1978 (Table 6.3.3). Seabirds that feed
mostly from the air were less affected by ﬁshrné nets and
oil than the drvmg species. Those species that feed in
1nshore areas tended to suffer more from net entangle-
ment than the offshore species. | :
6.3.4 Marine mammals
- Recent mass mortalities of striped dolphins (Aguilar and
Raga, 1990), Baikal seals (Grachev et al., 1989), and
harbour seals (Dreti et al., 1989) have highlighted the
_ potential 1mportance of infection from pathogens.
Anthropogemc activities, in addition to fishing, which
could affect marine mammal populations include huntmg,
contamination by pollutants and disturbance, both at sea
and at haul out sites. Hunting for marine mammals no
longer occurs in the North. Sea However, a small
number of harbour porpoises are occasronally killed in
the Faroe Islands, where there is still a hunt for pilot
whales. :

6.3.4.1 Se:iis'

Natural processes have had the greatest impact on seal
populatrons in recent years.

The outbreak of phocme drstemper vrrus (PDV) in 1988
caused the deaths of some 18,000 common seals in the
North Sea (Dletz et al., 1989). The impact of the
epizootic varied geographrcally, with populations on the
eastern coasts of the North Sea and in the southwest of
the region bemg among the hardest hit (Dietz et al.,
1989). Phocme drstemper virus antibodies are still
recorded in common seals, harp seals and grey seals,
mdlcatmg the contmumg presence of the virus and
highlighting the potentral for the future reinfection of
common seals from other species (Markussen and Have,
1992).
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ngh contaminant lev els, mamly pol)chlonnated bi-
phenyls (PCBs) and other organochlormes, are found in
seals in the Wadden Sea and Skagerrak areas. These
contaminants may cause reduced ferttlrty (Helle et al.,
1976a) as well as being tmpllcated in causmg drseases
(Helle et al., 1976b), such as paradontrtrs and alveolar
exostosis (Mortensen et al., 1991). High PCB levels
have been recorded in common seals in the Wadden Sea
and experiments have suggested that these may have been
high enough to affect reproductive success (Reijnders,
1986, 1988). Despite this, the number of common seals
in the Wadden Sea has increased in the three years
following the epizootic (Anon., 1992d).

We lack reliable data on numbers of deaths due to
contaminants and fisheries. Therefore, we cannot place
these  mortality sources in a context relative to each
other, or to the overall dynamics of North Sea seal

. populations.

6.3.4.2 Cetaceans

Polychlorinated biphenyl contamination gradrents have
been demonstrated in North Sea harbour porpoxses, with
contamination levels highest in the Kattegat area, inter-
mediate in the northern North Sea and lowest further
north. No indication of any abnormalities in ovary and
uterus function or structure were observed (Bjorge et al.,
1991). .

The presence of bottlenose dolphins in the Moray Firth

has generated considerable interest and boats now operate
takmg people out to see them. The effect of this disturb-
ance rmpact has yet to be determined.

Until rellable estimates of the additional mortalnty due to

by-catches are a\allable, it is not, in general, posstble to
evaluate their importance relative to other anthropogemc
factors (Anon.; 1992d).

6.4 Discarcls and Offal as Food

6.4.1 Seabirds

Seabirds gather and feed around fishing boats in all parts
of the world. Observations in the North Sea have shown
that at various times of the year, fulmars, large gulls,
gannets, great skuas and kittiwakes have distributions
closely associated wrth fishing vessels (Tasker er al.,
1985a, 1985b 1987) Direct observations from ﬁshmg
vessels in the northern North Sea showed that each
seabird species specialises in the type and size of fish

- taken and that there are feeding hierarchies between

species and between age classes of individual species.
Between 60 % and 70% of discarded gadids and some
pelagic fish near Shetland were consumed, while flatfish
and red gumard were largely ignored (Hudson and
Fumness, 1988). Up to 75% of all fish discarded around



Shetland may be taken by scabirds (Furness et al.,
1988). In the southeastern North Sea (NSTF area §
south), Hiippop and Garthe (1992) found by experimental
discarding that 88% of all roundfish discarded and 38 %
of all flatfish were consumed by seabirds. Not all of
these observations were made near seabird colonies, but
we have no way of knowing how representative they are
of the North Sea as a whole.

Furness et al.(1988) combined information on the
calorific value of discarded fish; and estimates of the
energy requrrements of birds, in order to estimate the
" numbers of scavenging birds that use discards that could
" be sustained throughout the year in the North Sea (Table
6.4.1). These ﬁgures could be updated to fit NSTF areas
once further information on discard rates becomes avail-
able. Based on information presented in Section 4.5, the
figures in Table 6.4.1 are probably minima.

The equivalent of about 12.5% of the mass of roundfish

(Section 4.5) and about 6.5% of flatfish (Furness et dl.,
1988) processed for market i is discarded as offal at sea.
These ﬁgures, ICES fish catch statistics summarised in
Section 3.3.4, lnformatron on the calonﬁc value of offal,
and estrmates of the energy requrrements of fulmars (the
- main consumer of offal in the northern North Sea)
(Furness et al., 1988) were combined to estimate the
numbers of fulmars that could be sustained throughout
the year in the North Sea (Table 6.4. 2) The estrmates of
numbers of fulmars supported in the North Sea can be
compared with a total of 1,600,000 fulmars present on
average offshore in the Noith Sea (Tasker et al., 1989).

Although the number of birds potentrally supported is
less than the total populatrons of these scavenging species
. in the North Sea as a whole, this additional food for
seabirds must have a substantial effect on totals present
in an area. In addition, the location of fisheries influ-
ences the distribution of seabirds at sea, and is likely to
affect the location of some seabird colonies. These
: alteratrons may influence the wider ecology of an area,
and may bring seabirds into areas where they are at
: greater or lesser risk from other anthropogenic factors,
such as oil pollution.
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Discarded fish and offal are only accessible to seabirds
at or near the water’s surface. Items not consumed
immediately may quickly sink beyond their reach. The
fate of this material is unknown, but it must be a poten-
tial source of food for pelagic and demersal fish, and
benthic invertebrate scavengers. Daan (1973), for
example, has considered larger specimens of plaice and
.sole in the stomachs of cod to be discards from fishing
vessels rather than wild-caught prey. On the other hand,
it seems likely that the size range of fish that are dam-
aged by trawls may be rather larger than those normally

- eaten by many predators In this case, the fish involved

may not be consumed

Spatial and temporal variations in the abundance of
discarded material available to non-seabird scavengers
will be pnmanly determined by ﬁshmg practrces, the
type of fisheries involved, and \&here they occur will

. have a profound influence. For example, near Shetland,

an area where seabrrd densities are high, only 25% of
discarded material was allowed to sink beyond the
seabirds’ reach (Sectron 6.4.1.). However, m reglons
with lower seabrrd densities, a larger proportron of
drscarded material might be expected to drop through the
water column. Discarded flatfish and gumards are
largely ignored by seabirds feeding near ﬁshmg boats
(Section 6.4.1.). Material discarded from boats at flatfish
fisheries will, therefore, mainly be explorted by other
animals.

On occasion, the quantity of fish discarded, for instance
from spilled catches and dumpmg from klondykers, may
swamp the seabrrds ability to respond and large quan-

tities may pile up on the seabed. This may have a variety
of short- and long-term effects on the local habitat. In the

" rather unusual circumstances of a mass mortality of

herring in the shallow part of a fjord in Norway, Oug e
al. (1991) reported far-reaching effects on the benthic
community with a recovery time of three years.

Imertebrate animals are drscarded from vrrtually every
bottom trawl haul. These are largely 1gnored by seabirds.
Fragrle animals damaged through capture may provide a
further food source for submarine sca»engers

The fate of discarded material not explorted by seabirds
has not been examined in any great detail. No qua.ntrtat-
ive data exist to allow us to estimate the actual quantities
involved.

. 6.5  Lost Gear and Other Fisheries Debris

Because the data are so hrmted itis drfﬁcult to evaluate
the relative rmportance of lost ﬁshrng gear, as opposed
to other anthropogemc actwrtres and natural processes as
a cause of mortahtres to marine organisms. One can,

however, to some extent document the level to which
marine litter and debns due to man’s activities is present
in the marine environment and the relative amount
attributable to fishing. What follows relates primarily to
those ltems of debris, fishing generated or otherwrse,
having a direct and potentrally life-threatening impact on
marine life. It is 1mportant to note that much of the
debris found in the oceans may be either inert (glass,
etc.) or brodegradable (paper, orgamcs etc.) and, while
aesthetrcally unpleasing, of little consequence to marine
life.
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As noted in Sectron 4.4, the only quantrtatne information

on lost ﬁshrng gear in the North Sea is the unpublished .

MAFF Cirolana 7/91 data (Pope, pers. comm.). The
trawl used in this survey collected 2.17 kg/hr of debns,
of which 1.07 kg (49%) was directly attnbutable to
fishing activities. Discarded or lost nettmg made up 24%
(0.528 kg/hr). In addition, a paper, based on visual
observations, descnbmg the overall and relatrve distnibu-
tions of ﬂoatmg marine litter i in some areas of the North
Sea indicated that nylon netting and rope represented

only a small proportion of the debris encountered (Drxon .

and Drxon, 1983) Other categones of 1tems (metal and
glass, man -made wood items, paper and cardboard and
plastics) were all more frequently observed. As most lost
nets would be submerged thrs observed frequency must
greatly underestimate their true abundance.

It should be recogni'zed that some portion of the debris
which cannot be documented as of fishing origin does, in
fact, come from fishing actrvrtres Much of the packaging
.and wastes from the mamtenance and operauon of fishing

“vessels and from the at- sea sustenance of their crews is
known to be discarded at sea. Although unaesthetic, and
whether degradable or not, little of the debris can be
shown to be harmful to marine orgamsms Exceptrons to
this, noted in Section 4.4, involve entanglements in nets,
packing straps, and other plastrc debris and the ingestion
of debris by some organisms.

The Canadian Department of Fisheries and Oceans
(DFO) data provrdes some insight into the abundance and
hazards of marine debns to fish (Rowell working doc.

9). For 1,070 sea trips on the Scotian Shelf, onboard .

observers recorded a total of 260 incidents where marine
organisms were either internally or externally affected by
plastic debris (98% fish, 2% shellfish). Nearly half of
these incidents involved porbeagle sharks (Lamna nasus)
with strapprng bands about their bodies. Over a 38-day
period, one Faroe Islands long- lmer, drrectmg for
porbeagle sharks, captured 26 with packing or strappmg
bands on them. All showed some level of damage to the
skin and in two cases the bands had cut deeply enough
for the skin to heal over them. The majority of other
cases mvolved fish which had mgested pieces of plastic
bags or rope or were entangled in discarded monofila-
ment nets. For the Southern Ocean, Slip and Burton
(1991) noted the entanglement of fur seals (Araocephalu.r
gazella) in plastic strappmg as well as plastrc ingestion
by seabirds. The same authors report fur seals bemg
observed entangled in fishing gear.

It should be noted that for many items, such as packmg
straps, there is no evidence as to their fisheries or non-
fisheries origin.

Canadian "Marme Plastrc Debns Occurrence Reports

collected over two years and representrng 1,070 ﬁshmg
trips by 11 countries, give some information on the
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dumping of plastic debris on the Scotian Shelf and on the
rate at which changes in practice can be achieved if
ﬁshrng companies, ﬁshermen s groups, and go»emment
agencies decide to stop such practices. Over a two-year
penod the percentage of Canadian fishing vessels
dumpmg plastic debris at sea dropped from 99 % to 2%,
This was the result of a corporate decision by one large
ﬁshmg company to bring all garbage ashore, a fisher-
men’s umon educatmg and encouragrng its members to
do the same, and provision, by government, of dumping
facilities on wharfs. .

7 LONG-TERM EFFECTS OF FISHING

ACTIVITIES

In the North Sea the direct effects of ﬁshrng, other
anthropogemc activities and natural processes will act in
concert and, in the longer term, grve rise to mdrrect
effects. Flshmg actrvrtres may create indirect effects in
several ways. There may be changes in the feedrng
relatronshrps of organisms, changes in the genetic make-
up of populations and other changes, such as changes in

_ the habitat. In the longer term, the mixture of direct and

indirect effects makes it extremely difficult to establish
causal relationships between the amount of fishing and
observed long-term population changes. :

7.1 What Can be Known About the Long-Term
Effects?
7.1.1 Effects of fishing on feeding interactions

Frshmg can affect feedmg relatronshrps by causmg
changes in prey for predators, in predatlon pressure on

_ prey, or in populations of potential competrtors (Gulland

1971). The direct effect of fisheries is to reduce popula-

tions of target or by-caught species. Hence ﬁshenes

mmally decrease populations of predators, prey, or
competltors However, the immediate reductions in
populatrons caused by fishing can be followed by mdrrect
increases in other populatrons, or even the same ones.
These changes can occur because the fish remmed by the
fishery no longer consume prey or compete with other
fish. Effects need not be direct; linkages can stretch
across several mteractmg populations. Effects are also
not always consistent with intuition,

If ﬁshlng alters the abundance of populatrons, there
almost certarnly will be indirect consequences on other
specres or groups of species. Food web theorists and

. community ecologists have shown that it will be nearly

rmpossrble to predrct what the consequences will be a
priori, and nearly lmpossrble to attribute changes in an
individual prey, predator, or competrtor populatron to
ﬁshery-mduced changes in a target stock. The cases

,when it may be possrble to link dynarmcs of predator and

prey (or competitor) populations occur when a fishery



changes a population greatly over a short time. Then the
immediate trophic effects may be apparent. Unfortunate-
ly, the immediate effects are transrent and the final
outcome (mcrease, decrease. or no change) cannot be
predncted with certamty for any of the populatrons,
including the one being fished.

Several features of marine food webs contnbute to
making it impossible to prednct indirect (or long- term)
effects of fisheries. One is simply that for all but the
upper levels, the North Sea food web is poorly known
“(Anon. 1988b, 1989c¢, l99le) Differential grouping of
species for dlfferent parts of a food web places many
restrictions on the inferences which can be drawn from

analyses of the web (Hall and Raffaelli, 1991; Schoenly .

and Sugihara, in press). These are data-based limitations,
but there are also other problems. :

Important specnes, mcludmg many ﬁsh stocks, feed on
different types of prey at dlfferent ages, sizes, or
life- hxstory stages (Osman et al., 1990; Tschumy, 1982,
many others). Because of this life- htstory ommvore,
feedmg loops and mdlrect predatron are common That
is, a predator on one life history stage may be prey of
another. Potentlal competxtors eat each other. One life
history stage may eat competrtors of another life hlstory
stage. . More complex relationships are plausible, and
certainly occur (Polis et al., 1989).

Several dxfferent modelling approaches to these complex
relatronshnps all show that if one investigates the conse-
quences of a change in one populatlon, the results are
indeterminant. Consequences will vary dependmg
oninitial abundances of all the spec1es, the structure of
the model formulations, and specxﬁc parameter values for
their mteractlons Models mdlcate that although the
initial responses of populatlons may be predicted subse-
quent populatxon responses may amplify, rrutlgate or
- even reverse the initial responses (Polis et al., 1989;

Pimm and" Rlce,vl987 Yodzis, 1988; Hastmgs and-

Wollkind, 1982; Wemer and Gillaim, 1984)

The analytical studies have shown that intuition may be
" misleading as a way to mvestlgate mdrrect effects of
. fishing on other populatrons Nonetheless, intuition will
contmue to be used. It is 1mponant to set clear lmuts on
its utility. For a Group of mteractmg predators, prey,
and competltors, it may be possnble to. predlct the
distribution of outcomes (i.e., the proportion of species
.whxch will i mcrease, decrease, or not change), but not the

long-term response of any individual species (Sugihara et °

al., 1989; Wemer and Gilliam, 1984; Polis er al.; 1989;
Pimm and Rice, 1987; lem, 1991). This suggests that
long-term effects of fi shing may be reflected by summary

attnbutes of groups of species (i.e., species drversrty,>

commumty size composition), but not by attributes of
single populatlons »

- (Bender et al.,

. An rmportant exceptlon to the rule of limited predlctabll-

ity is the likely elimination of a vulnerable species by
sustamed o»er-exploxtatron, but in general the ability to

. examine effects on smgle species is limited. It is certain-
<y possxble to predxct the short*term effects of ﬁshmg on

the specxes harvested, and on other specres for which
they are lmportant prey, predators, or competltors

. (where "important” is poorly defined, but dependencxes

must be very strong) Studies of press perturbatrons
1984) of model systems suggest the
short- term effects expected to last at most twice the
av erage life span of specres expenencmg mortahty before

* other indirect effects may dommate the initial dlrect

ones. These indirect effects may be even in the opposnte
drrectlon from the mmal effect (Yodzxs, 1988). More-
over, _ﬁshmg is not the only influence on the numbers of
animals. The little regularity to be expected from marine
food webs will be diminished by other factors affecting
recruitment levels, growth rates, and survivorship
(Wollkind et al.; 1982; Polis et al., 1989).

7.1. 2 Effects of fishmg on the genetrc make—up of
populations

Genetlc effects arise from selective harvestmg of popula-
tions. Such selection may reduce the genetic diversity of
the populations harv ested. The genetic changes might
alter life hlstory characteristics, and thereby the ecologi-
cal requirements of the populations over time.

Fish or lnyertebrate stocks Which are subject to heavy
fishing pressure have seldom declined to such low levels

- that the loss of genetlc diversity has become a questton
. of prime rmportance

Recently, however, there is
evidence, both from the field and the hatchery, that
genetrc diversity may be reduced by heavy harvestxng
even at high populatxon levels. Smith ez al. (l99l), ina
study of Orange Roughie in New Zealand, found a loss
of diversity as older and larger (more heterozygous) '
mdmduals were selectively removed from the popula-
tion.

To study the loss of genetlc dlversuy of populatrons due
to harvesting, it is necessary to know somethmg about -
the genetrc make-up of the stock. This information is
rarely_ available, although information is accumulating,
partlcularly for salmon stOcks There the eyldence of loss

mterventrons such as salmon farming, enhancement
projects, and hatcheries.

Law and Grey (1988 1989) have examined the evolution
of yields in age-structured populatxons Blythe and Stokes
(1990) considered the effects on both ﬂtness and yield of
size selective harv esting. There is now much theoretical
interest in this field; particular emphasis has been placed .
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on the way in which size selective fisheries may cause .
: changes in growth rate and age/size at matunty.

These processes feed back into the effects of size
selection on sustainable yleld Such theoretical work has

) implications for viable harvesting strategies. The work

also may provide a means by which we can characterise

-the dynamics and health of fish stocks.

In parallel to theoretlcal work there lS an- mcreasmg

amount of laboratory and field work (e.g., Rowell et al.,

1989, and the recent_ conference "The Explortauon of
E\olvmg Populatlons . Juhch 1992) in which attempts
are being made to measure both selection differentials
and selectlon responses. lnterpretatrons are not srmple,
how ever Gene/envrronment interactions are common and
lmportant so correlation - studies can be mconclusrve
Also harvestmg changes densrtles as well as gene-pool
characteristics, so life hrstory traits may alter simply due

, to different densities of populations, rather than different

gene frequencies.

Sections 3 and 6 show that fishing is a major source of
mortahty on adults of many fish stocks. Studies of fish

populatlon genetrcs are just beginning, but there are

indications that such high levels of fishing mortalrty are
likely to alter genetrc composmons of fish populatrons
Such alterations are important for at least two reasons.

" First, when the genetic make-up of populations is

changed by ﬁshmg, stocks will not return to pre-fishery

_ condmonsrf fishing pressure is reduced. Second, altered
genetic structures make it likely that the stocks have

reduced abrhty to cope with other challenges, due to the

* strong directional selection for characteristics compatible

with high le\els of explortatlon Both possrbllmes
represent lmportant indirect consequences of fishing, but
the field has not progressed far enough to evaluate the
possibilities rigorously for any wild fish stock.

7.1.3  Other effects of fishing

Other effects of ﬁshmg are revrewed in Sections 4 and 6.
They include resuspensron of sediments, altering nutrient

‘avarlabrhty, and physical alteration of the sea floor
.mcludmg removal and/or displacement of benthic
‘, orgamsms

Long term cascadtng changes in commumty structure
may occur if ‘keystone populatrons are adversely

. affected by ﬁshmg, leading to marked changes in the

pattem of predatlon and/or competttlon Competition can
be for space as well as for food (Paine, 1974;
Roughgarden, 1986), so the distinction between stnctly
habitat effects and trophlc effects is not perfect For

hexample, cascadmg effects may occur when the mtensrty.
of predation is reduced by the removal of fish predators.
If there is a strong lmkage between fish and their benthic.

prey, their removal may lead to an mcrease in the
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" numbers of a competrtrvely dominant specres which

would otherwise be eaten. Stuch 'keystone specres effects
have been demonstrated experimentally for some rocky
shore commumtles (Pame, 1974, 1980), but mampulatlve
experiments on soft-bottom benthic habitats have gen-
erally failed to produce such dramatic cascading
responses (e.g., Summerson and Peterson, 1984; Hall

- and Raffaelli, 1991; Hall et al., 1992). Indeed from
- available evidence to date, it v»ould appear that the

majority of linkages between specres in food webs are
feeble (Paine, 1992; Lawton, 1992) and the probabxhty
ofa dramatrc cascadmg interaction after trophic lmks are

- broken appears, therefore, to be low.

It is rmportant to drstmgursh between the effect of
breaking strong functronal links between specxes and
effects resulting from sxmple changes in the avmlabrllty
of secondary space As examples of the latter, the

. removal of any reef building specles, such as mussel

beds or SabeIIarra will mevrtably result in large changes

_in the specles associated wrth the reef structure itself,
.Changes in the structure of pnmary space may also be
vlmportant and most obvrously occurs when boulders and

rocks are removed or dlsturbed by ﬁshmg gears Reef
building species represent one end of a spectrum from

. sediment stabilisers to de-stabilisers. Because changes in

sedrment stability can indirectly affect other members of

. the commumty, itis possrble that fishing removes species

which are 1mportant in this respect and that this leads to
knock-on effects on other commumty members. " In
general, it seems likely that sediment stabilising species
will be most affected by fishing and that the resultant
destablllsatlon of sediments may then lead to other
commumty changes. At present however, such changes

. remain purely speculatne and, even if fishing effects are

left aside, categorical statements about the role of many

. benthic taxa for sediment stablhty aré difficult to make
: (Nowell and Jumars, 1984; Jumars and Nowell, 1984).

E\en classical hypotheses which invoke sediment
stabrhsatron as an rmportant mechanism to explam
observed patterns in benthic communities (e.g., "Trophxc
Group Amensalism”, Rhoads, 1974) have been difficult
to extend beyond the habitat for which they were orig-
mally formulated (Posey, 1986, 1990; Thrush, 1986a,b;

- Commito, 1987 Comnuto and Boncavage, 1989)

In the case of trawlmg in offshore habntats lt is now

- incontrovertible that some macro-benthic animals get
. killed (e.g.; BEON, -1990). However, the effects of thjs

mortallty on the populatnons of the affected specres are
less clear. Short-term studies can be expected to yreld
reasonable estimates of mortahty rates for species of
interest, but the persrstence of such local effects will be

* determined by the re-invasion of adults (either by passive
" transport or active migration from unaffected areas) and
- by larval recruitment. The degree to which these latter

processes of recolonisation and recruitment will mitigate
the effects we observe after trawling depends critically



on the population dynamics of the affected species (e.g.,
generation time and life-history strategy), the behaviour
_of the affected species, and the patchiness of disturbance.

This latter factor determines the extent of the areas from

which re-estabhshment can take place The frequency of
disturbance in relation to the rate of recovery is another
critical factor. ’

"One general effect of fishing disturbance that has been
suggested for benthlc communities is that overall produc-
tivity may increase. Thxs change may arise through the
direct effect of fishing on populations of long-lived slow-

‘ growmg taxa, leadmg to replacement by smaller faster-
growing taxa whose populatlons are better able to
respond numencally to continued disturbance (Reisé,
1982). It is often suggested that such shifts also lead to
changes in other commumty parameters such as species
diversity which is, for many, an 1mportant intuitive
yardstick for measunng environmental effects. It is
lmportant to point out, howe\er, that not all le\els of
disturbance will necessanly result in lower commumty
diversity.- On the contrary, current ecological theory
would support the idea that intermediate levels of

disturbance would result in an increase in the values for -

" this parameter (Connell; 1978; Huston, 1979).
7.2 Long-term Changes in the North Sea

7.2.1 Benthos

7.2.1. i Changes

The possnbrllty that disturbance by flshmg can have direct
long-term consequences for North Sea macro-benthic
populations or communities cannot be discounted. On
local scales, partlcularly in mshore habitats, there are
documented cases of the loss of target populatlons such
as oysters. the loss of especrally sensitive solitary species
such as seapens or cup corals, and the destruction of
reefs built by species such as Sabellaria or calcerous
algae (Riesen and Reise, 1982; Fowler, ‘1989 Brown,
1989). In the case of reef destructlon, indirect effects on
the faunal commumty associated with the reef will
probably be profound (Section 7.1.3) and recovery is
likely to be protracted There is also evidence for
localised habrtat changes where encrustmg eplfaunal
populations are affected by the removal and disturbance
of rock and boulder substrates (Sectlon 4)

While the changes outlmed above undoubtedly occur and
are a legmmate concern in local areas of spec1ﬁc conser-
vation interest, the evidence for more wndespread and
general regronal effects isunclear. One suggested long-
term consequence of ﬁshmg disturbance at regional
scales is a decline in the populatlons of taxa sensitive to
physical damage and an increase in the populatlons of
less fragile taxa. For example, it could be argued that
species such as hemut crabs and sea stars will increase

in abundance because they can scavenge on the animals
Wthl‘l are left damaged after ﬂshmg There appear to be
no mvestlgatxons of this type of possible long term
impact of ﬁshlng :

It should be recogmsed that while some progress is bemg
made in estimating the frequency and patchiness of
disturbance (see, for example, Rr_]nsdorp etal., 1991), a
quantltatne mechanistic understandmg of the processes
underlying recolonisation and recovery is lacking.

Without such mechanistic understanding, effects observed
at practical scales of observation are difficult to relate to

_possible effects at the larger scales of interest to environ-

mental managers The need to address the problems of
appropnate time and space scaleés has led to a number of
research programmes which have looked for differences
between benthic communities dlffermg only in the level
of ﬁshmg disturbance they experience. This approach has
been adopted for example, in BEON (1991) where a
sandy area was compared with an adJacent area
("Borkum Reef’) in which the sandy substrate is inter-
spersed with boulders, preventing or limiting ﬁshmg
effort This study failed to detect any srgmﬁcant differ-
ences in the benthic commumty of the area which could

' clearly be attributed to beam trawlmg However, the

untrawled" Borkum Reef was later found to have been
trawled heavnly as well (BEON, 1992). '

The disappearance of Sabellaria reefs from localized
inshore areas of the North Sea provndes another example
Sabellaria is a specxalwed polychaete worm, usually

- associated wrth gravelly substrates. In favourable condi-

tions, it can form extensne colonies consnstmg of ngld
sand-tubes, which may persist for several years Riesen
and Reise (1982) ascribed their dlsappearance from a
location in the German Wadden Sea to destructxon by’
shnmp ﬁshmg trawls Mussel beds have now encroached

“over parts of a nearby area subject to similar change

(Riese and Schubert, 1987) The |onger-term conse-
quence, therefore, appears to be a major shift from one
assemblage type to another. ‘The same explanatlon has
been offered for a reduction in reefs off parts of the UK
coast (Mistakidis, 1956; Warren, 1973; see also Graham,
1955; Rees, 1982).

high frequency of trawl dlsturbance would be the
favounng of r- over K-selected specles, as noted by de
Groot (1984), among others. In this respect, intermittent
effects on populations of ’resilient’ specles might be
considered intrinsically less significant than for
Sabellaria and Arctica. In the former case, the re-devel-
opment of reefs may take several years, while the
re-establlshment of mature populatlons of the latter would
similarly be an extended process, by virtue of lts long
llfe-span In both cases, vanablllty in recrultment success
adds a further element of unpredictability to recovery
rates. Boesch and Rosenberg (1981) predicted that, in

35



general recovery times for the macrobenthos of temper-
ate regions would be less than five years for shallow
waters (mcludmg estuanes) 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.

The magmtude and persnstence of dredge effects clearly
vary with many environmental and operahonal factors.
The most vulnerable habltats and benthic communities
are associated with very localized inshore rocky areas;
the least vulnerable are those ‘on intertidal mobxle
sandflats.

The above examples necessanly dealt with local 1mpacts
of ﬁshmg on benthos. An alternative approach to assess-
ing the potenual effect of ﬁshmg disturbance was used by
Daan (1991) and is summarized in Section 6. The results
suggest that on a reglonal scale fisheries have a relauvely
small impact on the biomass of benthic populations,
compared to other sources of mortality.

7.2.12 Per'spectiv&

As described in Section 3. 1, there are no time-series data
on benthos which allow long- term trends (i.e., spanning
several decades) in the North Sea as a whole to be
identified or interpreted.

lnshore specres and commumues are vulnerable toa wxde
range of natural and anlhropogemc sources of mortallty
but, for those inhabiting sandy substrates in exposed

areas they are generally the most resilient. The conse-

quences of anthropogemc mﬂuences for the -fauna of
stable deposxts (inshore and offshore) may be considered
to- be more sxgmﬁcant because of prolonged rates of
recovery due to the longer life-spans and mtermxttent
recrultment success of a number of the characterising

species.

'Assessments of the drstnbutlon and abundance of con-

splcuous species relative to known sources of mortalrty
are useful means to give a perspectlve on the 1mportance
of ﬁshmg practises. As such, the selection of appropnate
*indicators® for future quantltatlve study is to be recom-
mended. The Study Group did not discuss how they
should be identified or monitored. There has been

rpamcular interest in Echmocardlum cordatum and

Arctica islandica (see Sectlon 6. 3. 1) where the scale of
fisheries- generated mortality may be such as to far
exceed other sources of mortallty Swept area estimates
for the North Sea suggest that in a number of sub-areas,
fishing pressures should be sufﬁcrent to sngmﬁcantly
reduce populations of these two species. However,
reference to the results from the 1986 North Sea Benthos
Survey (Figures 7.2.1.1 and 7.2.1. 2) shows that popula-
tions of both are wrdespread and - at least for
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Echinocardium cordatum in the central southern North
Sea - consistent with earlier studies (e.g., Ursin, 1960).
However, alternative effects of a more subtle nature may
also be srgmficant e.g., regular dlsturbance may favour

, opportumstlc or physically robust specres This may be

reflected in changes in commumty structure or function,
with consequences for hlgher trophic levels, but not
necessarily in sxgmficant mortallty and certainly not
global extinction - of conspxcuous specxes Itis clear that
further work is requlred on the processes determmmg
populatlon and communlty responses to physical pertur-
bations before definitive statements can be made. Direct
mortality rates have been measured for few species and
on local scales. We know little about trophic linkages of
benthos, about benthlc-pelaglc couphng, about habitat
specificity of benthic populations and factors which
influence recruitment and recolonization.

Moreover, it is not entrrely clear what an appropnate
scale for analysxs would be because we know so little
about the larger-scale processes mvolved in recruxtment
and recolomzauon in benthic communities. What is clear,
however, is that documentmg effects with reference to
single trawl tracks is insufficient and that the time and
space scales on which the ecological effects of fishing
need to be assessed do not match the scales on which
most studies have been conducted. Longer-term studies
are required if the recovery of affected communities is to
be assessed.

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. .

722 Fish

7.2.2.1 Trdphlc effects

' As summarized in Section 7.1.1, the calhollc taste of

many predators, and large suite of specxes feedmg on
most types of prey make it difficult to quanufy ways in
whnch effects of fishing reverberate among species
related by feedmg Moreover, variance in blologlcal

_ populatlons in response to a dynarmc physncal environ-

ment provides a noisy settmg in which to investi gate such
effects. Two avenues have some promise. One is to use
empirically parametenzed models which include only the
dynarmcs of those species whose feeding relatxonshnps
are quantlﬁed Here the startmg conditions and parame-
ters are known. so models can provide useful information
about interactions among fish populauons, if only over
time scales of a few years. to a few decades The other
approach is to examine summary statistics of the fish
assemblage, without - trying to resolve what caused



observed changes in individual species, or forecast how
individual populations will change in the future.

7.2.2.1:1 MSVPA

Multispecies Virtual Population Analysis (MSVPA)
procedures have been applied to the North Sea fisheries
by the ICES Multispecies Assessment Workmg Group

The methods and results are presented in recent reports
of that ‘Working Group (Anon. 1988b, 1989c, 199le)

MSVPA and MSFOR (the forecastmg \ersxon of
MSVPA) allow quantitative investigation of many
problems assocxated ‘with the indirect effects of fishery
practices on North Sea ﬁsh populatlons In pamcular,
MSFOR predrcts the responses of prey populations (by
age) to changmg abundance of dominant fish predators,
and the responses of predator populatrons (by age) to
changes in their prey. Typical outputs are illustrated in
Table 7.2.2.1; extracted from Anon. (1989c¢). Tl’llS table
shows the 1mpact of each species of predator on each
species of prey and can be formatted to show the sensi-
tivity of each predator to changes in the abundance of
each prey.

Presently, the predators modelled are cod, whiting,

mackerel, saithe and haddock; prey include cod, whiting,
haddock hemng, sprat sandecl, and Norway pout.
Other specres of predator and prey can be added, but
only if stringent standards for data avarlabrhty are met.
The species included are the ones of major commercral
importance in the North Sea. <

MSVPA and MSFOR can be used to explore quantrtat-
ively how changes in fish populatrons due directly to
fishing harvests may ha\e additional consequences on
other stocks, and e\en on themselves, due to feedmg
llnkages The quantrtatrve results underscore the pomts
made in Section 7.1 about the mdetermmacy of the
consequences of perturbatrons To illustrate; MSFOR
was used to predtct the percentage changes in total
biomass, spawmng biomass and catch, following a30%
reduction in fishing mortahty by the roundﬁsh ﬁshery
(Gislason, in prep) Even the four specres harvested
dlrectly by the roundﬁsh fleet did not show matchmg

pulatron responses to identical reductions in F. Cod

‘biomass rncreased greatly, saithe, somewhat less, whrtmg

changed very little and the total biomass of haddock
actually decreased (Table 7.2, 2. .2). When a modest
amount of recrultment variation was added to the
forecastmg runs, even the direction (lncrease or

decrease) in which biomass changed in response to the .

reduced F's on roundfish was undetermined for haddock,

sprat and sand eels. Only the prey populatlons of hemng
and Norway pout were reduced consrstently when their
predators experience higher survivorship (Table 7.2.2.3).

When effort was reduced by 10% in-all fisheries,
biomass still declined for haddock and Norway pout.
Among the other stocks there is a five-fold difference in

the magnitudes of response to the consistent reduction in
F (Table 7.2.2.9). The 10% reductions were forecast
with constant recrurtment The five-fold difference
among stocks would increase had recruitment variation
been added to the runs.

These examples rllustrate two rmportant pomts The first
is the value of MSFOR as a research tool to m\estlgate
how fisheries affect stocks in the long run. The second
is a validation of the warning in Section 7.1 that intuition
and qualitative models can mislead when used to evaluate

' indirect consequences of fishing. MSVPA and MSFOR

for the North Sea constitute one of the few mstances with
sufﬁcrent data to specify startmg populatron sizes and
lmkage parameters Even the directions of response of
key prey populations are mdetermmant and magnitudes
of responses differ greatly i m response to a fixed change
in harvest. Moreover, even these results o»ersrmpllfy
reality. MSFOR contams no provision for density
dependent growth processes although such processes
may be important in real populatrons Addmg such
further complexities will only increase the range of
outcomes possible, given some simple change in pattern
or mtensrty of harvest.

7.2.2.1, 2 Measures ot‘ .Lsscmblage/commumty struc-
E turcs

Ecologists have developed an array of ‘summary
measures of characteristics of communities or assem-
blages. The number and variety of indices that have been
applied to species abundance data, e.g., diversity indices,
have been re\lewed in several texts (Pielou, 1975;
Washmgton 1984; Magurran. 1991). The concept of
specres dnersrty contains two components species
nchness and the evenness of species abundance The
numerous mdrces used in the llterature vary in their
sensmvxty to one or other of these two components
Consequently, no one index can convey all the informa-
tion requrred to distinguish all possible changes in
commumty structure that can occur over time, or be
found between habitats. A suite of carefully chosen
descnptors is required, each chosen because of its
specxﬁc response to a partrcular type of \anatron in
commumty structure. In this way, the dynamic response
of an assemblage of specres to ﬁshery -induced changes

"in the abundance of target specres may be captured

These indices should call attention to noteworthy alter—
ations in assemblage structure, if the value of a summary
index changes abruptly.

Analyses of the size spectrum of biomass has been useful
in lnmnologlcal apphcatrons (Sprules and Munawar,
1986) They convey mfonnauon about changes in the
distribution of blomass among size categories. In particu-
lar, the slope may reflect system productxvxty, transfer
efﬁcrency, and how ﬁshmg pressure has altered com-
munity structure (Sheldon et al., 1972; Kerr, 1974;
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Murawski and Idoine, 1989). This approach has been
applled to the fish assemblages of several marine
regions.
Bank, the North Sea has relatively less blomass in the
large size groups (Pope and Knights, 1982; Pope et al.,

1988; Pope, 1989) (see Figure 7.2.2. 1). This has been
explamed as a possrble direct consequence of more
intensive harvesting in the North Sea. Because of the
relationship between fish size and diet (Daan, 1973;

Basmu and Grove, 1985), differences in the slope of the
specres aggregated number at length relatlonshlp imply

differences in trophlc structure in the fish communities of

the three regions. Such analyses do not forecast what
further changes would occur if fisheries for individual
specres were to change, or what the unfished biomass
spectrum would look like.

In Figure 7.2.2.2, the log-length frequency distribution
of fish caught dunng the Englxsh Ground Fish Surv ey are
presented for two years (1977 and 1991) for all NSTF
areas separately in companson with the overall North
Sea slopes. Such data refer typically to the fish commun-
ity caught by the bottom- trawl gear and not necessanly
to the entire fish commumty, because the pelagxc species
and sandeels are not effectrvely caught. From these data,
it would appear that there are consnstently more larger
ﬁsh and relatlvely fewer smaller fish in the northern
areas compared to the southém areas. Also, there
appears to be a difference between the earlier and, the
later year, with fewer large fish i in the recent year. This
might be indicative of a change in explontatron reglonally
.and temporanly However, more extensive analyses are
required to validate these conclusions.

There are many multivariate methods for the analysis of
patterns of comrnunmes These analytxcal tools, such as‘
CANOCO (ter Brack 1989), can also reveal changes in
the orgamratxon of groups of species in response to
external mﬂuences (e.g., lglesuas, 1981; Mirza and
Gray, 1981) mcludmg ﬁshmg pressure For illustrative
purposes, these various analyses were applled to the
International Young Fish Survey data collected by
Scottish fisheries research vessels over the period 1972

to 1991 within three regions of the northern North Sea.
" Among the results (see Section 9.1), specres diversity
decreased further away from the British northeast coast
and may have cycled between 1977 and 1991; the fish
‘assemblage of the most offshore area had a larger
percentage of bigger fish than either of the two other
areas from 1972 to 1984, but not from 1986 onwards;

patterns of specnes abundance varied between 1972 and .

+ 1983, but became more stable thereafter. The underlying

reasons for these spatlal and temporal differences in
pattern remain unclear. However, they point out specrﬁc

times (1983-1984) when the structure of the fish com-
munity appears to have changed and where boundanes
between drfferent communities may exrst The data are
from only part of the North Sea, and are subject to any
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Compared to Georges Bank, or the Faroes

samplmg deficiencies of the survey. Nevertheless, the
analyses show the value of these methods to 1dent|fy

~when and where some structuring processes have oper-

ated.

Most assemblage analysis methods are methods for
describing patterns. As with MSVPA, these quantitative

. and qualltatlve tools for analyzing pattems in biocoenosis

structure have potential; they also have their limitations.

_The first major limitation is that process cannot be

1mplxed directly from pattem All the processes which
nught link ﬁshmg practlces to changes in the fish
commumty will remain unknown after application of
such analytical tools, however, the analyses should aid in
the design of the necessary process-onentated studies. A
further lmutatron with this type of analysis is that it
presupposes that appropnate data exist. As revrewed in
earlier secuons, there are serious data gaps Without

. ﬁllmg these gaps, only the most speculative of analyses

can be undertaken.
7.2.2.1.3 Analyses of "Key" or "Indicator” species

There may be species of special interest in the North
Sea. The Study Group did not dISCUSS how they should
be ldentrf ed or monitored.

7.2.2. 1 4 Food web models

Food web models have been proposed and discussed for
the North Sea (Jones, 1982; Steele, 1974). As noted in
Section 7.1.1, however, they are unlikely to provrde
clear and useful msrghts into specific effects of ﬁshmg on
the dynamics of mteractmg populations. Where there is

. detailed knowledge of trophic lmkages, such as for
- linkages between commercrally explorted specnes of fish,

MSVPA already providesa ngorous and quantltatlve tool
for exanunmg the effects. Different predators in MSVPA
have been shown to have different slopes for their size
preference functions (Anon., 1989c). Differences in
slopes of size preferences have large |mpacts on feedmg
mteracuons, so sxmpllfymg assumptlons of general
feeding models are likely to be wrong in important

. features. Much work must be done before food web

models can be used to evaluate the effects of fisheries on
North Sea fish populations. :

72215 Alteration of life history characteristics

. Within ICES, much effort has been devoted to the study

of variatxon inlife history characteristics of exploited fish
specxes Many abiotic as well as biotic factors have been
documented to be correlated wnth growth or maturity

,parameters of North Sea fish species. In general it has

not been possible to relate any of these parameters to
indirect effects of fishing with any certainty (Daan et al.;

1990a). The Study Group decided that there was little to



. be learned from this type of approach to inv estlgatmg the
indirect effects of fishing.

7.2.2.2 Habitat mediated effects of fishing

The Study Group was unable to address the

uantll'cauon of habntat mediated effects of fishing
practices on ﬁsh Data on the 1mpact of fishing gears on
the physical envnronment are mcomplete (Section 4.3).
Even with better data on habitat alteratrons very little i is
known of the habitat affinities of many North Sea taxa.
Even in cases where something is known of the patterns
of habitat usage, actual habitat requirements have not
been documented. Both data bases and analytical tools
. are inadequate for quantlfymg the habitat - stock relation-
ships for any fish specnes in the North Sea. However,
mcubatlon or rearing habitats may be sensitive to
disturbance by local ﬁshmg activities, with possrble
consequences for recruitment.

'7.2.2.3 Genetic effects

There are a number of studies which indicate that fishing
has altered the life-history characteristics of North Sea
stocks. The observed changes in growth, maturation and

'fecundxty of North Sea plarce are consistent with the
levels and pattems of fishing mortaltty (Rijnsdorp, 1992).
Rowell (1992) suggests that there is a decrease in size at
maturity for North Sea cod, and that seléction due to
fishing explains this trend better than alternative explana-
tions. Other analyses of cod growth and maturation
provide different estimates for the portion of any changes
that can be attributed to genetic effects.

There is a developmg ability to use quantltatrve popula-
tion genetrcs to help to identify optimal, or even viable,
hanestmg strateg:es for fish (i.e.; the conference on
"The explortatlon of evolving populations”, Julich,
1992). Where they have been applied, they indicate that
current levels of harvesting are much too high for some
key North Sea stocks, and could be causing large and
undesirable changes in the life histories of the species
being harvested (Stokes, 1992).

The mtegratron of quantltauve populatlon genetlcs with
fisheries management is a field in its infancy. It may
provxde powerful tools for evaluatmg the long-term
consequences of ﬁshmg pracuces Even at this early
stage it is providing wammg that harvestmg levels are
dangerously high for some stocks. The models do not
make clear what the populatron genetics response would
be, though, were fishing pressure reduced.

72.2.4 Perspective

A few drrect effects of ﬁshmg on fish populauons are
clearly evrdent The changes in age composrtlon of fished

stocks in the North Sea have been conclusively linked to-

harvesting. The evidence that fishing has changed other
life hlstory attributes, such as growth and maturatxon
rates, is less complete, but fairly strong and growing.

. The slope of the biomass at length plotis steeper for the

North Sea than that for other seas which have been
examined. That could be mterpreted as mdrcatmg that the
combined biomass of fish has been fished more heavily
in the North Sea, but it could also be the consequences
of basic differences in community structure (Anon .
1991e).

Desplte the long ‘history of relatnely heavy ﬁshmg
mortahty, there are only a few population collapses
which can be linked directly with fishing (Section 3).

‘The decline in mackérel in the late 1960s was almost

certamly caused by very large removals. The collapse of
the North Sea herring in 1976-1978 has been linked to
over-harvestmg However, the recruitment failure which
followed can be explained by anomalies in North Sea
circulation affectmg recruitment processes, as well as by
depressed spawning biomass. Whatever the cause, the
stock rebounded strongly less than half a decade later.

Fxshmg mortahtles on both cod and plaxce have been
ncreasmg steadily for recent decades, to values twice as
large as they were in 1960. Sole showed a comparable
rise in Fs in the 1960s. Plaice and sole have remained
strong, but current levels of effort on cod and haddock
are high enough to cause serious concem m ACF\l

. There are fears that further reductlons in spawning stock

biomass could lead to recruitment fallure Fisheries may
have also changed the abundance of non-target specxes,
taken as by-catch, such as skates (Purdom and Garrod,
1990).

There is a lot of variation in all the fish populations,
including those harvested by the industrial fisheries.
However, few of the fluctuations can be attributed
directly to fishing. Most variation seems recruitment
driven, rather than harvest driven. Not a single strong
stock recruitment relationship has been found for a North
Sea stock, with the possible exception of herring and
mackerel. 'lherefore. even if removals by fisheries have
reduced some stock blomasses, it would be difficult to
link the direct effect of removals to longer term changes
in recruitment. The major ﬂuctuatlons m recruitment
(and subsequently in bromass) seem more successfully
linked to physncal oceanography effects than to blologlcal
consequences of fish harvests. This applies pamcularly
to the major changes in biomass levels for specres
groups, such as the *gadoid outburst" and the shift in
small pelagrcs in the 1980s (Jakobsson, 1991). However,
alternative explanatlons based on changing predator
levels (Andersen and Ursin, 1977) and food supply

.(Jones, 1982) have been proposed as well. -

The data available are inadequate to demonstrate miajor
and consistent impacts of fishing on population dynarmcs
of even the individual stocks harvested, although some
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life hrstory attributes ha»e unquestronably changed

Given the difficulties in seeing or predicting indirect
effects of populatlon changes (Section 7.1), we should
not be surprised at the paucity of documented indirect
changes. Certamly if we add to our understandmg of the
biological and physrcal processes operatmg in the North
Sea (and how they interact), we may be better able to
rdenttfy and study indirect and long -term effects of
fishing. Perhaps the collsction of more and better data
will allow more long-term effects to be seen. Perhaps
whatever maJor changes did result from fishing occurred
many decades ago. Then, with current levels of fishing
effort comparable to historic levels for most roundfish,

at least, perhaps we should not expect fisheries to rnake
ma_;or new changes in fish communities now. This is not
arguing that a new equrhbnum has necessanly been
estabhshed Rather the present levels of perturbatron
constitute the normal condmon for the duratlon of our
data series. With that reasoning, it would be appropriate
to momtor new fisheries, and ﬁshenes where effort
shows major changes.

7.2.3 Seabirds

Seablrd numbers are relatrvely easy to count in compan-
son to fish numbers. As a consequence, thelr populations
have been tracked for a century in some cases (Section
3.1). Numbers of 15 of the 24 species of seabirds
breeding in the North Sea have increased in recent years.
. Numbers of 7 species have remained constant, or have
"not been surveyed adequately Only two, herring gull
(Larus argentatus) and roseate tern (Sterna dugale), have
dechned in number (Lloyd et al., 1991). Adverse effects
of any anthropogenlc processes are, therefore, either
relatlvely small or are masked by posmve effects of other
processes on a North Sea scale. Seabirds are affected by
- variation in many natural processes, so it is difficult to
isolate effects of fishing from other factors.

7.2.3.1 Trophic effects

Significant alteration of the structure of marine fish
populations by man’s fishing activities will impact bird
populations. Seabirds feed on intertidal and nearshore
_benthos, pelagic invertebrates, pelagic and young
demersal fish, and ﬁshmg discards and offal. The
quantlﬁcatron of man’s indirect effects is complex,
however (Section 7.1.1). The inherent complexity of the
problem is exacerbated by the lack of knowledge of
offshore seabird diet in the North Sea and the known
plasticity of the diet elsew here. There is some knowledge
of chick diet of the most important species dunng the
breedmg season, determmed through observations at
colonies. In addltlon, some researchers have examlned
stomachs of dead birds washed up on beaches, or have
collected birds at sea, usually in relatively inshore and
sheltered sites. Very few studies have been carried out
further to sea.
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Knowledge of estuarine bird diet is reasonably good
relatively few specres prey directly on mussels, cockles
or other harvested specres In local srtuatlons these prey

“may be important for some specres

Fisheries may compete drrectly for the same prey as
seabirds. In the North Sea, sandeels, sprat and young
gadids are taken both by many birds and industrial
fisheries. In most cases where fish stocks have declined
in a linear fashron (as opposed to catastrophrcally),
fisheries become uneconomic before seabirds are severe-
ly affected. Inshore fisheries for mussels and cockles
compete with bird populatrons feedmg on these shellﬁsh
collapse of the mussel and cockle stocks in the southern
Wadden Sea in the winter of 1990/1991 which led to
starvation and mass mortality of eiders i in the area (de
Kuip, 1991).

Catastrophrc declines in fish stocks can affect both
seabirds and fisheries. There are nimerous cases over-
seas. The effect of the El Nifio/Southern 0scrllat10n in
the Pacific is perhaps the best known. Here the collapse
in the anchoveta fishery was paralleled by a collapse in
seabird populatrons which have never recovered to their
pre-collapse levels. Decreases in fish recrurtment affec-
ting seabird populatrons have occurred in the Shetland
sand eel stock, and the North Sea sprat stock. Blake
(1984) considered that the collapse in this latter stock
was partly responsrble for a mass mortality of auks in the
western North Sea in winter 1982/1983.

The proxrmate cause of the above collapses in pelagic
stocks seems to be recruitment failure. Such stocks rarely
show strong stock recruitment relatronshrps but do show
marked environmental correlates with the productron of
very weak (and very strong) year classes. Therefore. it
has proven extremely difficult to isolate the contnbutlon
of harvestmg to the collapses, although harvesting may
play a role in accelerating or prolonglng the collapse

Hence, although seabirds may serve as useful momtors
of the status of some fish stocks, at least locally, they are
not monitoring the impacts of fisheries on the stocks
(Rice, 1992). Moreover, because collapses occur even in
absence of fishing (Souter and Isaacs, 1974; Sherman er
al., 1981; Southward et al., 1988), it is 1mpossrble to
manage ﬁshenes in ways whlch guarantee that pelagrc
stocks will never collapse Questlons about the impact of
fisheries on seabrrds should address whether or not
fisheries increase the frequency, duration or magnitude
of collapses. More generally, it is important that fisheries
for those species on which seabirds (and other marine
predators) depend are managed with other components of
the ecosystem in mind. Most of these fisheries "are
industrial, which are among the least knovm and man

aged in the North' Sea.



, al., 1991; Cramp et al.;

Changes have occurred in many fish populations in the
North Sea (Sectron 3.0. Some of these changes in fish
populatnons have had consequences for seabird popula-
tions. However, until the lmkages among manne species,
and the factors which determine recruitment levels of
fish, are better known, it will not be possible to quantify
the indirect effects of fisheries on seabirds. Even
modelhng has a limited ability to relate ﬁshenes in the
North Sea to changes in fish commumty structure or to
seabird populatrons At present general systems and
energetrcs models are too srmple and insensitive, and

~ there is insufficient information on seabird diet to include

them in most of the empirical models that are available.

Theére has been some drspute over thé proportion of the
fish population in an area taken by seabirds, with
Furness (1978) considering that seabirds took about 29 %

of the pelagic fish stock around Shetland, and Bourne ‘.
' (1983) claiming a figure about one-tenth of this value.

Tasker et al. (1989) modelled the entire North Sea and
found that about 5% of the pelagic fish production was
taken overall by seablrds but that there were h hot spots
ratio between quantmes of offal and small fish taken by
fulmars was a key factor in determining seabird rmpact
on the North Sea ecosystem -

The spatral and temporal patchmess of seablrd predatron

is widely recogmsed Tasker et al. ( 1989) estimated that _

seablrd consumptron may differ by an order of magnitude
among parts of the North Sea and between months.
Impacts may be even greater on more local scales
(Fumess, 1978 1982 Furness and Monaghan, 1987;
Schneider, 1989). . .

The complexities of interpreting interactions among
seabnrds, fish stocks and fisheries is illustrated by the
interactions around the Shetland Islands. Table 7.2. 3.1
shows the numbers of breeding seabirds i in Shetland in
1985- 1987 Populatrons of seabrrds have been monitored
with varying levels of effort for two decades (Lloyd et
1974; Bullock and Gomersall,
1981; Monaghan e al., 1989). In general seabird
populations expanded through the 1970s and early 1980s.
A fishery on the local stock of sand eels, the dominant
prey for many of the seabirds, commenced in 1974 and
rose to a peak of 52,000 tonnes in 1982, In 1984 Arctic
terns showed a near total breedlng fallure Through the

rest of the 1980s, poor breedmg success and other effects

of poor food supply were noted for kittiwakes, fulmars,
arctic skua, pufﬁn, great skua, razorbill, and black
guillemot: all specres which forage relatrvely near the
surface. Breeding success of guillemot, gannet, cormor-
ant and shag, which all can dive more deeply, has

»generally not been affected as senously The ﬁshery

showed marked declmes over the same period, and was
terrrunated in 1991, .

Declines in seabird breeding and fisheries were both
related to srgmﬁcant declines in the sand eel stocks
(\‘[onaghan etal., 1989, 1992) The declmes in sand eels

resulted from a series of recrurtment failures which

began in 1982 although spaummg biomass remained
high for several years thereafter (Barley, 1991). Environ-
mental effects, including hydrography and predatxon by -
other pelagrc fish stocks, have been suggested as causes
of the recruitment failure. Possibly seabird numbers and
the sand eel fishery increased in parallel with an increase
in stock size for sand eels, although thé status of the sand
eel stock was not quantified untrl the fishery was under-
way. The subsequent recruitment failures and decline in
stock size cannot be automatlcally taken as ‘evidence of .
direct 1mpacts caused by fisheries and the case illustrates
that even for a relativ ely local system, the mterplay

. among the hydrography, fish p0pulat|ons predators and

fisheries is complex

ln general it appears that of the offshore fisheries that
may be in direct competltlon with seabirds, the industrial
fisheries for sand eel, sprat and Norway pout are the
most important. To: understand how fisheries may be
affecting seabirds, it is therefore particularly important
to study the har\estmg practrces of the industrial fish-
eries. : :

- 7.2.3.2 Discards and offal

The enormous growth in numbers of scavenging seabirds
in the North Sea has often been attributed to extra food
provided by man from fishing vessels (Fisher, 1953;
Cramp et al., 1974; Lloyd er al.; 1991). This seems
reasonable, but the grth could alternativ ely have been
caused by other factors, such as reduction in human
exploitation. :

Spaans (1971) found that while adult herring gulls fed
predominantly on intertidal invertebrates in the Nether-
lands, chicks were fed mainly on fish. Between 20% and
33% of this fish came from fishery dlscards, and Spaans

. argued that this was lrkely to be important in determining

breeding success of the population.

Furness et al. (1988) studied the dominance hlerarchy in'

those species of seabirds feedmg around ﬁshmg vessels
in Shetland waters. Larger specres, such as gannets
often excluded smaller specres, such as herring gulls and

- kittiwakes. Gannets took mostly whole discarded fish,

and could take almost all sizes of discard. Gulls also took
whole discarded fish, but could not handle the largest
srzes drscarded at that trme very efl fectxvely or rapidly; as

a consequence these were often robbed by other birds.
Great skuas preferred to feed on sand eels when these
were available, but could utilise discards. The large
increase in numbers of great skuas around Shetland
during this century may have been sustained by the
availability of small haddock and whiting discarded from
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the local ﬁshery (Furness and Hlslop, l981 Fumess,
1987) .

" In the southern North Sea, Noordhuis and Spaans‘(l9§2)
showed that lesser black-backed gulls out-competed
herring gulls near trawlers, and have forced herring gulls

to switch to other food supplxes This change in food -

supply has contributed consxderably to a decrease in
herring gull breeding success since-the late 1960s.
Although absolute numbers of herring gulls have not
 fallen, numbers of lesser black-backed gulls ha»e grown
propomonately faster.

Some changes nught be expected in the future. The
. decline in whitefish catch (and presumably discards and
offal) since the 1970s (Secuon 3. 1), coupled with the
contmued increase m .the more aggressxve dommant
specxes of seabirds i m the northern North Sea, may have
put the less competxme species in this area (herring gull,
lesser black- backed gull and kittiwake) under increased
pressure to obtain this food. The decline in numbers of
these three species in the northern North Sea (Section
3.1, Lloyd et al., 1991) may indicate that this is happen-
ing already. Future changes in fi sheries practlces which
affect the production of discards and offal can be

expected to affect seabirds which depend on this source -

of food.
7.2.3.3 Perspectives

Despite the evidence of some local effects of fishing on
birds, there is no evidence of a reduction in bird popula-
tions around the North Sea due to entanglements, even at
a colony level. Such evidence is difficult, sometimes
impossible, to collect. It is unlikely that small changes in
seabird populations could have been detected if they have
occurred Inshore gnll net fisheries appear to be the most
hkely to cause seabird mortallly Due to the small boats
prosecuting this ﬁshery, it is also one where monitoring
and regulation are particularly weak.,

, Most seabird biologists attribute some of the increase in
at least some species of seabirds directly to increased
food supply from offal and discards from fisheries. Even

“here, populatxon changes may also have been influenced
by decreases in hunting pressure as well, so even the
direct effect of fishing on seabird food cannot be demon-

- strated unequivocally. Both seabirds and fisheries have

suffered when some - specific stocks of small pelagics ..

have collapsed (e.g., the Shetlands) However, the
collapses in stocks, and correspondmg losses of food by

seabirds, cannot be shown to be a’ consequence of -

ﬁshmg Ralher, hydrographlc influences seem slrongly
implicated in the recruitment failures. Because they
harvest the same specxes, some industrial fisheries
present the greatest potenual for compemlon with
seabirds. Nonetheless, he most recent evaluation of
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industrial fisheries indicates that present levels of harvest
are sustainable (Anon., 1991c).

7.2.4  Marine Marials

The life hxstory of marine mammals is such that environ-
mental effects will show up ﬁrst in reproductlve

attributes. Consequences of chan ges in feeding conditions
include effects on pup size, milk productnon, growth

" rates, size at weaning, birth rates, infant mortalnty rates

and - other features (Harkonen and Heide-Jorgensen,
1991; Anon., 1992d). Marine mammals have a life
expectancy of a decade or more, and relauvely low
fecundnty, so populahon consequences of poor recruit-

- ment for several years can persnst for a long time.

Manne mammal reproductxon is "also sensitive to
contatmnant levels (Reunders, 1986, 1988) There is

. concem that if contaminant levels become elevated in

North Sea manne mammal populauons these populatlons
may become more vulnerable to any additional stresses,
mcludmg any stresses that may be caused by fishing
practlces

» 7241 §eals '

The diet of seals in the North Sea has been studied in
recent years mainly in response to questions concerning

“the effects of seals on fisheries. Work by the Sea

Mammal Research Unit has concentrated on using
analyses of otoliths from faecal samples to estimate the
proportion by wexght of different species in the diet of
grey seals (Prime and Hammond, 1990; llammond and
ane, 1990). Results show that grey seals eat a wide
variety of fish, but tend to concentrate on a few spec:es

In the North Sea, the most prevalent species are sand
eels and large gadids, especially cod and, to a lesser
extent; whiting. In the southern North Sea, and in
Orkney, flatfish also contnbute sngmﬁcantly to the diet.

The propomons of these species in the diet vaned by
area and by time of year There is no mformatxon on the
local abundance of prey species, so it is not known
whether this vanauon reflects a preference for certain
specxes or predatlon in propomon to relauve abundance.

Aberdeen Umversnty, in conJunctlon with SOAFD have
undertaken a study to mvestlgate the ecology and diet of
harbour and grey seals in the Moray Firth, Scotland.
Various methods for evaluating diet were compared. The
food of both species consisted mainly of inshore fish, but
included some offshore fish and cephalopods Seasonal

‘and yearly changes in the diet reflected changes in the
- local abundance of different fish specnes, feedmg sites

also changed Seals fed predommantly on small clupelds
in winter and principally on sand eels in summer
(Thompson et al., 1991). A marked mcrease in the
lmportance of cephalopods in the summer diet has been -
observed over the period 1988-1991 (Anon., 1992d).



There is little information on how seal diet may have
changed over time as a result of ﬁshmg activities.

Northndge (1990) has m\estlgated the relationship
between grey seal dict and the size of demersal fish
stocks off the east coast of the UK for a number of years
within the framework of an optimal foragmg model The
results suggest that grey seals do exert some degree of
preference for certain species; that is, they do not simply
 eat fish in proportion to their abundance. This analysrs
assumes, among other things, that the relative abundance
- of fish available to the seals is reflected by the relative
abundance of fish observed on surveys in that area.

The observed dlet of seals (especrally grey seals) in the
North Sea indicates that seals are able to respond to
changes m the relative avarlablllty of prey. species.
Fishing in the North Sea may affect foraging distribution
and diet composrtlon of seals but, to date, there is no
evidence that this has had any significant effect on
populatlons

Numbers of both grey and common seals have increased
in the recent decades, with the exception of the epizootic
outbreak in common seals in 1988 (see Sectrons 3, 4,
- and 6). The prmcrple cause of this increase is assumed
to be the protection from huntmg (Reijnders and
Lankester, 1990). Some local population declines have
‘been documented (Reijnders and Wolff, 1982; Wug,
1986). Local populatrons have been affected by contarm-
nation with toxic chemicals (see Section 6). The impact
of this over the long term is presently unknown.

7.2.4.2 Cetaceans

Relatively little is known about the species interactions
involving cetaceans in the North Sea. The harbour
porpoise was believed to prey preferentially on herring
and gadoid fishes (Ray, 1965, 1973; Gaskin et al.,

- 1974). However, over the penod when herring abun—
dance was low, no evidence of a decline in body condi-
tion or fecundrty was observed (Clausen, 199 1), suggest-
ing that they were not short of food. Recent studies of
stranded and by-caught porporses suggest that demersal
fish species may be more lmportant in porpoise diets

-than was prevrously thought (Martm et al.; 19?0 .L‘Ck
lrkely to provrde only biased estimates of porp0|se diet;

" better records would be provided using by-caught

animals (Anon.; 1992d).

7.2.4.3 Perspectives

Among marine - mammal species, seals are the most
readily surveyed and populatlon census data are available
. for most North Sea reglons for between one and three
decades (Rerjnders and Lankester, 1990). 0ver this
period, grey seal populatrons in the North Sea have
either been stable in size, or have increased. The situ-

. 1988; Anon.,

ation is similar for common seals up to, and in the years
following, the sharp decline caused by the phocine
distemper virus in 1988 (Heide-Jorgensen and Harkonen,
1992d). There is little evrdence therefore
to suggest that by-catch monahty. or other mortality
sources, have had any significant impact on seal popula-
tions. However, where mortality has been documented,
it frequently involves juvenile ammals (Anon.; 1992d)
and this may hamper the potential recovery of a popula-
tion reduced by some other trauma, for example, the
epizootic in common seals.

The long-term trends in small cetacean populatrons in the
North Sea are ‘unclear due to the lack of quantitative
information on historical and present abundance. Albeit
still abundant in the northern North Sea (BJurge and
Oien, 1990), porporse numbsers in the southern North Sea
have declined markedly over several decades (Verway,
1975; Kayes, 1985; Evans, 1987; Reijnders and
Lankester, 1990). Slrmlarly, bottlenose dolphms are now
rare in the southem North Sea, where they used to be

“relatively abundant (Verwey; 1975). There is no evi-

dence to suggest that food shortages arising through
fishing have been a contnbutory factor in these declines.

By—catches of dolphms and porporses in ﬁshmg gears
continue to be a matter of publlc concem, however, the
populatron rmpacts of this are currently unknown. There
is no consensus regardmg the actual number and popula-
tion structure of cetaceans in the North Sea It is, there-
fore, lmpossrble to assess the lmpact of any addrtronal
mortahty above that resultmg from natural processes

However, it has been pomted out that *small cetacean
populations, and harbour porpoises in partlcular
(Woodley and Read, 1991), are probably unable to
sustain a large additional mortality because they have a
low annual reproductive rate and hrgh adult mortality”

(Anon.; 1992d)

8 POSSIBLE MANAGEMENT OBJECTIVES
CONFLICTS AND SOLUTIONS

Even if the full extent of the ecosystem effects of ﬁshmg
remains unclear, the explortatron of the hvmg resources
in the North Sea undoubtedly affects the structure and
functioning” of the ecosystern and must therefore be
viewed agamst other management objectives. Atthe same
time, fisheries are likely to be affected by other human
activities having an rmpact on the ecosystem and by the
overndmg climatic factors over which man has -little
control. This section discusses potentral conflicts and

: possrble ways to resolve them. The scope for mtegrated

management depends largely on the deﬁmtlon of an
appropriate set of objectrves for the drfferent uses of the
North Sea. Therefore, it seems appropriate to discuss
first the present situation in this respect.
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8.1  Fisherics Management Ohjectives

The responsibility for fisheries management in the North
Sea Task Force area lies within the bordering countries.
Since member states of the EC. have handed over their
responSlblllty to the Fisheries Commission, fisheries

. management has to be agreed between the EC, Norway
and Sweden. In developmg its policy, the EC has to take
into account the procedures within member states and
possrble legal economlc and socxal consequences of
in 1983, 1s based on the free access principle of all
member states to the 200-mile zone of the Commumty
waters, with the exemption of some parts lying within
the 12-mile zone. ;

The overall objectlve of the CFP is the long- term rational
development of the fisheries in the member states.

Although this objective is pnmanly an economic one, it
is clearly acknowledged that, in order to maintain viable
fisheries, steps are taken to guarantee the contmued
existence and productnvrty of commercial fish stocks. In
. the interests of both fishermen and consumers, rules have
been introduced for controllmg the level of explontatron

These rules are backed up by technical measures to
improve the explontatron pattems, special measures to
satrsfy the needs of coastal fisheries, and enforcement
measures.

The basis for controlling fishing effort has been the Total
Allowable Catch (TAC) system The advantage of this
system is that it is relatively easy to spllt ﬁshmg rights
among member states once the key for partmomng TACs
according to historic catch levels had been established.
However, a dlsadvantage is that it is an mdlrect measure
of controllmg ﬁshmg effort, which does not take into
account discrepancies between actual catches at sea and
landmgs (e.g.; discards). In practlce, enforcement has
caused severe problems, which resulted in a detenoratlon
of catch statistics and, consequently, in a reduction in the
reliability of the scientific advice. Moreover, the TAC
system does not cover all fisheries. In addition to TACs
and technical measures, the Fisheries Commission has
already developed guideline plans for effort reduction in
its Multiannual Guidance Plan. These are likely to be
emphasnzed when the CFP is reviewed in 1993 (Comnus-
sion of the European Communities, 1991).

Although decxsnon makmg is essentrally a. polmcal
process, the initial proposals for TAC’s made by the
Fisheries Commission are based largely on scientific
advice. Thxs advice is prov1ded annually by the Advisory
Committee on Fishery Management (ACFM) of ICES.
. Because clear guidelines in respect of the management
objectives of the policy makers were lacking, ACFM has
developed its own set of scientific criteria for rational
explortatlon on which the advice was based. The result-
ing TAC advice was generally in the form of a single
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“value. A matter of partlcular dlspute m the past has been

to which extent economic criteria must be mcorporated
in the advrce The biological and economic objectives of
fisheries management are so interlinked that this problem
has never been solved satisfactorily Recently, there is a
tendency for ACFM to become less cconcerned with the
economics of fisheries and to leave it to the managers as
to whether they want to prolong a situation of overfishing
as long as the stocks are not suffering recruitment
failure. As a conseiiuence, the advice has become less
deﬁmte and the range of possrble options from which the

.managers may choose has broadened. In 1991; ACFM

reconsndered its objectives, tasks and the form of its
advice (Annex 3), because it was felt that the new
attitude towards management of the sea in general
required some essential adjustments

The agreed objectlve of ACFM is now t provxde the

advice necessary to maintain viable fisheries within
sustainable ecosystems, where an ecosystem is defined as
sustainable if management actions (mcludmg no action)
do not result in irretrievable loss of any component of
the system This is of course not to say that losses may

“not occur regardless of human activities. Although the

sustainable ecosystem is now explicitly mcorporated in
the basis of the ACFM advrce, the realrty is that there
are at present few objective means to assess the ecosys-
tem in relation to fisheries effects. Tradmonally, the

“advice has been based on single specres and sometimes

multispecies assessment, and this is not lrk_ely to change
in the near future. HoWever, ACFM has stated that it is
prepared to take ecosystem considerations mto account
when formulating its advice.

One aspect worth mentlomng here is that, m prepanng
its advice, ACFM is gulded by a set of quantltatrve sign
posts, which allow an objective assessment of the impact
of the ﬁshenes on individual fish stocks. What is
equnred isan extensnon of such si gn posts for evaluating
ecosystem effects. :

8.2  Ecosystem Management Ohjectiyos '

Ecosystem management lS aimed at an mtegratlon of the
vanous uses of the sea, with partrcular emphasrs on
nature conservation or. possibly . restoration to some
perceived desrrable state. Sustamabrlxty of the develop-

“ ment of human actwrtles and the wise use of the sea are

an lmportant issue in this respect (Bruntland report). The
precautlonary approach has been explicitly introduced in
the polxcy adopted in the Declaratrons of the Second and

. Third lntemauonal Conferences on the Protection of the

North Sea. The 1mpl|catxon is that, m case of doubt as to

_the effects on the marine envnronment preventxve or

remedlal action is to be taken, i.e., any decision should

_err on the safe side (Hey, 1991). The precautronary

approach has been made applicable, to all inputs of
substances that are persistent, toxic and liable to bicaccu-



mulate and was extended to apply to inputs of nutnents
and pollutron from ships. Fisheries effects do not seem
to have been considered in this context so far,

Clearly, the ultimate objectnes of ecosystem manage-
ment are not yet well defined. The North Sea Task Force
is in the process of formulating an appropnate set of
ecological objectives, but these have not yet crystallrzed
(TF 5/5/15-E). During a recent session of the sub- -group
on ecological objectrves the followmg dratt definition of

, ecologrcal quality® was arrived at: "an expressron of the

structure and function of the ecologrcal system takmg
into account natural physrographxc, geographlc and
climatic factors as well as biological, physrcal and
chemical condmons. including those resultmg from
human activities”. This definition recognizes the local
(and frequently habrtat-related) scale of practical manage-

: ment problems that are lxkely to arise.

The Advisory Committee on Marme Pollution (ACMP)
of ICES has, rather than formulatmg objectrves, elabor-
ated on’a framework for - environmental protectlon
(Annex 4). This framework is based on the concept that
the combined benefits of the vanous uses to society must
outwelgh the combined deﬁcrts or detriment. Although
science may play a role in denvmg limits on the envnron-
mental changes that are pemutted to occur and also i in
suggestmg actions that will minimize unnecessary
environmental changes, setting the ultimate obJectrves 18
clearly, just as in ﬁshenes, within the provmce of
managers Scxence can only help in defining and select-
ing appropriate objectives.

83 Managesent Conﬂicts

In the context of ecosystem effects of ﬁshmg activities,
the possnble links between ecologlcal objectrves and
fisheries management ObJeCtIVCS are partlcularly relevant.

Because fisheries management is founded on the concept
of sustamable yrelds, the ecological and fisheries objec-
tives run toa large extent parallel and contrary to those
of ¢ some other users. For mstance, certain contarmnants

and rrumng operatlons may have negatrve effects on both

the quality of the marine environment and on fish
productlon or, specrﬁcally, the quality of fisheries
products

On the other hand, there may be opposnte mterests
because large-scale fishing operatlons will undoubtedly
have an effect on the fauna. Flrstly, any srgmﬁcant
reduction in the biomass or change in the relative size
composition of a fish stock will necessarily affect the
flow of energy through the manne food web, Although
it is possrble in. pnncrple to investigate possrble and
likely effects of ﬂshmg on the system through modellmg
studies (Andersen and Ursin, 1977), it is generally
agreed that the quantitative knowledge about the compo-
nents lower in the food chain is insufficient to have

confidence in ansvyers from those studies. Secondly,
ﬁshmg operatlons may ha\e unintentional side effects
(physrcal changes in habrtat discards, accxdental by-

. catches, etc.), which may cascade through the system
‘ Also in this case. the scale of such effects relatrve to

\\\\\

unknovm \loreover, there is a set of parameters describ-
ing ecosystem characteristics (div: ersrty, kreversrbllrty,
structure in space and time) which at present are difficult
to relate to direct or indirect effects of fishing. Thlrdly,
ﬁshmg operatlons rmght lead to (near) extinction of
species which are taken as a by-catch The chance for
such effects to occur depends on the scales of the fishing
operatlons in relation to the scale of the dynanucs of the

- species under consideration.

ln some respects ﬁshenes, ltke other human actlvrtles,
applles for instance to certain groups of birds whrch‘
thrive on discards and the interest of which runs parallel
to present fishing practlces It is qurte obvious that .
conservation and restoratron measures may cause changes
in the ecosystem which are not entlrely satisfactory to all
members of society concemed Recreatron of the pnstme
condrtron of the North Sea i is an utopia. Any descnptron
of a reference situation is arbitrary, because the system
is not static. Therefore, one may wonder to what extent
science can help in developmg objectrve cntena for
1ntegratmg various types of uses of the marine environ-
ment.

8.4 l’osslhle Solutlons

Fisheries are sustained by natural productlvrty Wrse
management acknowledges that explortatxon is con-
strained by the potentlal of the resource to balance the
losses due to fishing by growth and reproductlon The
unintentional effects on non-commercral fish and benthos
stocks must be viewed along the same lines. Wise

- management, therefore, should also prevent detrimental

side effects on other components. The well-managed
explouatlon of ﬁshenes, therefore, does not necessanly
nn counter to objectlves set for the conservation of other
parts of the ecosystem.

Pope s (1984) minimum sustainable whmge model shows
the nature of the trade—offs between a selection of
possible long-term social, economic and blologrcal
obJectrves It stresses the avordance of *worst’ conditions

~ rather than the attainment of ‘best’ conditions. Such

thrnkmg could readlly be extended to include the avoid-
ance of envnronmental *worst’ condltrons

Optrmisation of the long -term economic outputs of the
ﬁshery generally requlres the use of the econormcally
most efficient gear. Such a gear may have greater or
lesser effects on vulnerable components of the ecosystem
than would a less efficient gear, Thus, in some cases the
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ecosystem might be impacted less by employing low
levels of an economically efficient gear, whereas in
others it might be preferable to use higher levels of a less
efficient gear. In a rational world, knowledge of these
trade offs could provide managers with an additional set
of consrderations to balance when deciding on the
appropriate measures. In short, we might consider
reducmg side effects (benthos kills) or waste (discards)
as one of the objectives of fisheries management to be
balanced with obJecmes related to catch levels, profit-
ability and employment. A number of tradmonal fisheries
management approaches could be considered in attempts
to meet the appropnate obJechves These would include
combmauons of effort reductxons, gear restrictions,

closed areas, closed seasons, etc., all of whlch could, if .

applred appropnately, reduce the impact on a variety of
elements of the ecosystem The relevance of these
measures in the present context is discussed below.

8.4.1 * Effort reductions .

Fisheries science is based on the concept that the impact
of a fishery on a fish stock depends on the relative
magmtude of the mortahty caused by natural processes
(diseases, predatxon) and by ﬁshmg. With the exception
of those stocks which present a special case due to their

'schoolmg behaviour (e.g.» pelagic fish), the fishing

mortality expenenced by a fish stock is proportxonal to
the fishing effort (e.g., the number of hours trawling
corrected for horse power of the vessel) This should
apply similarly to most species constituting the uninten-
tional by-catch Therefore, effort reductions appear to be
extremely effective as a means to reduce side effects of
fishing.

8.42 Gear restriction.

Different fishing gears select various species and sizes of
fish in different proportlons The explontatlon pattern for
any partlcular species may, therefore, be xmproved by
the modification of certain fishmg gears For mstance.
mesh size regulatlons have been mtroduced in the past
for the pamcular reason of protecting juvenile fish. Also,

certain gears have been prohibited (e g., explosn es, long
drift nets).

Although grll nets present exceptrons in partlcular
circumstances, because they can be employed at locatrons

" with high fish abundance where towed gears would

become damaged (rocky bottoms, wrecks) actne gears
are generally more efficient than passnve gears As a
consequence, the less effi cient passne gears have often
been out-competed for economic reasons (e.g.; herring

drift net fishery).

 Different gears vary in their selectivity and also catch

non-commercial fish, benthos, birds and mammals in
different proportions. Bottom trawls will particularly
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affect the benthos, whereas grll nets have a hi gher chance
of entanglement of birds and marine mammals. Each
gear could thus be characterized by the differential side
effects they produce on non- target species. These effects
may also vary dependmg on where and when the gear is

- deployed. For instance, the accidental by-catch of birds

and mammals in gill nets may vary in relation to the time
and place of their usage Therefore, it would appear that
given enough mformatlon on the by-catches, it mxght be
possrble to wergh the pro s and con’s of the different
gears and advrse on appropriate restnctlons of the
various gears in time and space.

8.43 Gear modifications

Apart from restnctlons on the use of available gears,
there is also scope for further development of gear
modlﬁcatlons whlch try to minimise negative effects. For
instance, the square mesh has been developed as an
alternative to diamond mesh to 1mprove the selectxvnty of

-trawls. Investment in research aimed at mcreasmg the

selectrvxty of active trawlmg gears rmght be expected to
result in srgmﬁcant lmprovements in this respect, but at
present this type of research is mostly concerned with
improv ements in explontauon patterns of the commercial
stocks. However, in order to reduce the»by-catch of
cetaceans in fishing gear, the development of acoustic
equipment has been initiated that deters these animals
from the neighbourhood of fishing operations.

8.4.4 Closed aréas

Area closures appear to be partxcularly suitable for
reductlon of some unwanted srde effects. Indeed, within

_the array of technical measures of the EC fisheries

management scheme, area closures, in combination with
closed seasons, have been applied efficiently to safeguard
nursery areas against explortatron, to reduce catches of
undersized fish, and to lmprove exploitation patterns.
Areas closed to all forms of ﬁshmg have also been
proposed for reasons of nature conservation with partrcu—
lar reference to benthlc commumtres A problem of
nature reserves in the marine envrronment is that neither

. the water mass nor the animals are constramed by

arbrtrary boundaries lmposed by man, or at least much
less so than in the terrestnal environment. Biological
processes are thus not confined to particular localities but
depend on mputs and outputs over the borders.

Area closures may be axmed at preservmg a partxcular

. species, a specrﬁc habitat or a commumty Therefore, in

selecting an appropnate area, the local and reglonal
habitat distribution and rmgratlon pattems of the specres
concemed must be taken into account. The requnred size

must be evaluated against the pamcular objectives and
cannot be generalized.



It should be noted that, if the lntroductron of a closed
area is not associated with a reduction in ﬁshmg effort,
a direct effect would be a shift in the drstnbutlon of the
effort. The assocrated negatlve effects in unprotected
areas rmght at a North Sea-wrde scale, counteract the
positive effects expected in the protected area.

"The concept ls, apart from possrble difficulties in
enforcement attractive froman expenmental perspective,
because monitoring of such areas could provxde insights
into the role of ﬁshmg as a structunng force. It should

" be noted howe\er, that, although any observed changes
in community structure would demonstrate that ﬁshmg

had an effect they would not necessanly reveal the

underlymg processes Only when momtonng studies are
integrated with process studies would the expenmental
closure provrde a sound basis for further management
consrderatrons Therefore, further consxderatlon should
be given to precisely how closed areas should be used as
a research tool.

8.4.5 Closed seasons

Some effects of closed seasons are similar to those of
_ closed areas and they are therefore, often applled as part
of an integrated set of measures. They may be partrcular—
ly effective in protectmg ecosystem components dunng
critical stages in their life hrstory (e.g., spawning time,
rmgratnon etc.). In the present context, they might for
mstance be effectlvely used if accidental by-catches of
marme mammals were related to specrﬁc times of the
year, when their distributions overlap with those of
fishing activities.

8.4.6 Other Solutions

In some special cases, economic incentives might present

an effective tool in reducmg side effects of fishing.

" These methods are bemg explored elsewhere (e.g., North
Pacific halibut ﬁshenes), but more work is requnred to
identify the scope of thxs type of solution for manage-
ment conflicts arising in the North Sea.

Training and awareness of frsherrnen offer another
possibility to reduce the impact. Education has become
an mtegrated part of the CFP and consideration might be

~given to include the aspect of avoidance of unwanted by-

catches as part of the programme
8.5 Conclusnom

From the foregomg discussion; it appears that there is
not necessanly an essential contradxctxon between
ﬁshenes management ob_]ectlves and ecosystem manage-
ment obJectlves Conflicts arise only if the respectne

protagomsts are not prepared to compromise. If conser-
vation of the North Sea is seen as an absolute return to

the pristine state, then there is no room for fishing or

any other anthropogemc actrvmes Smularly, if fisheries
are only concemed with maxmuzmg short-term profits
and do not care about the effects of their actlvmes, then

. it is not unllkely that the North Sea ecosystem will

change in an unpredrctable way and that some of its
components might even become extinct.

Fisheries management has not been partlcularly effective
in controllmg fishing effort in the Nonh Sea. Fisheries
scrence predicts that the long term proﬁtabrlrty would
increase, if the effort were halved in most ﬁshenes
Even if all the present impacts of fisheries are not
known, the magmtude of the effects will also be reduced,
when effort is reduced across the board Therefore,
effort control offers itself as a direct means to reduce the
1mpact of the North Sea fisheries on the ecosystem. In
addition, a range of technical measures is avarlable that
might solve specific problems, but more research is
required to select the appropriate measures.

Because our knowledge of the ecosystem effects of
ﬁshmg is still very limited, there is an urgent need to
plan more research in this respect The mtroductron of
one or more closed areas for screntlﬁc purposes is
expected to enhance consrderably our understandmg of
the effect of fisheries as a structuring force on the
ecosystem, particularly on the benthic community.

9 FOOD FOR THOUGHT

9.1  Changes in the Fish Assémblage Within Threé
Regions of the North Sea

A range of the types of analyses "described in Section

7.2.2.1.2 were applled to the International Young Fish
Survey data collected over_ the ‘period 1972 to 1991
within three regions of the North Sea by Scottish fish-
enes research vessels (Frgure 9.1.1).

Four diversity indices were used: the Shannon-Weiner
mdex (H') and the recxprocal of Slmpson s index (1/D),
and two indices obtained by fitting the data to the
log-normal (lambda) and log-senes (alpha) models. The

_equations for these mdrces, and methods for fitting the

theoretical models, are given in Magurran (1991). In
over 40% of samples, the log-series model provnded an
madequate descnptlon of the observed data. Annual
variation between the Shannon-Wemer index and the
recrprocal of Slmpson s indices was strongly correlated
in all three areas (P<0 001 in each case) and both

_‘suggested a sngmﬁcant trend for decreasmg dtversrty

movmg northeast into the North Sea away from the
northeast coast of the UK. The log- senes index suggested
that there was little difference m specres diversity

between boxes 1 and 2, but that specxes diversity in box
6 was S|gmﬁcantly hlgher than in both offshore boxes

(Fxgure 9.1.2a). Sngmﬁcant between-year variation was
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only indicated by the log-series index, which suggested

the possrbrlrty of a cyclrcal event (Figure 9.1.2b),
however additional years of data are required to test this
possrbrlrty

classes was plotted (Figure 9.1. 3a) and the gradlent of
the slope (regression coefﬁcxent) over the length range 20
to 65 cm, where the relatronshrp was lmear, was deter-
mined. The slope of the relationship observed in box 1
was shallower than those observed i in boxes 2 and 6; the
fish assemblage in box 1 contamed a larger proportron of
bigger fish. No difference was detected between boxes 2
and 6. No srgmﬁcant between-year effect was noted;
how ever, examination of the annual variation in the slope
gradient within each box (Figure 9.1.3b) suggested that
the gradient was shallow in box 1 up to 1984; but
between 1984 and 1986 it steepened, so that from 1987
onwards the fish assemblages in all three boxes were
indistinguishable by this method.

The Brayécurtrs drssrrmlanty index (Bray and Curtis,
1957) was applred to the species abundance data and a
cluster analysns was applied to the resultmg similarity
matnces Multi-dimensional scaling plots obtained for
each area’ suggested that the fish commumtres present
" from 1983 onwards contamed similar specres assemblage
pattems These later years were clustered closer together
on the plots (Figure 9.1. 4) and this was particularly
apparent in box 6. :

To conclude:

- Species dwersrty decreased further away from the
British northeast coast and may have cycled between
1977 and 1991; '

- The fish assemblage of the most offshore area had a

* larger percentage of bigger fish than either of the

other two areas from 1972 to 1984, but not from
1986 onwards;

- lsatterns of species abundance_ varied betyveen 1972
and 1983, but became more stable thereafter.

The underlymg reasons for these spatlal and temporal

differences in pattem remam unclear. However, they

pomt out clear moments in tlme (1983 84) where changes '

box 1) ‘may exrst thus mdncatmg when and where struc-
tunng processes must have operated Other data sets, for

example hydrological data, must now be examined to see
whether factors responsnble for these changes in species

assemblage patterns can be identified.
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9.2 Productivity (P/B) Ratios (Life History Cha-
acteristics) and Benthos Mortality

Although the blomass (standmg stock expressed as
werght per umt area or volume, B) of a populatnon is an
1mportant measure of abundance it is the productron (P,

the change of biomass per unit time) and productrvrty
(P/B, or tumn-over raté of bromass) which determine the
potentxal for the populatron s mass growth and renewal.

Predators or fisheries harvest sensu smcto. productron
and productrvrty (both are dynamic rate measures) rather
than biomass (a static measure) Because the productron
and productrvrty of a populatron determine its capacity
for explortatxon recovery, and control, these factors are
among the key terms one wishes to predlct (Peters,
1983).

: Allen (1971), workmg on the assumptlon of a stable age

structure, asserted that the annual populatlon P/B is
equivalent to the annual instantaneous rate of total
mortahty 2, provxded that mortahty is exponentxal and
that individual growth can be approxlmated by the von
Bertalanffy growth function (VBGF) Thus, given these
provisions, indirect estimates of P/B can be extracted

~ from the literature describing mortality. In this context,

"turn-over" (P/B) is obvrously highly correlated wrth
mortahty and body mass characteristics generally
(Beverton and Holt 1959; Hoemg, 1983). There is a

 general relationship between the annual P/B ratio and life

history: this indicates that the P/B ratxo mcreases with
the number of generattons produced | per year (Waters,

1977), but decreases with the longevrty (Zaika, 1970;

Robertson; 1979) and agelsize at maturity (Banse and
Mosher, 1980; Heip et al., 1982) and individual body
weight per size class (SchWinghamer et al.; 1986). An
obvious bias of P/B by demographrc parameters (e.g.,

. age structure, individual growth rate and survrvorshrp)

may lead to departures from the typical allometric

' exponent (-0.25) of size in equatrons describing specrf' c

rates (Peters, 1983). A study of populatron P, B, and
P/B and mean individual weight (W) of marine macro-
benthic mvertebrates showed a highly significant depend-
ence of P on B and W, whereas P/B depended only on

W and not on B (Brey, 1990).

Despnte the 1mportance of these types of scalar productnv-
1ty studles, a number of limitations exist regardmg their
applrcabrhty to detemunatrons of the mortalrty effects of
ﬁshmg actlvrtres on benthos. Although regressron of the
data on size at maturity (W,.) shows that P/B declines as
W,. 23 (Banse and Mosher, 1980; Peters, 1983), it is
clear that the confidence limits of the log-log relatronshrp
are consrderable, reﬂectmg the large degree of inter-taxa
vanabrlrty govemmg both the slope and elevatron of the
regressron The main taxonomic groups in the benthos
(e. g., molluscs. polychaetes crustaceans) exhibit signifi-
cantly dif; ferent regression equations (Brey, 1990). As the
faunal composition and dominance of benthic commun-



ities may vary markedly in time and space, therr P/B
ratios will vary accordmgly The P/B ratio of commun-

. ities is dominated by the contribution of the

smaller/younger size fractions (Calder, 1984; Reiss,
1989), thus emphasxsmg that there must be a partrcularly
intense drfferentlal removal of older/larger individuals
before the community P/B will be changed, by either
predators or fishing gear.

A prormsmg approach for exammmg the effect of ﬁshmg

mortahty on the benthos is to determine the variability in
P/B and assocxated lrfe histories of relevant benthic
species with respect to environmental parameters (e.g.,

ambient temperature, geographic and latitudinal gradi- -

ents) Unfortunately, few direct calculatrons of Por P/B
have been camed out for glven specres at different
localities spanning a broad range of envrronmental
charactenstrcs However, this approach has been used in
exammmg variability in life history traits (including B,

P, and P/B for cohort, age-group and populatlon) for P.

borealis at a smgle localrty (Balsfjord, northern Norway)
over a decade, as well as over the geographrcal range of
the species (Hopkins ef al., 1990; Nilssen and Hopkins,
1991; Clarke ef al., 1992). The results, inter alia, under-

lined the susceptrbrlrty of the specres towards the -

extremes of its range of distribution. Tovtards the

_southem and warmer end of the dlstnbutton,.

age-at matunty at the lower physrologrcal extreme
coupled with semelparity resulted in a situation prone to
hetghtened mortality rates. Towards the northem and
colder end of the distribution, a high age- -at- matunty

requires a high degree of rteropanty to sustain the

population, thus making such populations vulnerable to
elevated mortalities. These basic considerations apply to
porkrlotherms in general (Cole, 1954; Stearns, 1976;
Calder, 1984).

Alterations of a populatron s reproductxve charactenstrcs
throu gh differential explortatron or environmental chan ge
may reduce populauon fitness (Leggett and Carscadden,
1978). Although the mechanism is pnmanly steered

through mortality, it should be envrsaged as part of the .

realm of density dependent regulatron The potentral
difference in natural mortallty rates between populatrons

" may lead to varied responses to specrfic explortatron :

rates. Differences in life cycles, must be taken into
account when developmg prudent management strategres
(Stearns and Crandall, 1984). .

9.3 .Managing Fish Stocks while Considering

Wildlife - Problemns of Scale -

The problems that have become apparent near Shetland
(Sectlon 7.2.3.1) in the past few years are mstructrve in
showing the difficulties of managing fish stocks at the
scale important to wildlife. The Shetland sandeel 'stock’
and fishery are trivial in terms of total North Sea stock
and catch, but in terms of the North Sea’s seabirds it is

very important. Fisheries managers do not have the
resources to collect information on a small scale. This
meant that the stock was defined in terms of the area of
the fishery in whole ICES Statistical Rectangles, rather
than as a known brologrcal umt ‘Recent evrdence shows
that the Shetland stock is not unitary. As a consequence,

" stock assessment for both fishery management and,

potentxally, to evaluate the stock’s lmportance to wildlife
is extremely difficult. ‘

In the case of the Shetland stock it was fortuitous that
some statrstrcs were collected from the fishery when the
stock was mcreasrng to a peak in the early 1980s.

Without these statistics, it would have been very difficult
to determine what had happened to cause the seablrd
breedmg failures. On a wider scale, if we are to be sure
that fisheries are not affecting w11dl|fe, it is important
that sufficient research be done on key fish stocks at a

scale relevant to wildlife's usage of the same stocks.

Of the fisheries that may be in direct competltron with
seabrrds, the mdustnal fisheries for sandeel sprat and
Norway pout are likely to be the most important. While
accepting that the largest factor in detenmmng the swe
of the stocks of these fish may be variation in recruit-
ment due to environmental factors, it is alamung that the
information on stock size and dtstnbutron 15 partlcularly
poor In the most recent report available from the ICES
Industnal Fisheries Working Group, it was found that "in
1990 .. samplmg of industrial landmgs in the North Sea
decreased to an unacceptably low level. This decrease
was particularly serious in the samplmg for age composr-
tron * In the eastern North Sea, fewer than 50 samples
were taken from industrial landmgs in 1990; it should be
remembered that this ﬁshery compnsed around 50% of
the fish biomass landed in that year (Sectlon 3). If any
sort of assessment is to be made of the potentlal rmpact
of thrs very large and 1mportant fishery on seablrds, then
not only must /information be available on a relevant
scale, it must ﬁrst be collected' '

There has been a great growth in information on which
areas (and toa certam extent, v.hrch fish/fish stocks) are
important to birds in -recent years Some areas are
relatively fixed, for mstance those near major colonies.
At other times of the year, seabirds can movefurther in
search of food, but may survive better if certain fish

- stocks are large. If fisheries are to be managed while

taking other wildlife into consideration; _perhaps these
known areas and stocks should be the first to be con-
sidered. Even if stocks are mostly controlled by vari-
atlons in recrurtment due to envrronmental factors,
managers should be sure that fisheries are not exacerbat-
ing the frequency of recruitment farlures, depleting
stocks followmg such failures, or restricting the ability of

the stock to recover.
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10 RECOl\l!\lENl)ATlONS ‘

The Study Group on Ecosystem Effects of Flshmg
ACllVllleS recommends that

Recommendation 1

_v the Study Group should work by correspondence dunng
1993, with a view to meet in 1994, in order to:

a) analyze existing data on dnscards and offal to study
. temporal and spatial variations in the amounts that
are produced by different fisheries and their utiliz-
ation by and effects on different components of the
system;

b) evaluate methods of assessing impacts of groundl'rsh
fisheries on the benthic infauna and epifauna with
particular reference to P/B-related approaches;

c) analyze existing suney data in terms of appropriate
summary parameters for species assemblages, with

a view to initiating a study of changes in community
structure; .

d) consider the attributes that would be appropriate to

define indicator species for the evaluation of long—

term xmpacts of ﬁshmg in order to initiate a revrew

of information on a variety of marine spec1es that_

meet these attnbutes

, Recommendation 2

the report on Ecosystem Effects of Fishing Activities in
the North Sea (Editor, H. Gislason) should be pubhshed
in the ICES Cooperative Research Report series.

Recommendatton 3
ICES should support initiatives to establish areas of

appropriate size that are closed for all fishing in order to
monitor the response of benthlc communities in heavily

fished areas and allow process studies that could help to

understand the rmpacts of ﬁshenes

Reguests to other ICES Workingk Group‘s

The Benthos Ecology Working Group is requested to
develop criteria by which to judge the significance of
fishing and comparable anthropogenic influences on
benthos, taking account of locality- and habitat-specific
factors in order to permit the Study Group on Ecosystem
Effects of Flshmg Activities to identify appropriate
indicator species for the evaluation of long-term impacts

_of fishing.
The Industrial Fisheries Working Group is requested to
provide information on the industrial fish stocks, their
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age structure, and their fisheries on an ICES Statistical
Rectangle basis, in order to allow the Study Group on
Ecosystem Effects of Fishing Activities to evaluate the

- quantitative effects of mdustnal ﬁshenes on the ecosys-
tem.

The Study Group on Seabird-Fish Interactions is

requested to coordmate research on interactions bétween
fisheries and birds in the North Sea and ad_;acent areas
with specxal emphasis on: »

a) diet studies on species that scavenge on discards and
offal;

l)) quantitative observattons on rates of enta.nglement in
different fishing gears, ‘

c). diet studles pamcularly outside the breeding season
and away from the coast.
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Table 3.1.1 Percentage changes in numbers for those species of seabirds for which
reliable comparative data exist on British North Sea coasts between
1969/1970 and 1985/1987 (Lloyd er al., 1991). * = over 80% of
North Sea population breeds on British North Sea coasts. .

Fulmar +92%* Herring gull -43%
Gannet _ +96% * Great black-backed gull 2%
Cormorant -11%* Kittiwake +21%*
Shag -8%* Sandwich tern +54%
Arctic skua +222%* Roseate tern -87%*
Great skua +150%* Common tern -20%
Black-headed gull -20% Little tern +74%*

Lesser black-backed gull +102%* Guillemot +108%*



Table 3.3.2  Timetable of major events which have influenced the fishing effort in the North Sea.
DATE EVENT DEMERSAL ROUNDFISH DEMERSAL FLATFISH PELAGIC INDUSTRIAL CATE
" Smacks beam trawting
1870 1870
Steam trawling
1880 Otter boards . 1880
Mechanical ice . .
production
1890 1890
Steam drifters -
1900 Smacks sole fishing southemn North Seaonly = © . - Interest In fish products as 1900
MacEs w0l T uihem or ronly AL animal teed
< ICES T L maieed
1910 1910
LTWWAL - Halt remaining smacks sunk . .
Some reductionin fle R
fishing " -
| Russian Revolution
1920 |Emergence of Eastem Herring trawling 1920
Bloc tishing lleet : :
— Bridles & Bobbins
Anchor and Fly Seining
Fish meal production
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DATE EVENT DEMERSAL ROUNDFISH DEMERSAL FLATFISH PELAGIC INDUSTRIAL DATE
1930 || D |{Powered line and gill net 1830
|| E [{haulers
Radio telephone i
Direction finders ' R
Echo sounders il Ej
|8
S|
Il s |
i
o
N
1940 |Smacks all gone Torry kiln increased 1840
WW 2 ' smoking
70 % reduction in
calches
Stern trawlers Mid water pair trawling
DECCA
1950 Echo sounders as fish  |ghiphoard treezing Danish Bloden herring 1950
finders fishery
Synthetic libres
Asdic Danish Sandeel fishery
Power blocks
Nel drums
lcelandic Cod wars
Danish Norway Pout fishery
1960 Norwegian Sandeel fishery 1960
NEAFC Double beam trawling Single boat mid water
trawling
UK distant water fleet
diminshes Quotas on Herring
introduced
1970 1970
icelandic Cod wars
also In 19758
Quotas introduced on Reccomended TAC on Sole
UK, Denmark, lreland | Gadoid species
into EEC
200 Mile Hmit Total North Sea EEC agreed Pout box to 0
Agreed TAC on Plaice i Herring ban |deg
1980 Central and Northern North 1980
Agreed TAC Sole Sea ban continues
CFP Signed Sprat box introduced
EEC agreed current Pout
box and Shetland box
Spain & Portugal into EEC agrees cod box EEC agrees Plaice box
EEC
1990 1990




70

Table 3.3.3 Fish stocks for which time series of fishing mortality data are
available from ICES working groups.

Stocks _First year Last year Source *
Cod 1963 1990 Anon. 1992a
Haddock 1960 1990 Anon. 1992a
Whiting 1960 1990 Anon. 1992a
Saithe 1960 1990 Anon. 1992a
Plaice 1947 1990 Anon. 1992b
Sole 1951 1990 Anon. 1992b
Herring 1947 1990 Anon. 1991c
Sprat 1967 1984 Anon. 1985a
Mackerel (N.S. Stock) 1969 1984 Anon. 1985b
Sandeel (North) 1972 1989 Anon. 1990a
Sandeel (South) 1971 1989 Anon. 1990a
Sandeel (Shetland) 1976 1991 Anon. 1991d
Norway pout 1974 1989 Anon. 1990a




Table 3.3.4 Total international fishing effort by gear, NSTF area and quarter in 1989 as estimated from ANOVA of

STCEF data on catch and effort by fleet (see text and Annex 2 for further details).

a. Beam Trawlers. Total International Effort. (Excluding Belgium.)

Total effort in units of net beam trawl >300 HP days absent from port.

NSTF Area Quarter 1 2 3 4 Total
1
2a
2b 2 348 246 100 695
3a 2 33 35
3b 1,058 519 1,513 1,680 4,770
4 6,093 7,197 7,853 5,308 26,451
S 4,327 2,731 1,094 1,398 9,550
6 59 129 265 158 611
Ta 575 3,069 1,593 1,457 6,694
7b 3,524 3,449 4,448 4,686 16,107

b. Otter Trawlers. Total International Effort.

Total effort in units of Scottish otter trawler hours fishing.

NSTF Area  Quarter 1 2 3 4 Total
1 19,868 13,675 18,620 18,996 71,158
2a 17,553 22,055 21,511 9,742 70,860
2b 6,971 18,614 10,831 9,601 46,016
3a 10,583 16,812 13,629 25,958 66,982
3b 15,571 15,608 8,143 12,798 52,120
4 6,975 5,593 3,285 15,207 31,061
5 3,155 6,473 2,543 17,066 29,237
6 5,409 8,722 9,505 4,527 28,162
7a 3,820 6,823 11,235 4,001 25,879
7b 2,516 5,746 11,670 4,335 24,266

¢. Pair Trawlers. Total International Effort.

Total effort in units of Scottish pair trawl demersal hours fishing.

NSTF Area Quarter 1 2 3 4 Total
1 10,971 8,227 6,553 4,787 30,538
2a 8,307 32,425 5,493 2,560 48,785
2b 2,371 18,726 12,162 1,868 35,127
3a 2,367 10,513 17,745 7,795 38,420
3b 2,422 5,489 9,171 3,303 20,385
4 20,461 13,172 13,270 43,472 90,375
5 3,030 5,432 3,720 3,928 16,110
6 32,953 10,727 12,583 6,436 62,699
7a 9,099 15,683 15,525 12,456 52,763
7b 3,087 3,850 9,635 1,873 18,445
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Table 3.3.4 (cont’d)

d. Industrial Otter Trawl. Total International Effort.

Total effort in units of Danish industrial trawl > 100 GRT days absent from port.

NSTF Area Quarter 1 2 3 4 Total
1 799 418 516 607 2,340
2a 3 175 19 1 198
2b 1,650 902 423 1,061 4,036
3a 14 10 24
3b 11 617 107 735
4 5 213 190 13 422
5 45 3,121 2,204 149 5,519
6 1,789 4,275 2,032 5,745 13,841
7a 1,607 7,622 1,074 556 10,859
7b 625 7,833 2,035 502 10,996

e. Industrial Pair Trawlers. Total International Effort.

Total effort in units of Danish industrial pair > 100 GRT days absent from port.

NSTF Area Quarter 1 2 3 4 Total
1 24 1 36 14 75
2a
2b 36 49 1 86
3a 3 3
3b
4
5 27 15 148 36 226
6 389 524 2,009 467 3,390
7a 33 31 147 27 237
7o 55 1 11 16 83

f. Seines and Ringnets. Total International Effort.
Total effort in units of Scottish seine net hours fishing.

NSTF Area Quarter 1 2 3 4 Total
1 46,085 31,073 58,262 44,202 179,622
2a 3,521 4,773 3,922 4,817 17,033
2b 4,570 25,955 19,980 13,686 64,191
3a 6,475 10,564 17,600 7,719 42,358
3b 209 540 7,208 101 8,059
4 151 443 140 74 808
5 1,012 6,684 8,057 4,193 19,948
6 4,516 21,758 3,210 4,813 34,297
7a 7,605 45,576 27,534 10,157 90,872
7b 5,626 8,682 13,639 5,197 33,144
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Table 3.3.4 (cont’d)

g. Pelagic Trawlers. Total International Effort,

Total effort in units of French HSF, pelagic trawlers hours.

NSTF Area Quarter 1 2 3 4 Total
1 0 0 16,608 12,613 29,220
2a 0 0 15,859 1,124 16,983
2b 0 0 5,120 0 5,120
3a 0 1,499 3,746 0 5,245
3b 21,689 0 10,990 37,990 70,668
4 31,083 0 15,882 86,427 133,392
5 0 0 0 0 0
6 0 0 0 0 0
7a 0 0 624 20,725 21,350
7b 0 0 0 77,096 77,096

‘ h. Purse Seines. Total International Effort,

Total effort in units of Danish purse seiner days absent from port.

NSTF Area Quarter 1 2 3 4 Total
1 628 1,792 11,065 1,003 14,489
2a -0 26 1,129 323 1,478
2b 59 11 151 195 416
3a 0 0 92 7 99
3b 0 0 13 0 13
4 0 0 0 0 0
5 0 0 0 0 0
6 327 548 1,005 1,797 3,677
7a 2 1 153 110 266
7b 0 0 2 0 2

. i. Gill Net. Total International Effort.

Total effort in units of Danish gill net days absent from port.

NSTF Area Quarter 1 2 3 4 Total
1 0 7 12 0 19
2a 4 134 6 0 144
2b 4 97 52 5 158
3a 139 40 61 156 396
3b 207 354 129 250 941
4 1,254 1,557 167 311 3,289
S 696 1,809 750 735 3,990
6 198 409 269 121 997
7a 841 1,081 969 252 3,143
7b 278 1,048 492 133 1,952




Table 4.2.1 Types of fishing gear, parts in contact with the ground, penetration depths and areas fished per 100 ship hours. (Sources: Anon., 1988c; Anon., 1990c;
Margetts and Bridger, 1971; Van der Hak and Blom, 1990.)

Penetration depth of gear parts

Gear parts in contact with ground Typical width of Towing speed Estimated area

Type of gear gear parts (cm) fished Fishing area
] ] e (knots) 2100
Minor Major (m per ship) Soft ground ~ Hard ground (km“/100 h)
Beam trawl (flatfish): Trawl shoes +
a) outside 12 mile zone - Tickler or Chain 12.0x 2 6 >6 6 31.1 Extensive
b) inside 12 mile zone - mats 4.0x 2 5 ? 7 8.9 Coastal
Shrimp beam trawl Ground rope 0 0 Estuarine/
(Crangon) with rollers Shoes 0.20x 4 4-5 ’ ) 0.7 Coastal
Otter trawl - 2 otter doors 1.5x2 3-4 8-10 <5 2.0 Extensive/
Ground rope - 30 3-4 ? ? 22.2 Coastal
N - 2 otter doors 1.5x2 3.5 8-10 <5 1.9 .
Industrial single trawl] Ground rope . 25 3.5 9 9 16.2 Extensive
Industrial pair trawl Ground rope - 25 35 ? ? 16.2 Extensive
Pair trawling:
a) Pelagic - - - 3 - - - Extensive
b) Demersal Ground rope - 40 3 ? ? 26 Extensive
Seine Ground rope - - - ? - 0.05 Extensive
Estuarine/
Mussel dredge - Blade + belly 1.75x 4 2 5-25 - 2.6 Coastal
(Wadden Sea)
. Estuarine/
Cockle dredge - Suction head 1.0x2 2 25 5 0.7 Coastal
Scallop dredge
a) English (Newhaven) - bTe"l‘l"h bar + 0.75 x 16 3 3-4 237 6.6 Coastal
b) French . y 2x5 34 <10 NA 7.2
French clam dredge Blade + belly 0.7x2 34 <15 NA 0.8 Coastal




Table 4.2.2 Factors used to estimate total areas swept and impacted by various

gear types.
Beam Otter Industrial Industrial  Pair .
Factor . . Seine
trawl trawl pair trawl single trawl trawl
Area impacted (km*/100h)  31.1 2 1.9
Area swept (km*/100 h) 31,1 222 16.2 16.2 26 0.05
Conv. to Eff. in hours 16 1 16 16 1 1

Table 4.2.3 Total areas swept in 1989 (km®/year) by those parts of the gear which
have a major impact on the sea bed. (See Tables 4.2.1 and 4.2.2.)

NSTF area Beam trawl  Otter trawl Industrial single trawl Total

1 1,423 711 2,134
2a 1,417 60 1,477
2b 3,461 920 1,227 5,608
3a 176 1,340 | 7 1,523
3b 23,735 1,042 224 25,001
4 131,619 621 128 132,368
5 47,520 585 1,678 49,783
6 3,040 563 4,208 7,811
7a 33,311 518 3,301 37,130
7b 80,147 485 3,343 83,975

Total 323,009 8,914 14,887 346,811
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Table 4.2.4 Total areas swept in 1989 (km?/year) by towed fishing gear in contact with the
seabed. (See Tables 4.2.1 and 4.2.2.)

Industrial  Industrial

NSTF Area Beam trawl Otter trawl . .
pair trawl single trawl

Pair trawl Secine Total

1 15,797 195 6,077 7,940 90 30,099
2a 15,731 514 12,684 9 28,938
2b 3,461 10,216 224 10,481 9,133 32 33,547
3a 176 14,870 7 62 9,989 21 25,125
3b 23,735 11,571 1,909 5,300 4 42,519
4 131,619 6,896 1,095 23,498 0 163,108
5 47,520 6,491 587 14,331 4,189 10 73,128
6 3,040 6,252 8,803 35,943 16,302 17 70,357
7a 33,311 5,745 616 28,199 13,718 45 81,634
7b 80,147 5,387 216 28,554 4,796 17 119,117
Total 323,009 98,956 10,648 127,165 107,549 245 667.,5 72

Table 4.2.5 Estimates of area swept in 1989 by beam trawl and otter trawl (only boards) in 1,000 kn? and in
percentage of the size of the corresponding NSTF area.

Surface of Swept area Percentage of area Swept area Percentage of area
NSTF Sub-area NSTF area beam trawl otter trawl boards swept by otter trawl
1,000 km? 1,000 kny?  SWept by beam trawl U o5 42 boards
1 92 2.1 2.3
2a 68 1.5 2.2
2b 55 3.5 6.3 2.1 3.9
3a 55 0.2 0.3 1.3 2.5
3b 44 23.7 53.9 1.3 2.9
4 41 131.6 321.0 0.7 1.8
5 31 47.5 153.3 2.3 7.3
6 55 3.0 5.5 4.8 8.7
Ta 99 33.3 33.6 3.8 3.9
7b 71 80.1 112.9 3.8 5.4
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Table 4.4.1 Types of mollusc dredge fisheries and their initial biological and physical effects (combined).

(*shight ..... *kksevere; arbitrary scale assessed from literature).
Substrates
Dredge fishery Rocks/ Gravels/ Countries References
Sands Muds

stones  shells

(A) Non-hydraulic

scallop (Pecten maximus)

i) English ok o UK, F a
i1) French . *: * F b
queen scallop (Aequipecten opercularis) e " UK, F c
clams (Spisula, Venerupis, Glycymeris) - F d
oyster (Ostrea edulis) . UK, N e
mussels (Mytilus edulis) . UK, N, G, D, F e
clam (Mercenaria mercenaria) UK €

(B) Hydraulic
cockle (Cerastoderma edule) * ::: UK, N f
clam (M. mercenaria) UK g
razor clam (Ensis sp.) ok UK (exploratory) h

Countries: D = Denmark, F = France, G = Germany, N = Netherlands, UK = British Isles.

References: a = MAFF (unpublished); Chapman er al., 1977; Fowler, 1989; b = Dupouy, 1982; Berthou and
Hamon (in prep.); ¢ = Brown, 1989; d = Medcof and Caddy, 1971; Berthou and Hamon (in prep.);
e = MAFF (unpublished); f = MAFF (unpublished); Fowler, 1989; Godcharles, 1971; Peterson et al.,
1987; h = Hall er al., 1990b.
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Table 4.4.2 Mean fishing mortality rates (F) and percentage of stock caught during the year over the

period 1986-1990 for the main species exploited in the North Sea. The subscripts refer to
the range of age groups to which the estimate applies. O refers to the O-group in their
first year of life, 1 to the second year of life, etc. All estimates based on single species
assessments carried out in 1991.

Juveniles Main exploited age groups
Species Stock area
. F % caught F % caught
Cod v F1=0.18 1.2 F2-8=0.88 52.1
Haddock v F1=0.11 5.2 F2-6=1.01 54.2
Whiting v F1=0.21 12.3 F2-6=1.01 36.5
Saithe v F1=0.03 2.2 F2-6=0.60 30.4
Sole v F1=0.003 0.3 F2-8=0.49 32.9
Plaice v F1=0.002 0.2 F2-10=0.53 27.4
Herring North Sea stock in 1V, VIId, llla F1=0.37 20.1 F2-6=0.45 28.8
Sandeel Shetland F0=0.07" 4.8 F1-3=0.15 7.1
Sandeel® IV N of 56°30’N (excl. Shetland) FO=0.03" 2.2 F1-3=1.38 37.9
Sandeel® IV S of 56°30'N F0=0.001 0.1 F1-3=0.42 16.6
Norway Pout? v F0=0.06' 3.3 F1-2=0.85 17.0

'Estimates for the second half of the year.
*Mean values over 1986-1989.

Table 4.4.3 . Increasing importance of fishing-gear-related auk mortality shown in

ringing recoveries. Recoveries are grouped into four classes: FD (found
dead), Oil (reported as oiled), Shot (shot or otherwise hunted), Net (in
netting or other fishing gear); and two periods: Historic (all recoveries
to 1970) and Recent (July 1987 to June 1989). (From: Mead, 1989.)

Species FD Oil Shot Net Total
Guillemot Historic 226 142 112 24 504
% 45 28 22 5

Recent 283 100 35 244 662
% 43 15 5 37

Razorbill  Historic 307 109 155 40 611
% 50 18 25 7
Recent 83 22 2 37 144
% 58 15 1 26

78



Table 4.4.4 Catches of harbour porpoises taken in gill nets and other gears from some studies
conducted in the North Sea, Skagerrak and Kattegat.

Gill

Country Period Other Unknown Total % gill Source
nets e

Sweden 6/88 -12/90 151 27 0 178 85  Lindstedt (1991)
Germany 1/87 -12/90 38 2 1 41 93 Benke er al. (1991)
D K 8/80 - 2/81 111 38 0 149 74  Clausen and Andersen

enmar 1/86 -12/89 147 5 0 152 97 (1988); Kinze (1990)
Eastcoast of 1960 - 1965 40 12 0 52 717 .
Scotland 1966 - 1986 67 17 0 84 g Northridge (1988)
Shetland 1989 - 1990 0 10 12 22 0 SMRU (unpublished)

Table 4.5.1 Range of survival rates reported for fish escaping from various

gears.

Gear Species

Percentage survival

Length of experiments

Otter trawl Cod, haddock

Beam trawl Sole
Plaice
Dab

Pelagic trawl  Herring

Purse-seine Mackerel

67-94%

60-100%
85%
56-67%

60-97%

10% (slipped fish)

3-4 weeks

24-96 hours
24-96 hours
24-96 hours

1-12 days
48 hours
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Table 4.5.2 Estimated quantities of haddock and whiting discarded in the North Sea, 1971-
1990 (Anon., 1992a).

Haddock Whiting
Year Number (millions) Weight (000 tonnes) Number (millions) Weight ("000 tonnes)
1971 1,282 177 458 63
1972 760 128 398 67
1973 660 115 659 110
1974 1,091 167 477 85
1975 1,862 260 699 135
1976 788 154 641 136
1977 226 44 547 163
1978 418 77 240 35
1979 286 42 640 77
1980 541 95 466 76
1981 298 60 210 35
1982 181 41 168 26
1983 389 66 360 48
1984 412 75 317 39
1985 458 86 226 28
1986 308 . 52 572 78
1987 334 59 408 53
1988 362 62 227 28
1989 111 26 275 35

1990 192 33 524 54




Table 4.5.3 Estimates of the percentage by weight of fish and other material discarded in some of
the main fisheries in 1987-1989,

Percentage of fish captured

that are discarded Additional percentage

Area Gear .
Commercial Non-commercial Total of other material
species species
Western and Northwestern Trawl - 45 7 52 n/a
North Sea Seine 49 6 55 n/a
Eastern North Sea Trawl + seine 12 15 27 9
Southern North Sea Beam trawl 18 38 56 58

! Quantity expressed as % of catch of fish and benthos combined; includes benthos and inorganic
. matter.

Table 5.2 Foodborne diseases caused by marine microbial toxins (after Taylor, 1988, and Ackefors, 1990).

Disease

Seafoods implied

Toxin-producing microorganism

Bacteria-associated

Scombroid fish poisoning

Algae associated

Paralytic shellfish poisoning

Neurotoxic shellfish poisoning

Diarrhetic shellfish poisoning

Scombroid fish

Tuna, mackerel jack, bluefish,
herring, etc.

Reef fishes including barracuda,
grouper, snapper, and sea basses

Bivalves, mainly mussels, clams,
cockles, scallops

Bivalves, mainly mussels, clams,
cockles, scallops

Bivalves, mainly mussels, clams
cockles, scallops

Morganella morganii

Klebsiella pneumoniae and other
enteric bacteria

Dinoflagellates: Gambierdiscus

toxicus, Prorocentrum concavum,

mexicana

P.

Dinoflagellates: Gonyaulax catenella,

G. tamarensis

Dinoflagellates: Ptychodiscus brevis,

("red tide")

Dinoflagellates: Dinophysis fortii, D.

acuminata
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Table 5.5 Some physico-chemical properties of sewage sludge.
(Unless otherwise specified, these are weighted aver-
ages of all UK sewage sludges disposed of to sea in
1987; source: MAFF, unpublished data.)

Constituents Dry Wet
Dry solids (%) - 3.2
Organic matter (%) 64.2 2.0
Organic carbon (%)* 28.2 0.9
Total nitrogen (%) + 5.6 0.2
Total phosphorus (%) + 1.5 0.1
Mercury (ppm) 4.8 0.2
Cadmium (ppm) 13.6 0.4
Chromium (ppm) 547.4 17.3
Copper (ppm) 601.5 19.0
Nickel (ppm) 86.6 2.7
Lead (ppm) 662.0 20.9
Zinc (ppm) 1,816.7 57.4

*Assuming that 44% of organic matter is organic carbon.
+ Not available for all arisings.

Table 6.2 Physical disturbance of the North Sea seabed by various anthropogenic
activities. The data refer to 1986, except for fishing where the area equals the
area swept by major ground-disturbing parts in 1989 (from Table 4.2.3). IOE:
Institute of Offshore Engineering, Heriot Watt University, Edinburgh. Mod-
ified from Anon. (1992g). .

Source Area No./amount Reference/Source

Fishing 346,811 km?/yr

Aggregate 180 km%/yr 30x 10°¢ IOE calculation

Dredging disposal 72 km?/yr 72x10°t Calculated from OSCOM 13
Waste disposal 5.5 km%yr 5.5x10°t Calculated from OSCOM 13
Sludge disposal 5.5 km%/yr 55x10°t Calculated from OSCOM 13
Platforms 313 km? 399 IOE calculation

Welltheads 300 km? 382 IOE calculation

Pipelines 8,374 km?® 8,374 km IOE calculation

Cables 7,322 km? 7,322 km IOE calculation

Wrecks 284 km? 7,100 IOE estimate

Cuttings 0.5 km?¥yr 593,741t IOE calculation




Table 6.3.1 Assessment of risk of local extinctions through various natural and anthropogenic factors (I = low;
4 = high). Based on literature review (Rees and Dare, Working Decument 7).

. Burial/ . Plankton blooms/ Trawl/dredge . . Other
Species wash-out Temperature Predation eutrophication effects Pollution (excl. fishing)
POLYCHAETA
Pectinaria koreni 4 2 3 2 3 1 1
Sabellaria spinulosa 1 1 2 1 4 1
CRUSTACEA *

Cancer pagurus 1 2 1 2 2 2 2
MOLLUSCA

Abra alba 4 2 3 3 2 1 1
Artica islandica 1 1 1 3 2 1
Pecten maximus 1 2 2 1 2 2 1
ECHINODERMATA

Asterias rubens 2 1 2 1 1 1
Echinocardium 3 2 1 4 3 2 1
cordatum 2 1 1 3 2 2 2

Echinus esculentus

Table 6.3.2 Estimates of the proportion of the annual production of the main exploited fish
species in the North Sea which is harvested by fisheries (Y/P), eaten by
"MSVPA® predators (cod, whiting, saithe, mackerel, and haddock) (Pr/P) and
removed by other sources of death (M1/P), as well as production biomass ratios
(P/B) and total annual production. Mean values for the years 1985 to 1989 from
MSVPA (Anon., 1991e).

Annual production

Y/P Pr/P M1/p P/B @t x 10%
Cod 0.74 0.03 0.23 1.24 238
Whiting 0.39 0.20 0.40 1.11 392
Saithe 0.67 0 0.33 0.63 271
Mackerel 0.59 0 0.40 0.46 35
Haddock 0.37 0.24 0.39 1.51 578
Herring 0.54 0.14 0.33 0.68 1,229
Sprat 0.16 0.34 0.50 1.22 331
Norway pout 0.11 0.52 0.37 2.05 1,411
Sandeel 0.27 0.28 0.44 1.09 2,776
Plaice 0.77 0 0.23 0.44 218
Sole 0.82 0 0.17 0.57 25
Total ‘ 7,504
Y = catch.
P = production.
Pr = quantity eaten by "MSVPA’ predators.
M1 = quantity killed by other sources of mortality including other predators.
B = average biomass during the year.
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Table 6.3.3 Seabird recoveries (%) according to finding circum-
stances in Britain and Ireland, 1967-1978 (from Mead
and O’Connor, 1980).

Species Oiled Net Total found
Fulmar 3 6 163
Manx shearwater 3 2 580
Shag 5 10 2,884
Gannet 10 6 381
Eider 17 4 969
Kittiwake 5 3 333
Guillemot 30 9 311
Razorbill 32 13 315
Black guillemot 13 0 24

Puffin 13 2 299




Table 6.4.1 Estimated quantity of fish discarded from whitefish and Nephrops

boats in the North Sea in 1982 (ICES) together with the numbers of
gulls that could be sustained throughout the year by this food
(Furness et al., 1988).

ICES fishing Tonnes of whitefish discarded

Number of gulls supported

area Whitefish boats  Nephrops boats

IVa 41,000 3,000 310,000

IVb 30,000 8,800 277,000

IVe 5,300 10 38,000
Total 76,000 11,800 625,000

Table 6.4.2 Estimated tonnes of offal discarded in the North Sea in 1989, by NSTF

areas and total numbers of fulmars that could potentially be supported
throughout the year. These are compiled from figures presented in Section
3.1. 6.5% of the flatfish (beam trawl fleet) catch (Furness et al., 1988) and
12.5% of the catch by otter trawls, pair trawls and Danish seines/ringnets is
assumed to be offal.

NSTF area Beam Otter trawl etc. Total Total fulmars
1 0 14,658 ‘ 14,658 227,205
2a 0 10,537 10,537 163,322
2b 165 6,624 6,789 105,225
3a 2 5,777 5,779 89,569
3b 605 2,774 3,379 52,382
4 2,938 2,839 5,777 89,539
5 644 2,655 3,299 51,139
6 128 5,270 5,398 83,667
7a 1,300 6,086 7,385 114,474
7b 3,424 2,732 6,157 95,426

Total 9,206 59,952 69,158 1,071,948
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Table 7.2.2.1 Total consumption (TC) in tonnes and predation relative to average prey biomass (P/P; %)
by individual predators, based on MSFOR baseline run. From Anon. 1985b.

Predators
Prey
Cod Whiting Saithe Mackerel Haddock Total
Cod TC 12,433 1,226 987 263 - 14,909
P/P 4.6! 0.5 0.4 0.1 55
Whiting TC 40,574 43,842 6,025 - 209 90,650
P/P 10.3 11.1 1.5 0.1 22.9
Saithe TC - - - - - -
P/P
Mackerel TC - - - - - -
P/P
Haddock TC 46,617 44,958 97,164 - 817 189,556
P/P 9.4 9.1 19.6 0.2 38.3
Herring TC 35,367 51,858 15,562 14,623 84 117,503
P/P 3.4 5.0 1.5 1.4 + 11.4
Sprat TC 24,501 187,077 18,334 17,192 2,595 249,699
P/P 3.5 26.5 2.6 2.4 0.4 354
Norway pout TC 63,623 115,772 805,026 17,319 56,316 1,058,057
P/P 5.1 9.3 64.7 1.4 4.5 85.0
Sandeel TC 106,003 349,104 83,100 248,015 121,183 907,405
P/P 3.9 12.8 3.0 9.1 4.4 33.3
Total TC 329,118 793,837 1,026,198 297,421 181,205 2,627,778
P/P 4.8 11.6 14.9 4.3 2.6 38.2

'Predation/prey biomass as percentage.
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Table 7.2.2.2 Percentage change in long-term equilibrium biomass,
spawning stock biomass (SSB) and catch predicted by
the MSFOR following a 30% reduction of the fishing
mortality generated by the North Sea roundfish fish-
ery. Recruitment kept constant at average 1974-1988

level.

Species Total Biomass SSB Catch
Cod 21 61 8
Whiting 2 3 -11
Saithe 13 34 3
Mackerel 0 0 0
Haddock -8 -24
Herring -5 -6 -7
Sprat 0 0 0
Norway pout -8 -12 -21
Sandeel

Plaice

Sole

Total -1 0 -7
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Table 7.2.2.3 Distribution of percentage long-term changes in spawning stock biomass subject to changes in levels of
recruitment of +/- 50%. Status quo compared to 30% reduction in the fishing mortality generated by
the North Sea roundfish fleet. Results from 512 comparisons.

Species
% Change
Cod Whiting Saithe Mackerel Haddock Herring Sprat N. Pout Sandeel Plaice Sole
80 - 90 0 0 0 0 0 0 0 0 0 0 0
70 - 80 24.0 0 0 0 0 0 0 0 0 0 0
60 - 70 33.8 (O F 0 0 0 0 0 0 0 0] 0
50 - 60 36.1 0 0 0 0 0 0 0 0 0 0
40 - 50 6.1 0 0 0 0 0 0 0 0 0 0
30 - 40 0 0 100.0 0] 0 0 0 0 0 0 0
20 - 30 0 0 0 0 16.0 0 0 0 0 0 0
10 - 20 0 0 0 0 27.5 0 0 0 0 0 0
01 - 10 0 100.0 0 0 13.7 0 21.5 0 30.1 0 0
-.01 - .01 0 0 0 100.0 0 0 1.6 0 1.0 100.0 100.0
-10 --.01 0 0 0 0 17.4 94.1 71.0 48.8 68.9 0 0
-20 - -10 0 0 0 0 3.9 5.9 0 51.2 0 0 0
-30 - -20 0 0 0 0 19.7 0 0 0 0 0 0
40 - -50 0 0 0 0 1.8 0 0 0 0 0 0
-50 - -60 0 0 0 0 0 0 0 0 0 0 0
-60 - -70 0 0 0 0 0 0 0 0 0 0 0
-70 - -80 0 0 0 0 0 0 0 0 0 0 0
-80 - -90 0 0 0 0 0 0 0 0 0 0 0
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Table 7.2.2.4 Percentage change in long-term equilibrium biomass, spawning
stock biomass (SSB) and catch predicted by the MSFOR follow-
ing 2 10% reduction in the level of fishing mortality in the North
Sea. Recruitment kept constant at average 1974-1988 level.

Species Total Biomass SSB Catch
Cod 7 20 -3
Whiting 3 4 -5
Saithe 9 24 2
Mackerel 7 16 -1
Haddock -5 -2 -13
Herring S 7 -2
Sprat 3 5 -6
Norway pout -3 -5 -17
Sandeel 4 7 -4
Plaice 6 10 4
Sole 9 13

Total 2 5 -1
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Table

7.2.3.1 Numbers of breeding seabirds in Shetland, 1985-1987. Counts
are of pairs except where otherwise indicated (derived from

Lloyd et al., 1991).

......................................

Lesser black-backed gull . . . .......................
Herring gull ... ... ... . . . .
Great black-backed gull . .........................

Kittiwake . ... ... ... . .

Arctictern . ... ... .,

Guillemot . . ... ..
Razorbill . .. ... . .. . .

Black guillemot . . ........ ... ... .. .. ... ... .....

Puffin

.....................................

236,000
present
present.
present

17,000
400
6,500
1,900
5,600
600
2,500
500
5,000
3,000
50,000

1,000
31,800
163,000
14,000
12,000
182,000
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Sub-regions of the North Sea adopted by the North Sea Task Force.
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MNorth Sea Zocplankton: 1948 - 1986
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ﬁgdré 3:1.1 The dominant pattern of annual fluctuations in the abundance of NorthSea zooplankton .
(from Fransz et al.; 1991).
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Figure 3.1.2.a  Total intérnational catch from the North Sea (ICES Sub-area IV). Data from Bull. Stat.
and ICES Assessment Working Group Reports.
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Figure 5.4.1
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Figure 7.2.1.1
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Abundance of Arctica islandica (ind./m?®) in 1986. Data from ICES North Sea Benthos Survey.
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Figure 7.2.1.2°  Abundance of Echinocardium cordatum (ind./m?) in 1986. Data from ICES:North Sea Benthos Survey.
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Comparison of the total finfish catch at length per trawl haul on Georges Bank and in the
North Sea. (From Pope, 1989.)
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Figure 9.1.2a Variation in mean (+/- 1 S.E.) of three diversity

Index Value

indices between three ERSEM boxes.

Data from International Young Fish Surveys,
ERSEM Boxes 6, 2, and 1
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Figure 9.1.2b Annual variation in mean (+/- 1 S.E.) of Log-

Index Value
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series diversity index, alpha; all areas combined.

Data from International Young Fish Surveys,
ERSEM Boxes 6, 2, and 1.
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Figure 9.1.3a

IYFS; Box 6: 1972 to 1991,

Log number of fish caught per hour.

IYFS: Box 2; 1972 to 1991.
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Figure 9.1.3b Annual variation in the regression coefficient

Regression Coefficient

of log-number fish caught per hour at length.

Data from International Young Fish Surveys,
ERSEM Boxes 6, 2, and 1.
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Multi-dimensional scaling plots showing clustering of years with the most similar species
abundance in each ERSEM box.
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ANNEX 2

Distribution of fishing effort by NSTF areas in 1989

Catch and effort data from 49 fleets composed of types

defined by nation/gear combinations were made available
from the archives of the Working Group on the Im-
provement of North Sea Exploitation Patterns estabhshed
by the EC’s Screntrﬁc and Technical Committee on Fish-
eries (STCF). Data were made avarlable by all countries
except Belgium who have some problems with data
confi dentra]nty The data consist of catch by fleet, area
and quarter in 1989. The geographrcal drstnbutron of
effort has to a large extent been based on logbooks.

Vessels of less than 10 GRT are not obliged to deliver
logbooks, and the small scale coastal and inshore fish-
eries have therefore not been covered particularly well.

For all of the 49 fleets there are catch data and for most
there are effort data, however, the Norwegian fleets are
without effort data as are the English, Scottish and
French Other gears. In order to make the data compre—

~ hensible the 49 fleets were classified into 9 main gear

types. Table A2.1 shows the vanous countries gears
and how they were classified to gear types 1-9,

An ANOVA was used to standardize the effort for the
various fleets included in each of the gear types by
fitting the catch rate by fleet, area and quarter to a
model contalmng a fleet factor and an area, quarter
interaction term (see Sect. 3.3.4). The ANOVA provrdes
combmed estimates of area quarter catch rates, standard-
ized to units of one partlcular fleet. The area quarter
catch of each fleet was divided by the correspondmg
standardized catch rate in order to produce standardized
effort values for each gear type by area and quarter.

The catch by gear type, area and quarter is given in
Table A.2.2.a-1.
Three gears; German pelaglc freezers and Scottrsh pair

trawls for hemng and for mackerel; did not ﬁt mto the
larger categories. The catches from the three gears are

" included i in Table A2.2.g where the catches from pelag-

ic trawls are presented but the catch rates were not
included in the estimates of effort levels by area and
quarter. As all three gears are pelaglc their exclusron
will not affect estimates of area swept by gears in con-
tact with the bottom The Other gears category is a
mixture of ﬁxed gears and unclassrﬁed gears The
catches show an lrregular pattern among quaners and
areas, consrstent with the heterogeneous nature of this
category of gear The ANOVA model did not reduce the
sum of squares, and no standardized effort levels were
estimated.
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Table A. 2.3. a-h shows the output from the ANOVA for
the 8 remaining gear types.

Detailed comments on these tables are as fotldws:

Table A.2.3. a, Beam trawlers did not ﬁsh at all in areas
1 and 2a and only mtermrttently in area 3a. Overall area
4 received the most effort, with substantial effort also in
areas 7 and 5. Effort is e\'enly distributed among the
quarters The ANOVA model shows a reasonable resid-
ual variation and a fair reduction in sum of squares, :
indicating that the standardrzatron of the effort to units
of Netherlands Beam trawlers of more than 300 HP was

. successful

Table A.2.3. b Otter Trawlers fished in all areas i all
quarters, but areas 1 to 3 recerved most effort. Areas
The ANOVA model shows a reasonable residual vari-
ation and the sum of squares is reduced substantrally by
the model mdrcatrng that the standardrzatlon to Scottlch
Otter trawler hours is reasonable.

Table A.2.3.c, Pair trawlers ﬁshed in all areas in all
quarters. Overall areas 4 and 6 was the most heavily
fished with areas 3b, 5 and 7b fished at lower levels
than the other areas. Fishing effort was well represented
in all quarters The ANOVA model shows a reasonable
residual variation and the sum of squares is reduced
substantrally by ﬁttmg the model with scottish pair
trawlers as the standard.

The areal distribution of the mdustnai effort is influ-
enced by the seasonality of the various specres caught in
the fishery.

Table A.2.3.d, Industrial Otter Trawlers concentrated
their effort i in areas 6 and 7, while areas 2a, 3 and 4
received very little effort. Area 3a was very lightly
fished. The effort was standardized to Danish Industrial
Otter Trawlers larger than 100 GRT days absent. The
ANOVA model shows a reasonable residual variation
and a substantial reduction in sums of squares

Table A.2.3.e, Industnal Parr Trawlers mostly fished in
area 6 and not at all 2a, 3b and 4. The effort was stan-
dardlzed to Danish Industrial Pair Trawlers Iarger than

100 GRT days absent A substantial amount of variation
in CPUE remains unaccounted for by the standardiz-

ation.
Table A.2.3.f, Seinei‘s and ng Netters vﬁsh‘ed)in all
areas in all quarters. The effort was standardized to



Scottish seiner hours. Area 1 was the most heavily
fished with substantial fishing in 2b and 7a. Area 4 the
least heavily fished. The ANOVA model shows a very
low residual variation and the sum of squares is reduced
substantially by fitting the model.

Table A.2.3.g, Pelagic Trawlers fished very lightly in
1989. The effort was standardized to French high seas
fleet hours fished. Most effort was applied in the second
half of the year. Overall area 4 was the most heavily
fished, but a relatively large amqunt of effort was also
allocated to areas 3b and 7b. No effort was reported
from areas 5 and 6. Since the fishery is very patchily
distributed among areas and quarters, the ANOVA was
expected to perform poorly. However, the reduction in
sums of squares is surprisingly large and suggests a very
good fit of the model.

Table A.2.3.h, Purse Seiners fished mostly in northern
areas in 1989. Most effort was applied in the second half
of the year. The effort was standardized to Danish purse
seiners days absent. Overall area 1 was the most heavily
fished and areas 3b, 4, 5 and,7b were hardly fished or
not fished at all. The ANOVA model shows a poor
residual variation and the sum of squares is not reduced
by fitting the model, suggesting purse seine effort is
heterogeneous among fleets,

Table A.2.3.i, Gill Netters fished in all areas and quar-
ters, but very little in the northern areas and most in
areas 4 and 5. Most effort was applied in the first two
quarters. The ANOVA model shows a small residual
variation and good reduction of sum of squares, indicat-
ing a good fit. Danish gill netters were used as the stan-
dard.

125



—_
[\
[#3

Table A.2.1

- Fleets used in analysis by gear type. -

“INDUSTRIAL PAIR TRAWLERS

FLEET DESCRIPTION EFFORT UNIT
DEN IND. TRAWL PAIR < 100 GRT DAYS ABSENT

BEAM TRAWLERS DEN IND. TRAWL PAIR > 100 GRT DAYS ABSENT
ENG ALL BEAM TRAWLS HOURS FISHED '
GER SMALL BEAM TRAWL Only Catch Data Available SEINES AND RINGNETS L
FRA COASTAL FLEET-BEAM HOURS ENG ALL SEINES AND RING NET - HOURS FISHED
NET BEAM TRAWL <300HP DAYS FROM PORT DEN DANISH SEINE DAYS ABSENT
NET BEAM TRAWL >300HP DAYS FROM PORT SCO SEINE NET HOURS FISHING

OTTER TRAWLERS PELAGIC TRAWLERS® L -
ENG ALL TYPES OTTER TRAWL HOURS FISHED FRA COASTAL FLEET-PELAGIC HOURS
GER OTTER TRAWL (L.D. CUTTER) Only Catch Data Available FRA FREEZERS + BIG TRAWL PELAGIC HOURS
GER OTTER TRAWL (L.D. TRAWLER) Only Catch Data Available FRA HIGH SEA FLEET - PELAGIC HOURS
GER OTTER TRAWL (S.D. CUTTER) Only Catch Data Available ;
DEN CON, TRAWL SIN. < 100 GRT DAYS ABSENT PURSE SEINERS'
DEN CON. TRAWL SIN. > 100 GRT DAYS ABSENT DEN PURSE SEINE DAYS ABSENT
SCO LIGHT TRAWL HOURS FISHING SCO PURSE SEINE (HERRING) HOURS FISHING
SCO NEPHROPS TRAWL HOURS FISHING SCO PURSE SEINE MACKEREL HOURS FISHING
SCO TRAWL HOURS FISHING Only Catch Data Available

NOR SAITHE TRAWLERS (OTTER)

Only Catch Data Available

NOR PURSE SEINERS

FRA COASTAL FLEET-BOTTOM

HOURS

FRA FREEZERS+BIG TRAWL-BOTTOM HOURS.

FRA HIGH SEA FLEET-BOTTOM HOURS

NET OTTER TRAWLERS DAYS FROM PORT
PAIR TRAWLERS

ENG ALL PAIR TRAWLS HOURS FISHED

DEN CON. TRAWL PAIR < 100 GRT DAYS ABSENT

DEN CON. TRAWL PAIR > 100 GRT DAYS ABSENT

SCO PAIR TRAWL DEMERSAL HOURS FISHING
SCO PAIR TRAWL HERRING HOURS FISHING .
SCO PAIR TRAWL MACKEREL

HOURS FISHING

INDUSTRIAL OTTER TRAWLERS

GILL NETS . :
DEN GILL-NET. DAYS ABSENT
ENG GILL-NET HOURS FISHED
SCO GILL-NET DAYS FISHED
NET GILL-NET DAYS ABSENT
FRA GILL-NET Only Catch Data Used

~ OTHER GEARS(inc. gill nets)

ENG ALL OTHER GEARS HOURS FISHED -
DEN GILL-NET DAYS ABSENT
DEN OTHER DAYS ABSENT
SCO OTHER HOURS FISHING-

NOR DUMMY FLEET

Only Catch Data Available -

DEN IND. TRAWL SIN. < 100 GRT

DAYS ABSENT

DEN IND. TRAWL SIN. > 100 GRT

DAYS ABSENT

SCO INDUSTRIAL TRAWL

HOURS FISHING

NOR IND TRAWLERS (SANDEEL)

Only Catch Data Available

NOR IND TRAWLERS (N. POUT)

Only Catch Data Available

HOURS

FRA COASTAL FLEET-VARIOUS




Table A.2.2

a)

b)

<)

d)

e)

(less Belgium),

Catch by gear, NSTF area and quarter (tonnes) in 1989 estimated from STCF data base

:Area Juarter
! 1 l ] 4 total
i 1 0 0 0 0 0
: 2 -0 J 0 0 )
) R ) 1367 51 118 1542
L ' i i R 0 § 21 i
Beam trawls , o 1136 855 2588 2536 3315
i 4 12586 3803 12196 16809 45134
§ §78 1642 1671 4921 9912
§ 83 §58 §20 604 1§75
13 3359 1874 4678 3984 15493
1B 13580 3510 11§39 16850 52679
total 34031 3618 35147 39840 141637
Area Quarter
1 2 } i total
1 15212 1380 18755 11034 53381
2 12057 15152 17899 4298 13506
b 4309 §064] 117112 LU 216659
Otter trawls 3 3952 {918 8438 1656 14952
k) 1826 1925 3633 5598 1042
{ 1834 2016 1338 4358 11546
§ 1819 2761 2364 4613 1IN
§ 4623 4908 4196 3203 16928
12 1707 2189 3251 3113 18871
! 1242 1884 52U 1833 10183
total | 53741} 51795] 829681 50297 138801
fArea Quarter
- 1 1 3 (] total
! 1 3490 119 3132 2208 11206
' 22 1553 3940 1§37 §72 1502
; b 145] 3960 3210 1075 8341
| 3 894 mni 3028) 1358 8391
Pair trawls k) §26 131 1302 1047 3706
4 . 4028 1707 171§ 1197 10848
! 5 ] 584 902 §92 534 3012
{ § ! 1538 26011 4395 1118 15452
! 7a 1212 u 4111 4950 12509
) : 7 818 1071 262 2498
1 _total 210171 21982 25%4] 176181 85212
| QUARTER
AREA 1 2 3 1 Total
1 8500 13383 13254 35539 70676
2a 11 3158 52 11 3232
20 43849 28254 10108 18248 100459
. 3a 423 0 0 163 586
Industrial otter trawl ab 460 37371 2920 0 40751
4 145 8649 6122 267 15183
5 639 104749 73247 2380 181015 |
6 31314 131634 46561 90200 299709 |-
7Ta 36804 312206 35857 9809 394776
7b 9858 237710 64014 7458 319040
Total| 132003| 877114| 252235| 164075] 1425427
JQUARTER
AREA 1 2 3 4 Tota!
1 734 748 1636 1972 5090
2a ] 0 0 o] Q
20 g3t 831 2830 2842 7334
Industrial pair trawl 3a 0 50 50 50 150
30 0 Q 0 [+] 0
4 0 Q Q [} 0
5 195 576 4733 5417 10921
6 8375 17562 74352 85204 185493
7a 963 1698 7124 7609 17384
7b 1239 1269 1574 1748 5830
T T T T Total 12337 22734 92299 | 104842 232212
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Table A.2.2 (cont’d)

f) Seines and ringnet

g) Pelagic trawls

h) Purse seines

1) Gill net

» Other gears

128

ihrea Quarter
1 1 3 4 total-
! 1 18278 1 14689 12302 52880
2 1055 809 2197 926 26981
! 3 N 4436 £087 3131 3482 17338
i | 343 N 8944 U3 12256
b 35 1 3] i 1444
4 1 199 10 13 19
§ 193 2868 2511 829 -~ 4511
§ 1036 8953 199 19N 9576
1 1899 10906 I 2934 19310
1b 1320 2294 4019 1545 91
total 29228 N1 §1438 35191 159554
Irea : Quarter
1 1 3 4 total
) 102 1400 8189 14806 26488
2 2 996 4061 1896 8961
b 0 181 1423 §23 1127
1 ] 441 2031 ) Un
b §2 0 8572 434 1088
{ 10 [ 28 145 841
§ 0 ¢ ) ¢ )
§ 0 0 0 § §
N2 0 ] 1128 i 1709
b ] 0 ? 043 043
total 266 5018 23428 131 51837
Area Quarter
1 1 i 4 total
l 35285 14392 11511 54789 07511
1] 0 1500 137074 19853 16060
b 1260 1194 16231 19287 23360
32 0 0 f211! 515 §728
3 0 ] 1045 0 1045
{ 0 0 ] ] ]
5 0 ] ] q ]
§ 10286 9438 548081 80521 165051
i { 195 U 13003 §342 19564
b i 0 0 93 { §3
total ! 580261 51142 1680011 172307 4594158
Area Quarter T
r i 2 47 total
(T 0 16 5 0i 2
i 2a 7 254 10 01 2711
2b 1 54 707 19 146,
KE) 117 37 76 125 3491
| 3 !~ 267 344 2571 292 _lléfﬂ
.} T 2329 1447 4091 5117 4696,
s 1131 17395 791 623] _ 4340]
¢ _ b 261 513] 338 116 _1228]
! " 7a 71199 878 1049 2501 3376
T 7b 1188 0497 891 [ 1851 3283,
T total {76504 387, 38977  2083] 18871
Area Quarter —i
i 2 4 fotal !
i 60 70 209 3350 3686:
2a 89 155 418 814 1476!
2b 69 270 311 114 764
3a 361 172 1264 1956]  3753]
3b 1119 743 338 1081 3281
4 3051 154 53 227 749}
5 291 1718 1872 3023 5304
6 411 5009 2311 5652 13383
—7a 333 S0f[— 3281 220[ 1382
b ] 2254 257 176 105 763
total | 22631 5059 7280] 165421 36144




Table A.2.3.a

Beam trawlers. Analysis of CPUE.

Standardized CPUE in units of NET BEAM TRAWL >300HP
area quarter 1 2 3 4
1
2a
2 5,85 5,65 1,84 1,15
3a 2,52 064
3 3,15 1,65 1N 1.51
4 2,07 1,33 1,55 2.04
5 0,16 0,60 244 352
6 141 517 234 383
7a 584 2.60 2,93 273
7o 397 2.87 2,68 3,60
Beam Trawlers Total International Effort {excluding Belgium)
Total effort in units of NET BEAM TRAWL >300HP
area quarter 1 2 3 total
1
2a
oo 2 348 246 100 695
K] 2 3 35
3 1058 519 1513 1680 477
4 6033 7197 7853 5308 26451
5 4327 2731 1094 1338 9550
6 59 129 265 158 611
7a 575 3069 1593 1457 6694
7 3524 3449 4448 4685 16107
ANOVA CPUE _ Beam Trawlers
Cause D.F. S.5as M.Sgs F
Model kY 331,66 10,36 11.24
Residual 50 46,11 0,92
Total & nn 4861
Beam Trawlers Fleets Included And Their Relative Efficiency
Fleet Name Fleet # Gear # Effort Unit Relativity
UK ALL BEAM TRAWLS 1 1|HOURS FISHED 1,00
GER SMALL BEAM TRAWL 9 1|No Data Available ?
FRA COASTAL FLEET-BEAM 38 1{HOURS | 367
NET BEAM TRAWL <300HP 45 1|DAYS FROM PORT 3552
NET BEAM TRAWL >300HP 47 1]DAYS FROM PORT 87,18
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Table A.2.3.b

130

Otter trawlers. Analysis of CPUE. '

Standardized CPUE in units of Scottish Otter Trawler Hours
area quarter 1 2 3 4
1 0,82 0,54 1,01 0,58
2a 0.69 0,69 0,84 0,44
Y 0.62 033 1,08 0,48
3a 037 0.29 0,62 0.29
3b 0,25 0,25 0,45 0,44
4 0,55 0,36 0,41 0.29
5 - 063 043 0,93 0,27
6 085 0,57 0,44 0,71
7a 0,45 0,41 0,82 0,78
7 0,49 033 0,45 0,42
Otter Trawlers Total Irtemational Effort
Total eHor in units of Scottish Otter Trawler Hours
area quarter 1 2 . 3 total
1 19868 " 13675 18620 18996| 71158
2a 17553 22055 21511 9742 70860
2 6971 18614 10831 9601 46016
3a 10583 16812 13629 25958 66982
3b 15571 15608 8143 12798 52120
4 6975 5593 3285 15207 31061
3155 8473 2543 17066 29237
6 5409 8722 9505 4527 28162
7a 3820 . 6823 11235 4001 25879
b 2516 5746 11670 4335 24266
ANOVA CPUE  Otter Trawlers
Cause D.F. S Sags M.Sgs F ~
Model 48 546,99 11,40 18,59
Residual 183 112,15 0,51
Total 231 659,14 285
Otter Trawlers Fleets Included And Their Relative Efficiency
Fleet Name Fleet # Gear # Effort Unit Relaivity
ENG OTTERTRAWL | 5 2[HOURS AISHED] 0,02
GER OTTER TRAWL (L.D. CUTTER) 6 2|No Data Available ?
GER OTTER TRAWL (L.D. TRAWLER) 7 2|No Data Available ?
GER OTTER TRAWL (S.D. CUTTER) 8 2|No Data Available ?
DEN CON. TRAWL SIN. < 100 GRT 12 2|DAYS ABSENT 0,71
DEN CON. TRAWL SIN. > 100 GRT 13 2| DAYS ABSENT 164
SCO LIGHT TRAWL 2 2|HOURS FISHING 0,11
SCO NEPHROPS TRAWL 24 2|HOURS FISHING 007
SCO TRAWL 29 2|HOURS FISHING 0,48
NOR SAITHE TRAWLERS (OTTER) 37 2|No Data Avajlable ?
FRA COASTAL ALEET-BOTTOM 39 2lHouRs 0.21
FRA FREEZERS+BIG TRAWL-BOTTOM 42 2]HOURS 0,52
FRA HIGH SEA FLEET-BOTTOM 43 2|HOURS 069
NET OTTER TRAWLERS 48 2|DAYS FROM PORT 1,00




Table A.2.3.c

Pair trawlers. Analysis of CPUE.

SCO PAIR TRAWL DEMERSAL

Standardized CPUE in units of
area  |quarter 1 2 3 4
1 0,32 0.29 048 0,46
22 0,18 0,12 0.30 0,26
b 0,31 0,21 0,26 0.58
3a 0,38 0,26 017 0,30
3b 0,26 0,13 0,14 0,32
4 0,20 ~ 013): - 0,13 0,08
-5 0,19 0171 0,27 0,14
6 0,23 - 0,24} 0,35 017
7a 0,13 0,14 0,26 0,40
- 7b 0,11 0,21 0,11 0,14
Pair Tramers Total international Effort
Total effort in units of SCO PAIR TRAWL DEMERSAL
area quarter 1 -2 3 total -
1 ) 10971 8227 6553 4787 30538
2a 8307 32425 5493 2560 48785
i 23N 18726 12162 1868 35127}
3a 2367 10513 17745 7795 38420
3b 2422 - 54891 - 917N 3303 20385
4 20461 13172 13270 43472 90375
5 3030 5432 3720 3928 16110
6 32953 10727 12583 6436 62699
7a 9099 15683 15525 12456 52763
7b " 3087 3850 9635 1873 18445
ANOVA CPUE  Pair Tramers .
Cause D.F. S.5as M.Sgs F _
Model 43 580,01 13,49 17,77
Residual 85 64,50 0,76
Total 128 644,51 5041
Pair Trawlers Fleets Included And Their Relative Efficiency
Fleet Name Fleet# . Gear# = Effort Unit . Relativity
ENG PAIR TRAWLS 3 3|HOURS FISHED 0,01
DEN PAIR < 100 GRT 10] . 3|DAYS ABSENT 0,72
DEN PAIR>100GRT |- 11 . 3IDAYS ABSENT 2.24
SCO PAIR TRAWL DEMERSAL 26 - 3IHOURS FISHING 0,09
NET PAIR TRAWLERS 49 3|DAYS FROM PORT 1,00
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Table A.2.3.d

Standardized CPUE in units of

Industrial otter trawl. Analysis of CPUE.

DEN IND. TRAWL > 100 GRT

area  jquarter 1 2 3 4
1 10,64 32,00 2567 5854
22 347 18,07 2,74 11,00
ol 2657 31,34 23,91 17,20
3a 30,21 ' 16,30
D 4182 60,55 27,29
4 26,59 40 61 217 2054
S 1428 3356 323 16,03
6 17,50 30,78 2N - 15,70
7a 2,90 40,96 3348 17,65
Pie) 15,76 30,35 31,45 14,84
Ind. Otter Trawl Total International Effort
Total effort in units of DEN IND. TRAWL > 100 GRT
area quarter 1 2 3 4 fotal
1 79 418 516 607 2340
2 3 75 19 1 198
> 1650 92 4 1061 40%
3a 14 10 24
K o] 1 617 107 735
4 5 213 © 190 13 42
5 45 3121 2204 149 5519
6 1789 - 4275 203 5745 13841
7a 1607 762 1074 55 10859
i T 625 7833 2035 502 - 10996
ANOVA CPUE  Ind. Otter Trawl
Cause D.F. S.5¢s M.Sqs F
Model 38 41,57 1,09 507
Residual 23 497 0.2 .
Total 61 4654 0,76
Ind. Otter Trawl Fleets Included And Their Relative Efficiency
Fleet Name Floet # Gear # Effort Unit Relativity
DEN IND. TRAWL. < 100 GRT 18 4| DAYS ABSENT 302
DEN IND. TRAWL > 100 GRT 19 4| DAYS ABSENT 5,68
SCO INDUSTRIAL TRAWL 2 4|HOURS FISHING 1,00
NOR IND TRAWL (SANDEEL) A 4]No Data Available ?
NOR IND TRAWL (N. POUT) 35 4|No Data Available ?
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Table A.2.3.e

Standardized CPUE in units of

Industrial pair trawlers. Analysis of CPUE.

DEN IND. PAIR > 100 GRT

area quarier i 2 3 4
1 30,58 14,00 24,67 24.00
2a
o) 2286 40.80 12,00
k=] 1607
K o)
4
5 725 26,03 28,07 18.85
6 21,50 17,82 2827 23,23
7a 29,18 24.04 36.94 18,13
fie) 253 2860 27.08 10,88
Ind.Pair Trawiers Total International Effort
Total effortin units of DEN IND. PAIR > 100 GRT
arsa quarter 1 2 3 lotal
1 24 1 % 14 75
2a
o] ¥ 49 1 86
3 3 3
K o
4
5 i 15 148 36 226
6 389 524 2008 467 3390
7a 3 3 147 27 237
fio! 55 1 11 16 83
ANCVA CPUE  Ind.Pair Trawlers
Cause D.F. S.5as M.Sas F
Mode! 24 8,88 0,37 1,78
Residual 12 248 o2
Total 36 11,36 0,32
Ind.Pair Trawlers Fleets Included And Their Relative Efficiency
Fleet Name Fleet # Gear # Effort Unit Relativity
DEN IND. PAIR < 100 GRT 16 4]DAYS ABSENT 0,52
DEN IND. PAIR > 100 GRY 17 4] DAYS ABSENT 1,00
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Table A.2.3.f

Seines and ringnets. Analysis of CPUE.

Standardized CPUE in units of SCO SEINE NET
aea quarier 1 2 3 4
1 0,40 024 0,25 0,28
22 0,30 0,17 617 0,19
D 0,97 - 023 0,16 027
3 0,15 028 0,39 0,19
K] 0,17 0,32 017 0,21
4 021 045 050 0.24
5 0,19 0,43 033 0,20
6 0,23 028 031 0,31
7a 025 024 0,13 0,29
o) 023 028 029 0,30
Seines and Ringnets Total International Effort
Total effort in units of SCO SEINE NET
area quarter 1 2 3 total
1 46085 31073 58262 44202 179622
2a 3521 4773 3922 4817 17033
> 4570 25955 19980 13686 64191
3a 6475 10564 17600 7719 42358
K o] 20 540 7208 101 8053
4 151 443 140 74 808
5 1012 6684 8057 413 19948
6 4516 21758 -+ 3210 4813 34297
7a 7 45576 27534 10157 90872
Jie) 5626 8682 13639 5197 33144
ANOVA CPUE _ Seines and Ringnets
Cause D.F. SSas M.Sgs F
Model 41 187,00 456 16,49
Residual 41 11,34 0,28
Total 82 198,34 242
Seines and Ringnets Fleets Included And Their Relative Efficiency
Fleet Name Fleet # Gear # Effort Unit Relativity
UK ALL SEINES AND RING NET 4 5|HOURS FISHED 0,12
DEN DANISH SEINE 14 5|DAYS ABSENT] 3,78
SCO SEINE NET P 5|HOURS FISHING 1,00
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Table A.2.3.g

Pelagic trawlers. Analysis of CPUE.

'igggdggdized CPUE in ugits of French BSF. Pelagic Trawlers hours
| area  guarter L 2 3! 4
) 1 ' ; | i 55.275004 84.36000i
i 23 i i i 70.24400] 74, 74000
i b : ! ! 67.580001 !
: la : P 154.14400 88.62000] i
I : §.242000 118.750001 11.42400!
4 : i 1.15200 1.76300 §.62000
j i '
b
Ta 67.26700 27.53900
b 20.00109
Pelagic Trawlers Total International Effort
Total effort in units Freach HSF. Pelagic Trawlers hours ,
i area : quarter ! 1 ! 3 i 4 i total |
1 i 0 0 16.6078 12.6126 19.2204|
g 0 0 15.8391 1.1239 16.983
b : 0 0 5.1198 0 5.1198
la ‘ 0 8 3.7463 0 5.2449
b % 21.6893 0 10.9895 37,9895 10.6683
{ i 31.0832 0 15.8816 86.4268 133.3916
5 i 0 0 0 0 0
6 : 0 0 0 0 0
Ta % 0 0 0.6244 20.72%% 11,3499
Tb : 0 0 0 77.0963 77.0963
ANQVA CPUE __ Pelagic Trawlers
Cause D.F. . S.S¢s : M.Sgs ! F
!t Model 17.000 40.13} 2,364 20.12§
" Residual | 1.00: 0.12; 0.12 !
Total 18.00i 40.25! 2.4 !
Pelagic Trawlers Fleets Included And Their Relative Efficiency
Fleet Name Fleet % Gear ¢ Effort Quit Relativity
FRA_COASTAL FLEET-PELAGIC 401 6 {HCURS ‘ 0.1030}
.FRA__FREEZERS_+ BIG TRAWL PELAGIC: 44! §{HOTRS ! 0.1249
FRA BIGH SEA FLEET - PELAGIC ‘ 45] § {HOTRS 1.0000
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Table A.2.3.h  Purse seines. Analysis of CPUE.

Standardized CPUE in units of

Danish PurseSeiner Days Absent

| area  quarter 1 2! 3 4
i 1 i i 57.733004 25.100001 §.463004 54.632004
i 13 - | 1 57.733001 12.13900i 33.581001
! b i 21.334004 112.50600 50.45300! 99.00600¢
! Ja ; ! 67.48600 73.72300¢
3 ! i 79.32700
4 ) |
5 {
§ §2.03900 17.23100 54.51500 44.79600
13 97.49500 13.99900 84.84200 57.73300
7b 57.73300]
Purse Seines Total Intermational Effort
Total effort in units Danish PurseSeizer Days Absent
area i quarter 1 1 i 3 4 ! total
1 ; 628.5021 1792.5419]  11064.8027 1002.8804§ 14488.7271
la : 0 25.9819 1129.168 323.1868) 1478.3367
b : 59.0617 10.57172 151.091 194.8062; 415.5361
kE! 0 0 92.034 6.9856 99.0196
b 0 0 13.1734 0 13.1734
4 0 0 0 0 0
5 0 ] 0 0 0
b 326.9857 547.6308 1005.3774 1797.50443 3677.4943
Ta 2.0001 1.0001 153.2606 109.8514 166.1122
b 0 0 1.6109 ] 1.6109
ANOVA CPUE  Purse Seines
Cause D.F. :  §.5qs ¥.5¢s ! F
| Model 21.001 32.11¢ 1.53! 0.61!
! Residual | 9.00! 2.4 2.49] ;
¢ Total 30.00; 54.598 1.82! :
Purse Seines Fleets Included,Effort Units And Their Relative Efficieacy
Fleet Vame Fleet § Gear ¢ Effort Qnit Relativity i
‘DEN PURSE SEINE 138 TiDAYS ABSENT 2.0206)
.5CO PURSE SEINE (HERRING) 117 7!HQURS FISHING: ! 0.39713
'SCO PURSE SEINE MACKEREL 32 T1HQURS FISHING 1.0000
NOR PORSE SEINERS i 36 1:No Data Available ?
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Table A.2.3.i

Standardized CPUE in units of

area  quarter
t

23

b

la

b

4

£

M

6 .
Ta
b

GIll Net

Gill net. Analysis of CPUE.

1.3360
9.60
175
.75
0.80.
1.2y

2.3000
.28
1.0

0.56

0.93
0.97
0.93

0.99

1.25.
0.81,
1.00°

Total International Effort

Total effort in units Danish Gill Net Days Absent

aresa quarter
l 1
13
b
la
3b
4
5
b
T3
7h
ANOVA CPUE
Cause D.F.
Model 38
Residual 18
Total ’ 56
Gill Net
Fleet Name Gear §

Denmark gill net
England qill net
Scotland Gill net
Netherlands gill net

1 .
0

!

4
139.
207
1254
696
198
Bl
278

Gill Net )
S.5¢s ¥.S8gs
302.08
6.43°
308.51

2

T

134
97,
40-
354
1557
1809
409

1081

1048

Danish GIll Net Days Absent

3.0008

9.50

o
-3

e s e b N bt s sy
O C B S o WD B

129
750

492

— G O (TN OO ON i
o
— D > D e e D T O D

1
52
167

269
969

12.26

<

N D S

250

Jit

735,
11

252
131

D WD OO O b B s C3 D D
o O L ) o G D o oo

total

144
138
196
i1
3289
3990

3143
1352

Fleets included,Their effort Units and their Relative Efficiency

Effort Unit

‘Days

Rours

Days
‘Days ?

Relativity

10000
0.0016,
0.2114-
0.6361°
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ANNEX 3

ACFM ADVICE

1 THE FORM OF ACFM ADVICE
1.1  The Objectives and Tasks of ACFM

The terms of reference for ACFM are established by the Commissions and ICES member governments which seek
its advice. While the precise questions asked vary with the managers’ requirements, the tasks of ACFM can be
summarized as follows: For all the major fish, shellfish and in some cases, marine mammal resources in the ICES
area:

a) To assess the historic development in terms of size and structure of the stocks.

b) To advise on the expected impact of various management measures, and where appropriate to make rec-
ommendations on management action required.

Setting objectives of fisheries management is within the province of the managers. The role of ACFM is to provide
the biological information and advice necessary for managers to achieve the objectives they choose. In some cases,
however, ACFM may be in a position to comment on the implications of setting certain objectives and on the
feasibility of achieving them. Some objectives, such as achieving stability of catches and maximising long term
yield, or achieving stability of both effort and yield, for example, may be mutually incompat.ble. In appropriate
cases, therefore, ACFM may point out the blologncal constraints that need to be taken into accuunt by managers
in setting management objectives.

While understanding that it is not the role of ACFM to set objectives for fishery managers, ACFM nevertheless
has a set of objectives of its own to enable it to formulate its advice according to consistent criteria. The vbjective
of ACFM is thus:

TO PROVIDE THE ADVICE NECESSARY TO MAINTAIN VIABLE FISHERIES WITHIN SUSTAINABLE
ECOSYSTEMS'.

1.2 Stock Assessments and Forecasts

1.2.1  Sources of information

To assess the state of stocks and to make forecasts, ICES is dependent on the provision of reliable data both from
the fisheries and from research establishments. To carry out its work, ICES has established a number of working
groups and the advice given by ACFM represents a distillation of the assessments provided by these groups.
1.2.2 The aims of stock assessment

Stock assessment aims at understanding the dynamics of exploited resources and involves the estimation of 2 variety

of population parameters, in particular mortality rates due to fishing and other causes, numbers at age (including
recruitment) and spawning stock biomass.

Stock assessments in which these parameters can be estimated are described as "analytical assessments”.

While analytical assessments are attempted on many stocks, this is not always possible for a number of reasons.
In some stocks the reliability of the catch data is inadequate. In others further research is needed on the biology

'An ecosystem is defined as sustainable if management actions do not result in irretrievable loss of any
component of the system.
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of the species concerned before reliable assessments can be made. In many of these cases, however, it may be
possible to make general statements about the state of exploitation of the stock. In more extreme cases, the only
information available may be Lhe reported annual national landings.,

In all cases ACFM tries to give some mdleatmn of the reliability of the assessments and foreeasts Where possible
ACFM also takes uncertainty into account by prox iding indications of the biological nsk associated with particular
m.magement optxons : :

ACFM ¢annot stress too forcibly that the reliability of its assessments and advice depends on the quality of the data
provided. In particular, the reliability of the reported national catch statistics is a matter of great concern because
the quantitative stock parameters are a direct function of the number of fish that are estimated to have been caught.

1.2.3 The state of stocks

Estimates of the present size of each stock and the level of fishing mortality on it are meaningful only in the
context of historical trends and assessments of the long term potential of the stock. To provide indicators of the -
state of each stock in relation to its long term potential and of the level of exp101tat10n ACFM has estabhshed a
series of "Biological Reference Points”.

1.3 Biological Reference Points (BRP)

Biological reference points represent a set of sxgnposts to enable scientists and managers to Judge the state of
exploitation of the stocks. They are of two types: BRPs defined by values of fishing mortality rate on the yield-
per-recruit curve; BRPs based on the sustainability of recruitment at different levels of fishing mortality.

1.3.1 BRPs defined by values of ﬁshmg mortality rate (F) on the )leld per-recruit curve

Regardless of recruitment ﬂuctuauons the total yield that can be obtained from each year class throughout its
existence in the fishery is dependent on the fishing mortality rate and on the exploitation pattern (the pattern of
relative values of fishing mortality on eaeh age group). Yield per recruit is also constrained by the growth and
natural mortality rates of the stock.

The ﬁshmg mortahty rate provndes a measure of the proportion of the stock that is killed by fishing each year. It
is controlled directly by the amount of fishing, i.e., the fishing effort. Fishing effort is a measure derived from
the appropriate combination of the number of »essels the time spent fishing and the size and t)pe of gear.

Stocks that are exploited at levels of ﬁchlng mortality in excess of those glvmg the maximum )xeld on the yield-
per-recruit curve, or with exploitation patterns that give lower than maximum yield-per-recruit, are said to be
subject to "growth overfishing".

i) F,., is the level of fishing mortality at which the maximum 1ong term average annual catch can be taken.

if) F,, is an arbitrary level of fishing mortality at which the slope of the yield-per-recruit curve is one tenth of
its slope at the origin. F,, is always less than F__,. At F,, the yield-per-recruit is only slightly less than at
F,.. whereas the implied difference in fishing mortality rate (and hence fishing effort) is much greater. The
implication of this is that catch per unit effort is higher at Fy, than at F_,, with consequent economic benefits,
but without foregoing any significant part of the potential yield.

The actual shape of the yield-per-recruit curve and the values of F_,, and F,, depend on the exploitation pattern,
and any changes in the latter due to mesh size changes, for example, result in new values of F_,, and Fy,

" Thelevel of fishing mortality and the explontauon pattern determine the proportion of recruits that survive to spawn

as well as the yield-per-recruit.
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1.3.2  BRPs based on the sustainability of recruitment at different levels of ﬁshing mortalily

Year class strength, i.e., the level of recruitment each year, is dependent on the environmental and ecologlcal
conditions experienced by )oung fish between the nme they are spawned and when the) become available to the
fishery. Since these conditions are variable, recruitment is also variable, and more so in some stocks than others.
In many stocks, recruitment does not appear to be simply proportional to the size of the parent sto;k from which
it was spawned. There must, nevertheless, be a level of spawning stock below which recruitment will be affected
as a result of low egg production. The likelihood that the stock will fall below this level depends on both
environmental and ecological factors that affect the survival of the young stages and on the fishing mortality rate
both on adults and on juveniles. Stocks that ha\e been reduced below this level by fishing are said to be suffering
from "recruitment overfishing".

The BRPs given below are the levels of fishing mortality at which it is almost certain (F,,,), probable (F med) and
doubtful (F,,,), based on historic evidence, that recruitment will in the long term be sufficient to compensate the
losses due to mortality, while the stock remains within its previous limits. They are calculated from the historic
series of estimates of spawmng stock and recruitment and from estimates of the proportion of recruits that survive
to contribute to the spawning stock at different levels of fishing mortality. For this reason, they are likely to be
meaningful only for those stocks for which there is a reasonabl) long series of stock and recruitment estimates
covenng a range of spawmng stock sizes. :

i) F,,,Kh corresponds to a level of fishing monallt) at v»hlch survival is so low that recruitment. (per unit
spawning stock biomass) has in the past been insufficient to compensate the losses due to mortality in about
nine years in ten. It is thus a level that is almost certainly not sustainable if the stock is to be maintained .
within its previous limits.

i) F,.q is the level of hshmg mortality at which recruitment (per unit spawmng stock bxomass) has been
- sufficient to compensate the losses due to mortality in half the years observed. This suggests that it may be "
a level that can be sustained assuming that the underlying environmental and ecological fautors to which the
data relate do not change. :

iii) F,W is the level of fishing mortality at which recruitment (per unit spawning stock biomass) has been
. sufficient to compensate the losses due to mortality in about nine years in ten. It is thus a level that is likely .
to be sustainable and ma) facilitate a growth in stock size where stocks are at a low level.

THESE BlOLOGlCAL REFERENCE POlNTS ARENOT THE SAME AS MANAGEMENT OBJECTIVES. The)
simply serve as a gulde to aid managers in choosmg from the range of options open to them.

1.4 Stock Categones

ACFM has in the past defined a series of stock categories based on the state of the stocks in question. These have
provided a basis for deciding the type of advice appropriate for each stock. In the hght of the above, ACFM now
cons:ders that it is appropnate to redefine these categones .

As explamed in Section 1.1.3.2 ahove, Lhere is lnkely to be a level of spaw nmg stock size below which the prob-
ability of poor recruitment increases as spawning stock size decreases. Because of the ‘inherent variability of

“recruitment at any given spawning stock size, this level is not known for certain in many stocks. Nevertheless,
some idea of the bounds within which it may lie can be obtained by exammmg the historic variation in recruitment

at different levels of spawning stock. For present purposes, this level. is named the "minimum blologlcally
acceptable level” (MBAL) . :

This level may be useful in providing managers with an indication of a lower level of spawning stock abowe whlch -
the stock should, in so far as possible, be maintained. :
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In stocks for which there is adequate information on hrsmru stock and recruitment, the MBAL can be defined by
the level of spawnmg stock below which the data indicate that the probability of poor recruitment increases as
spawning stock size decreases. Any action that was expected to reduce spawning stock size below this level would,
therefore, be outside safe biological limits. .

It should be noted that stocks below the MBAL are not necessarily in danger of imminent collapse, but simply that
recruitment is expected to be lower than at higher levels of spawning stock size. Because of the fact that there must
be a direct propomonahty between recruitment and spawning stock at low le\ els of spawning stock, however, any
further der.rease in spaw mng stock size may result in an accelerating progressron towards collapse.

In stocks for which information is limited, it is safest to assume that the MBAL is equal to the lowest level of
spawning stock so far recorded. Even though there may be no evidence that recruitment is depressed at this level
of spawning stock, it must be presumed that the MBAL of spawning stock defined above may lie at any level below
that so far observed. Stocks below this level are in "unknown territory”, and, therefore, any action resulting in
such a condition would be outside safe biological limits, even though the level of spawning stock biomass at which
the probability of poor recruitment increases as spawning stock decreases is not known,

On the basis of the above considerations, ACFM recognizes two categories of stocks: those that are below the
MBAL (or expected to become so in the near future at present levels of exploitation) and those that are not in
immediate danger of falling below. this level. In addition, there are stocks for whrch the data are inadequate to
define the appropriate category.

Stocks which are below the MBAL or_expected to become s0 in the near future at present levek of exnloitation

In rdentrfymg stocks lhat are in thrs category, it has to be accepted that there will usually be a considerable degree
of uncertainty. This can arise for one of three reasons: :

a) Imprecision in the historic estimates of stock size and recruitment due to imprecise data.

b) Variability in recruitment due to natural causes can obscure any relationship between recruitment and parem
stock; thus, low stock size, which is itself often the result of poor recruitment, can be caused by environmental
and ecological factors as well as by overfishing.

¢} The time series of stock and recruitment data may not be long enough to determine the likely range of variation
in the size of future year classes at different levels of spawning stock size.

In stocks in this category, ACFM will in so far as possible give advice on what measures are needed to rectify the
situation. The severity of this advice and the extent to which management options are possible, will normally
depend on the degree of depletion of the stock and on what information is available on the historic series of stock
and recruitment. :

Stocks that are not in imminent danger of falling below the MBAL

This category includes stocks that are currently being exploited over a wide range of fishing mortalities, either
above or below the biological reference points on the yield-per-recruit curve, but which are not thought to be in
imminent danger of falling below the MBAL. In these stocks, ACFM normally provides a range of options together
with impact statements for each option. Where possible, ACFM also provides an indication of the risks of fishing
-at different levels of fishing mortality in terms of the probability of certain events, e.g., a decrease in stock below
a certain level. In addition, in stocks that have historically been at higher levels, ACFM may indicate measures
that are expected to allow further recovery with the objective of creating a buffer sto;k as a hedge against future
recruitment fluctuations.

Where fishing mortality is above F,,, and F,,, the quesiroh of whether it SHOuld be reduced may be primarily an
~ economic one. ACFM will, if asked or where appropnate give indications on how longer-term benefits can be
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obtained in these cases, e.g., by effort reductions. However, tishing mortalities eventually expected to reduce the
spawning stock below or close to the MBAL will not normally be included as management options.

Where the fishing mortality rate is below or close to F,,, or F,, and the stock is above the level at which
recruitment is likely to be affected, managers may have a wide range of options to consider. In these cases, ACFM
would simply point out that nothing is to be gained in terms of yield-per-recruit by allowing fishing mortahty to
-increase above the F_, or F,, levels.

ACFM also considers that growth overfishing represents a sub-optimal use of resources, but accepts that this is
partly an economic judgement outside its present area of competence. Similarly, ACFM considers that it has a
responsibility to indicate measures that prevent a waste of resources (e.g., through dlscardmg) or that minimize
-any harmful side effects of ﬁshmg

Stocks whose state of exploitation cannot be precisely assessed

This category contains two different types of stock:
a) Those for which no information exists other than annual landings.

b) Those for which the state of explonatmn is known at least in quahtatne terms, but where no stock size or
recruitment estimates are available to make forecasts.

In the first of these sub-categories ACFM prov:des information on the recent trends in landings and, where
requested, advises on appropriate catch levels designed to prevent an increase in fishing mortality rate. The purpose
of catch limits in these stocks may be purely a management one to remove opportunities to misreport catches made
in other areas. In general, a consistent baseline period will be used in order to prevent a drift to higher levels of
exploitation. As a result, no annual update will be made for these stocks, unless additional information becomes
available.

In the second sub-category, ACFM may be able to advise on the hkely losses and gains that will result from
* changes in fishing effort and/or exploitation pattern. In cases where recruitment indices are available, it may also
be able to provide catch options corresponding to status quo fishing mortality based on simplified forecasting
methods.

1.5~ The Multispecies Dimension

In providing advice to managers, ACFM wherever possible considers the interactions between the fisheries, and
between the stocks of fish, shellfish and other marine organisms. There are two ways in which interactions can
take place techmcal interactions and ecologlcal mteracuons

1.5.1 Technical interactions

The majority of fisheries take a mixture of stocks of different species living on the same grounds. Fishing targeted
at one stock thus has an impact on other stocks in the same area. These technical interactions present a particular
problem in unaimed fisheries, i.e., those exploiting a mixture of stocks. Where possible ACFM takes these
interactions into account when pointing out the constraints to managers. Progress in this developmg process is
expected to be enhanced by the setting up of area-based, as distinct from stock-based assessment working groups.
The provision to ICES of new area-based information is also hkely to improve the possibilities of giving integrated
advice. :

1.5.2 Ecological interactions -

Fish and shellfish stocks are interac.ting components of inherently complex ecosystems. While considerable progress
has been made in recent years in collecting information on the nature of the interactions between fish stocks

(competition and predation), and other components of the ecosy stem, the state of understanding is as yet inadequate
for operational use. Wherever reasonably certain conclusions can be drawn, however, ACFM takes ecological

interactions into account in its advice.
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ANNEX 4
THE APPLICATION OF ACMP ADVICE >lN A MANAGEMENT CONTEXT

In accordance with the intention expressed by ACMP in its 1988 report, this article concludes the current
phase of ACMP discussions on managerial issues.

Summary

It is the opinion of ACMP that a consensus view on a conceptual framework for environmental protection
is necessary for its own work, and should also be of value to the recipients of ACMP advice. The article
which follows gives a detailed explanation of the key elements of this framework. It follows that the ACMP
would strongly encourage open dialogue on this topic with a view to stimulating the gradual introduction of
control strategies, applicable to all anthropogenic influences on the marine environment, that would facilitate
the application of its advice within the management context intended; that is, management of the marine
environment in a manner which will afford protection to the environment as a whole.

It is most improbable that strategies for assessing and controlling human impact on the environment will be
effective if they permit the development of an unrestricted array of new practices, products, and waste
materials. There are already indications that statutory regulatory mechanisms are as vulnerable to
"overloading” as the environment itself. Furthermore, it is obvious that environmental quality which will
allow sustained development can not be achieved through case-by-case assessments alone, or through control
strategies that are subject to constant change. The need for re-appraisal of existing strategies, and agreement
on the future role of science in the environmental protection process, is urgent.

For the above reasons, the ACMP has outlined a management framework within which justification of a_
practice becomes the primary requirement and which clearly identifies the contribution of science to
subsequent elements of the framework. :

A justified practice will be one for which the combined benefits to the whole of society are considered to
outweigh the combined deficits or detriment, environmental effects being only part of the latter. The second
element of the framework would place scientifically derived limits on the environmental changes that are
permitted to occur; in the case of contaminants emitted by a practice, these limits would constitute upper
bounds to increased levels of exposure for Man and critical components of the environment. The third
element of the framework, in certain respects the most critical, demands actions that will minimize
environmental changes resulting from the practice as far below the limits as practical, taking into account
technological capabilities as well as economic, social, and political considerations. This is the on-going
process of optimization of human activities to ensure their compatibility with sustained use of the
environment as advocated by the World Commission on Environment and Development (1987) and others.

Taken together, the elements of the framework comprise an integrated approach to environmental
management that provides for equate control of a practice throughout its lifespan. An inherent feature of the
framework is that it allows the application of a variety of regulatory tools, such as, for example, emission
controls an use-related environmental quality objectives, provided they are developed and applied in
accordance with the basic principles of the framework.

A simplistic representation of the strategy underlying the framework is shown in Figure 9. It indicates that

the "acceptability” of a practice will depend not only on its yielding a "net benefit" but also on the

possibilities for optimization of the practice. The practical application of the framework is illustrated in

Figure 10. This shows the interrelationships between the elements of the framework as well as the relevant
considerations of the associated control process.
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Finally, in presenting these proposals, the ACMP wishes to stress its belief that, in parallel with scientific
activities aimed at improved understanding of existing environmental problems, there must be greater efforts
to develop new and improved environmental management systems that will reduce the potential for future
problems. This article is ACMPs contribution to this process. .
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Figure 9 Simplistic Representation of the Environmental Protection Strategy Advocated



