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INTRODUCTION

At present, the majority of fisheries around the British
Isles are monitored and regulated in areas which are
delineated by the International Council for the Explora-
tion of the Sea (ICES), as shown in Figure 1. Fish
communities are unlikely to be restricted to any of these
areas, though the abundance of the more important
commercial species, and their response to exploitation,
are assessed within each of these areas, and thus
management stocks are defined principally on a
species-area basis. The concept of biological stocks,
however, relies on the premise that there are groups
within a species population which have sufficient spatial
and temporal integrity to warrant consideration as self-
perpetuating units. It is possible that several biological
stocks of the same species may be exploited within each
management area, and stocks which migrate through
any particular area may have been exploited by fisheries
in other areas. It is unlikely that the exploitation rate on
individual biological stocks can be optimised when fish
are being harvested from a number of such stocks.
Furthermore, over-exploitation of any biological stock
may result in a loss of genetic diversity and may reduce
the resilience of the species as a whole to environmental
change.

around the British Isles
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Figure 1. The ICES Divisions of the sea areas

Table 1. Total national landings of 25 species by French, English, Channel Island and Welsh vessels
and corresponding landings from the English Channel (ICES divisions, VIId and VIIe) in 1989
Species Landings (tonnes)
Common name Scientific name Total *!2 Channel *!2 % from
(VIId & e) Channel

Scallop Pecten maximus 10370 8998 87
Cuttlefish Sepia officinalis 14343 13737 96
Lobster Homarus gammarus 875 357 41
Edible crab Cancer pagurus 13812 8758 63
Spider crab Maja squinado 6491 5548 85
Spurdog Squalus acanthias 10836 621 0.6
Thornback ray Raja clavata ) 11233%3 1975%3 18
Cuckoo ray Raja naevus )
Herring Clupea harengus 15387 10732 70
Sprat Sprattus sprattus 1632 1584 97
Pilchard Sardina pilchardus 11701 1899 16
Cod Gadus morhua 62857 5711 0.9
Whiting Merlangius merlangus 30905 6008 19
Pollack Pollachius pollachius 6815 2982 44
Hake Merluccius merluccius 23646 932 4
Ling Molva molva 12469 2310 19
Bass Dicentrachus labrax 3134%4 1311%4 42
Black bream Spondyliosoma cantharus 1041 640 61
Mackerel Scomber scombrus 59913%> 16203*° 27
Scad Trachurus trachurus 14165 3354 24
Red gurnard Aspitrigla cuculus 6179*¢ 4193%*¢ 68
Plaice Pleuronectes platessa 37923 8687 23
Lemon sole Microstomus kitt 4662 1143 25
Sole Solea solea 10852 3022 28
Angler Lophius piscatorius 24144%7 3810%7 16
Notes: * Official landings from MAFF database unless stated otherwise

*2 Official landings from IFREMER database unless stated otherwise

*3 UK landings data are for all skate and ray species combined

e Official landings plus logbook-based UK landings estimates

*3 International landings estimate for 1990

*6 No English or Welsh data available

*7 Data for L. piscatorius and L. budegassa combined



For fisheries management purposes, the stock unit is
conventionally delineated by the extent to which the
effects of exploitation in a particular fishery are recog-
nisable through a species’ population. Nevertheless, this
management unit should also have a high degree of bio-
logical integrity. The biological identification of stocks
is, therefore, an important step towards developing a
rational strategy for the management of their fisheries.

The aim of this Report is to present information describ-
ing the identification and distribution of the stocks of
the most commercially important species which support
fisheries in the English Channel, (Table 1). For this
purpose, members of the Channel Fisheries Study
Group have reviewed the existing literature and ana-
lysed some historical data sets and other previously
unpublished material, on each of 25 marine species.
Their overall distribution is described, in conjunction
with a more detailed analysis of seasonal abundance in
the Channel and adjacent seas, followed by a synthesis
of information on the distribution and movements of the
early life history stages obtained from plankton samples
and mathematical models of water current movements.
Movements of the adult component of stocks in the
Channel, and adjacent seas, have been determined from
the results of tagging studies and examination of fish
sampled from research survey catches and commercial
landings from different regions. Each sub-section ends
with an evaluation of our knowledge of that species’
stock structure in the English Channel. The validity of
the various approaches to stock identification is dis-
cussed, together with our conclusions about the relation-
ships between probable stock boundaries and the
existing management areas in the English Channel.

A DESCRIPTION OF THE
PHYSICAL, CHEMICAL AND
BIOLOGICAL STRUCTURE OF
THE ENGLISH CHANNEL

The separation of stocks and their identity may be
maintained by characteristics of their environment.
Therefore, before dealing with the 25 species listed in
Table 1, a brief description is provided of the physical,
chemical and biological characteristics of the English
Channel.

The English Channel has a maximum depth of 100 m at
its western mouth (5°W), shallowing to 40 m in the
central Dover Strait (Figure 2). The bottom is relatively
flat, except near the coast and around the Hurd Deep.
Waters with depths below 50 m are more extensive in
the Golfe Normande-Breton and Baie de Seine than off
the English coast. The Channel is a shallow part of the
Atlantic Ocean’s continental shelf, and has strong tidal
currents which are superimposed on long-term water
movements called tidal residuals.

Although the currents in the Channel are mainly the
result of tide, they are also influenced by wind and
pressure gradients and, to a lesser extent, by density
gradients and temperature differences induced by
freshwater (from rivers) mixing with marine waters.
The vertical hydrodynamic structure of this area
depends mainly on depth and the effect of bottom
topography on tidal currents. It varies from a stratified
structure (weak currents, deep water) in the west, where
a thermocline develops from March to September, to an
eastern zone which remains relatively homogeneous,
due mainly to bottom turbulence (strong currents,
shallow waters). The transitional areas have character-
istics of both regimes: a slightly stratified profile which
becomes homogeneous at depth, dependent on the
bottom turbulence, and where there are large horizontal
surface water temperature discontinuities called thermal
fronts. Salinity gradients have their greatest effect on
the physical structure in estuaries, where vertical
stratifications can develop due to freshwater input (e.g.
in the Baie de Seine).

Our knowledge of the general flow of water through the
Celtic Sea and the English Channel has been established
by direct and indirect measurements with the aid of
numerical models. It appears that the circulation pattern
is composed of a ‘river’ between the Atlantic and the
North Sea, which carries a water flux of about 17 000
cubic metres per second, for an average tide. Eddies,
associated with tidal flow around headlands, within
basins or over sand ridges, have been confirmed from
direct observations. Examination of residual circulation
also reveals confined areas, closed gyres (eddies) and
boundaries, which must play a role in containing fish
eggs and limiting the dispersion of larvae in the plankton.
Tidal flow also has a significant effect on the transport
of solids within the Channel and thus the distribution of
sediments. Alluvial deposits and the associated organic
material have an important influence on the development
and structure of biological ecosystems. It has been estimated
that the drainage area of freshwater into the Channel is
13000 km?, of which the Seine basin represents two-thirds.

Phytoplankton is an important component of the
ecosystem in the frontal and mixed regions, where the
zooplankton biomass considerably exceeds that of the
well-stratified water. In the English Channel, as in
other temperate shelf waters, the distribution of plank-
ton is determined directly by water movement and
indirectly by the effects of tidal mixing, and seasonal
stratification has an important effect on species’ succes-
sion and survival.

Climate and sedimentary texture determine the distribu-
tion of benthic organisms, due to their ecological
requirement or tolerance: many species are restricted
largely to the western Channel, whereas other species,
fewer in number, have a strictly eastern distribution.
Thus, there is a net decrease in the diversity of benthic
organisms from west to east. The persistent west to east
movement of water through the Channel makes north-
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south connections difficult, and may cause a separate
development of colonies of particular species on both
sides of the Channel.

It is likely that these vertical and horizontal gradients in
water properties, and the distribution of substrates in the
English Channel and its adjacent seas, have a strong
influence on the recruitment, survival, migrations and
integrity of fish stocks which are found in this area.

THE IDENTITY OF ENGLISH
CHANNEL FISH AND SHELL-
FISH STOCKS

Most of the information contained in the following
synopses of our contemporary knowledge of stock
structure for 25 Channel species has been obtained from
studies using conventional stock identification methods.
Commercial landings or landings per unit of fishing
effort (LPUE) data and groundfish survey catch-per-
unit-effort (CPUE) data have also been used to help
provide an indication of stock distribution and move-
ment of demersal species which are caught by otter and
beam trawls, and for which a ‘fishing hour’ is a realistic
measure of effort. For other species, total landings data
have been used. In all cases, these data are presented in
population density maps by ICES statistical rectangle.

The English Channel and location of places named in the text

Two sets of French landings data were available: those
registered as official statistics (in which the statistical
rectangle of capture is usually known), and those
estimated on the basis of additional market landings and
landings recorded elsewhere (located only by ICES
divisions). French fishing effort statistics relate to the
number of trawling hours used to catch the fish included
in the official statistics. English and Welsh landings are
recorded for nationally registered vessels landing at
major ports in all countries, and both landings and
fishing effort are attributed to specific ICES rectangles.
The figures provide only a poor coverage of the many
inshore fisheries, from which landings do not always go
through the markets. For some species, like shellfish
and bass, specialists’ estimates of landings have been
preferred to official data.

For 1989, LPUE for rectangles in the southern North
Sea (division I'Vc), the English Channel (divisions VIId
and e), and the Celtic Sea and Western Approaches
(divisions VIIf, g and h), were calculated as kilograms
of each species landed per hour of otter or beam
trawling, and are represented on charts using a series of
graduated tones. The precision of these values as an
index of abundance is affected by variations in boat
power, net size, net efficiency, skipper ability, the
species targeted and the proportion of the catch dis-
carded before landing, etc. No attempts were made to



correct for these sources of error, but it was considered
that the basic LPUE calculation was adequate for
present purposes.

Groundfish survey data are represented on the figures
using superimposed roundals with an area proportional
to the CPUE (as kg per hour of fishing with otter or
beam trawls). The data originated from surveys in the
Bay of Biscay and Celtic Sea during autumn 1990 and
spring 1991 (France), in the western Channel and Celtic

Sea during March 1988 and October 1988 (England), in
the eastern Channel during October 1988-1991
(France), and in the eastern Channel and North Sea
during August and September 1989 and 1990 (Eng-
land). No attempt was made to allow for differences in
gears and vessels used in the different surveys. Survey
results were plotted onto the distribution map represent-
ing the calendar quarter in which they were conducted.
Unfortunately, surveys have not been conducted in all
areas in every quarter of the year.




1. SCALLOPS
1.1 General distribution

Scallops, Pecten maximus, are distributed in northeast
Atlantic shelf waters from northern Norway south to the
Iberian peninsula, Figure 1.1, and have been reported
from coastal waters around the Azores, the Canaries and
Madeira. They are most abundant on gravel, sand/shell
or stony substrates at depths of 15-75 metres. The
distribution and abundance of scallops in the Channel
and adjacent seas has been determined by biological
survey and by study of the commercial fishery. Land-
ings of scallops by English, Welsh and French vessels
by rectangle during 1989-1990 are shown in Figure 1.2,
which indicates that there are important scallop grounds
are in both the east and west Channel. Scallops are
widely distributed in the Channel, but their density is
considerably lower outside the commercially exploited

_ grounds.

30°
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Figure 1.1 The distribution of scallop in the
northeast Atlantic

1.2 Spawning areas

Scallops are sedentary for most of their life cycle, and
thus their spawning areas correspond with the areas of
adult distribution. Examination of the maturity of
gonads shows that spawning occurs between spring and
autumn, but there is considerable regional variation in
the timing of spawning. Scallops in the Baie de St
Brieuc are unusual in that they all spawn in a short
period during summer. It is possible that a minimum
density of spawning adults is necessary to ensure good
recruitment of spat (juvenile scallops), and productive
spawning areas may therefore be more restricted than
the overall distribution of the species would indicate.

Figure 1.2 The annual distribution (mean 1989-
1990) of estimated scallop landings
(tonnes) by ICES rectangle in the
Channel and adjacent sea areas

1.3 Larvae and spatfall

Following fertilisation, the egg develops rapidly to
become a shelled veliger larva which is planktonic for
4-5 weeks, depending on water temperature. The
pelagic larvae eventually descend towards the seabed
where metamorphosis takes place. Hydrographic
models have been used to investigate the likely direc-
tions in which these larvae disperse from spawning
areas and to show possible relationships between
scallops from different areas. These suggest that, in
some areas, scallops are self-recruiting, whereas others
depend on immigration (Figure 1.3). The results also
indicate that several discrete scallop stocks may exist in
the Channel. Thus, there would appear to be little or no
exchange of larvae between the eastern and western
Channel or between inshore beds on the French and

Figure 1.3 NORSWAP simulation of particle
dispersal by water circulation in the
Channel. The predicted average
annual pattern of scallop larvae
transport from ‘release’ points is
shown by arrows, for a 30-day
pelagic period during the main
spawning season (July-September)
(after Dare et al., in press). Exploited
aggregations of scallop are denoted
by diagonal shading



English sides of the western Channel. The scallop bed
in the Baie de Seine may provide recruits to most areas
in the eastern Channel, whereas scallop larvae originat-
ing from beds in the Baie de St Brieuc and the Golfe
Normande-Breton may be contained within a gyre.

1.4 Biological parameters and
population structure

The young scallops are sedentary (though mobile) and
areas of good spatfall on appropriate substrates subse-
quently develop into adult beds. Consequently, the age
structure on a particular bed is dependent on annual
recruitment levels and survival, and on the effects of
size-selective fishing effort during the previous years.
The growth of scallops from different regions varies
considerably and, within regions, their growth rates are
not consistent from year to year. The extensive varia-
tions in the growth, size and age structure of scallop
populations are thus related to local environmental
conditions after spatfall (i.e. they are phenotypic), and
are unlikely to be of value for investigating inherited
traits in scallop stocks. Nevertheless, some grounds
produce morphologically recognisable shell types which
may help in stock identification.

Although there are variations in the age at maturity of
scallops from different regions, size at maturity remains
relatively constant. This suggests that age at maturity is
a function of growth rate and is thus determined by
local environmental factors.

Population differences in the reproductive cycles of
scallops might be inherited. For example, scallops from
Brest have been shown to maintain their original
spawning pattern after being transplanted to the Baie de
St Brieuc, as have Scottish scallops moved to the same
area. Gonadal recovery following spawning does not
begin until the spring for scallops from the Baie de St
Brieuc and the Golfe Normande-Breton whereas, in the
Brest region, scallops recover quickly from spawning
and develop full gonads before winter. Scallops from
the eastern Channel have an intermediate cycle and their
gonads recover during winter.

Because scallops are distributed widely throughout the
Channel at lower densities than those on the fished
‘beds’, the transfer of veligers from low-density areas to
the ‘beds’ may be sufficient to maintain genetic homo-
geneity. When considered in conjunction with biologi-
cal and oceanographic information, differences in the
reproductive cycles of Channel scallops, which were
maintained after transplantation, suggests that there are
genetic differences, though none so far have been
detected by electrophoretic or DNA studies.

1.5 Conclusions

The only significantly dispersive phase in the scallop’s
life cycle is during the 4-5 weeks that the larval veliger
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is planktonic. The water transport regime during this
period determines whether larvae disperse to new areas
or return to their bed of origin. Models of veliger
transport suggest that scallops in the eastern Channel
remain in this area or recruit to the southern North Sea -
where the species is comparatively rare. Those on the
English and French sides of the western Channel are
likely to recruit to their respective areas of origin.
Differences in the reproductive cycle suggest that
scallops in the Baie de St Brieuc are a largely self-
recruiting unit and should be considered as a discrete
stock for management purposes. Similarly, the relative
isolation of beds on the English side of the western
Channel and eastern Channel, both from each other and
from those in the Baie de St Brieuc region, suggests that
scallops in these areas belong to distinct stocks.

2. CUTTLEFISH

2.1 General distribution

Cuttlefish, Sepia officinalis, are found in eastern
Atlantic shelf waters, usually over sandy ground at
depths of less than 150 m, from southern Norway and
northern England south to South Africa. They are most
abundant in the Bay of Biscay, and are absent from the
Baltic and Black Seas (Figure 2.1). The quarterly
distributions of cuttlefish LPUE from English, Welsh
and French vessels in 1989, and CPUE from groundfish
surveys, are shown in Figure 2.2. These distributions
suggest that cuttlefish are concentrated in the central
western Channel during winter and in coastal areas
during spring and summer.

Figure 2.1 The distribution of cuttlefish in the
northeast Atlantic
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Figure 2.2 The quarterly distribution of cuttlefish LPUE by ICES rectangle in the Channel and
adjacent sea areas in 1989. CPUE from English and French groundfish surveys are

indicated with superimposed circles

2.2 Egg laying areas

Cuttlefish lay their eggs on marine algae, sessile
animals, man-made obstructions and the seabed from
early February until the end of May. The peak of
spawning occurs from mid-April to mid-May. Major
spawning areas on the Channel coast are found in the
Baie du Mont St Michel and Lyme Bay. Cuttlefish also
spawn in the Baie de Seine, Baie de St Brieuc, Baie de
Somme and the Solent. It is probable that eggs are laid
in other areas where depths are less than 30-40 m along
the English and French coasts, and some spawning
areas have been identified in the Bay of Biscay. Cuttle-
fish eggs hatch after 80-90 days at 15°C and 40-45 days
at 20°C. Newly hatched cuttlefish, with a mantle
length of 6-9 mm, appear in coastal waters of the
Channel during July to September.

2.3 Juveniles

First-year (0-group) cuttlefish remain inshore close to
the site of hatching during the summer months. They
burrow in the sand during daylight hours and emerge to
feed at night. Tagging experiments and observation
from the fisheries suggest that juvenile cuttlefish leave
shallow coastal nurseries in October, when they have
attained a mean length of 6 cm, and migrate to areas of
the western Channel where the depth exceeds 70 m and
the mean water temperature remains above 9°C. They
aggregate around the Hurd Deep from November to
February. There is a similarly deep overwintering area
in the Bay of Biscay, but juveniles from the Channel do
not appear to migrate there.
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Juvenile cuttlefish return to shallow inshore areas as 1-
groups in the following summer, but do not necessarily
return to their original nurseries. During this second
summer, cuttlefish grow 1-2 cm in length each month
and exhibit the first signs of sexual development. In the
Channel, males start to mature at a mean mantle length
of 10 cm and, by October, when approximately 13
months old and 13 cm long, they are sexually mature.
Females begin to mature in July at a similar size and, by
October, their ovary follicle cells are dividing. The
final stages of maturation occur during the subsequent
overwintering period.

2.4 Adult migrations

The migrations of adult cuttlefish have been elucidated
by tagging mature and maturing cuttlefish in the Baie de
Seine and west Cotentin during summer and in the
central western Channel during winter. The distribution
of recaptures indicates that the cuttlefish migrate
offshore during October and November and, by mid-
November, landings in the fishery demonstrate that all
cuttlefish have left inshore waters. From November to
January, the mature cuttlefish are concentrated near to
the Hurd Deep, and they move progressively west to
reach deep water south of the Lizard at the beginning of
March. By this time, the mature females all contain free
eggs in the ovary. Both the 0-group and the maturing 1-
group cuttlefish from all regions of the French Channel
coast mix during this migration.

The return migration from overwintering areas is rapid,
with some cuttlefish moving from the central western



Channel to Normandy coastal waters in two weeks.
Cuttlefish are rarely caught during this phase of the
migration, which suggests that they travel high in the
water column where they would be less accessible to

trawls. Large, mature male cuttlefish arrive inshore first

(at the beginning of April) followed a few days later by

the females. The cuttlefish mate and the eggs are laid,
following which almost all mature cuttlefish die.

Cuttlefish have not been tagged in English coastal
waters, but the seasonal distribution of landings from
the fishery suggests that these join cuttlefish from the

French coast on the overwintering migration. Cuttlefish

tagged in the Bay of Biscay have not been recaptured
within the Channel. The migrations of cuttlefish in
these two areas are summarised in Figure 2.3.

Figure 2.3 The seasonal migration of cuttlefish
in the Channel and Bay of Biscay
(V. Legrand, unpublished data)

2.5 Biological parameters and
population structure

There are spring and summer breeding cohorts of
cuttlefish in the Mediterranean and in the Bay of
Biscay. In the Channel, however, almost all cuttlefish
breed in April and May, and size classes in the

overwintering population suggest that there is generally

only one maturing cohort present. However, on some

occasions (e.g. 1989), two cohorts have been identified.
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Growth parameters have been calculated for male and

female cuttlefish in the Bay of Biscay and in the

Channel, but they are not entirely comparable because
they were calculated by different methods. The maxi-

mum length of Channel cuttlefish is higher than for
those in the Bay of Biscay, but there is considerable
variability in growth between individuals and years.

Consequently, growth parameters are unlikely to be of

value for separating stocks.

2.6 Conclusions

Cuttlefish hatching in the Channel are unlikely to move

to other regions during the course of their life cycle.

However, it is not known whether the cuttlefish of the

Channel are members of one stock unit, or whether
there are separate breeding stocks, all of which
overwinter in the same region.

3. LOBSTER

3.1 General distribution

Lobsters, Homarus gammarus, are distributed in the

northeast Atlantic from northern Norway and the Faeroe
Islands south to North Africa. They are present in parts
of the Mediterranean but absent from the Baltic Sea and

Black Sea (Figure 3.1). Lobsters are found from the
intertidal zone to depths of 200 m, but they are scarce
below 100 m.

The mean annual lobster landings from English, Welsh,

French and Channel Islands vessels for 1986 to 1990
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Figure 3.1 The distribution of lobster in the
northeast Atlantic
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Figure 3.2 The annual distribution (mean 1986-
1990) of estimated lobster landings
(tonnes) by ICES rectangle in the
Channel and adjacent sea areas

are shown in Figure 3.2. This suggests that lobsters are
particularly abundant on the English coast around the
Isle of Wight, in north and west Cotentin and around the
Channel Islands. In the extreme eastern Channel and
southern North Sea, lobster densities are low. To the
west, there are directed lobster fisheries off west
Cornwall and southwest Brittany.

3.2 Spawning and hatching areas

Mating occurs in the summer, and newly berried (egg-
carrying) females begin to appear from September to
December in all areas where lobsters are present, on
both inshore and offshore grounds. Lobsters do not
appear to make extensive movements when berried, and
hatching takes place in spring and early summer on the
same grounds. Lobsters on the offshore grounds are
generally less abundant than those inshore, but with
their larger mean size and high fecundity (number of
eggs being carried) they may make a significant contri-
bution to larval production.

3.3 Larvae

Little is known about the distribution and abundance of
lobster larvae in the Channel. They are pelagic for
about 3 weeks and undergo 3 moults before metamor-
phosing and settling on the seabed.

3.4 Juveniles

The main lobster nurseries are found on rocky ground in
coastal waters. There has been no systematic survey in
the Channel, but important nurseries are recognised in
central west Cotentin (Carteret to Granville), Jersey and
Minquiers, and in an area around Bréhat and Roches-
Douvres. On the English coast, juvenile lobsters are
most frequently caught off Sussex, Hampshire, Dorset
and Cornwall.
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3.5 Adult migrations

Lobsters have been tagged and released at sites in
northern Biscay, northern Brittany, west Cotentin,
Jersey and at Selsey on the English coast. Tags which
were designed to persist through moulting were used,
and most lobsters were recaptured within 1 or 2 years
after release. Although some lobsters released in
shallow waters in west Cotentin moved to deeper water,
it is concluded that, unlike the edible or spider crabs,
lobsters do not undertake regular migrations, but simply
make small random movements which could be
prompted by local competition for food or by the need
to change habitats as their size increases.

3.6 Biological parameters and
population structure

The size composition of lobsters sampled from different
regions of the Channel coast may vary considerably. In
general, smaller lobsters are found in inshore areas.
Growth rates have been derived from the Selsey tagging
experiment, but there are no comparable data from other
regions on the English coast. Growth has also been
estimated following a French tagging experiment in
west Cotentin.

A comparison of the proportion of berried females by
size class showed no differences between areas ranging
from Guernsey, Roches-Douvres, west Brittany and
Biscay. Berried lobsters are rarely less than 80 mm in
carapace length. The fecundity of lobsters from
different areas may vary, but only one set of fecundity
data has been collected in the Channel.

Some biometrical analyses of length, width and weight
relationships of lobsters from the Bay of Biscay, the
Channel and the North Sea have been conducted for
stock assessment and management purposes, but the
data have not been analysed for comparison.

3.7 Conclusions

Within the overall range of their distribution, lobsters
are abundant only in relatively localised areas. Their
larvae are likely to have a limited dispersal because the
planktonic phase only lasts for around 3 weeks, and
there is no evidence of extensive migrations by the
adults. There are marked differences in the population
structure of lobsters in various parts of the Channel,
but these may be the result of different levels of
exploitation and available habitat. At present, no
separate lobster stocks can be recognised within the
Channel.



4. EDIBLE CRAB

4.1 General distribution

Edible crabs, Cancer pagurus, are distributed in north-
east Atlantic shelf waters from northern Norway south
to Morocco. They are most abundant around the British
Isles and off the northern and western coasts of France
at depths from 0 to 200 m, but they are absent from the
Baltic and Mediterranean Seas (Figure 4.1). The
distribution of crab catches by English and French
vessels by rectangle can be derived from official
landings statistics, but these are considered to be
unreliable. A better indication of relative crab popula-
tion density may be based on estimates of mean annual
landings for the period 1985-1990 (Figure 4.2). These
suggest that the abundance of crabs is highest in the
western Channel.
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Figure 4.1 The distribution of edible crab in the
northeast Atlantic
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Figure 4.2 The annual distribution (mean 1985-
1990) of estimated edible crab
landings (tonnes) by ICES rectangle
in the Channel and adjacent sea areas
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4.2 Spawning areas

Areas where edible crabs spawn in the Channel and
Western Approaches have been identified by assessing
the abundance of mature females in commercial land-
ings. During the autumn, the majority of female crabs
landed from the offshore grounds in the Channel are in
the pre-spawning condition with well developed
gonads, and they probably remain in the same area
during the overwintering egg-carrying phase, when they
bury themselves in the seabed or hide in natural shel-
ters. Unlike berried female lobsters, they do not feed
and are rarely caught in traps. Consequently, catch
rates of female crabs decrease at the end of November
and into December and, as there are few direct observa-
tions or records of berried crabs, their distribution is not
well defined.

4.3 Larvae

Edible crab larvae have been found to be distributed
widely in the Channel and the Western Approaches
during spring and early summer. Two centres of larval
distribution were observed in the Channel - in the
extreme cast and central west. Hatching areas have also
been located in the Bay of Biscay and Celtic Sea.

Crab larvae are planktonic for 60 to 90 days, and the
NORSWAP hydrographic model has been used to
predict their movements before metamorphosis and
settlement. Little movement was expected in the
Western Approaches and within bays, whereas it was
predicted that larvae hatched offshore in the Channel
would drift up to 100 nautical miles to the east (Figure
4.3). However, surveys have not provided direct
evidence that larvae move from the eastern Channel into
the southern North Sea.

~§&

Figure 4.3 The movement of edible crab larvae
in the Channel as indicated by
NORSWAP models

4.4 Juveniles

Newly settled, juvenile edible crabs are abundant on
rocky ground in English and French coastal waters. The
most important nurseries on the French coast are in



north Cotentin and in north Brittany from Paimpol to
Pointe du Raz. On the English coast, there are major
nurseries on the rocky coasts of Devon and Cornwall
and in shallow, rocky areas in the eastern Channel
(Figure 4.4). Small crabs are rarely caught in offshore
areas, and this suggests that crabs only move to deeper
water as they grow and approach maturity. There may
be some segregation of male and female crabs at
maturity: mature males are caught on predominantly
rocky substrates whereas females are more abundant on
sand and gravel.
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Figure 4.4 The main nursery grounds of edible
crab in the Channel and adjacent
sea areas

4.5 Adult migrations

Edible crabs tagged with suture tags, which persist
through moulting, have been released in the Channel,
the North Sea and the Bay of Biscay. In the Channel,
many female crabs moved west or southwest, but there
was no indication of a return movement. Males made
shorter, less directed, movements (Figure 4.5). Some
edible crabs tagged off Cornwall moved south to areas
around Brittany, and crabs tagged in Brittany or the Bay
of Biscay also tended to move west or south. There are
no records of crabs moving from the North Sea to the
Channel. Some crabs achieved a mean speed of 2-3 km
per day during migrations of up to 200 nautical miles.
The westerly movements of female crabs may be
contranatent (i.e. against the prevailing current), thus
ensuring that their progeny drift back towards their own
nursery grounds.

4.6 Biological parameters and
population structure

It is not possible to age edible crabs directly, and the
population structure is usually described using size
distributions and sex-ratios. Crabs landed from the
North Sea and the Channel come from populations with
distinct structural differences. Male crabs with carapace
widths over 18 cm are frequently caught in the Channel
fishery, whereas males over this size constitute less than
2% of landings off Norfolk and Yorkshire, where those

Figure 4.5 The movement of tagged edible crabs
in the Channel (after Bennett and
Brown, 1983 and Latruite and Le
Foll, 1989)

greater than 20 cm in width are rare. Similar size
differences are observed for female crabs. In the
western Channel, the mean carapace width of females is
16 -17.5 cm. In the Norfolk inshore and Northumber-
land fisheries, the mean widths of female crabs are
approximately 13 cm and 15 cm respectively.

Growth rate estimates for edible crabs have been
derived from tagging studies in the North Sea, in the
Channel and the Bay of Biscay. Immature crabs of both
sexes and mature males have a growth pattern in which
the size-gain increases at successive moults, whereas the
moult increments of mature females are more regular
and smaller. These moult increments are similar in
crabs from all of the areas studied, but moult frequency,
and hence annual growth, differs significantly. In the
Channel, male crabs moult more frequently than
females, and thus grow more quickly, but the opposite
case exists in the North Sea. Both male and female
crabs moult more frequently in the Channel than in the
North Sea, and thus their growth rates are higher. It
appears that crabs in the southwestern Channel and Bay
of Biscay have even higher growth rates than those in
the mid-western Channel.

No estimates are currently available of the size at
maturity of edible crabs from the Channel, though in
southern Brittany the mean carapace width of females at
first maturity was 12 cm, based on ovary development,
and 11 cm based on evidence of mating. In northern
Brittany, the mean width was 14 cm when female crabs
first become berried.



4.7 Conclusions

There is no clear discontinuity in the distribution of
edible crabs from the Western Approaches and the
northern Bay of Biscay to the eastern Channel. How-
ever, tagging and landings data indicate that the areas of

relatively high crab abundance in the Channel and in the ¢

North Sea are effectively separate. Tagging in the
Channel has demonstrated that edible crabs move
westwards down the Channel, though there was no
evidence that adult crabs moved into the eastern Celtic
Sea.

Whereas there are significant differences in the size
structure and growth of crabs in the Channel and in the
North Sea, there are no major differences between
Channel crabs and those in the Bay of Biscay and
Western Approaches. The available evidence suggests
that edible crabs in the Channel, northern Biscay and
the Western Approaches should be treated as a single
stock for management purposes.

5. SPIDER CRAB

5.1 General distribution

Spider crabs, Maja squinado, are distributed in the east
Atlantic from northern Scotland south to Guinea. They
are present in the southern North Sea, the Irish Sea, the
Channel and most parts of the Mediterranean, but are
absent from the Baltic and Black Seas (Figure 5.1).
Spider crab are most abundant at depths of 0-70 m,
although they have been recorded at 120 m.

The mean annual spider crab landings by rectangle for
1986 to 1990 from English, Welsh, Channel Island and
French vessels are shown in Figure 5.2. This suggests
that spider crabs are most abundant in the western
Channel, particularly in the areas from Cap de la Hague
to Guernsey and to Morlaix.

5.2 Hatching areas

Berried female spider crabs are caught in the Channel
from April onward, and by June all mature females are
berried. The eggs begin to hatch in July and the
hatching period extends until November. Some females
produce two batches of eggs in a season.

Berried spider crabs are predominantly caught from
areas less than 20 m deep along the coasts of Brittany,
north and west Cotentin and the Channel Islands.
Berried females are also caught in English coastal
waters and the eastern Channel, but their overall
distribution is not known because spider crabs are only
targeted by the UK fishery in years when catch rates are
high.
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Figure 5.1 The distribution of spider crab in the
northeast Atlantic
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Figure 5.2 The annual distribution (mean 1986-
1990) of estimated spider crab
landings (tonnes) by ICES rectangle
in the Channel and adjacent sea
areas

5.3 Larvae

Spider crab larvae have a pelagic life of 2-3 weeks,
depending upon water temperature. Given the almost
exclusively coastal distribution of berried female spider
crabs throughout the period of egg development, the
relatively short duration of the pelagic larval phase, and
the low rates of residual current flow in coastal waters,
it is suggested that interchange of larvae between north
and south Channel coasts is unlikely. In addition,
knowledge of current systems suggests that few larvae
would be transported from the Golfe Normande-Breton
to adjacent areas on the French coast.




5.4 Juveniles

Spider crab nurseries are restricted to sites where the
depth is less than 20 m and the ground consists of rock
or gravel alternating with sand or mud. On the French
coast, the most important recognised nurseries are south
of a line joining the Cap de Flamanville to Jersey and to
Paimpol. Nurseries of minor importance are also
located in most bays from Paimpol to Camaret on the
French coast of the western Channel (Figure 5.3).

There have been no attempts to locate nurseries on the
English coast or the French coast of the eastern Channel.

Tagging experiments with immature spider crabs have
not been successful. However, circumstantial evidence
from the spatial and temporal distribution of catches
suggests that they remain in shallow coastal waters until
reaching maturity in their second year.

Foint of release
* (tagged Sept-Oct 1985)

Figure 5.3 The nursery grounds of spider crab
on the south coast of the western
Channel, and release sites of adult
spider crabs tagged in September-
October 1985 (after Latruite and Le
Foll, 1989)

5.5 Adult migration

Mature spider crabs have been tagged along the coasts
of northern Bretagne, Jersey and west Cotentin (Figure
5.3). The recaptures suggest that, once they have attained
maturity, spider crabs leave coastal waters from Sep-
tember to January. They migrate to overwintering areas
south of Guernsey and off the north-western coast of
France (Figure 5.4(a)). The depths in these areas
exceed 50 m and the crabs remain there throughout the
coldest period of the year. From April to June, the
spider crabs return to coastal waters, though not neces-
sarily to their original nursery areas (Figure 5.4(b)).

The seasonal migrations between shallow and deeper
areas are combined with longer-term movements
parallel to the coast. These are generally from east to
west off northern Bretagne, and along the English coast,
and spider crabs released in northern Bretagne have
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Figure 5.4 The migration patterns of spider
crab in the western Channel, (a) in
autumn and (b) in spring (after
Latruite and Le Foll, 19589)

been recaptured in southern Bretagne, but none has
moved in the opposite direction. There are no records
of tagged spider crabs moving between the French and
English Channel coasts.

5.6 Biological parameters and
population structure

Throughout the Channel, both male and female spider
crabs moult for the last time when they attain maturity
at the end of their second year. The carapace width of
crabs following the terminal moult vary from 85-200
mm for males and 70-175 mm for females. The size
structure of spider crabs in commercial catches is
largely determined by the gear in use and the season of
capture. In order to conduct realistic comparisons
between crabs prior to exploitation, the major nurseries
in west Cotentin and Baie de St. Brieuc have been
surveyed on a systematic basis since 1986. The mean
sizes of newly matured crabs (males and females are
considered separately) from these nursery areas have
differed significantly in some years. However, the
differences in size and sex-ratio are not consistent at
specific sites, and it is considered unlikely that there are
stock-related differences in the population structure of
recently matured crabs.



5.7 Conclusions

This review indicates that there are no highly dispersive
phases during the spider crab’s life history. Berried
females are confined to shallow areas, the larval pelagic
phase is relatively short, and juveniles appear to remain
in specific nursery areas. Adults undertake short
inshore-offshore seasonal migrations and may move
parallel to the coast in the longer term.

Spider crab populations in inshore English and French
waters appear to be isolated from each other. The
fishery in the eastern Channel has been of little impor-
tance and the abundance of crabs in this area is usually
low. In the western Channel, the crabs found off the
northwestern French coast and around the Channel
Islands are probably members of a self-perpetuating
unit, which could be considered as a single stock for
management purposes, even if there is some emigration
of crabs into northern Biscay.

6. SPURDOG

6.1 General distribution

Spurdog, Squalus acanthias, are distributed in the
eastern and western North Atlantic to depths of 600 m.
In the northeast Atlantic, they are found from Iceland
south to the Mediterranean and are abundant in all of
the seas which surround the British Isles, although they
are absent from the Baltic Sea (Figure 6.1). The
quarterly distribution of spurdog LPUE for French,
English and Welsh vessels by rectangle and quarter in
1989 is shown in Figure 6.2. CPUE values from
groundfish surveys superimposed on this figure suggest
that, although spurdog are distributed throughout the
Channel, they occur at relatively low abundance.

6.2 Juveniles

Spurdog give birth to live young of 20-33 cm total
length. Each mature female releases 3-15 live young in
the period between November and January every
second year. Commercial landings from the eastern
Celtic Sea in winter and spring often contain large,
pregnant female spurdog, and young fish from 25-40
cm total length have been caught during research vessel
cruises in this area. In the past, mackerel-drift-net
fishermen have occasionally caught large numbers of
young spurdog around the Scilly Isles.

Juvenile spurdog were frequently caught during re-
search vessel cruises off the south Devon coast in
September and October from 1984 to 1991. However,
the catch rates (less than10 fish per hour) suggest that
this is not an important nursery area, as they are consid-
erably lower than those recorded in the eastern Celtic
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Figure 6.1 The distribution of spurdog in the
northeast Atlantic

Sea. Similarly, although young spurdog are caught
during the eastern Channel beam-trawl surveys and
western Channel groundfish surveys, they are relatively
scarce. It is concluded that major spurdog nurseries do
not exist in the Channel and that adult spurdog usually
recruit to the Channel from other areas. Male spurdog
mature at approximately 60 cm total length, when 5
years old, and females at 80 cm, when 10 years old,
though, off southwest Ireland, half of the females were
mature at 74 cm and 14 years old. Fish of these sizes
are widely distributed and not confined to specific areas.

6.3 Adult migration

Several thousand spurdog have been tagged in the
northeast Atlantic since the late 1950s. The published
results of these tagging experiments are summarised in
Figure 6.3. On the basis of returns of 2000 spurdog
released in the eastern Channel during April and May in
1961 and 1962, it was thought that these spurdog
moved into the North Sea during the summer and
returned to the eastern Channel in winter. However,
these were short-term results, and an analysis of returns
(over 20 years) of tagged spurdog released in 1966 in
the Celtic Sea indicates wider movements underlying
the seasonal migrations, and that their migratory pattern
changes as they reach maturity. Mature male spurdog
tended to migrate to the north and east of the British
Isles in spring and return to the southwest in autumn.
Immature females were evenly distributed in all seas
areas at all times of the year, and year by year tended to
move away from the tagging area in a clockwise
direction around the British Isles. Few of the females
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Figure 6.2 The quarterly distribution of spurdog LPUE by ICES rectangle in the Channel and
adjacent sea areas in 1989. CPUE from English and French groundfish surveys are
indicated with superimposed circles
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Figure 6.3 Spurdog migration routes between
1961 and1982 according to various
authors; also the position of release
of spurdog in 1966 (from Vince, 1991)

which were tagged or recaptured after tagging were
mature, and no clear, seasonal, migratory pattern was
observed. However, data from the fishery indicate that
adult females gather in the eastern Celtic Sea in winter
and spring to release their young. They leave this area
rapidly in late spring, but their subsequent movements
are not known.

19

sexes and maturity stages in landings from the Channel
and adjacent seas. Large pregnant females, mature
females, immature females and immature males and
females were found in separate shoals. Larger female
fish were most abundant in deep water but, when
pregnant, they were found inshore.

6.4 Biological parameters and
population structure

The dorsal spine of a spurdog bears dark marks which
may be laid down annually. However, ageing errors of
up to three years were recorded in two-thirds of recap-
tured fish, which had been injected with oxytetracycline
hydrochloride solution at the time of tagging to provide
a permanent time-marker on the dorsal spine. As a
consequence, the significance of small differences in the
growth rates of spurdog landed from several sea areas
around the British Isles cannot be assessed. Information
on the length of spurdogs at maturity is available for
spurdogs in the Channel and other regions, but the data
are too limited to make meaningful comparisons.

6.5 Conclusions

The extensive migrations of both maturing and adult
spurdog suggest that there are no separate identifiable
spurdog stocks in the seas around the British Isles.
Adult spurdog in the Channel are temporary visitors and
generally recruit to the Channel from nurseries in other
areas. It appears that the dispersion of maturing
spurdog around the British Isles is sufficiently extensive
that management cannot be based on the concept of
‘stocks’ identified within limited geographic areas.



7. THORNBACK RAY

7.1 General distribution

Thornback rays, Raja clavata, are distributed in north-
east Atlantic shelf waters from southern Iceland and
central Norway south to North Africa, and are most
common in depths of 10-60 m. They are present in the
western Baltic, the Mediterranean and the Black Sea
(Figure 7.1). The LPUE of thornback rays, by French
trawlers by quarter and rectangle in 1989, are shown in
Figure 7.2. They appear to be abundant in the Irish Sea
and Celtic Sea, but the lower values of LPUE in the
western Channel must be treated with caution, because
a large proportion of landings there are declared under
the general ‘skates and rays’ category. Thornback ray
landings from English and Welsh vessels could not be
included because rays are not divided by species in the
landings. Ray landings from the Channel are domi-
nated by R. clavata.

7.2 Eggs and young-of-the-year
juveniles

Thornback rays lay their eggs in shallow water from
February to September, with a peak in June in the
southern North Sea. The egg production rate for
thornback rays in the Wash was 140 eggs per female per
year, and 100 eggs per female per year in the Bristol
Channel. The available data are insufficient to indicate
whether egg production rates differ significantly
between regions.
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Figure 7.1 The distribution of thornback ray in
the northeast Atlantic

Thornback rays hatch after 16-20 weeks and their disc
width at hatching is approximately 8 cm (equivalent to
12 cm total length). In November-December, the
young-of-the-year appear inshore in the Channel and
the Bay of Biscay.
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Figure 7.2 The quarterly distribution of thornback ray LPUE by ICES rectangle in the Channel and
adjacent sea areas in 1989. CPUE from English and French groundfish surveys are

indicated with superimposed circles
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7.3 dJuvenile and adult migrations

Tagging studies of thornback rays in the Irish Sea and
Bristol Channel has been used to obtain information on
dispersion and migration. Juvenile females were
recaptured over a wider area than were the males,
though all were reported from within the Bristol
Channel or eastern Celtic Sea. Dispersal of juvenile
thornback rays released off the east coast of Ireland was
more widespread, though there were insufficient
recaptures of adult rays from which to determine the
population’s movements. A total of 614 thornback
rays, mostly juveniles, were tagged and released in
1930-1935 off Plymouth in the western Channel. Two
hundred and three recaptures were reported within 4
years of release. Juvenile rays tended to remain on the
same grounds throughout the year. One individual was
recaptured on the same grounds on six occasions in a
period of 14 months. Thornback rays which were
becoming mature appeared to range more widely than
juveniles, but no rays were recaptured more than 50
nautical miles from the release position. Returns from
the releases of 237 juvenile thornback rays in the
eastern Channel, during spring and summer 1975,
produced few recaptures from areas which were not
adjacent to the tagging site.

Seasonal changes have been observed in the ray fisher-
ies of the western Channel, which suggested that
thornback rays moved progressively further offshore as
they grow. However, once mature, females returned to
inshore waters each spring, followed by the males.
Once the egg laying season was completed, the fish
segregated into single sex shoals in deeper water.

7.4 Biological parameters and
population structure

An examination of thornback ray landings from the western
Channel showed that females matured at 65-70 cm disc
width, when aged 9, and males at 50 cm disc width,
when aged 7. Rays matured in the Bristol Channel when
aged 4-6. The growth of rays in the Irish Sea and the
Channel appears to be similar for male and female fish.

7.5 Conclusions

Tagging studies have shown that immature thornback
rays do not make extensive migrations, but insufficient
numbers of adult fish have been tagged to determine the
extent of their movements. There are few rigorous
studies of ray biology and, because rays are not re-
corded by species in English and Welsh fishery statis-
tics, these basic data cannot be used for studies on stock
identification or stock composition. Catch data (mainly
from surveys) do, however, suggest that thornback rays
in the Channel are most closely linked with stocks in the
Celtic Sea and around Ireland. At present, it is impossi-
ble to state whether separate thornback ray stocks exist
in the Channel.
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8. CUCKOO RAY

8.1 General distribution

Cuckoo rays, Raja naevus, are distributed in northeast
Atlantic shelf waters from the Shetland and Orkney
Islands south to the eastern Mediterranean, and are rare
in areas deeper than 150 m (Figure 8.1). The LPUE of
cuckoo rays by French trawlers by quarter and rectangle
in 1989 are shown in Figure 8.2. They appear to be
most abundant in the north of the Bay of Biscay and the
Celtic Sea and, as with the thornback ray, there is a
decrease in LPUE in the western Channel. In the
eastern Channel, most catches reported to IFREMER as
R. naevus are known to be R. undulata and this will bias
the distribution maps.
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Figure 8.1 The distribution of cuckoo ray in the
northeast Atlantic

8.2 Eggs and young-of-the-year
juveniles

Cuckoo rays lay eggs all the year round, though mostly
in December to May, and females produce 90-100 eggs
per year. It has been reported that the eggs took 240 days
to hatch in aquaria and that the young were then 12 cm
long.

Young cuckoo rays are rarely caught, and it is not
possible to locate their favoured nursery habitats using
the information currently available. Fine mesh, beam-
trawl surveys along the English Channel coast, in the
eastern Channel and deeper waters of the western
Channel, have rarely caught cuckoo rays, which suggests
that they do not use the same nurseries as thornback rays.
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Figure 8.2 The quarterly distribution of cuckoo ray LPUE by ICES rectangle in the Channel and
adjacent sea areas in 1989. CPUE from English and French groundfish surveys are

indicated with superimposed circles

8.3 Biological parameters and
population structure

The growth of cuckoo rays has been described for the
Celtic Sea; males and females matured when aged 8
years, at an average disc width of 34 cm.

8.4 Conclusions

Cuckoo rays in the Channel appear to belong to a
population which extends from the Celtic Sea and
northern Bay of Biscay. At present, it is impossible to
state whether separate cuckoo ray stocks exist in the
Channel.

9. HERRING

9.1 General distribution

The Atlantic herring, Clupea harengus, is distributed
throughout north Atlantic shelf waters from the White
Sea and Iceland to the Straits of Gibraltar in the east
(Figure 9.1) and from Greenland and Canada to South
Carolina in the west. Figure 9.2 shows the total land-
ings of herring in the Channel and adjacent areas by
international vessels in 1989. Landings are not pre-
sented per unit of fishing effort because reliable effort
statistics are not available for this fishery. Nevertheless,
it is considered that the Channel fleets are sufficiently
flexible to respond to most changes in the distribution
of these fish, and thus the plots do provide an indication
of seasonal distribution and abundance patterns.
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Because groundfish surveys use methods which are
inefficient for pelagic species, the CPUE data superim-
posed on Figure 9.2 add relatively little substance to the
picture.

9.2 Spawning areas

Herring spawn their eggs onto the seabed, and informa-
tion on the extent of their spawning areas and times of
spawning are usually determined by surveys of the

—
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Figure 9.1 The distribution of herring in the
northeast Atlantic
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Figure 9.2 The quarterly distribution of herring landings (tonnes) by ICES rectangle in the Channel
and adjacent sea areas in 1989. CPUE from English and French groundfish surveys are

indicated with super-imposed circles

distribution and abundance of ripe fish and yolk-sac
larvae. Prior to the 1950s, spawning areas used by
herring in the Channel extended from banks off the
Belgian coast west to the Baie de Seine (Figure 9.3).
Since the 1970s, most herring have spawned on gravel
beds from Cap d’ Antifer to Cap Griz Nez, and these are
referred to as Downs spawners. Spawning commences
in late November, peaks in December and declines
through January into February. Captures of ripe herring
in seasonal fisheries show that there are groups of
herring spawning in autumn, winter and spring at other
sites in the Channel. These groups were more easily
identified when they were exploited by small local
fisheries, but they have seldom been fished in recent
years. Larval surveys in 1974 and 1991 included
regions where herring larvae from inshore spawnings
might be expected to occur, but only small numbers of
larvae were found. Therefore, the present status of
these small spawning groups of herring is uncertain.

9.3 Larvae and juveniles

The distribution and abundance of herring larvae is
revealed by regular plankton surveys in the eastern
Channel during winter. The centres of larval abundance
appear to shift south and east as the larvae grow and, by
April, large post-larval herring are found close to the
French coast from Boulogne to Dieppe. In addition,
there are extensive nursery grounds for 0-group herring
off the German and Danish coasts, and young Downs-
spawned herring may share these with young 