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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.

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

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 *1,2 Channel *1,2 % 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*5 16203*5 27
Scad Trachurus trachurus 14165 3354 24
Red gurnard Aspitrigla cuculus 6179*6 4193*6 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: *1 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
*4 Official landings plus logbook-based UK landings estimates
*5 International landings estimate for 1990
*6 No English or Welsh data available
*7 Data for L. piscatorius and L. budegassa combined
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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 km², 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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Figure 2. The English Channel and location of places named in the text

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.

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 IVc), 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
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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.
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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.

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
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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

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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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.

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

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
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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.

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

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.

Figure 3.1 The distribution of lobster in the
northeast Atlantic
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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.

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.



14

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.

Figure 4.1 The distribution of edible crab in the
northeast Atlantic

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 east 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 4.2 The annual distribution (mean 1985-
1990) of estimated edible crab
landings (tonnes) by ICES rectangle
in the Channel and adjacent sea areas

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



15

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.

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

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

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.
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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.

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.

Figure 5.1 The distribution of spider crab in the
northeast Atlantic

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
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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.

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

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, 1989)

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.
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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

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

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.

There is both spatial and temporal separation of spurdog
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.

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)
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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.

Figure 7.1 The distribution of thornback ray in
the northeast Atlantic

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

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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7.3 Juvenile 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.

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.

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.

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

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 herring
from other spawning grounds in the North Sea.  It is
suggested that, as 1-group, the herring move offshore to
feed in the central North Sea.  They reach maturity

when aged 2 or 3, and the maturing fish begin a sea-
sonal southerly migration each autumn to the eastern
Channel for spawning.

Figure 9.3 The spawning grounds used by
herring in the Channel and sea
areas adjacent to the British Isles



24

The movements of larvae hatching from other small
spawnings on the Channel coast are poorly understood,
although larval herring are reported from plankton
surveys in these areas and young herring are frequently
recorded from river estuaries in Devon and Cornwall.

9.4 Adult migrations

The migrations of Downs-spawning herring have been
elucidated from a series of tagging studies, by acoustic
surveys and by following the seasonal distribution of
the fishery.  Central North Sea spawners (Bank herring)
and Downs spawners share the same feeding grounds in
the central North Sea, but segregate for spawning.
Tagging studies suggest that the interchange between
these two spawning groups is negligible.  In autumn, the
Downs-spawning herring migrate south and appear in
the Channel during November.  After spawning, spent
Downs fish return to the central North Sea, where they
feed during the summer.

The migrations of the small spawning groups on the
English and French Channel coasts have not been
studied by tagging, and little is known of their move-
ments when they disperse after spawning.  Fishermen
reported that the Plymouth-spawning herring used to
migrate inshore from an area south of the Eddystone
Reef during the period from October to January.
However, it is not known whether this migration still
occurs, because the traditional Plymouth fishery is no
longer prosecuted and fishing for herring in the western
Channel is only carried out irregularly.

9.5 Biological parameters

The Downs-spawning herring may be distinguished
from other spawning groups in the North Sea on the
basis of spawning time and location, mean egg size and
fecundity, and length at age one.  The series of catch-at-
age compositions of Downs herring also indicates that
their population dynamics are distinct from those of
other North Sea groups.  Growth rate, age at maturity
and the age structure of the Downs-spawners has
changed considerably with time, and variations in these
characters are attributable to environmental influences
rather than to genetic differences.  However, all studies
of these life history parameters of the Downs and other
groups of North Sea herring show that, at the same age,
the Downs herring are smaller.

Studies of parasites may provide further information on
stock identity.  For example, herring from coastal
nurseries in the eastern North Sea are moderately
infected with the tapeworm Lacistorhynchus sp. and
those from coastal nurseries in Scotland are heavily
infected with the trematode Renicola sp.  Herring which
are infected as juveniles carry parasites throughout their
life and, when captured from mixed adult stocks, their

origins can thus be determined.  Although the nematode
Anisakis sp. is present in herring from several stocks in
the northeast Atlantic, the parasite’s abundance in-
creases with the age of herring and this may reduce its
potential value as a biological marker.

9.6 Conclusions

Genetic evidence generally indicates that Downs-
spawning herring are not reproductively isolated from
other spawning groups.  On the other hand, one tagging
study has indicated that the Downs population and that
of the central North Sea (the ‘Bank’ population) are
independent. The observed decline of the Downs group
(at the end of the 1950s) preceded that of the central and
north North Sea spawning groups (which declined in the
1970s), and appears to support this hypothesis.  This
does not necessarily signify a genetic identity. In fact,
genetic homogeneity between the two populations
might be expected to be maintained by exchanges of
fish which are insignificant with respect to exploitation
and regeneration rates within the Downs group.

Although there is little hope, in the short term, of
progress in the identification of herring stocks, the
Downs herring are treated as a distinct stock for man-
agement purposes. The Channel serves only as a
breeding ground for the Downs herring stock when it
migrates from the North Sea to spawn in autumn, but it
also contains a relatively unimportant resident group of
spring spawners.

10. SPRAT

10.1 General distribution

Sprat, Sprattus sprattus, are distributed in northeast
Atlantic shelf waters from northern Norway, the Orkney
Islands and the northern Baltic south to the Mediterra-
nean and the Black Sea (Figure 10.1).  The total land-
ings of sprat by rectangle and quarter for English,
Welsh and French vessels during 1989 are shown in
Figure 10.2.   Groundfish survey CPUEs are superim-
posed, but it should be noted that bottom-trawl surveys
do not readily illustrate the distribution of pelagic
species such as sprat.

10.2 Spawning areas

Sprat eggs are recorded in the Channel throughout the
year, but the peak spawning period in the western
Channel is from January to July, and in the eastern
Channel from February to late June.  The distribution of
sprat eggs, (Figure 10.3), shows that spawning occurred
throughout the Channel, although there is a marked
reduction in egg density in the area between the Isle of
Wight and the Cherbourg Peninsula. There is, however,
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Figure 10.3 The distribution of sprat eggs in the
Channel during 4-13 April, 1981
(from Milligan, 1986)

no discontinuity in the distribution of eggs in the eastern
Channel and into the southern North Sea, Figure 10.4.

Centres of spawning are found in the coastal waters off
southwest England and in the mid-eastern Channel from
Dungeness to Portsmouth.  In addition, there is a
spawning area to the west of the Channel Islands.  A
study of sprat spawning off Plymouth in the western
Channel indicated that the centre of spawning would
initially appear inshore in January and shift offshore as
the season progressed.  At the end of each season, in
June and July, further small spawnings would take place
inshore.

Figure 10.2 The quarterly distribution of sprat landings (tonnes) by ICES rectangle in the Channel
and adjacent sea areas in 1989.  CPUE from English and French groundfish surveys are
indicated with superimposed circles

Figure 10.1 The distribution of sprat in the
northeast Atlantic

10.3 Larvae and juveniles

Sprat larvae are distributed throughout the northern side
of the English Channel, and egg distributions suggest
that sprat larvae will have an almost continuous distri-
bution in the Channel.

0-group sprat are reported in August and September
from shallow inshore sites and estuaries in the eastern
and western Channel.  As 1-group fish, sprat are rarely
found in shallow water, but begin to appear in commer-
cial catches.  Sprat fisheries are targeted on large,
overwintering concentrations of adults and, accordingly,
it is impossible to assess the overall distribution of the
1-group fish.
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10.6 Conclusions

Sprat eggs, larvae, juveniles and adults are distributed
almost continuously through the Channel, with the
exception of a zone between the Isle of Wight and the
Cherbourg Peninsula.  Sprat landings from the southern
North Sea and eastern Channel have similar age distri-
butions, and a spawning area extends from the eastern
Channel through the Dover Strait into the southern
North Sea.  The ICES Sprat Working Group concluded
that discrete spawning areas and stocks could not be
identified in the North Sea.

Sprat landed from the western Channel have a markedly
different age distribution from those to the east, and
spawning is rare in the region lying between the eastern
and western Channel.  It is possible, therefore, that there
is only a limited interchange of sprat between the
eastern and western Channel, and that the two areas
contain separate stocks from a management point-of-
view.  However, there are no reliable data on the actual
movements of sprat to confirm this hypothesis.

11. PILCHARD

11.1 General distribution

Pilchard, Sardina pilchardus, are found in northeast
Atlantic shelf waters from Scotland and southern
Norway south to the Mediterranean and the Black Sea
(Figure 11.1).  They are most abundant in the region
extending from the western English Channel to the
Canaries.

Figure 10.4 The distribution of sprat eggs in the
eastern Channel and southern North
Sea, 10-15 March, 1971

10.4 Adult migrations

Sprat are too delicate to tag effectively, and the seasonal
movement of the sprat fishery (Figure 10.2), coupled
with changes in the distribution of eggs (Figures 10.3
and 10.4)  indicate their migrations.  Shoals of sprat
move inshore during September in the western Channel
and during November or December in the east.  The
shoals are concentrated during December and January
and this allows the fishery to be prosecuted by pelagic
trawlers.  In February, the shoals begin to disperse prior
to spawning, most of which takes place seaward of the
winter concentration areas.  It is not clear whether this is
a simple, seasonal, onshore/offshore movement, or part
of a more complex migratory cycle.  There is no
evidence that adult sprat move between the eastern
Channel and southern North Sea.

10.5 Biological parameters and
population structure

Meristic and morphometric data have been published
for sprat from the North Sea, Norwegian waters and the
Baltic, which may allow any stocks to be identified if
similar data were collected for Channel sprat.  Vertebral
counts of Channel sprat (mean 47.67; range 46-49),
however, are identical to those of fish in the North Sea
and west of Scotland.

The Lyme Bay (western Channel) sprat fishery has been
sampled regularly since 1966, and it has been found that
sprat recruit to this fishery a year later than those in the
southern North Sea and eastern Channel; the bulk of the
landings from Lyme Bay consists of 3 year olds and
older fish.  In addition, the back-calculated length at age
1 for sprats in the western Channel is consistently
different from that in other regions, despite considerable
inter-annual variation.

Figure 11.1 The distribution of pilchard in the
northeast Atlantic
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The quarterly pilchard landings in 1989 by ICES
rectangle, from combined English and French statistics,
are shown in Figure 11.2.  Groundfish survey CPUE are
superimposed on this map, but pilchard are not targeted
by these surveys, which do not readily illustrate the
distribution of pelagic species.

11.2 Spawning areas

The timing of pilchard spawning in the Channel has
been recorded during a series of ichthyoplankton
surveys in the Plymouth area and has varied consider-
ably since the 1950s.   Prior to 1959, pilchard eggs were
most abundant in April and May whereas, from 1960 to
1974, they were most abundant in June and October.
From 1975-1984, there were virtually no pilchard eggs
present in June and most spawning occurred during
October.  The reasons for these changes are not known.
The Plymouth site, however, represents only one part of
a far larger pilchard spawning area (Figure 11.3), which
includes most of the western Channel, and spawning
patterns off Plymouth may not represent those through-
out the whole area.

The egg surveys have illustrated the overall distribution
of spawning pilchard in the Channel.  In 1950, for
example, spawning began in the western Channel off
Start Point during April and spread to the east of
Beachy Head during May, and into the southern North
Sea in June and July.  Pilchard eggs were most abun-
dant in the western Channel until June but, by July, the
centre of abundance had shifted east to the mid-central
Channel.  Egg surveys along the northern side of the
Channel during February, April, June and September
1974 indicated that pilchard eggs were present in the

Channel throughout this period, and that the spawning
area again moved east as the season progressed.  In
February, eggs were only found west of the Lizard, but
in June and September they were present all along the
southern English coast.

Figure 11.2 The quarterly distribution of pilchard landings (tonnes) by ICES rectangle in the Channel
and adjacent sea areas in 1989.  CPUE from English and French groundfish surveys are
indicated with superimposed circles

Figure 11.3 Pilchard spawning areas in the
northeast Atlantic in spring and
summer

11.3 Larvae and juveniles

Early pilchard larvae have been captured during egg
surveys, but the distribution and movements of older
larvae have not been reported.

Young fish surveys from 1971 to 1975 indicated that 0-
and 1-group pilchards were present at inshore sites
along the entire southern English coast.  However,
either their abundance was very low or the small beam
trawls used for the survey could not catch them effec-
tively.  Juvenile pilchard have also been caught during
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fine mesh trawl surveys off Plymouth, and two different
modal size classes are recognisable within each year
class, possibly derived from early (June) and late
(October) spawnings.

11.4 Adult migrations

Pilchard are too delicate to tag effectively, but their
movements were traced using acoustic surveys during
the 1950 egg study.  Pilchard shoals were virtually
absent from the eastern Channel during April, but more
abundant when eggs appeared there in June and July.  A
study of pilchard in the western Channel only, using
fishing and echo-surveys, located dense wintering
concentrations in the vicinity of Wolf rock.  Observa-
tions from the fishery in the eastern Channel from
December to April suggest that pilchards are rarely
present in this region, when they are consistently caught
in the western Channel.  It is reasonable, therefore, to
conclude that shoals of pilchard were migrating east
through the Channel and spawning as they progressed.

11.5 Biological parameters and
population structure

Channel pilchard attain maturity at a total length of
around 19 cm - considerably larger than those from the
Atlantic coasts of Spain and Portugal.  An examination
of the maturity stages of pilchard in the western Chan-
nel fishery suggested that three groups of spawning fish
passed through the fishery at different times each year.
It was not clear, however, whether these groups repre-
sented fish from different stocks or different compo-
nents of the same stock. Pilchard in the Bay of Biscay
can be divided into two groups, which have lengths at
the end of their first year of around 8 cm and 12 cm.
These groups also have slightly different mean vertebral
counts.

11.6 Conclusions

It is considered that there are two stocks of pilchard in
the Bay of Biscay, based on vertebral counts and
differences in length at the end of their first year.  The
northern stock consists of pilchard which spawn in
summer and autumn on the southern Brittany coast, and
the older fish from this group are thought to migrate
into the English Channel.  Their progeny recruit to the
Channel, from which they return to the Bay of Biscay as
juveniles. This theory is open to question, because two
size groups of pilchard, similar to those in the Bay of
Biscay as a whole, have been observed in the western
Channel.  In addition, the continued presence of these
fish in the lower temperature water of the western
Channel may be the reason why they mature at age 4,
rather than age 2, as is typical of the Biscay fish.

An hypothesis, that there are several spawning groups
of pilchard, is based on egg distribution data, which
show considerable separation of spawning areas in
space and time.  On the basis of available data, how-
ever, it is not clear whether these have sufficient
integrity to be considered as stocks.  The general
easterly migration of pilchards into and through the
Channel may involve one stock or several stocks
responding to the same environmental cue.

12. COD

12.1 General distribution

Cod, Gadus morhua, are distributed in north Atlantic
waters to a depth of 600 m (Figure 12.1).  They are
abundant throughout the North Sea, the Irish Sea and
the Channel, but their abundance is reduced in the
western Channel and they are relatively scarce in the
southern Bay of Biscay.  The quarterly distribution of
cod LPUE in 1989 by English, Welsh and French
trawlers by rectangle in the Channel and CPUE values
from English and French groundfish surveys are shown
in Figure 12.2.

Figure 12.1 The distribution of cod in the north-
east Atlantic

12.2 Spawning areas

Cod spawn in the southern North Sea and eastern
Channel from January to April, although peak spawning
is in late February.  Within the Channel, cod spawn
inshore along the south east coast of England and off
Dieppe and in the Baie de Seine.  Eggs are also found
near the Bassurelle Bank west of Boulogne and in mid-
Channel east of a line from Beachy Head to Dieppe
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Figure 12.2 The quarterly distribution of cod 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

(Figure 12.3).  Spawning is seldom observed in the
western Channel, and no cod eggs were recorded  in the
central Channel, and relatively few around Start Point,
at a time when they were abundant near the Dover
Strait.  There are also cod spawning areas off northern
Cornwall and south-eastern Ireland.

Figure 12.3 The main cod spawning areas to the
south and west of England and Wales

12.3 Larvae and juveniles

There is little information on the movements of cod
larvae in the southern North Sea, although hydrographic
studies suggest that they probably drift  to the north or
east.  Young cod become demersal at lengths above 2
cm and, by late summer, at a length of 2-8 cm, they are
concentrated mainly in the eastern North Sea and

coastal waters.  Later in the year, young cod may move
into the deeper estuaries and, by the first winter, have
attained a length of 13 -28 cm and are primarily concen-
trated in shallow areas off Denmark, Germany, Holland
and the north-east coast of England.  One-group cod are
also abundant on the French coast of the eastern Chan-
nel, but appear to emigrate during their second year.
The distribution of spawning areas and nurseries in the
eastern Channel suggest that the larvae generally drift
east to nursery areas.

12.4 Migrations

The relationships between spawning areas, nursery
areas and the adult stocks to which young cod recruit
are not well understood.  A tagging experiment with 1-
group cod released close to the Dutch coast showed
that, from April to June, they tended to move north and
west of the release position and, from July to Septem-
ber, 88% of recaptures were made away from the
release position.  However, by January, the fish were
recaptured inshore, in shallow, low salinity areas.  The
movements agreed with those suggested by data from a
trawl survey during the same period.  Analysis of 2840
returns of cod tagged in the southern North Sea indi-
cated that 0.2% were recaptured in the western Channel,
2% in the eastern Channel and the remainder in the
North Sea.

Many immature cod have been tagged in the eastern
Channel.  These fish, 30-49 cm in length, generally
moved east into the southern North Sea (40% of
returns) and only 5% of returns indicated a movement
into the western Channel.  Occasionally, immature cod
have been very abundant throughout the Channel.  For
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example, in 1964, cod of approximately 35 cm in length
were reported to be numerous from Newlyn (west) to
Folkestone (east) on the English coast.

Although the analysis of tagging data is complicated by
a lack of detailed knowledge of the fishing effort which
will influence the pattern of recaptures, the data indicate
an overall movement of immature cod from the Channel
to the southern North Sea.  This movement also in-
cludes a seasonal component, with fish moving north in
summer and south and west during autumn and winter.

Juvenile cod in the eastern Channel probably originate
from eggs spawned by adult cod in the same area.
Tagging studies suggest that adult cod in the eastern
Channel are semi-resident and move into the Southern
Bight less frequently than the juvenile fish.  However,
as the juvenile cod grow, they filter into the North Sea
and, as such, the eastern Channel cod clearly have close
links with the North Sea stock.

Immature cod tagged in the eastern Channel showed
less tendency to move west than those tagged in the
western Channel did to move east.  Recaptures from
taggings in the eastern Channel during the winter
indicate that some juvenile and adult fish moved into
the western Channel from the east during the summer
and autumn.  Cod tagged in the Celtic Sea and Bristol
Channel are seldom recaptured in the English Channel,
and it appears that cod in the western Channel may have
more affinity with those in the eastern Channel than
with those in the Celtic Sea.

Mature cod tagged off north Cornwall were recaptured
along the south west coasts of England and Wales,
though others subsequently returned to the release area.
In conjunction with size composition data, these
movements suggest that these cod are part of a group
which regularly returns to the spawning area off north
Cornwall.  There is no evidence to indicate that these
adult cod or their progeny ever move into the western
Channel.  The results of the cod tagging studies de-
scribed above are summarised in Figure 12.4.

12.5 Biological parameters

The North Sea cod population is genetically homogene-
ous, but there is some evidence of genetic separation of
the cod which spawn in the Irish Sea to the west and
east of the Isle of Man.  Channel cod have not been
investigated, but the age compositions of cod landings
from east and west Channel differ, with the dominant
age being 2 and 3 respectively.  This may indicate that
two different stocks are fished in these regions and  that
at least one stock boundary exists in the Channel.
Further evidence for this comes from recruitment
studies, which show that the 1985 year class was of
well-above average abundance in the North Sea and
eastern Channel, whereas the1986 year class of cod was
very strong on the west coast.

Figure 12.4 The movements of tagged cod in the
Channel and adjacent sea areas

12.6 Conclusions

It appears that cod which spawn in the eastern Channel
recruit from within this area, but that the eastern
Channel also acts as a nursery ground for many cod
which subsequently migrate to the southern North Sea
and do not return.  There is no evidence to suggest that
adult spawning stocks in the eastern Channel are
supplemented by seasonal immigration of fish from the
southern North Sea.  Within the eastern Channel, adult
cod can be caught offshore throughout the year.

Juvenile cod tagged in the western Channel rarely move
into the North Sea and do not migrate into the Celtic
Sea.  Furthermore, adult cod in the Celtic Sea do not
show any association with western Channel fish.  Thus,
there is some evidence that the western Channel cod are
isolated from stocks to the east and west.  This hypoth-
esis is supported by circumstantial evidence from the
fishing communities of the south Cornish coast.  They
suggest that cod in this area make a simple inshore-
offshore migration between deep-water wrecks and
reefs in the summer and inshore areas in winter.

13. WHITING

13.1 General distribution

Whiting, Merlangius merlangus, are distributed in
northeast Atlantic shelf waters from Iceland and
northern Norway south to the coast of Portugal (Figure
13.1).  They are abundant in the North Sea, the Irish Sea
and the Channel, almost absent from the Baltic Sea, and
their presence in the western Mediterranean is doubtful.
A separate population of the sub-species M. merlangus
euxinus occurs in the Black Sea and Adriatic.  LPUE of
whiting in 1989 for French, English and Welsh vessels
by rectangle and quarter, and CPUE from groundfish
surveys, are shown in Figure 13.2.
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April or May.  However, ichthyoplankton surveys off
the northern coast of the western Channel in April 1974
indicated that whiting eggs were present throughout this
region and were particularly abundant off Start Point.

13.3 Larvae and juveniles

English ichthyoplankton surveys in June 1974 indicated
that whiting larvae were present at inshore sites
throughout the Channel.  They were most abundant
around Beachy Head in the east and Start Point in the
west, the areas where eggs were most concentrated in
February, March and April.  In September and October
1974, whiting larvae were not captured at coastal sites
during ichthyoplankton surveys, but small beam-trawl
surveys caught 0-group whiting at shallow inshore sites
throughout the Channel.  This indicates that whiting
post-larvae adopt a coastal demersal existence by
September.

0-group whiting appear to show an affinity for estuaries,
both on the English Channel coast and in other estuarine
regions, such as the Bristol Channel, and 0- and 1-group
fish were abundant in catches of French beam-trawl
surveys along the French coast of the eastern Channel.
1-group and older whiting are regularly caught through-
out the Channel at sites frequented by adult fish.

13.4 Adult migrations

Whiting have been tagged in the Channel on a number
of occasions.  Nearly 4000 trawl-caught fish were
released off Start Point during August 1958 and 1960,
and a large proportion of the 12-13% returned were
recorded within 3 months of being tagged: there was

Figure 13.1 The distribution of whiting in the
northeast Atlantic

Figure 13.2 The quarterly distribution of whiting 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

13.2 Spawning areas

Whiting egg data from a series of MAFF cruises during
1971, 1976 and 1984 were used to plot a series of
monthly egg distribution maps for the Channel and the
North Sea (Figure 13.3).  Whiting in the eastern Chan-
nel began to spawn in January, and spawning intensified
in this area during February, when it was first observed
in the western Channel.  Spawning continued until May,
but the abundance of eggs progressively decreased and,
by June, few whiting eggs were found.  These surveys
did not include the western Channel during March,
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Figure 13.3  The distribution of whiting eggs in the Channel and southern North Sea, December- May
(Katerinas, unpublished data)

little indication of any migratory movement in these
results.  Of 400 whiting tagged in 1958 at Lowestoft in
the eastern North Sea, using line-caught fish from
shallow water, 28.5% had been recaptured by 1960.
These returns indicate that whiting moved into the
eastern Channel and southern North Sea during winter,
and returned to the southern central North Sea from
June to October.  Only 2 fish were recorded from the
northern North Sea.  Out of 332 returns of whiting
tagged during October, November and December in the
southern North Sea in the period 1950-1988, only 6
were recorded in the northern North Sea, but many fish
moved into the eastern Channel.  However, only 3
returns were recorded from the western Channel.

13.5 Biological parameters and
population structure

Studies of the parasites of whiting in the Channel and
North Sea indicated that fish from the western Channel
and southern North Sea were predominantly infected by
Myxidium sp and by Lernaeocera branchialis, whereas
those from the northern North Sea were predominantly
infected by Ceratomyxa sp and Diclidophora merlangi.
Other data suggest that Diclidophora infection rates
may be higher in the Plymouth area than in the southern
North Sea. An analysis of Myxidium parasites in saithe,
Pollachius virens, indicated that 65% of fish from the

northern North Sea were infected.  This suggests that
differences in the Myxidium infection of whiting from
the northern and southern North Sea were not due to
variations in the abundance of these parasites, but to
differences in the whiting’s life histories, and that adult
whiting from these two areas did not mix significantly.

Because Lernaeocera do not infect whiting until after
they have recruited to nursery areas, they cannot be
used to track whiting throughout a complete life cycle,
but their presence may indicate the separation of
juvenile and adult whiting.

Vertebral and gill raker counts for whiting are higher in
the northern than southern North Sea, and though
meristic data are available for whiting in the Bristol
Channel, there are no similar data for whiting from the
western Channel.

An analysis of allele frequencies at two loci in samples
of 1-group whiting from different regions of the North
Sea, suggests that there is no genetically-based division
between whiting from the southern and northern North
Sea.

13.6 Conclusions

Tagging data and the prevalence of parasites suggest
that whiting from the southern North Sea have a closer
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affinity with those in the Channel than with whiting in
the northern North Sea.  Unfortunately, there are very
few data which allow relationships between whiting in
the Channel and on the west coast to be examined. The
tagging experiments in the Channel produced few
returns which indicated any whiting movements
between the eastern and western Channel, and it is
likely that there is a stronger relationship between
whiting in the southern North Sea and the eastern
Channel than between whiting in the east and west
Channel.

14. POLLACK

14.1 General distribution

Pollack, Pollachius pollachius, are distributed in the
northeast Atlantic from northern Norway and the Faeroe
Islands south to North Africa.  They are not present in
the Baltic Sea and are only found occasionally in the
Mediterranean (Figure 14.1).  Adult pollack are most
abundant at depths of 40-100 m and juveniles are
predominantly found in shallower water.  The landings
of pollack by English, Welsh and French vessels by
rectangle and quarter in 1989 and CPUE values from
groundfish surveys (Figure 14.2), suggest that the
highest densities are found in the western Channel and
Western Approaches.  Pollack appear to be relatively
scarce in the southern North Sea.

14.2 Spawning areas

The spawning areas of pollack have not been fully
identified, but in the period from February to April,
offshore trawlers have recently taken large catches of
large pollack at depths around 100 m in the western

regions of the Channel.  These fish appear to be more
accessible to the inshore fishery in the preceding and
subsequent months.  It is concluded that adult pollack
leave shallower waters in November or December and
migrate to offshore spawning areas where they form
dense aggregations.  Shortly after spawning, adults
return to coastal waters.

Pollack eggs have been reported from Plymouth waters
in February and March and along the northern coast of
the western Channel in April, though not during
February or June.  No pollack eggs were found in the
eastern Channel during ichthyoplankton surveys.

Figure 14.1 The distribution of pollack in the
northeast Atlantic

Figure 14.2 The quarterly distribution of pollack 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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14.3 Larvae and juveniles

Pollack larvae were caught from inshore areas in the
vicinity of Land’s End during April and June 1974.  No
pollack larvae were present east of Start Point at this
time, which suggests that most spawning and larval
development occurs in the extreme western Channel.
However, in August and September, 0-group pollack
were caught at inshore sites from Beachy Head to
Plymouth and around the Scilly Isles.  Observations
along the rocky coasts of England and France suggest
that young pollack frequent the coastal zone for the first
year of their life, before moving to slightly deeper
inshore waters when 15-20 cm in length.  They are
relatively scarce in areas where the depth exceeds 30 m,
but move to deeper water at maturity.  Juvenile pollack
are abundant in the western Channel and around the
Channel Islands.

14.4 Adult migrations

No tagging studies of pollack have been conducted by
MAFF or IFREMER, but some information on adult
migration is provided by seasonal changes in the
distribution of the fishery.  In the western Channel,
landings data (Figure 14.2) suggest that pollack are
widely dispersed during summer, autumn and winter,
but aggregate during spring.  Landings in the eastern
Channel are too low to provide indications of a migra-
tion.  Outside the spawning season, pollack generally
congregate around wrecks and reefs where they are
targeted by set nets.

14.5 Biological parameters and
population structure

There is little available data on the growth or maturity
of pollack.  The mean length of Celtic Sea pollack at
age 5 has been reported to be 65 cm, and pollack from
the western Channel in 1989 and 1990 had a mean
length at age 5 of 69 cm.  French catches from spawn-
ing areas in the western Channel indicate that they first
become mature at age 3.

14.6 Conclusion

There is insufficient information available to determine
whether pollack in the western Channel and Western
Approaches may be treated as a single stock.

15. HAKE

15.1 General distribution

Hake, Merluccius merluccius, are distributed in the
eastern Atlantic from northern Norway and Iceland
south to Mauritania, and are most abundant on the
continental shelf from Ireland south to Gibraltar.  They

are present in the Mediterranean, but absent from the
Baltic and Black Seas (Figure 15.1).  Hake densities are
highest at depths of 100-300 m.  LPUE of hake in 1989
by English, Welsh and French vessels and survey CPUE
data are shown in Figure 15.2, which indicates that, in
relation to the Channel as a whole, hake are only
abundant near its western mouth.

Figure 15.1 The distribution of hake in the north-
east Atlantic

15.2 Spawning areas

Hake have a protracted spawning season and, in the
southern Bay of Biscay and off the Spanish coast,
spawning probably takes place throughout the year.
Spawning in waters adjacent to the Channel is thought
to be more seasonal, from March to July in areas south
and west of Ireland.   IFREMER ichthyoplankton
surveys in 1978 indicated that the main spawning
period was in March, in depths of 120-160 m and
associated with water temperatures of 11-12°C.  Hake
eggs have been found in the western Channel, but it is
unlikely to be an important spawning area. (Figure
15.3)

15.3 Larvae and juveniles

Hake larvae appear to be most abundant during March
to June along the shelf edge from southern Ireland to
the southern Bay of Biscay.  Occasional larvae have
been caught in the western Channel, but the centres of
larval distribution are offshore.  Young hake descend to
the seabed from May onwards and measure approxi-
mately 4 cm when they begin a demersal existence.
They concentrate initially at depths in excess of 200 m,
but they move to shallower water (75-120 m) by
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September when the modal length is approximately 11
cm.  Two major nurseries are recognised in regions
adjacent to the western Channel: one in the Bay of
Biscay and one off southern Ireland.  As 0- and 1-group
fish, the hake appear to favour habitats with muddy
substrates.

When three years old, the hake begin to move into
shallower regions of the Celtic Sea and the Bay of
Biscay, but as they approach maturity they disperse to
offshore regions.  Male hake mature when 3-4 years old
(at 20-27 cm) and female hake when 6-7 years old (57-
70 cm).

Figure 15.2 The quarterly distribution of hake 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

Figure 15.3 The distribution of hake spawning
grounds and nursery areas in the
northeast Atlantic

15.4 Adult migrations

Hake movements are indicated by the seasonal distribu-
tions of catches in the fishery.  From December to
March, hake support a fishery which commences in the
southern Bay of Biscay and moves north as these fish
migrate, reaching the northern Bay of Biscay in March
and April.  Subsequently, they appear on the Celtic Sea
shelf-edge in June and July. Between August and
December the hake fishery is centred to the west and
southwest of Ireland, and catch rates decline in shal-
lower waters.  A small proportion of the hake involved
in these migrations will enter the deeper regions of the
western Channel.

15.5 Biological parameters and
population structure

The ageing of hake has proved to be very difficult
because there is no firm criterion for distinguishing
‘true’ and ‘false’ annual rings on the otoliths.  Although
growth data for hake in waters adjacent to the Channel
have been published, there are no comparable data for
hake in the Channel.  Hake in the Bay of Biscay and
Celtic Sea appear to grow to a greater maximum length
(~ 140 cm) than those around the Iberian peninsula (~
100 cm).

Sex-ratios may provide some information to assist with
stock identification.  In northern regions of Biscay and
the Celtic Sea, the sex ratio is approximately 1:1 for
hake less than 30-40 cm.  Males are more abundant than
females between 40 and 55 cm, and then females
become more abundant.  Males greater than 60 cm are
very rare.  This phenomenon has also been observed in
other areas.  Differences in the growth of the sexes may
explain the changes in sex ratio.
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15.6 Conclusions

Two stocks of hake are recognised for management
purposes.  The ‘northern stock’ includes hake in the
Celtic Sea, north and west of Ireland, the western
English Channel and the northern Bay of Biscay.  At
present, it is uncertain whether this stock should be
considered as a single biological management unit.
However, it is clear that the hake which enter the
western Channel are members of a much larger stock
and seasonally migrate into this area from the Celtic Sea.

16. LING

16.1 General distribution

Ling, Molva molva, are distributed in the northeast
Atlantic from Greenland and northern Norway south to
the Bay of Biscay.  They are not, however, present in
the Baltic Sea (Figure 16.1).  Adult ling are most
abundant at depths of 100-400 m, whereas juveniles are
predominantly found in shallower water.  LPUE data
for English, Welsh and French vessels by rectangle and
quarter in 1989, and CPUE data from groundfish
surveys (Figure 16.2), suggest that high densities of ling
are found in the extreme western Channel and Western
Approaches.  Ling are scarce in the eastern Channel and
the southern North Sea.

16.2 Spawning areas

The spawning areas of ling are not well known, but it
appears that most spawning takes place in the west of

Figure 16.2 The quarterly distribution of ling 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

the Celtic Sea and that relatively little spawning takes
place within the western Channel (Figure 16.3).

In the period from February to May, large ling are
relatively abundant in French catches in the Celtic Sea
and Western Approaches at depths of around 100 m,
and many of these fish have ripe gonads.  Ling of this
size do not appear in catches there at other times of the
year.  It is thought that these ripe ling are migrating to
spawn at depths of 100-200 m.

Figure 16.1 The distribution of ling in the north-
east Atlantic
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Figure 16.3 The distribution of ling spawning
grounds and nursery areas in the
northeast Atlantic

16.4 Adult migrations

The quarterly distributions of LPUE (Figure 16.2), and
the prevalence of different sized ling in the trawl fishery
landings, suggest that adult ling migrate to deep water
near the shelf edge for spawning in March to June.

16.5 Biological parameters and
population structure

The ling appears to show considerable variability in the
age and size at which it matures.  Some data indicate
that males mature at age 3 when 50 cm in length and
females at age 4 when 55 cm, whereas there are other
reports that males mature at 80 cm and females at 90-
100 cm, aged 6-8.  It is difficult to judge which of these
values is most appropriate, or whether they merely
reflect variability within the ling population.

16.6 Conclusion

There is insufficient information available to determine
whether ling in the western Channel and eastern Celtic
Sea may be treated as a single stock.

17. BASS

17.1 General distribution

Bass, Dicentrarchus labrax, are distributed in northeast
Atlantic shelf waters from southern Norway, through
the North Sea, the Irish Sea, the Bay of Biscay, the
Mediterranean and the Black Sea to North-west Africa
(Figure 17.1).  The quarterly distribution of bass
landings by rectangle in the Channel in 1989, and
CPUE values from English and French groundfish

Ling eggs were recorded from inshore waters less than
100 m deep in the extreme western Channel and around
the Scilly Isles during ichthyoplankton surveys in June
1974, though none were found in samples taken in the
Channel during February, April or September 1974.
Adult ling are rarely caught in inshore waters during the
spawning season, and these eggs are unlikely to have
resulted from the main spawning (unless they had
drifted a considerable distance).

16.3 Larvae and juveniles

Ling larvae were caught close to the southern English
coast of the western Channel during surveys in April
and June 1974.  No larvae were caught during similar
surveys in February and September.  The distribution of
ling larvae elsewhere in the western Channel and in the
eastern Celtic Sea has not been studied.

The duration of the larval stage is not known, but
young-of-the-year ling with a length of 4-8 cm are
caught at depths of 25-50 m in December.  The juvenile
ling remain in inshore waters, typically 20-100 m deep,
for approximately four years, and then move to depths
of 100-300 m as they approach maturity.  Juvenile ling
favour rocky substrates and are difficult to locate by
conventional young-fish survey techniques.  It is
thought that they are present in most shallow rocky
regions around the western Channel coast (Figure 16.3).

Figure 17.1 The distribution of bass in the north-
east Atlantic
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Figure 17.3 The distribution of bass eggs in the Channel during:  (a) February and March 1982;
(b) March and April 1981; (c) April and May 1981; and (d) May 1984 (from Thompson and
Harrop, 1987)

surveys, are shown in Figure 17.2.  Only a small
proportion of the UK bass catch is landed through major
ports, and the landings data shown are based on a
combination of the official UK statistics and figures
derived from a voluntary logbook scheme.  In France, a
higher proportion of the bass catch is sold through
markets which supply statistics to IFREMER.

17.2 Spawning areas

Bass spawn in the Channel and adjacent regions from
February to June, and plankton surveys have revealed

Figure 17.2 The quarterly distribution of bass landings (tonnes) by ICES rectangle in the Channel
and adjacent sea areas in 1989.  CPUE from English and French groundfish surveys are
indicated with superimposed circles

that their eggs were most abundant in the mid-western
Channel during April, when the temperature range at
spawning was 8.5-11°C.  The area of spawning ap-
peared to spread east as the surface water temperature
exceeded 9°C and, by May, there were additional
centres of spawning in coastal waters of the eastern
Channel from the Isle of Wight to Beachy Head (Figure
17.3).  In addition to the extensive spawning areas in the
Channel, bass spawn off Trevose Head in southwest
England during March and April and occasionally off
the Isle of Man in the Irish Sea and in the southern
North Sea during May and June.
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17.3 Larvae

Only a small number of early larval bass have been
caught during plankton surveys in the English Channel.
Studies of older larvae in the Channel, and in the Bristol
Channel, suggest that bass larvae move steadily inshore
as they grow.  The larger larvae aggregate in inshore
waters and it is thought that, when they reach a specific
developmental stage at around 15 mm in length, they
respond to an environmental cue and actively swim into
estuarine nursery habitats.

17.4 Juveniles

From June onwards, young-of-the-year bass in excess
of 15 mm long are found extensively in creeks, estuar-
ies, backwaters and shallow bays which border the
Channel.  Studies on the south and west coasts of the
UK have shown that bass remain in these nursery areas
through their first and second years, after which they
migrate to overwintering areas in deeper water.  Juve-
nile bass may return in summer to the larger estuaries
(typically greater than 4  km² at low water) until their
fifth year.  Figure 17.4 shows the distribution of known
bass nursery areas in the Channel.  After 4-7 years, or at
approximate lengths of 35 cm for males and 42 cm for
females, bass attain maturity and adopt the migratory
movements of the adult fish.

Figure 17.4 Bass nursery areas in the Channel

17.5 Adult migrations

The movements of adult bass in the Channel and
adjacent seas have been indicated by a series of tagging
studies.  Bass which appeared on the south coast of
England and around the Thames estuary during the
summer spent the winter offshore in the western
Channel.  However, bass approaching first maturity and
which originated in the Thames estuary, did not migrate
so extensively, and some appeared on the south coast of
England in the winter.  Bass of a similar age, tagged on
the south coast of England in summer, had very limited
seasonal movements, and were usually recaptured
within 50 miles of the tagging site.

Figure 17.5 Seasonal movement and distribution
of adult bass in the 3 main
populations tagged around England
and Wales, indicated by shaded
areas:  (a) autumn movements from
summer areas; and (b) late winter
and spring movements from winter
areas (after Pawson et al., 1987)

Figure 17.5 indicates the probable migrations of
Channel bass.  It is thought that most adult bass from
the eastern area aggregate in the western Channel
during winter.  The final maturation and spawning of
these fish takes place in spring as the water temperature
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increases above 9°C.  As the return migration of
spawning fish continues, so the centre of the spawning
areas shifts progressively further east until, by June,
spawning is complete.  In late spring, the spent fish
move into feeding grounds in the eastern Channel and
southern North Sea, where they remain until the water
temperature decreases in late autumn; they then migrate
south and west to the winter pre-spawning areas.

Many adult bass from the western area spend the winter
off Cornwall and, as they become ripe in February and
March, they begin to migrate north along the west coast
of the UK. A major spawning area is located off
Trevose Head, and the fish proceed northwards to
summer feeding areas from north Devon to north Wales
and northwest England.  In the autumn, the fish return
towards their pre-spawning areas off Cornwall.

Bass on the west coast of the UK do not appear to mix
across the Celtic Sea with those from the east coast of
Ireland.  Some fish on the west coast of the UK, how-
ever, have been observed to cross the English Channel
and mix with those on the west coast of the European
mainland.  Moreover, the recovery at a site in northern
Spain, of a bass tagged off Portland Bill, suggests that
some large bass which appear on the south coast of
England during summer may be migrants from much
further south.

It is not clear whether Channel nursery areas provide
recruitment to specific adult stocks, although tagging
studies with 3-4 year old bass in the Solent indicate that
very few subsequently appear in the western Channel.

17.6 Biological parameters

The life history traits of bass vary across their environ-
mental range, with those fish at the cooler, northern
extremes usually exhibiting slower growth, later
maturity and longer maximum lifespans than those from
warmer environments.  Males mature at a length of 31-
35 cm aged 4-7 years and females at 40-45 cm aged 5-8
years in British and Irish seas, whereas, off the Tunisian
coast, males mature at around 24 cm, aged 2-3 years,
and females at around 32 cm, aged 4-5 years.   Bass
from the Mediterranean Sea grow considerably faster
than most of those in the Channel, although recent
MAFF data indicate that growth on the UK south coast
is similar to that in the Bay of Biscay.

Studies have indicated that there are genetic differences
between immature bass from the Irish Sea and else-
where around Britain, which supports the hypothesis
that the western Channel might be the boundary region
for two bass stocks.

17.7 Conclusions

The data from tagging studies and the seasonal distribu-
tion of the fishery suggest that  2 major bass stocks may
be identified in the Channel - an eastern stock which
moves between the English Channel and the southern
North Sea, and a western stock which migrates along
the west coast and into Cornish waters.  In general, a
boundary running southwest from Start Point roughly
indicates the separation between these stocks, though
adults from the eastern stock may spend winter to the
west of this line.

18. BLACK BREAM

18.1 General distribution

Black bream, Spondyliosoma cantharus, are distributed
in northeast Atlantic shelf waters from Norway and the
Orkney Islands south to the Mediterranean Sea and the
Canary Islands.  They are not present in the Baltic and
are most abundant in the Channel and south to the
Mediterranean Sea (Figure 18.1).  The quarterly distri-
bution of commercial landings, by English and French
vessels by rectangle in 1989, and CPUE values from
English and French groundfish surveys, are shown in
Figure 18.2

18.2 Spawning areas

Black bream are demersal spawners.  The male makes a
depression in a gravel substrate and subsequently
guards the fertilised eggs.  Accordingly, spawning areas
cannot be identified by planktonic egg surveys.  The

Figure 18.1 The distribution of black bream in
the northeast Atlantic



41

Figure 18.2 The quarterly distribution of black bream landings (tonnes) by ICES rectangle in the
Channel and adjacent sea areas in 1989.  CPUE from English and French groundfish
surveys are indicated with superimposed circles

presence of ripe and running bream in commercial
catches suggests that spawning begins in the southwest-
ern Channel in April and takes place around the Chan-
nel Islands and off the Isle of Wight in May.  The latest
spawning recorded was in the Baie de Seine during
September and October.  Most spawning areas are less
than 50 m deep.

18.3 Larvae and juveniles

Juvenile black bream are found inshore around the
Channel Islands, Port en Bessin, the Isle of Wight and in
the Solent, which suggests that they do not move far
from the spawning grounds.  Juveniles remain in these
inshore areas for 2-3 years before recruiting to the adult
stock at a length of approximately 20 cm.

18.4 Adult migrations

Although black bream were tagged in the extreme
southwestern Channel during February 1981 and off
Jersey in July 1986, only a few returns from areas close
to the tagging sites were recorded.  Consequently,
bream migrations have been elucidated by inferring
seasonal movements from fishery data and analysing
the distribution of maturing, ripe and spent fish (Figure
18.3).  During the winter months, pre-spawning adult
concentrations are found in waters from 50-100 m depth
west of a line from Alderney to Start Point.  Evidence
for this is provided by the French pair- and otter-trawl
fisheries and incidental catches by English purse seiners
fishing off Land’s End.

During April and May, adult fish are caught in shallow
(under 50 m) water around the Channel Islands, where
they are no longer accessible to the deeper water pair-

Figure 18.3 The migration of black bream in the
Channel: (a) spring movements, (b)
autumn movements

trawl fishery.  In the subsequent months, bream migrate
east along the English and French coasts, and they
probably enter the southern North Sea during July.  It
has been suggested that the migrations of bream (like
bass) follow the eastward movement of the 9°C iso-
therm as the Channel warms in spring.

Once bream have entered the eastern Channel, groups
are regularly encountered in particular localities during
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the summer.  These support commercial fisheries off
Boulogne (July to December), Dieppe (July to Novem-
ber), Port en Bessin (July to October) and the Isle of
Wight and Sussex coast (May to November).  Recrea-
tional fisheries also target bream off Sussex and south
Devon, west Wales and around the Channel Islands.
Bream feed in these inshore sites after spawning and
begin to leave the eastern Channel in November and
December.  The winter concentrations in the western
Channel appear in January as the fish move offshore
into deeper water.

18.5 Biological parameters and
population structure

Black bream all mature as males at a length of around
20 cm and remain male to a length of approximately 30
cm.  However, once bream exceed 30 cm, they may
change into females and all bream over 40cm in length
are females.  This may have important consequences for
the sustained reproductive capacity of a bream stock;
the modal size of bream decreased from 37-38 cm in
1977 to 28-30 cm in 1979 as the bream fishery ex-
panded.  If the sex ratio of bream in samples from
different areas has been greatly affected by fishing, this
may provide a means of tracking groups of black bream
in the Channel and of indicating their integrity.

There are differences between the length-weight
relationships for fish in the western Channel and the
Bay of Biscay, but the variation is considerable and this
difference has not been tested statistically.  Despite
these interannual variations, growth in the northern Bay
of Biscay is consistently faster than that in the Channel.

18.6 Conclusion

Black bream over-winter in the western Channel and
migrate into the eastern Channel during May and June.
There is no evidence to indicate that these fish are a
single stock, rather than several stocks of fish which use
different spawning areas but spend the winter in the
same region.

19. MACKEREL

19.1 General distribution

Mackerel, Scomber scombrus, are distributed in north
Atlantic shelf waters, usually at depths of less than 200
m, from Iceland south to the Mediterranean Sea and off
the eastern coasts of Canada and North America (Figure
19.1).  Restrictions on the fishery may influence the
officially reported distribution of catches.  These are
not, therefore, always a reliable guide to positions
where the mackerel were actually caught.  The quarterly
distribution of mackerel landings in 1989 by rectangle
in the Channel shown in Figure 19.2. include some

Figure 19.1 The distribution of mackerel in the
northeast Atlantic

information from unofficial sources which has been
incorporated in rectangles where these landings exceed
the officially reported values.

19.2 Spawning

Mackerel spawn in two main regions of the northeast
Atlantic: the central North Sea, Skagerrak and Kattegat,
and along the continental shelf from western Ireland to
the Bay of Biscay.  In the North Sea, spawning begins
in May, reaches a peak at the end of June and ends in
August.  In the west, the spawning season usually
begins in March, peaks in May/June and ends in July,
Figure 19.3.

Triennial egg surveys, conducted in the western area
since 1977 to obtain annual estimates of egg production,
and hence spawning stock biomass, indicate that the
timing and distribution of spawning have remained
relatively constant.  The western spawning area may
extend into the Channel, but an egg survey in June 1989
indicated that no more than 3% of Western mackerel
spawning takes place in the western Channel.

19.3 Larvae and juveniles

Data on the distribution and abundance of mackerel
larvae around the British Isles, from 1947 to 1978,
showed that larvae were most abundant in the Celtic Sea
and central and northern North Sea, although a few
larvae were found in the western Channel during July
and August.
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Figure 19.2 The quarterly distribution of mackerel landings (tonnes) by ICES rectangle in the
Channel and adjacent sea areas in 1989.  CPUE from English and French groundfish
surveys are indicated with superimposed circles

Figure 19.3 The spawning grounds and peak
spawning periods of mackerel in the
northeast Atlantic

Very little is known about the distribution of post-larval
mackerel, as they are seldom caught below a length of
15 cm.  Some 0-group mackerel, 3-8 cm in length, have
been caught in the surface waters of the Celtic and
North Seas, and mackerel of 6-8 cm have been caught
in mid-water off Norway’s North Cape during young
fish surveys in the Barents Sea.  However, only one 0-
group fish, of 3.5 cm, has been taken in the western
Channel, with a surface net in July 1983.

The distribution of older juveniles, the first- and
second-winter fish, is better known; these are generally
concentrated along the shelf edge from Biscay to the
west of Scotland.  In addition, large shoals of juveniles
have been found in the western Channel off Cornwall
since 1981 and, in years of high abundance, they are
also found in the central and southern North Sea.  There
are presently very few North Sea-spawned juveniles
because of the low stock size, and these are found
mainly in the northern North Sea.

19.4 Adult migrations

The migration patterns of mackerel have been deter-
mined from seasonal changes in the distribution of
fisheries and by tagging studies conducted during the
past 30 years.  Mackerel which spawn in the North Sea
migrate north in June and July and disperse to feed in
the central and northern North Sea and Skagerrak in late
summer.  In October, some of these fish migrate to
western Shetland and some to the Norwegian Trench,
where they overwinter.  The following spring, they
return south to the spawning grounds.

During the past three decades, there have been some
dramatic changes in the distribution and migration of
Western mackerel, which are particularly relevant to the
identification of the Channel stocks.  After spawning,
Western mackerel migrate north along the continental
slope during June and July, into the Norwegian Sea and
northern North Sea.  They feed during summer and
overwinter off northern Scotland and around the
Shetland Isles before returning south to the spawning
grounds in February/March.  In the late 1960s and
throughout the 1970s,  however, the bulk of the Western
stock overwintered in the western Channel, a change, it
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is thought, which took place in response to changes in
environmental conditions.  The migration pattern of the
Western stock, which was characteristic of the situation
in the 1980s, is shown in Figure 19.4.

Figure 19.4 The migration of mackerel in the
1980s (from Dawson, 1991)

19.5 Biological parameters

The growth of the western mackerel population has
been described using samples from the Cornish winter
fishery from 1975 to 1980.  The age composition shows
that these fish usually mature at 2-3 years, but there are
no comparable and reliable data for North Sea
spawners, as these are still recovering from a stock
collapse in the early 1970s.

Mackerel which spawn in the North Sea and the Celtic
Sea are part of a genetically homogeneous population.
Prior to the collapse of the North Sea spawning group,
tagging experiments indicated that there was very little
mixing of North Sea and Western spawning mackerel.
Since 1980, however, the level of mixing has increased,
particularly on the summer feeding grounds in the
northern North Sea.  This mixing may have resulted
from an influx of Western spawners which could have
led to considerable interchange of fish from different
spawning areas.  Tagging data, however, indicate that
the majority of mackerel return to the same spawning
area each year, and this suggests that the spawning
groups are largely isolated.

Further evidence for reproductive isolation of the
spawning groups is the fact that the North Sea spawners
have not recovered from their collapse, even though the
biomass of the Western spawning group remains high.
In the fourth quarter of 1986 and 1987, 0-group mack-
erel were abundant in the central southern North Sea
and were subsequently caught there in considerable
quantities.  However, they did not contribute signifi-
cantly to the biomass of the North Sea spawning group,
and it is suggested that the North Sea has become an
important nursery area for juvenile Western mackerel,
which subsequently recruit to the western spawning
area.

Attempts to identify the origins of mackerel sampled
from mixed stocks have not been successful.  The
parasitic cestode Grillotia angeli  infected Western
spawning mackerel prior to 1977, but, since then,
changes in the distribution and migration of Western
spawners has occurred, and a far smaller proportion of
mackerel has been infected with Grillotia.

Measurement of otoliths, to determine the amount of
first year growth, allowed the identification of mackerel
from different origins prior to 1974, when growth of
fish from the Western stock was significantly faster than
that of the North sea stock.  However, following the
collapse of the latter, the growth rate of these fish has
increased, and this has obscured any differences.

19.6 Conclusions

The Western and North Sea spawning mackerel are
currently recognised as being independent stocks for
assessment purposes.  The majority of fish from each
stock appear to return to their respective spawning
grounds, and the limited interchange of fish which
enables genetic homogeneity to be maintained is too
small to influence management decisions.  Mackerel in
the Channel are predominately members of the Western
stock.

More recently, mackerel off the Atlantic coasts of Spain
and Portugal have also been treated as a third, independ-
ent group, and are now referred to and assessed as the
Southern stock.

20. SCAD (horse mackerel)

20.1 General distribution

Scad, Trachurus trachurus, are found at depths of less
than 200 m in northeast Atlantic shelf waters from
Iceland to Cape Verde Island and in the Mediterranean
and Marmara Seas,  but are rare in the Black Sea,
(Figure 20.1). The quarterly distribution of scad land-
ings in 1989 by rectangle and CPUE from groundfish
surveys are shown in Figure 20.2.
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Figure 20.2 The quarterly distribution of scad landings (tonnes) by ICES rectangle in the Channel
and adjacent sea areas in 1989.  CPUE from English and French groundfish surveys are
indicated with superimposed circles

eastern Channel, Figure 20.3.  The spawning periods are
slightly different for each main area. In the North Sea,
spawning commences in late May and continues until
July with a peak in June. In the western area, from
northern Biscay northwards, spawning takes place from
March to July with a peak in June, and in the south
spawning extends from January to August.

Figure 20.3 The spawning grounds and peak
spawning periods of scad in the
northeast Atlantic

Figure 20.1 The distribution of scad in the north-
east Atlantic

20.2 Spawning areas

Scad spawn along the continental shelf off the west
coast of Ireland, in the Celtic Sea and south into Biscay
and around the Iberian Peninsula.  This westerly
spawning area extends eastwards throughout the
Western Approaches and into the western Channel.
Scad also spawn in the southern North Sea and in the
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An egg survey conducted in the western area during
June 1989 indicated that no more than  8% of the
Western spawning takes place in the western Channel.
The biomass of the Western and North sea spawning
stocks was estimated by egg survey in 1989  to be
approximately 2 million tonnes and 0.2 million tonnes
respectively.

20.3 Larvae and juveniles

Scad larvae hatch at about 2.5 mm long.  In the Chan-
nel, post larvae occur in the plankton from July to
October, with a maximum abundance in August. By the
end of the first year, they are about 10 cm long and
largely pelagic in life style, staying high in the water
column in shoals separate from larger fish, though many
fish smaller than 10 cm have been taken in small-mesh
bottom trawls during research vessel surveys. Such
surveys during the fourth quarter of 1990 showed that
high densities of 0- and 1-group scad occur throughout
the Channel.

20.4 Adult migration

Scad are highly migratory fish.  The distribution of the
fisheries and survey data provide indications of the
migratory routes for the different spawning groups. A
schematic diagram of the assumed migratory patterns of
scad is given in Figure 20.4.

The Western scad appears to have a similar migratory
pattern to that of the Western mackerel. After spawning,
scad migrate north along the continental slope during
June and July. They remain off the Norwegian coast
from July to September and migrate into the northern
North Sea during October and November. They then
begin their return migration to the western area via
Scotland and Shetland.

North Sea scad migrate east from the Channel during
June, along the Dutch coast, where they spawn in July,
and along the west Danish coast in August. In the
summer and autumn, scad are abundant in the southern
and southeastern part of the North Sea, and have been
observed to move west and southwards through the
Channel in October.

It is thought that the Western and North Sea spawning
groups mix in the central North Sea in the summer and
autumn, and in the western Channel mainly in autumn.
Scad are present along the Atlantic coasts of Spain and
Portugal throughout the year, but little information is
available on the migratory behaviour of this Southern
group.

20.5 Biological parameters and
population structure

Scad are a long-lived species and it is quite common to
find fish older than 30 years of age.  The age composi-

Figure 20.4 The migration routes and main
wintering grounds of scad in the
northeast Atlantic (after Eaton, 1983)

tions of scad in the North Sea and the west indicate that
both groups have been dominated by the strong 1982
yearclass, which comprised almost 70% of the landings
by number in 1990.  Only seven strong yearclasses have
been recorded in the past 50 years. Maturity data
indicate that 50% of scad are mature at 23 cm.

Stock separation techniques which have been applied to
scad include gonadosomatic indices, age composition
data and electrophoretic analysis of samples from the
North Sea, the Celtic Sea, the Bay of Biscay and
Portuguese waters, none of which have provided
evidence for discrete stocks of scad in the northeast
Atlantic.

20.6 Conclusions

The present assumption is that, in addition to the North
Sea spawning group, there are two separate groups of
scad in the Western and Southern areas and that there is
no substantial interchange of fish between the areas.
There is, however, a continuous scad egg distribution
between the western and southern areas, and into the
Channel.  Furthermore, the Channel is an important area
for juvenile scad, and provides a migratory route for
both Western and North Sea spawning groups. It seems,
therefore, that it us not possible to discriminate stocks
of this species in the Channel.
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21. RED GURNARD

21.1 General distribution

Red gurnard, Aspitrigla cuculus, are distributed in
northeast Atlantic shelf waters from around Scotland
and southern Norway south to North Africa.  They are
present in the Mediterranean but absent from the Baltic
Sea (Figure 21.1).  Gurnards are not identified by
species in English and Welsh landings data.  French
commercial LPUE for 1989 and groundfish survey
CPUE data were therefore used to provide an index of
the seasonal distribution and abundance of red gurnard
(Figure 21.2).  Red gurnard appear to be abundant in the
Channel throughout the year.

21.2 Spawning areas

The eggs and larvae of gurnards have been sorted from
ichthyoplankton samples on several occasions, but they
have not been identified to species because there is little
available information on the identification of gurnard
eggs and larvae.   Ripe and running red gurnard,
however, have been caught in the area between north
Cotentin and the Isle of Wight from the end of February
until June.

21.3 Juveniles

Nursery areas for this species have not been identified.
No red gurnard were caught during inshore young fish
surveys on the English Channel coast in August and

Figure 21.2 The quarterly distribution of red gurnard 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

Figure 21.1 The distribution of red gurnard in
the northeast Atlantic

September 1971 and 1974.  The smallest benthic red
gurnard caught during French surveys were 3 cm long,
but it is not known which areas the juveniles favour.

21.4 Adult migrations

Red gurnard do not appear to have been been tagged,
and migration patterns are therefore inferred by sea-
sonal changes in the abundance of red gurnard in the
fishery. The fish appear in the central and western
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Channel during September and remain in an area
between Ouessant and the Isle of Wight, and particu-
larly around the Hurd Deep, from November to January.
Spawning commences in February, and spent fish
appear to move west.  Spawning continues through the
summer and, by July and August, the majority of fish
are caught in the western Channel.  The changes in sex
ratio of red gurnard in the fishery suggest that females
migrate back to the central Channel before the males,
which arrive there in December, and that males leave
more rapidly after spawning.  It has also been suggested
that males favour rocky grounds which cannot be
trawled effectively .

21.5 Biological parameters and
population structure

Female red gurnard caught in the Channel appear to
grow faster than males.  Their mean lengths at ages 5
and 10 respectively are 35.5 cm and 40.5 cm compared
with 32 cm and 34.5 cm for males.  Growth data are not
available for red gurnard from regions outside the
Channel.  Red gurnard first attain maturity in the
Channel at approximately 25 cm and 50% are mature
when 26-29 cm in total length at age 3.

21.6 Conclusion

There is insufficient information available to determine
whether or not red gurnard in the Channel are members
of a single stock which also occupies the North Sea and
waters to the west of the Channel.

22. PLAICE

22.1 General distribution

Plaice, Pleuronectes platessa, are distributed in north
Atlantic shelf waters from Greenland and the White Sea
south to North Africa.  They are present in the southern
areas of the Baltic and Black Seas but absent from the
extreme eastern Mediterranean (Figure 22.1).  LPUE of
plaice by French, English and Welsh vessels by rectan-
gle and quarter in 1989, and CPUE from groundfish and
beam-trawl surveys, are shown in Figure 22.2.

22.2 Spawning areas

Plaice spawn from December to March in the Channel,
with the peak of spawning being in January and February.
Five main areas have been recognised (Figure 22.3): two
in the central western Channel south of Start Point and
Portland Bill respectively; and three in the central
eastern Channel from Dungeness to the Isle of Wight.
Around three-quarters of the total egg production in the

Channel occurs in the eastern Channel, where the
distribution of eggs  is often continuous with that in the
North Sea.

22.3 Larvae and juveniles

The centres of plaice spawning in January and February
are within an easterly-moving current system.
Hydrographic studies have indicated that a large
proportion of the eggs produced in the Channel will
enter the North Sea before larval metamorphosis occurs.
The timing of egg production in the eastern Channel
and of the immigration of larval plaice into the
Easterscheldt and western Waddensea, together with
information on developmental rates of eggs and larvae
and the hydrography of that area, suggest that young-of-
the-year plaice in the Easterscheldt were spawned in the
eastern Channel.  However, those spawned in the
western Channel, where currents are rather weaker, are
unlikely to be transported out of the Channel and
probably maintain recruitment to nurseries which are
located in sandy bays on the Channel coast.

Development of plaice eggs and larvae to metamorpho-
sis takes between 60-120 days, depending on tempera-
ture, and plaice generally commence the benthic phase
when 2-4 cm in length.  Recruitment of newly metamor-
phosed plaice into nurseries in the North Sea has been
shown to involve changes in the vertical distribution of
larvae, such that they move into mid-water during flood
tides and return to the seabed at high water slack, where
they remain during the ebb tide.  Similar transport
processes are ultimately used by the adult fish during
spawning and feeding migrations.

Figure 22.1 The distribution of plaice in the
northeast Atlantic
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Figure 22.2 The quarterly distribution of plaice 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

only 0.3% of recruits to the North Sea, but 34% of the
recruits in the western Channel.  The North Sea is also
an important source of plaice migrating into the western
Channel, supplying 53% of the recruits.  The main
nursery areas for Channel plaice are shown in Figure 22.3.

22.4 Adult migration

Adult plaice have been tagged on many occasions in the
Channel and adjacent seas.  Many ripe, running and
spent plaice, tagged in the eastern and western Channel
during 1971 and 1972, migrated rapidly to the North
Sea after spawning.  An analysis combining spawning
stock biomass estimates with fishing intensity estimates
at the recapture sites suggested that, of the plaice
spawning in the Channel during January and February,
20% spent the summer in the western Channel, 24% in
the eastern Channel, and approximately 56% migrated
to the North Sea.

A review of  plaice taggings in the Channel at different
times of the year showed that 20-30% of the plaice
catch from the eastern Channel in winter contained
migratory North Sea fish.  Plaice tagged in the Channel
during the summer were not recaptured outside the
Channel, which suggests that they were resident there.
The resident plaice appeared to be members of two
groups which returned to specific (east or west Channel)
spawning areas each winter.  Migratory North Sea
plaice only entered the Channel in autumn, and left
rapidly after spawning.

Tagging experiments in the North Sea confirm the
hypothesis that few North Sea plaice remain in the

Figure 22.3 The distribution of plaice eggs in the
Channel at the peak of spawning,
contoured at intervals of 0, 1 and 3
eggs per square metre per day.  The
letters A to E denote the 5 centres of
egg production referred to in the
text (from Houghton and Harding,
1976).  The main nursery areas for
plaice along the French coast are
also shown

The movements of juvenile plaice have not been studied
in Channel nurseries, but tagging in the Irish Sea and
North Sea suggests that the plaice remain for up to two
years in the nurseries to which they recruited.  Some 1-
and 2-group plaice tagged in the Easterscheldt (the
nursery ground for plaice spawned in the eastern
Channel) were subsequently recaptured as mature fish
in the eastern Channel.

An analysis of juvenile plaice taggings in the North Sea
and eastern Channel indicates that 38% of plaice in the
eastern Channel came from nursery grounds in the
North Sea.  Eastern Channel nursery grounds supplied
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Channel during summer.  For example, only 5 fish out
of 702 mature plaice tagged in the southern North Sea
during January and February 1975 were recaptured in
the Channel, one in the west and four in the east.  All
other recaptures were made in the southern or central
North Sea.

Plaice tagged in the North Sea and Channel, in all
seasons of the year, were rarely recaptured from the
Irish Sea.  Similarly, only a small proportion of the fish
recaptured from 16 771 plaice tagged in the Irish Sea
had been returned from the western Channel.

22.5 Biological parameters and
population structure

Because the growth of plaice within a single region has
changed considerably through the years, and in the
absence of studies which examine regional and yearly
effects concurrently, it is unlikely that an examination
of growth parameters will assist with plaice stock
identification.  The mean age of plaice at maturity in the
southern North Sea is around 4 years for females and 2
years for males, with mean lengths of 30-33 cm and 20-
22 cm respectively, but there is considerable inter-
annual variation within a given area and the range of
age at maturity for individuals is 2-7 years. In the
Channel, females are mature on average at 31-33 cm
and males at 25 cm, both at 3 years old. It is unlikely,
therefore, that differences in age or length at maturity
could be used to distinguish plaice in the Channel and
southern North Sea.

Although there are significant inter-annual differences
in plaice fecundity within one area, even when the
effects of length and age are considered,  fecundity of
Channel plaice (at a standard size and age) tends to be
higher than that in the central North Sea.

Several genetic studies have indicated differences
between plaice from different regions, but none of the
studies provided information which would assist with
differentiation between plaice in the Channel and those
in adjacent regions.

In the southern North Sea, there are some differences in
the pigmentation of plaice ‘stocks’ as recognised on the
basis of otoliths, meristic features and tagging studies.
Channel fish, however, have not been studied in this way.

22.6 Conclusions

There have been numerous studies describing the
general structure, fecundity and biochemical character-
istics of plaice populations which have provided
information on stock separation, but extensive tagging
programmes and ichthyoplankton surveys have pro-
vided most of the information upon which management
of the plaice fishery has been based.

Plaice which spawn in the eastern Channel may use the
southern North Sea at many stages in their life history.
Most newly metamorphosed fish recruit to southern
North Sea nurseries where they remain until mature.
Subsequently, these might migrate to the eastern
Channel for spawning, but often return to the North Sea
when spent.

Other plaice, which spawn in the same areas of the
eastern Channel at the same time, are clearly a resident
Channel stock, as are most plaice which spawn in the
western Channel.  The movements of plaice between the
Channel and the Irish Sea are unlikely to be of signifi-
cance to fishery managers.

It is possible that three plaice stocks, which probably
have sufficient integrity to be considered as largely self-
perpetuating units, could be recognised in the Channel:
the resident Channel stock; the western Channel stock;
and a migratory Channel/southern North Sea stock.
However, their distributions frequently overlap for
considerable periods and thus it would be difficult to
manage them independently.

23. LEMON SOLE

23.1 General distribution

Lemon sole, Microstomus kitt, are found in shelf waters
of the northeast Atlantic from the White Sea and Iceland
south to the Bay of Biscay.  They are common in the
North Sea and the Channel, but absent in the Baltic Sea
(Figure 23.1).  Combined French, Welsh and English
LPUE data for 1989 and groundfish survey CPUE data
(Figure 23.2) indicate that lemon sole are  abundant in
the extreme western Channel throughout the year.

Figure 23.1 The distribution of lemon sole in the
northeast Atlantic
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Figure 23.2 The quarterly distribution of lemon sole 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

23.2 Spawning

Ripe and running lemon sole were caught off the south
English coast in the western Channel during a monthly
sampling programme conducted each year from 1969 to
1974.  Male fish were ripe and running from February
to September and females from March to August,
although spawning peaked in April, May and June.
Maturity has not been assessed for samples of lemon
sole from other regions of the Channel.

Figure 23.3 The distribution of lemon sole eggs in the Channel:  (a) from 17 to 22 April 1974;
and (b) from 13 to 20 June 1974

Icthyoplankton samples taken within 30 nautical miles
of the English southern coast, from North Foreland
(east) to Lands End (west), during February, April and
June 1974; indicate that lemon sole eggs were most
abundant in the western Channel during April, but eggs
were also present in this area in June  (Figure 23.3).  No
lemon sole eggs were found in samples collected in
February.  The inshore location of this survey may not
cover the overall spawning area of lemon sole, but it
appears that most spawning is confined to the western
Channel.
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23.3 Larvae and juveniles

The distributions of lemon sole larvae in the western
Channel are similar to the egg distributions already
described.

No juvenile lemon sole have been captured in extensive
young fish push-net and beam-trawl surveys along the
entire southern English coast at depths to 20 m during
August and September 1971 and September and
October 1974.  Juvenile sole and plaice were abundant
at many sites, which suggests that lemon sole do not
use the shallow, sandy inshore nurseries typically used
by other flatfish.

A series of surveys, conducted in September and
October each year from 1984 to 1991, using a commer-
cial fishing vessel to tow a 4 m beam trawl off south
Devon and designed to estimate the abundance of
juvenile plaice and sole, produced no lemon sole less
than 18 cm in length.  Because the 40 mm mesh used is
expected to retain most lemon sole in excess of 15 cm,
it is assumed that juvenile lemon sole were absent on
these grounds.  Such fish are considered to be a rarity in
catches during MAFF groundfish surveys in the western
Channel and Celtic sea, whereas, in Scottish waters,
juvenile lemon sole have been found mixed with the
adults.

Thus, lemon sole which have metamorphosed, but are
less than 18 cm, appear not to be accessible to the beam
trawls used for sampling in the western Channel and
eastern Celtic Sea.  The western Channel contains many
areas of rocky and boulder-strewn ground, which are
geographically close to the adult grounds, and may
provide a refuge for juveniles.

23.4 Adult migration

Over a thousand ripe, running and spent lemon sole
were tagged off south Devon during April and May
1970.   By the end of 1972, only 4 fish had been
recaptured away from the tagging area; 3 in the Celtic
Sea and caught within one year of release; and one from
the eastern Channel in the second quarter of 1972.  All
recaptures of lemon sole in 1973 and 1974 were from or
adjacent to the release area.

The returns from these tagging experiments suggest that
most adult lemon sole remain in the western Channel
throughout the year and undertake no extensive migration.

23.5 Biological parameters and
population structure

Although MAFF has collected lemon sole maturity data
for the western Channel from 1969 to 1974, no similar
data exist for lemon sole from other regions of the
Channel or adjacent sea areas.  No genetic or meristic

studies of lemon sole have been conducted in the
Channel.

23.6 Conclusions

LPUE data suggest that lemon sole are relatively
abundant in the western Channel throughout the year.
They are scarce in other regions of the Channel, and the
closest concentrations of similarly high density may be
found off south-western Ireland and in the northern Bay
of Biscay.

The seasonal movements of adult lemon sole in the
western Channel appear to be very restricted and for
assessment purposes, it is suggested that the lemon sole
of the western Channel may be considered as a single
stock.

24. SOLE

24.1 General distribution

Sole, Solea solea, are distributed in northeast Atlantic
shelf waters from southern Norway and the Shetlands
south to Mauritania.  They are absent from the Baltic
and parts of the Mediterranean and Black Seas (Figure
24.1).  LPUE of sole by French, English and Welsh
vessels by rectangle and quarter in 1989, and CPUE
values from groundfish and beam-trawl surveys, are
shown in Figure 24.2.

24.2 Spawning

Sole spawning starts when the water temperature rises
above 7°C, and occurs from late February until late June

Figure 24.1 The distribution of sole in the north-
east Atlantic
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Figure 24.2 The quarterly distribution of sole 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

in the Channel and adjacent seas, although the peak
spawning period is in April and May.  The main
spawning areas of sole are shown in Figure 24.3.  An
important spawning area in the Baie de Somme has
been identified by several ichthyoplankton surveys.
However, sole eggs are widely distributed at lower
densities throughout the eastern Channel.

Figure 24.3 The distribution of sole spawning
and nursery grounds in the Channel
and adjacent sea areas

Spawning areas have been reported close to the English
coast during April, centred between Beachy Head and
the Isle of Wight, to the west of the Isle of Wight and in
the vicinity of the Hurd Deep.  In 1991, a series of
extensive egg surveys started in the Channel, which
mapped sole egg concentrations over the entire spawn-
ing period.  In the eastern Channel, the highest egg
concentrations were found in the Dover Strait, the Baie
de Seine and around the Isle of Wight.  In the western
Channel, sole eggs were generally less abundant and the
highest densities of eggs were found in the Baie de St
Michel, Start Bay and in mid-Channel.

There are several important sole spawning areas
adjacent to the Channel.  High egg densities have been
recorded in the Thames Estuary, Belgian coastal waters,
Texel and Vlieland Grounds and part of the Heligoland
Bight.  To the west of the Channel, sole spawn in deep
water off Trevose Head in the Celtic Sea and offshore in
northern Biscay.

24.3 Larvae and juveniles

Sole eggs hatch approximately 8 days after fertilisation
(depending on seawater temperatures) and the larvae are
pelagic for up to 6 weeks.  Larval transport in the
northern Bay of Biscay appears to be governed by the
larvae’s behaviour, since they did not move in the same
direction as residual currents.  There have been no
studies of larval movement in the Channel but, on the
basis of current movements, a proportion of larvae
hatching in the eastern Channel may move east and
recruit to nurseries in the southern North Sea.

Larvae recruit to shallow inshore nurseries at metamor-
phosis and it has been suggested that, in estuaries, this
recruitment is an active process which is determined by
the salinity and temperature regime at the estuarine
front.

There are sole nurseries in estuaries, tidal inlets and
shallow, sandy bays on the English and French Channel
coasts (Figure 24.3).  The overall density of juvenile
sole is highest in the eastern Channel, although sole
may be abundant in small western Channel nurseries
such as the Tamar.  Marking studies suggest that sole
are resident in these latter nurseries for at least 2 years
after metamorphosis.  A study on the migrations of
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freeze-branded juvenile sole in the Tamar Estuary
nursery showed that 0-group sole inhabited deeper
areas, whereas 1-group fish made a tidally-related
movement onto mud flats.  Individual sole tended to
stay within specific regions of the estuary, although
there was a general movement up the estuary during
May and June with a return migration towards the sea in
October and November.  In the Baie de Vilaine, 0-, 1-
and 2-group sole moved offshore in the winter and
migrated inshore again in the spring.  Recruitment to the
spawning population occurred as 2- or 3-year olds.

Juvenile sole tagged in the eastern Channel were
recaptured as 2-year old fish in the release area.  How-
ever, as 3-year olds, some sole began to emigrate from
the release areas.  A proportion of sole released in the
Baie de St Michel and the Baie de Seine moved to the
English side of the western Channel, and the seasonal
distribution of returns suggested that this movement was
permanent.  Similarly, some juvenile sole released in
the Baie de Somme were recaptured on the English
coast.  In general, recaptures from eastern Channel
releases suggested that there was a permanent emigra-
tion of around 10% of 3- and 4-year old sole to the
southern North Sea and up to 30% to the western
Channel.  There was, however, no evidence of a
significant immigration to the eastern Channel by sole
tagged in the southern North Sea.

24.5 Adult migration

Sole undertake their most extensive migrations as
maturing juveniles, and once fully mature, their move-
ments appear to be relatively restricted.  The seasonal
distribution of tag returns and, to some extent, shifts in
LPUE in the sole fishery (Figure 24.2), suggests that
adult sole make short seasonal migrations between
deeper offshore areas and the shallower spawning
grounds, with a return movement in the autumn.   It is
unlikely that a significant proportion of adult sole
migrate from the Channel to adjacent seas, because sole
appear to continue to use the spawning ground to which
they first recruit.  For example, sole tagged on the
spawning grounds in the eastern central North Sea
migrated offshore from June to October, to areas south
west of the Dogger Bank.  They remained there until
March, when they returned to the spawning ground.
Very few fish departed from this cyclical migration to
spawn in other areas. Similarly, sole appear to move
predominantly south through the Dover Strait in
December, and it has been suggested that a proportion
(~5%) of the population, which feeds and spawns in the
southern North Sea, moves into the eastern Channel for
the winter.

24.5 Biological parameters and
population structure

Although there is considerable inter-annual variation in
the age at which sole attain maturity in the southern

North Sea and the Channel, the majority of females are
mature at a length of 26-28 cm, and this precludes the
use of age at maturity data for the identification of
Channel stocks.  Similarly, the growth rate of North Sea
sole varies markedly between years, but suitable compara-
tive data have not been analysed for the Channel.

The fecundity of sole has been reported for fish from
the Channel and adjacent sea areas.  The results suggest
that female sole in the eastern Channel and North Sea
produce more eggs for a given body weight than do
those in the western Channel, the northern Bay of
Biscay or the eastern Celtic Sea.

24.6 Conclusions

Adult sole in the eastern Channel are largely isolated
from those in other regions, except during the winter,
when sole from the southern North Sea may enter the
Channel temporarily.  However, a proportion of their
progeny may emigrate to the southern North Sea and
the western Channel.  There is no evidence for a
compensatory immigration, and thus the eastern Chan-
nel nurseries maintain recruitment to stocks of sole in
both the eastern Channel and adjacent regions.

Adult sole in the western Channel may recruit from
local nurseries and from those in the eastern Channel.
Juvenile sole may recruit from the French coast to the
English coast of the western Channel as they mature,
but there is no evidence for significant emigration from
the western Channel.  The movements of adult sole in
the western Channel are not well known, but the limited
migration of adult sole in other regions, coupled with
the localised spawning areas in the western Channel,
suggest that these fish are largely isolated from those in
northern Biscay, the eastern Celtic Sea and the eastern
Channel.

25. ANGLERFISH

25.1 General distribution

The anglerfish, Lophius piscatorious, is found in north-
eastern Atlantic waters from Iceland and Norway south
to central West Africa.  They are absent in the Baltic,
but present in the Mediterranean, and are usually caught
at depths of 20-150 m, although they have been re-
corded from 550 m (Figure 25.1).  The closely related
black-bellied anglerfish, Lophius budegassa, is distrib-
uted from western Scotland south to North Africa, and
tends to occur at depths greater than 100 m, being
recorded at a maximum depth of  800 m.   L. budegassa
is rarely caught in the Channel, and is not considered in
this report.

LPUE data for L. piscatorious 1989, and CPUE data
from groundfish surveys, indicate that their abundance
is greatest in the deeper water of the western Channel
and Celtic Sea throughout the year (Figure 25.2).
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Figure 25.1 The distribution of anglerfish in the
north east Atlantic

25.3 Larvae and juveniles

Anglerfish larvae have frequently been observed in
ichthyoplankton samples from the continental shelf
edge to the west of Ireland and in the Celtic Sea.  There
are a few records of larvae in the Channel, mainly off
Cornwall, and a single larva was caught in the Bristol
Channel in April 1990.

The duration of the planktonic larval stage is not
known.  However, one 11 day-old larva was 7 mm in
total length and anglerfish are reported to begin a
benthic existence at 40-70 mm total length, which
suggests that they have a pelagic phase which lasts for
several months.

Juvenile anglerfish have been caught during research
vessel groundfish surveys in deep water to the west of
the British Isles and in the Bay of Biscay, and fre-
quently during MAFF beam-trawl surveys off south
Devon in September and October from 1984 to 1991  at
depths to 70 m.  One-group anglerfish have also been
caught during beach-seine surveys in the Bristol
Channel.

25.4 Adult migrations

Little is known about the migrations of anglerfish. Only
2 of 106 anglerfish tagged between the Scilly Isles and
Start Point in 1983 were  returned, from near Start Point
in 1984 and 1985.  The quarterly distribution of  LPUE
data suggests that the centres of the species’ distribu-
tion do not change appreciably during the course of
the year.

Figure 25.2 The quarterly distribution of anglerfish 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

25.2 Spawning areas

Records of anglerfish eggs and maturity stage informa-
tion is scarce, but incidental observations suggest that
anglerfish spawn from February to August, and that
spawning peaks from March to July.  The majority of
anglerfish are thought to spawn in deep water to the
west of Ireland, in the Celtic Sea, the Bay of Biscay and
in the Western Approaches.  Although  there is no
evidence for spawning within the Channel, sheets of
spawn have been observed floating off the south coast
of England.
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25.5 Biological parameters and
population structure

A study of the age and growth of anglerfish in the
Channel, to the west of the UK and in Biscay, revealed
no differences in growth rate between sexes and areas,
although females ultimately attained a larger size than
males.  Age and size data for anglerfish from the
northern Irish Sea showed that these fish grew faster
than those in the Celtic Sea.

Length at 50% maturity  for male and female anglerfish
has been reported in the Bay of Biscay as 45 cm and 39
cm respectively, but no comparable data have been
collected for anglerfish from the eastern Celtic Sea or
western Channel.

25.6 Conclusions

The available data do not elucidate the stock structure
of anglerfish which are present in the Channel.
Anglerfish are relatively scarce in the eastern Channel,
but they are more abundant in western areas, and the
centres of maximum adult abundance are west of the
Channel, in deeper parts of the Celtic Sea.  Juveniles
may be abundant in the western Channel and are
frequently caught by trawlers targeting sole and plaice.

The duration of the pelagic larval phase suggests that
there may be considerable interchange of larvae from
different spawning areas in the Celtic Sea and northern
Bay of Biscay.  If subsequent juvenile and adult
migrations are relatively restricted, as their morphology
and distribution suggests, then most differences in
population structure may result from differences in
localised exploitation patterns and fishing intensity.

reliably indicate the relationships between nursery areas
and the adult stocks to which the juveniles will subse-
quently recruit.  In recent years, this information has
become even more relevant to fisheries management.
Stocks are being fished more intensively and juvenile
fish frequently form a major proportion of the catch.

On the few occasions when parasitological approaches
to stock identification have been attempted, they have
often provided excellent indications of stock separation.
Unfortunately, little is known of the dynamics, distribu-
tion and life history of many of the parasites of marine
fish.  Similarly, tagging and marking programmes
have provided some of the best evidence for migrations
and stock separation.  Studies which do not include a
tagging exercise have rarely produced working hypoth-
eses on stock identity which could be adopted and used
by fishery managers.  Unfortunately, the numerous
tagging studies which have been conducted have
targeted only a minority of the important commercial
fish species in the Channel.

Knowledge of population structure and growth
parameters provides an important basis for the initial
recognition of stocks, but such parameters cannot be
used to indicate whether stocks are genetically discrete,
or whether fish are exhibiting characteristic responses to
their local environment.  Accordingly, they are not a
reliable means by which to define stocks for manage-
ment purposes.  Similarly, meristic (e.g. fin ray, scale
and vertebrae counts) and morphometric (body
dimension comparison) techniques may indicate
differences between fish sampled from a variety of
regions, but are unlikely to enable small samples of fish
to be identified to specific stocks.

CONCLUSION

Commercial landings per unit of fishing effort or total
landings, and catch per unit of fishing effort in
groundfish surveys, have been used to provide an
indication of seasonal changes in the distribution and
abundance of 25 resource species in the English Chan-
nel.  Because groundfish surveys are conducted infre-
quently, these indices were derived from surveys by
different vessels at various times, and interpretation of
the results is complicated by several sources of variabil-
ity.  Nevertheless, the results support those obtained by
other methods and provide a good preliminary picture
of each species’ general distribution.  Landings data are
seldom wholly reliable, but they do provide a valuable
indication of population distribution and movements,
which could not be obtained on such an extensive basis
by any other means.

Egg and larval surveys frequently provide stock
identification information, because stock integrity
generally depends upon spawning fish from different
stocks being separated in space or time, even if they do
mix at other phases of their life history.  The prediction
of larval movements using hydrographic models can
indicate the ways in which progeny from different
spawning stocks are dispersed and mixed or separated,
and thus enable the spawning areas which provide
recruitment to specific nursery areas to be identified.

The nursery areas used by many species have been
identified because they are often located in accessible
inshore areas and the juveniles are present at high
densities.  However, there are few studies which
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The results of genetic studies have conventionally been
assumed to provide a more reliable basis for stock
identification, because they consider fixed genotypic,
rather than environmentally-induced phenotypic,
differences between individuals and stocks.  When
genetic analyses indicate that a population consists of
more than one stock, the result is of value.  However,
difficulties arise when the study fails to provide evi-
dence of stock separation, because this does not neces-
sarily indicate that there are no components within the
fishery which have sufficient reproductive integrity to
be treated as stocks for management purposes.  For
example, genetic studies suggest that mackerel and
herring populations in the waters around the British
Isles are both genetically homogeneous.  Studies
conducted using other techniques have indicated that
these species form a number of stock units which are
sufficiently discrete to be managed independently: the
transfer of a few individuals between stocks (and thus
the maintenance of genetic homogeneity within the
population as a whole) is clearly of little or no direct
consequence to fishery management.

Ultimately, an appropriate method for stock identifica-
tion would allow individuals sampled from landings to

be assigned to specific stocks.  For the marine species
found in the Channel, there is not, at present, a reliable
method by which to achieve this, and the stock manager
has to be content with producing an overall view of the
stock composition in a particular fishery at a particular
time.

The quality of information on stock identification which
was available for each species when compiling this
report varies considerably.  Nine of the 25 species
reviewed have been the subjects of extensive biological
study, and there is a comprehensive understanding of
their life history, which is an almost essential pre-
requisite to studies of stock identity.   It is possible that
sufficient information is available to permit manage-
ment to be carried out on a stock-by-stock basis for
these species: bass, cod, edible crab, herring, mackerel,
plaice, scallop, sole and spurdog.  For the remainder of
the 25 species considered in this report, little is known
about stock identity and knowledge of the species’ life-
history is also poor.   Our current understanding of the
stock identity of 25 of the most important species
exploited in the Channel is summarised in Figure 26
starting with the species for which stocks in the Channel
have a southerly/westerly distribution.

Figure 26. The association between fish in the Channel and those in adjacent regions
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