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The most frequently caught skate species around Jersey include blonde ray Raja brachyura, undulate ray Raja undulata,
small-eyed ray Raja microocellata and thornback ray Raja clavata. Between September 2006 and December 2008, a total
of 814 individuals were tagged and released, of which 64% were small-eyed ray, 22.6% blonde ray and 12.4% undulate
ray. The size distribution, sex-ratio and maturity of these samples are summarized. There were 138 reported recaptures
(return rate ¼ 17.1%), with most fish recaptured from the study area. Indeed, many of the tagged skates were recaptured
within the same release area or within 20 km, indicating high site fidelity, with the longest distance travelled only 61 km.
Thirteen fish were recaptured on multiple (2–4) occasions. To date the longest time at liberty has been 754 days. These
results are discussed in relation to our current knowledge of the stock structure and exploitation of skates in the western
English Channel.
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I N T R O D U C T I O N

Skates (Rajidae) are one of the more commercially important
groups of demersal fish around the British Isles, and there has
been a long history of their exploitation in the Celtic Seas ecor-
egion (ICES, 2009). In recent years, there has been an increas-
ing interest in the assessment and management of their stocks,
due to their potential sensitivity to overfishing. The biology of
skates, characterized by slow growth rates, high longevity, late
age at maturity and low fecundity, make them vulnerable
to over-exploitation, and their size and body morphology
makes them susceptible to capture in a variety of fishing
gears from a young age (Holden, 1974; Ellis et al., 2008b).
In UK waters, the populations of several skate species have
declined in response to commercial fisheries (Brander,
1981). Indeed, two of the largest species that were formerly
common in the western English Channel (Couch, 1864),
common skate Dipturus batis and white skate Rostroraja
alba, have declined severely in the area (e.g. Rogers & Ellis,
2000; ICES, 2009) and north-east Atlantic populations of
these species are now listed as Critically Endangered by the
IUCN.

Skates in the western English Channel are caught using
demersal otter trawl, beam trawl, gill and trammel nets and long-
line (ICES, 2009), and are also important in recreational fisheries.
Skates are an increasingly important part of the fish catch of the
Jersey fleet. Annual skate landings are approximately 50 tonnes
(Table 1), which accounts for about 19–53% (by weight) and

15–46% (by value) of annual finfish landings (Fisheries and
Marine Resources, 2009, 2010). Commercial landings data for
skates have generally been reported at the family level, and the
lack of species-specific landings data has restricted assessment
and management advice. Fishery-independent survey data cur-
rently forms the basis of ICES advice, as these are the only
species-specific time-series of data available for many areas.
Such information is sparse for the western English Channel
(ICES Division VIIe), with earlier UK surveys having a poor
spatial coverage of the western English Channel (Ellis et al.,
2005b). In recent years, a more spatially comprehensive survey
of the western English Channel has been initiated, although
this is currently limited by the short time span. Furthermore,
the stock structure of demersal elasmobranchs in the Celtic
Seas ecoregion is poorly known.

Tagging studies can inform on the degree of mixing
between skates from different areas and identification of
stocks, which is needed for assessment and management pur-
poses (Pawson & Ellis, 2005). Additionally, tag and recapture
data may be particularly important in identifying regular
migrations to and from important spawning or feeding
grounds (Walker et al., 1997). Spawning, parturition and
nursery areas are considered to be ecologically important
habitats for the survival and growth of neonatal and juvenile
elasmobranchs (Heupel et al., 2007), yet little is known
about such areas around the UK (Ellis et al., 2005a).

Four skate species are commonly caught in Jersey waters:
blonde ray Raja brachyura Lafont, 1873, small-eyed Raja
microocellata Montagu, 1818; thornback Raja clavata L.,
1758 and undulate ray Raja undulata Lacépède, 1802.
Although the biology of thornback ray is much studied,
little is known about the biology of the other three species.
In this paper, we provide preliminary observations on the
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biology and movements of these skate species around Jersey
based on tagging experiments undertaken from September
2006 to December 2008.

M A T E R I A L S A N D M E T H O D S

Study area
The study was conducted in Jersey territorial waters, in the
Normano-Breton Gulf (western English Channel; Figure 1).

This area is subject to rapid currents (4–5 knots on spring
tides) and one of the larger tidal amplitudes (�12 m range)
in the world. Eulerian residual currents propagate anticlock-
wise around the island (Pingree & Mardell, 1987) and there
are separate cyclonic circulation systems around the ı̂les
Chausey, les Minquiers, Sark and Guernsey. Sampling and
tagging were conducted within 3 km of the coast of Jersey,
in waters 10–40 m deep.

Field sampling
Skates were caught and tagged between September 2006 and
December 2008 and were caught by angling, beam trawl and
otter trawl. Angling was conducted from MFV ‘Anna II’
and MFV ‘Blue Marlin’, using either conventional ‘J’ or
circle hooks. Beam and otter trawling were conducted on the
Fisheries Protection Vessel ‘Norman Le Brocq’ and MFV
‘Provider’, respectively and all tows were less than 45 minutes.

Species were identified on-board and fish were tagged
with serially numbered Petersen discs (16 mm diameter),
with smaller individuals (,45 cm length) tagged with
mini-Petersen discs (10 mm diameter). Tags were attached
with stainless steel wire placed through the pectoral fins, with
space allowed for some growth of the fish. The release date,
position, depth, species, total length (LT), disc width (DW),
sex, maturity of males (based on the size and state of the clas-
pers, see ICES (2009)) and condition (lively or sluggish) was
noted for each specimen. Fish were released immediately
after tagging. A reward was offered for the return of the tag

Table 1. Reported landings of skates by Jersey vessels (tonnes and value)
and as a proportion of total finfish landings (from Fisheries and Marine

Resources Annual Reports, 2009, 2010)

Year Skate landings Percentage of total
finfish landings

Tonnes £000 Weight Value

2000 71 – 23 –
2001 91.2 140 25 16
2002 59.2 107 19 15
2003 87.9 132 24 16
2004 52.4 120 26 25
2005 53.4 139 26 22
2006 59.6 155 33 31
2007 49.8 129 42 40
2008 80.0 200 53 46
2009 22.7 68 32 26

Fig. 1. Map of the Normano-Breton Gulf, showing study area in relation to the English Channel (top inset) and sampling sites around Jersey (bottom inset).
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together with information on the recapture date and position,
method of capture and size of the fish.

Skates were tagged and released at three main fishing
grounds, along the northern, western and southern coasts of
Jersey (Figure 1). The northern site included the fishing
grounds from Grosnez Point to Sorel Point (depths �30 m),
including some limited sampling undertaken at Long Bank.
The western area was in St Ouen’s Bay and off Corbière
(25 m deep) and the southern area was St Aubin’s Bay
(10 m deep). The MFV ‘Anna II’ and ‘Blue Marlin’ fished at
the northern and western sites. The ‘Norman Le Brocq’ and
MFV ‘Provider’ trawled at the southern site. The substrate
consisted of coarse sand at all sites, although fine sand and
mud is present in parts of St Aubin’s Bay.

R E S U L T S

Life history
Overall, 814 skates were caught and released, including 521
(64%) small-eyed ray, 184 (22.6%) blonde ray and 101
(12.4%) undulate ray (Table 2). Seven thornback rays and
one unrecorded species were also tagged and released. The
relationships between disc width (DW) and total length (TL),
and the length–weight relationships for the main species
caught are summarized in Table 3.

Blonde rays (26–114 cm LT; Figure 2) were caught primar-
ily at the southern and northern site (40% and 36% respect-
ively), with remaining fish captured at the western site
(23%). The trawl caught samples at the southern site were gen-
erally immature. The majority of undulate rays (95%) were
also caught at the southern site (St Aubin’s Bay), and these
were juveniles taken in beam and otter trawls (Figure 2). A
few larger individuals were taken from the western study
site and the Long Bank, but none were caught at the main
northern site. Small-eyed ray was the main skate species
caught at the northern site (47% were released here), with
smaller numbers tagged in the southern and western sites
(31% and 22%, respectively). The observed size-range was
37–89 cm LT (Figure 2). The overall sex-ratios of blonde ray
(90 females, 93 males and one unsexed) and small-eyed ray
(244 males, 275 females and two unsexed) were not signifi-
cantly different from the expected 1:1 sex-ratio. The sex-ratio
of undulate ray (36 males and 65 females) was 1:1.8 and com-
prised significantly more females (x2 test, P , 0.01).

Maturity was recorded for male blonde ray (N ¼ 81), of
which the smallest mature fish was 82 cm and all males
≥99 cm were mature. Male small-eyed ray (N ¼ 180) indi-
cated that first maturity occurred at 64 cm, all fish ≥77 cm
were mature and the length at 50% maturity was approxi-
mately 68 cm. Data were limited for undulate ray, with two
males of 62–64 cm maturing and the largest male (87 cm)
mature. Although the maturity of females could not be

Table 2. Number of skates tagged and released (N ¼ 809) from sites around Jersey and corresponding recapture rates.

Species Western area Northern area Southern area

Corbière/St Ouen’s Bay Long Bank Grosnez Point to Sorel Point St Aubin’s Bay Total

Blonde ray Released 43 3 64 74 184
Recaptured 3 0 14 24 41
% recaptured 7.0 0.0 21.9 32.4 22.3

Small-eyed ray Released 115 244 162 521
Recaptured 8 42 35 85
% recaptured 7.0 17.2 21.6 16.3

Thornback ray Released 4 3 7
Recaptured 0 1 1
% recaptured 0.0 33.3 14.3

Undulate ray Released 3 2 96 101
Recaptured 0 0 11 11
% recaptured 0.0 0.0 11.5 10.9

Total Released 161 5 313∗ 335 814∗

Recaptured 11 0 56 71 138
% recaptured 6.8 0.0 17.9 21.2 17.1

∗, includes one rajid for which the release details are not reported.

Table 3. Morphometric relationships between disc width (DW, cm), total length (LT, cm) and weight (W, g) for three skate species (sexes combined)
caught off Jersey, and earlier data from the English Channel (Dorel, 1986).

Species Relationship R2 N Length-range Source

Blonde ray DW ¼ 0.6989 LT – 0.1806 0.99 142 26–114 cm This study
W ¼ 0.0057. LT

3.0882 0.88 43 71–114 cm This study
W ¼ 0.00281. LT

3.23341 0.99 100 17–105 cm Dorel (1986)
Small-eyed ray DW ¼ 0.6478 LT + 4.0377 0.92 387 37–89 cm This study

W ¼ 0.0043. LT
3.1544 0.73 37 57–89 cm This study

W ¼ 0.00494. LT
3.11682 0.99 97 15–87 cm Dorel (1986)

Undulate ray DW ¼ 0.597 LT + 2.4013 0.97 97 28–91 cm This study
DW ¼ 0.6211 LT + 1.882 0.98 182 19–88 cm Coelho & Erzini (2002)

W ¼ 0.00415. LT
3.12428 0.99 439 13–101 cm Dorel (1986)
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Fig. 2. Length–frequency distributions of (A) blonde ray, (B) small-eyed ray and (C) undulate ray tagged and released in the southern area (St Aubin’s Bay, trawl
samples), and the western (Corbière and St Ouen’s Bay) and northern (from Grosnez Point to Sorel Point) areas (rod and line samples).
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ascertained, the smallest small-eyed, undulate and blonde rays
with egg-cases exuding from the cloaca were 75, 89 and 93 cm,
respectively.

Tagging
The qualitative assessment of health state of released fish fol-
lowing capture and tagging was generally good (91.7% of fish
were considered lively and 8.3% considered sluggish). Fish
tagged following scientific trawling were considered lively
(97–99%), with 86.5% of rod and line caught fish also con-
sidered lively. Recapture rates for fish that were lively and
sluggish at release were 17.7% and 13.6%, respectively.
However, given the subjective nature of assigning the health
state of tagged fish, and that individual taggers may have
slightly differing perceptions, it is difficult to undertake
more detailed analyses of these data.

Of the 814 skates tagged, 138 (17.1%) were recaptured
during the time frame considered (Table 2), including one
tag (from a 61 cm small-eyed ray) recovered from the
stomach of a conger eel. The recapture rates of undulate,
small-eyed and blonde ray were 11%, 16.3% and 22.3%,
respectively. In terms of tagging location, fish tagged at the
southern site had the greatest recapture rate (21%), followed
by the northern site (18%), and the western site (7%).

Most skates were recaptured close to the area where they
had been tagged and released (Table 4). For example, of the
small-eyed rays tagged and released in the northern area,
78% of the recaptured fish (N ¼ 41) were taken at the
release area, and the remaining fish (22%) travelled
,40 km. Similarly, small-eyed and blonde rays released in
the southern site were generally recaptured in the same bay
(89% and 87%, respectively), even though the time at liberty
reached 754 days for a small-eyed ray (the maximum time
at liberty in the present study).

Although the majority of recaptured fish were from around
Jersey (�94%), five fish were taken from Guernsey and Sark,
and two were caught along the French coast (Figure 3). The
maximum distance travelled by a recaptured skate was
approximately 61 km, for a blonde ray moving from St
Aubin’s Bay to the Bay of St-Brieuc (France) over a period
of 220 days. Thirteen fish were recaptured on 2–4 occasions,
and in most instances these fish were caught within the release
site. No recaptures were reported from outside the
Normano-Breton Gulf.

D I S C U S S I O N

Although the biology of some of the more common fish of the
English Channel is relatively well documented (Pawson,
1995), there have been few studies of the ichthyofauna of
the Channel Islands (Jackson et al., 2006a, b) and other
parts of the Normano-Breton Gulf (de Noter & Hureau,
1996). Due to the coarse grounds that are a typical feature
of the western English Channel, groundfish surveys have
had a limited capacity to provide data on demersal elasmo-
branchs in the area (Ellis et al., 2005a, b). In recent years,
more comprehensive studies of this area have been under-
taken with 4 m beam trawl, and may help redress this.
However, given that 4 m beam trawls are more selective for
juvenile skates, and may have a low catch efficiency for
larger skates (Ellis et al., 2005b), other surveys may be
required if larger skate species are to be sampled effectively.

The present study focused on three skate species (undulate,
blonde and small-eyed ray), and the biology of these species is
little known. Good relationships between DW and LT were
found for all three species, although length–weight data
were limited. These data were broadly comparable to those
reported previously (Dorel, 1986). Maturity data were

Table 4. Spatial and temporal patterns of recaptured skates (N ¼ 138) by species and release site.

Species Release site N Recapture site N % Distance (km) Days at liberty

Small-eyed ray Northern 41 Northern 32 78.0 – 1–399
Western 1 2.4 12 170
Offshore 3 7.3 14–17 120–222
Guernsey 3 7.3 20–37 139–520
Southern 1 2.4 28 63
Carteret 1 2.4 31 31

Southern 36 Southern 32 88.9 – 10–754
Northern 2 5.6 28 28–631
Offshore 2 5.6 9 233–366

Western 8 Western 3 37.5 10 20–139
Southern 1 12.5 10 625
Northern 1 12.5 12 178
Offshore 3 37.5 11 350–436

Blonde ray Southern 24 Southern 21 87.5 – 12–119
Guernsey 1 4.2 37 403
French coast 1 4.2 61 220
Unknown 1 4.2 – 522

Northern 14 Northern 12 85.7 – 12–683
Greve de Lecq 1 7.1 4 209
Offshore 1 7.1 15 519

Western 3 Western 2 66.7 – 27–32
Sark 1 33.3 35 33

Undulate ray Southern 11 Southern 11 100.0 – 9–138
Thornback ray Southern 1 Offshore 1 100.0 28 192
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limited for undulate ray, although the current data for
small-eyed and blonde ray suggest that males mature at a
smaller total length than reported by Dorel (1986). The smal-
lest mature male small-eyed and blonde rays recorded in our
study were 64 cm and 82 cm LT, respectively; which contrasts
with the lengths of 70 cm and 100 cm reported by Dorel
(1986). The samples examined in the present study contained
more fish .65 cm than examined by Dorel (1986), which may
account for these differences. In terms of undulate ray, studies
in Portuguese waters indicated that 50% maturity occurs at
76.2–83.8 cm and 73.6–78.1 cm for females and males,
respectively (Coelho & Erzini, 2006; Moura et al., 2007), and
better estimates for the length at maturity for this species in
the English Channel are required.

A wide length-range (26–114 cm) of blonde ray was
sampled, with juveniles (26–48 cm) taken by trawl in St
Aubin’s Bay, and larger fish taken by rod and line at northern
and western sites. Blonde ray hatch at a length of 16–18 cm
(e.g. Clark, 1922) and attain a maximum length of approxi-
mately 120 cm (Stehmann & Bürkel, 1984). The results of
the present study indicate that Jersey’s coastal zone is impor-
tant for most life history stages, including secondary nursery
grounds. Further information on the location of any spawning
grounds and primary nursery grounds (i.e. those used by neo-
natal rays) in the area is still needed.

Undulate rays were also observed over a wide length-range
(28–91 cm), with juveniles (28–64 cm) taken at the southern
site (St Aubin’s Bay), highlighting the potential importance of
this bay as a nursery ground for both undulate and blonde ray.
Rod and line sampling caught relatively few large undulate
rays (N ¼ 5) and further work is needed to better examine
the status of this species around the Channel Islands and in
the wider English Channel. The biology of this species is
little known, with previous scientific studies mostly from
Iberian waters (e.g. Coelho & Erzini, 2006; Moura et al.,
2007, 2008).

Small-eyed ray were sampled over a length-range of 37–
89 cm. It is unclear whether or not smaller juveniles inhabit
Jersey coastal waters, as fish 10–36 cm were not reported.
Further field studies in shallow, sandy bays of the Channel
Islands and along the French coast are required to determine
whether there are spawning and primary nursery grounds for
this species in the western English Channel.

Several studies have examined the movements of skates in
northern European waters (Walker et al., 1997; Hunter et al.,
2005). These studies have typically focused on thornback ray,
which is one of the more abundant and widely distributed
skates around the British Isles, and data are more limited
for the species considered in the present study. Overall 17%
of tagged skates have been recaptured, although there was
some variation between sample sites and species, with
return rates for undulate, small-eyed and blonde ray 10.9%,
16.3% and 22.3%, respectively. The lower return rate of undu-
late ray may be due to most of the tagged fish being juveniles,
which may be less prone to capture in recreational and com-
mercial fisheries in the short term. Nevertheless, the return
rates were broadly comparable to other tag and recapture
studies (Walker et al., 1997; Ellis et al., 2008a). Return rates
were lowest for the western site (7%), whereas return rates
from the southern site were high (21%). Commercial vessels
operate in this latter site during periods of bad weather,
which could influence the return rate. Anecdotal evidence
suggests that some commercial fishermen do not report cap-
tures of tagged fish.

Despite the subjective nature of the assessment of the
health status, capture and subsequent tagging did not appear
to affect the health of the skates, with �95% considered
lively at the time of release. The short tows undertaken with
beam and otter trawl undoubtedly optimized the survivability
of the fish, and longer tow durations would have likely
reduced the health status (especially if catch weight in the
cod end increased). Angler-caught fish will use some energy

Fig. 3. Recapture locations of small-eyed ray (left) and blonde ray (right) showing release locations (filled circles) and locations of longer movements (open
circles). Most recaptures were from the release location.
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when being brought to the surface, and so could appear slug-
gish. Capture by anglers of different skill may also impact on
the health status, and where the fish is hooked may be an
important factor. The use of angling as a method of capture
for tag and release work, however, remains valid as there
was no major difference in the recapture rates for the health
status, and this method has enabled the tagging of a good
sample size of larger individuals of these little-known skate
species. The study also highlighted that there was good survi-
vorship of fish released after being caught by angling.

Data are currently insufficient to examine seasonal patterns
in movements with regards the different size-classes of the
three main species, and it is hoped that some inferences as
to the nature of such movements can be made when more
data are available. However, it is noteworthy that most
skates were recaptured at the same location, even after con-
siderable time at liberty. It is not possible to say whether the
individual remained in the vicinity for the entire time or
moved away and returned, and further studies using electronic
tags could usefully be undertaken for better information on
this (see Hunter et al., 2005). It is also interesting to note
that recaptured fish were not reported from outside the
Normano-Breton Gulf, which would also indicate high site
fidelity.

The ICES has only recently initiated species-specific advice
for skates, and contrasting advice was provided for the three
main species taken in the present study (ICES, 2008). It
should also be noted that these species all have patchy distri-
butions, and no advice was given for skate stocks in the
western English Channel (ICES Division VIIe), due to a lack
of knowledge of the stock boundaries, and paucity of survey
data. Small-eyed ray is locally abundant in the Bristol
Channel (Ellis et al., 2005a), some bays in Brittany (Rousset,
1990) and in some Galician rı́as (Álvarez et al., 2006). The
Bristol Channel (ICES Division VIIf, g) stock of small-eyed
ray was considered to be a ‘species where indicators show
recent stability or increase’ (ICES, 2008), although it was
noted that because this species has a patchy distribution, it
should be monitored to avoid local depletion. It is unclear
as to whether small-eyed ray in the western English Channel
is part of the VIIf, g stock or form a separate stock. None of
the skates tagged in the course of this study have been
returned from the Bristol Channel, but further tagging
studies of this species could usefully be undertaken.

Undulate ray occurs in shallow, coastal waters off parts of
the Iberian Peninsula (e.g. Rı́a de Muros, Tagus estuary, off
Peniche, Algarve coast), Tralee Bay (Ireland) and in the
English Channel (e.g. Regan Tate, 1913; Álvarez et al., 2006;
Moura et al., 2007). Moura et al. (2007) noted geographical
differences in the length at maturity between Peniche and
the Algarve, and suggested that this could be the result of dis-
crete populations. ICES (2008) advised that undulate ray ‘has
a patchy distribution, with some of these areas showing signs
of depletion. As a precautionary measure, target fisheries for
this species should not be permitted unless exploitation
rates are shown to be sustainable’. Subsequently the EC
listed undulate ray as a species that ‘may not be retained on
board and shall be promptly released unharmed’ (CEC,
2009). This measure was unpopular with fishermen in the
Normano-Breton Gulf, as it may be locally abundant
around the Channel Islands and up to the Solent on the
south coast of England. Relatively few adults were sampled
during the present study and this species is only captured in

small numbers during trawl surveys (ICES, 2009), and so dedi-
cated field studies to better understand the population struc-
ture of the nominal English Channel stock might be required.

Blonde ray is commonly encountered in parts of the
southern North Sea, Bristol Channel and St George’s
Channel (Ellis et al., 2005a). The ICES has been unable to
provide advice for blonde ray, which also has a patchy distri-
bution, due to insufficient data. Further studies on the stock
identity, including tagging but also using other methods
(e.g. life history characteristics, genetics and parasites) are cer-
tainly required to better understand the degree of mixing
between coastal populations of these skate species, which all
have patchy distributions. If local populations are discrete
then precautionary management measures to prevent loca-
lized depletions may be required. A better understanding of
the population structure of these species is also required to
assist in the interpretation of existing survey data and to
help inform on potential improvements to survey design, if
these stocks are to be monitored more effectively.
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strategy of Raja undulata Lacépède, 1802 (Chondrichthyes: Rajidae)
on the Portuguese continental shelf. Scientia Marina 72, 311–318.

Pawson M.G. (1995) Biogeographical identification of English Channel fish
and shellfish stocks. Fisheries Research Technical Report 99, MAFF
Directorate of Fisheries Research, Lowestoft, 72 pp.

Pawson M.G. and Ellis J.R. (2005) Stock identity of elasmobranchs in the
north-east Atlantic in relation to assessment and management. Journal
of Northwest Atlantic Fishery Science 35, 173–193.

Pingree R.D. and Mardell G.T. (1987) Tidal flows around the Channel
Islands. Journal of the Marine Biological Association of the United
Kingdom 67, 691–707.

Regan Tate C. (1913) Raia undulata Lacép., and its distribution on
the British coasts. Annals and Magazine of Natural History Series 8,
80–82.

Rogers S.I. and Ellis J.R. (2000) Changes in the demersal fish assemblages
of British coastal waters during the 20th century. ICES Journal of
Marine Science 57, 866–881.

Rousset J. (1990) Catches and geographical distribution of selachians on
the western coast of Brittany. Journal of the Marine Biological
Association of the United Kingdom 70, 255–260.

Stehmann M. and Bürkel D.L. (1984) Rajidae. In Whitehead P.J.P.,
Bouchot M.-L., Hureau J.-C., Nielsen J. and Tortonese E. (eds)
Fishes of the north-eastern Atlantic and the Mediterranean. Paris:
UNESCO, pp. 163–196.

and

Walker P.A., Howlett G. and Millner R. (1997) Distribution, movement
and stock structure of three ray species in the North Sea and eastern
English Channel. ICES Journal of Marine Science 54, 797–808.

Correspondence should be addressed to:
J.R. Ellis
Centre for Environment, Fisheries and Aquaculture Science
(Cefas) Lowestoft Laboratory
Pakefield Road, Lowestoft, Suffolk, NR33 0HT, UK
email: jim.ellis@cefas.co.uk

1192 j.r. ellis et al.

https://doi.org/10.1017/S0025315410001906 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315410001906

