REVIEW OF EVIDENCE FOR BEST PRACTICE IN CRUSTACEAN
FISHERIES MANAGEMENT IN WALES

This report collates and presents the evidence base to support the implementation of best-practice
management measures in the Welsh Crustacean Legislation Review. The report examines the
rationale of existing technical measures and the case for the implementation of new regulations to
secure the long-term sustainability of these important Welsh fisheries.
This review provides an overview of the life histories, including feeding ecology and reproductive
ecology of brown crab (Cancer pagurus), velvet crab (Necora puber), European lobster (Homarus
gammerus) and the crawfish (Palinurus elephas). This information will be used to inform the
development of revised management regulations and technical measures, e.g. introduction of a
single pan-Wales Minimum Landing Sizes (MLS).
This report also provides the rationale and scientific evidence for selected measures:




Ban on landing crab claws
Prohibition of landing ovigerous female lobsters (a Berried Ban)
The adoption of a single Welsh Maximum Landing Size for lobsters
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INTRODUCTION
OVERVIEW OF BYLAW REVIEW:
In April 2010 Welsh Government assumed full responsibility for inshore fisheries
management. Prior to this the inshore fisheries around Wales were regulated by two
separate Sea Fisheries Committees (SFC) established under the Sea Fisheries Regulation
Act 1966, each with their own geographically relevant set of byelaws. This act was
repealed in relation to Wales in April 2010, and as an interim measure SFC byelaws
have had effect as if made by Welsh Ministers in a Statutory Instrument. However, the
current situation is inconsistent, with different regulations in place at different locations
across Wales. This causes disparity between the North and South and confusion with
regard to management and enforcement.
It is therefore the intention of the Welsh Government to revoke current domestic
legislation and move forward with new legislation that will:


achieve a consistent approach to the management of the crustacean fishery within
12 nautical miles and achieve parity of measures between North and South Wales.



put in place a suite of relevant and coherent management measures that sustainably
manage the important Welsh crustacean stocks and secure its long-term viability,
thereby ensuring profitability and stability for the industry.
AIM OF THIS REVIEW:

In order for Welsh Government to take forward the Bylaw review on an evidence-based
basis it was recognised that a baseline of understanding of the life histories of the main
commercial crustacean species should be established. This review provides an
overview of the life histories, including feeding ecology and reproductive ecology of
brown crab (Cancer pagurus), velvet crab (Necora puber), European lobster (Homarus
gammerus) and the crawfish (Palinurus elephas). This information can be used to the
development of revised management regulations and technical measures, e.g. revised
Minimum Landing Sizes (MLS).
A number of technical measures have been discussed within the three Welsh Inshore
Fishery Groups. Following these informal consultations it has become clear that in
order to enable an informed debate and consultation to proceed that the evidence base
for such measures should be reviewed. This report provides the rationale and scientific
evidence for selected measures:




Ban on landing crab claws
Prohibition of landing ovigerous female lobsters (a Berried Ban)
The adoption of a single Welsh Maximum Landing Size for lobsters
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LIFE HISTORIES AND ECOLOGY OF KEY COMMERCIAL CRUSTACEAN SPECIES
BROWN CRAB (CANCER PAGURUS)
DISTRIBUTION AND HABITAT PREFERENCE
The Brown crab (Cancer pagurus) is found
around all British and Irish coasts (see Figure
22).
This species has a wide habitat preference and is
frequently found on rocky ground, under
boulders and cobbles, on coarse mixed grounds
and even in open areas of sandy and muddy
seabed (Neal and Wilson, 2007; Wilson, 1999).
Some studies suggest that there may be gender
specific habitat preference with mature males
more prevalent on rocky ground with females
demonstrating a preference for sand and gravel
(Pawson, 1995).

FIGURE 1. BROWN CRAB, CANCER PAGURUS
(IMAGE UN-FAO)

Cancer pagurus has a wide depth range from the intertidal to around 200 m but is most
common between 6 - 40 m. Juveniles are
commonly found under boulders on the shore,
migrating from the intertidal to further offshore
as they grow.
FEEDING ECOLOGY
Cancer pagurus are nocturnal, remaining buried
in sediment or in rocky refuges during the day
and undertaking foraging forays at night
predating on small crustaceans, molluscs and
scavenging for detritus (Klaoudatos et al., 2013).
Females rarely feed when carrying eggs, and are
consequently not often caught by pot fisheries
(Brown, 1980).
REPRODUCTIVE ECOLOGY AND ITS PLACE IN
DETERMINING A MLS

FIGURE 2. DISTRIBUTION OF CANCER
PAGURUS UK AND IRELAND (DATA FROM
NATIONAL BIODIVERSITY NETWORK (NBN)
DATABASE). © CROWN COPYRIGHT AND
DATABASE RIGHTS 2011 ORDNANCE
SURVEY

Moulting occurs throughout summer and
autumn, with female crabs shedding earlier than males. This timing allows for mating
between soft-shelled females and hard-shelled males (Brown and Bennett, 1980).
Females are able to store sperm until they are ready to spawn in the winter. Tagging
studies in the Channel and East coast fisheries suggest migration offshore and against
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the prevailing current to spawning sites (Bennett and Brown 1983; Edwards, 1979;
MAFF, 1966), although this is not yet described for the Welsh fishery.
When ready to spawn, the female crab digs a pit in the sediment into which she retreats
to extrude and fertilise the eggs, carrying them on her abdomen for six to nine months
as they develop over the winter. Larvae are released in spring and early summer; once
in the water column, they remain in the plankton for around two months (Bennett,
1995) before settling into the benthos of the intertidal in late summer/early autumn.
Fecundity is very high; a single hen crab may produce between 1 and 4 million eggs, and
larval survival has been estimated at approximately 20% (Tallack, 2007) although
subsequent mortality during early life stages is high.
Crabs take several years to reach maturity, generally increasing in size by between 20
and 30% carapace width (CW) at each moult, although size increase and frequency of
moulting decreases with age (MAFF 1996). For female crabs in the Bristol Channel, size
increase per moult at 100 mm CW was 25%, reducing to 14% at 119mm CW (Fish and
Fish 1996).
Male and female crabs reach sexual maturity at different rates; male crabs grow on
average faster than females (MAFF, 1966), maturing earlier and at a smaller size. Age at
maturity has been estimated at between 3 and 5 years (Fish and Fish, 1996). Growth
rate is dependent on environmental conditions, including sea temperature, and as such
has observed to differ geographically. Tallack (2007) estimated size at maturity for a
Shetland crab population at 102-125mm CW for male crabs, compared to 111-146mm
CW for females; in contrast, on the East coast of England 75% of female crabs have
matured by the time they reach a CW of 115mm (Bannister, 1999).
Table 1 illustrates geographical variation in size at maturity (standardised as CW50, or
the size at which 50% of the population group is sexually mature) across Europe.

TABLE 1 SIZE AT MATURITY – CARAPACE WIDTH 50% (CW50) IN DIFFERENT AREAS WITHIN THE
EDIBLE CRAB DISTRIBUTION. FROM UNGFORS, 2013
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There is a paucity of information on Welsh-specific C. pagurus ecology. A Defra study
(2008, in Bannister 2009) examining the genetics of brown crab populations in the UK
found no genetic distinction between stocks in the Channel, Celtic Sea, Southern Irish
Sea and southwest Ireland, although environmental differences between local fisheries
are likely to limit the applicability of biological metrics between locations. Indeed,
CEFAS (2008, in Bannister 2009) report that a high proportion of Welsh crab landings
(100% and 90% for South and North Wales respectively) are estimated to be caught
within the 6nm fishery District limits, and so the local context of stock and fishery
dynamics and biology may be important in determining the appropriateness of
management measures for the fishery.
A recent study by Klaoudatos et al. (2013) using data sampled monthly throughout
2001 and 2002 is one of the few studies to look at Welsh inshore fisheries, focussing on
South Wales (Swansea and Gower) specifically. This study found two distinct population
groups – one with a strong cohort of 2 year old crabs, predominantly (73%) male, and a
second comprising 4 year old C. pagurus which consisted of 79% females. The high ratio
of females: males is similar to findings for the Isle of Man fishery reported in a recent
ICES WGCRAB Working Group report (ICES, 2012), although the latter was based on
sampling of landings from the peak June-October fishery period. Despite the large
proportion of females in the older group, the Klaoudatos et al. (2013) study found an
overall ratio of 1.26 M:F in the sample populations.
Sex ratios in pot fisheries for C. pagurus are often skewed, particularly during colder
months while berried females are carrying eggs and do not feed (and consequently are
not caught). This has an effect on fishing mortality; Sheehy and Prior (2005) estimated
male crab mortality from fishing at 1.02/year, compared to 0.21/year for female crabs.
The later onset of moulting in male crabs is thought to lead to a higher proportion of
“white footed” and soft animals early in the season, which impacts on sex ratios in
landings data (with a higher proportion of females at this time of year) but not in catch
data, and not over the season as a whole.
The implications of marked switch in the ratio of male:female crabs in the Welsh
population between dominant cohorts are not clear, and may be a function of a short
sampling period not reflective of general and long term trends. They may indicate that
the stocks are relatively heavily fished, so that males (present throughout the year) are
removed from the fishery, leaving an abundance of females in the cohort. From a
genetic perspective, the Defra (2008) study suggests that local females may be more
important to the genetic health of a stock, as the number of males that can produce
offspring may be limited to a few individuals.
The Klaoudatos et al. (2013) report does not provide an indication of CW50 for the
South Wales population studied. The closest figures (geographically), given in Ungfors
(2013), are in the ranges 94.9 – 110 mm CW (males) and 108 – 139mm CW (females)
based on data from southwest England, the Celtic Sea and southern Irish Sea. These
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figures suggest that a MLS of 140mm CW is likely to be appropriate for Welsh crab
fisheries to ensure the female spawning stock is protected, although the CW50 range for
female crabs is broad. Closer investigation of local stocks is on-going but in the interim
and in lieu of new information, a precautionary approach to MLS is prudent.
VELVET CRAB (NECORA PUBER)
DISTRIBUTION AND HABITAT PREFERENCE
In contrast to the edible crab, the velvet crab
(Necora puber) is not found in sandy, mud or
gravel habitat but typically on hard substratum
where rocky reef and boulders provide crevices
for shelter (Hayward and Ryland, 1990). Velvet
crabs are found throughout the north-eastern
Atlantic and North Sea, from Norway to the northwest coast of Africa and parts of the
Mediterranean. Figure 3 shows the recorded
distribution of velvet crabs in UK and Irish waters.
FEEDING ECOLOGY
Velvet crabs feed on a variety of marine fauna,
FIGURE 3. DISTRIBUTION OF NECORA
with diet varying seasonally and across different
PUBER UK AND IRELAND (DATA FROM
habitat types. Freire and Gonzalez-Gurriaran
NATIONAL BIODIVERSITY NETWORK (NBN)
(1995) recorded the primary diet of N. puber in
DATABASE). © CROWN COPYRIGHT AND
DATABASE RIGHTS 2011 ORDNANCE
north-west Spain as small crustacean, bivalves,
gastropods, echinoids and fishes, with plants, algae SURVEY.
and polychaetes forming a minor component. Elsewhere algae have been the main
content in gut analysis of the species (Scottish Govt. 2013).
Velvet crabs do not feed immediately before or after moulting (Freire and GonzalezGurriaran, 1995). This is likely to be due to their vulnerability from predators during
this period and they habitually seek refuge for the duration.
REPRODUCTIVE ECOLOGY AND ITS PLACE IN DETERMINING A MLS
Like C. pagurus, velvet crabs mate after the female has moulted and is soft-shelled
(Hartnoll, 1969 and Norman & Jones, 1993 in Tallack, 2007). Spawning occurs several
months later, and the eggs are carried on the female’s abdomen for roughly nine months
before hatching.
Typical life cycles show considerable geographic variation. Table 2 (over) shows
selected characteristics of velvet populations in different localities.
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Max fecundity
(no. eggs)
Age at maturity
Size at maturity
(mm): Male
Size at maturity
(mm): Female
Max male CL
Max female CL
Frequency of
reproduction

Galicia (Spain)

Plymouth

Orkney

366,000

Plymouth
South Wales
262,000

449,000
1 Year
49.8-52.3

1.5 years
40.5-48

1.5 Years
37.5-38

3Years
38-43

53.3-54.7

46.5-48.5

42-54

51

109mm
96mm
2/year

107mm
98mm
2/year

107mm
83mm
2/year

98mm
98mm
1/year

278,000

TABLE 2 REGIONAL VARIATION IN VELVET CRAB POPULATIONS (ADAPTED FROM HEARN, 2002, WHO
REFERENCES GONZÁLEZ-GURRIARÁN (1985) NORMAN (1989), CHOY (1986) AND HEARN (2001).)

Tallack (2007) studied the reproductive behaviour and biology velvet crabs in the
Shetlands. Although berried crabs were found throughout the year, the peak occurred
during the summer, with hatching observed throughout the summer and late into
autumn. Estimated female size at maturity was ~54mm CW; male maturity was earlieronset, at ~ 42mm CW, but in others studies males have been documented as maturing at
a larger size than females (e.g. Choy, 1988 and Hearn, 2003 in Tallack, 2007a).
Norman and Jones (1993) found that the sex ratio for immature crabs in the south-coast
population they studied was equal, but for mature crabs was biased to males (1.46:1) –
although they suggested that differences were due to sampling bias. Mature males
were thought to be more “visible” to a diver, as they raise claws when disturbed, in
contrast to females, who were more easily overlooked. Indeed, a Spanish study
(González – Gurriarán, 1985) using a trawl found a 1:1 sex ratio for mature N. puber
except at one site where berried females dominated. Catches in pots are heavily maledominant, however. Norman and Jones (1993) noted that the presence of large
individuals, and particularly males, tended to deter smaller animals from entering, and
therefore dominate catches. Females are less aggressive and more cautious than males,
and therefore not as likely to enter pots. Bakir (1990) found a sex ratio in pot samples
from 1.6:1 to 7.7:1 (average 3.3:1).
In general, velvet crabs are thought not to migrate significant distances (Kinnear and
Mason, 1987; Bakir, 1990). However, the study by Norman and Jones (1993) found that
there was an increase of the percentage of females found in the littoral zone (i.e.
inshore) over the summer, and a decline from October which also saw an increase in the
proportion of females in the sublittoral (offshore) population. This implied an offshore
movement of female crabs over the winter.
In contrast, males appear to show little migratory behaviour; Norman and Jones (1993)
suggest this has implications for the balance of mature males: females in the velvet
population. Fishing may remove a large proportion of larger, dominant males from a
local population - it is these individuals which appear to prevail in catches; however, the
6|Page

males found “paired” with females in the south coast study were of the same
description. If there is little movement of mature male velvet crabs, the deficit might
reduce local mating success; however, given the rapid maturation of velvets, it is more
likely that these large, dominant individuals are rapidly succeeded by other younger or
smaller males within the population.
The relatively quick time to mature for this species is thought to make this species more
resilient than slower-growing, larger crustacean to fishing pressure. The national MLS
of 65mm CW (established under the Undersized Velvet Crabs Order 1989) is higher
than the size at maturity for all populations studied, and it is possible that the fishery is
likely to be underexploited (SAGB 2007) with opportunities for development in some
areas. The lower level of exploitation is likely to relate to known issues with handling
the species, which is not particularly robust, and difficulties in transporting it
successfully to the main continental markets such as Spain.
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EUROPEAN LOBSTER (HOMARUS GAMMARUS)
DISTRIBUTION AND HABITAT PREFERENCE
The European lobster has a wide distribution, and can be found within the continental
shelf from the Arctic Circle to the Mediterranean to
depths of 150 m, although more commonly above
50 m (Holthuis, 1991). The UK is the centre of its
geographic range, and the source of a majority of
landings for this species (MAFF, 1996). Lobsters
favour rocky reef and rough ground, with rocks and
boulders to provide crevices for shelter, although
juveniles in particular can also be found on muddy
substrate, into which they are able to burrow for
refuge. Figure 4 shows the distribution of Homarus
gammarus in the UK and Ireland.
FEEDING ECOLOGY

FIGURE 4. DISTRIBUTION OF HOMARUS
GAMMARUS UK AND IRELAND (DATA FROM
NATIONAL BIODIVERSITY NETWORK (NBN)
DATABASE). © CROWN COPYRIGHT AND
DATABASE RIGHTS 2011 ORDNANCE

European lobsters are nocturnal, feeding
predominantly on mussels, other crustaceans and
polychaetes (Butler et al., 2011) although they are
opportunistic feeders, and will scavenge for food where available. Unlike brown crabs,
female lobsters feed when berried and are often caught in baited pots.
REPRODUCTIVE ECOLOGY AND ITS PLACE IN DETERMINING A MLS

Mating normally occurs between a soft-shelled female and a hard shelled male, soon
after the female has moulted. The female lobster can retain the sperm plug for up to
two years until fertilisation, at which time she extrudes the eggs onto the tail, where
they attach to the hairs of the swimmerets (pleopods). The eggs develop for between
9-12 months before being released into the water column, normally during the summer
months (MAFF, 1996).
Newly hatched larvae take around five years to attain the EU minimum landing size
(87mm Carapace Length - CL), although this varies considerably and may be between
four and eight years dependant on water temperature and local conditions. Over this
period they grow by consecutive moults, with rate of growth slowing as the lobster
ages. Growth rate within a cohort may be variable; not all will recruit to the fishery at
once (Tully, 2004). Typically a commercial sized lobster will grow between 8-10mm CL
at each moult (Tully, 2006). A juvenile lobster may moult several times a year, and a
mature lobster annually or less often (MAFF, 1996). Lobsters are thought to be capable
of living for over 50 years, although typically have a natural lifespan of at least 20 years
(Tully, 2006).
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There is a relationship between size and fecundity, with larger lobsters yielding more
eggs (Tully et al., 2001). Size at maturity varies geographically, and variations can be
quite localised. Tully et al. (2006) looked at local stocks around the Irish coast and
found a mean size at maturity (CL50) of 95mm CL, with local variation between 93 and
96mm. Over 60% of Irish commercial landings are below CL50. (This is further
discussed below.)
Tully (2004) estimated that the Irish stocks are at 7% virgin egg per recruit (EPR),
below the limit reference point of 10%; modal reproductive potential for the stock was
calculated at a range of 98-100mm, in comparison to the dominant size range of Irish
commercial landings of 86-92mm CL (Tully et al., 2001). There is currently a lack of
comparative information and metrics available for the Welsh stocks. A Cefas (2008)
report estimates a high proportion – up to 95% - of Welsh landings originating from the
inshore fishery (within 6nm), so regional data is likely to be important to relevant local
management, particularly given the spatial distinctions observed in Ireland. Limited
migration of lobsters has been observed in mark-recapture studies (e.g. Smith et al.,
2001), with most movements less than 3.8km from release; this supports the idea that
populations are relatively local in nature.
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CRAWFISH (PALINURUS ELEPHAS)
DISTRIBUTION AND HABITAT PREFERENCE
Crawfish or spiny lobster (Palinurus elephas) is found
throughout the northeast Atlantic from Norway to
Morocco and throughout the Mediterranean, as well as
the Canary Islands and Azores. There are commercial
fisheries off western UK coasts and around Ireland, as
well as much of Western Europe and the Mediterranean.
Crawfish have a broad depth range from 200m to the
intertidal, primarily on rocky shores where there are
plenty of crevices and holes to provide shelter 1.
FEEDING ECOLOGY
Palinurus elephas is an opportunistic omnivore, feeding
on a variety of benthic organisms including molluscs
and sea urchins (for preference), crustaceans,
echinoderms and coralline algae, depending on
availability. Crawfish are nocturnal, and limit their
movements based on need to forage and to reproduce.
Crawfish do not feed for a week immediately prior to
moulting.

FIGURE 5. DISTRIBUTION OF PALINURUS
ELEPHAS UK AND IRELAND (DATA FROM
NATIONAL BIODIVERSITY NETWORK (NBN)
DATABASE). © CROWN COPYRIGHT AND
DATABASE RIGHTS 2011 ORDNANCE
SURVEY

REPRODUCTIVE ECOLOGY AND ITS PLACE IN DETERMINING A MLS
Mating occurs a few weeks after the female has moulted, when the shell has recently
hardened (a process that takes between 7 and 19 days after ecdysis). The number of
moults a year varies with maturity, as with other crustacean species, and is more
frequent (up to five times a year) during the juvenile phase, with adults moulting once a
year or less frequently. There is a seasonality to the onset of moulting, although this
varies geographically with an earlier onset in the Mediterranean (April/May) than in
the Atlantic (June-August) that is thought to be temperature related. This means that
mating season, too, varies, having been recorded at between July and September in the
Western Mediterranean and June-October in the Atlantic.
Eggs are extruded between 2 to 10 days after mating, and are incubated for periods of
between 4 and 10 months, again with regional variation in gestation. The life of postlarvae and juvenile stage crawfish is little studied, although it is thought that early life
stages are mostly found in shallower depths, migrating to deeper habitat as the animals

1

There were few available references, but a comprehensive literature review by Goni and Latrouite (2005)
for IFREMER provided a good overview of P. elephas biology and ecology, and is the primary source for this
section unless otherwise indicated.
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mature. Fecundity is related to size, increasing until a maximum fecundity is reached
which has been estimated to occur at 100-110mm CL in the Western Mediterranean but
is not documented elsewhere.
The mean size at maturity for this species has been estimated for various regional
populations, using parameters for both functional and physiological maturity, which in
some cases corresponds to the same size range, but not consistently across both sexes
and regional groups. The closest population, geographically, to Wales is Ireland, for
which physiological maturity of CL50 was estimated at 82mm CL for females and
84.5mm for males. Growth rate in mm increase (CL) per moult has been documented
variously as <2mm (Cornwall) and 12mm (Ireland). It is thought that food availability,
population density and water temperature all affect growth rates and size at maturity,
accounting for the differences observed, although the exact relationships are not well
documented.
There is no formal assessment or management of the fishery for P. elephas in the UK
beyond the EU minimum landing size (95mm CL) and further local (inshore) limits in
South Wales of 110mm CL (Bannister 2006). Goni and Latrouite (2006) postulate that
the high value of the species has been a factor in the limited number of studies, and as
such there is no data for the Welsh fishery at the time of writing. Studies of fisheries off
the Cornish coast have shown a reduction in mean size of males landed from 145160mm CL in the mid-1960s/70s to 126mm in 1996, which is thought to be due to the
effects of fishing on the population – although the mean size of females has remained
unchanged over the same period. Given the data available, both locally and on the
population dynamics of the species in general, it is difficult to comment on the likely
efficacy of the current minimum landing size(s), and which is more appropriate for the
Welsh fishery. However, the high value of the species does mean that it remains
economically viable as a fishery even at low yields, which places it at risk from
overfishing.
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SPIDER CRAB (MAJA SPP.)
DISTRIBUTION AND HABITAT PREFERENCE
Until relatively recently spider crabs found on the western European coast were
thought to be conspecifics of Maja squinado and
Maja brachydactylic. Morphological studies and
genetic research have determined that spider crabs
found around British coasts and along the Atlantic
coast of western European to be a distinct species
(M. brachydactylic) whereas M. squinado is a
Mediterranean species. Previous studies carried
out in the same areas refer to both M. squinado and
M. brachydactylic. In order to avoid confusion the
review of spider crab life history presented here
uses the Genus name (Maja spp.) and draws upon
only references from Western European waters and
omits those from the Mediterranean.

FIGURE 6. DISTRIBUTION OF MAJA SPP. UK
AND IRELAND (DATA FROM NATIONAL
BIODIVERSITY NETWORK (NBN)
DATABASE). © CROWN COPYRIGHT AND
DATABASE RIGHTS 2011 ORDNANCE
SURVEY

The common spider crab is a Boreal species found
between 15 – 60° N (Ingle, 1980) but has patchy
distribution within this range. It is commercially
exploited from the English Channel, Irish Sea and
south west Ireland in the north, to Spain, Portugal and Senegal (Meyer). Maja spp.
inhabits a broad depth range from the intertidal down to 120m, although is most
commonly found on flat seabed and soft substrate in coastal waters, moving further
offshore in the winter months (De Kergariou 1976, 1984; Stevcic, 1986).
FEEDING ECOLOGY

The spider crab has a diverse diet which comprises both macroalgae (seaweeds) and
benthic invertebrates, particularly those that are sessile or have low mobility. There is
some seasonal variation in diet according to availability of prey. Feeding rate and
dietary diversity both lessen immediately before and after moulting (Bernandez et al.,
2000).
REPRODUCTIVE ECOLOGY AND ITS PLACE IN DETERMINING A MLS
The growth and development of Maja spp. is relatively fast, but mature crabs can live for
a number of years (Fahy, 2001). Kergariou (1984) recorded egg development times of
between 60-75 days, followed by a larval life of 3 weeks, after which most crabs
attained 70mm CL in their first year and 115mm in their second. There is a seasonality
to moulting within local populations, which has been observed to coincide with warmer
water temperatures in August (north west Spain, Gonzalez-Gurriaran 1995) and a little
later further north, in France and Ireland (Fahy, 2001). There is no data available on
Welsh Maja spp. development.
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Unlike the other crustacean species described here, spider crabs differ in that they stop
growing once they attain sexual maturity. As moulting does not continue beyond
maturation, spider crabs are able to reproduce when hard-shelled. Maja spp. have been
observed to have a relatively fixed breeding season, and generally breed only once per
year (Hartnoll, 1965) although two or three broods have been observed. In Ireland,
almost all adult female crabs caught in May were berried; by August, almost all were not
(Fahy, 2001), supporting a single brood in this population. One consequence of the
cessation of ecdysis is sensitivity to limb damage (in tangle nets, for example) and loss
from which the animal is not able to regenerate unlike Cancer pagurus and
Necora puber.
The final “moult of puberty” (Hartnoll, 1965) or terminal moult may take place at a wide
range of sizes. In Brittany, adult females have been recorded between 80-165mm CL,
with adult males between 80-200mm; in comparison, an Irish study reports female size
at terminal moult of between 95-125mm CL, with a CL50 (size at which 50% of the
population is mature) estimated at 110mm (Fahy, 2001). This suggests that the EU MLS
of 120mm CL (EC regulation 850/98) for spider crabs is overlapped on either side by
mature and immature animals. With apparent regional variation to size at maturity,
Welsh-specific studies would be useful in order to determine the suitability of the MLS
in the local fishery and the need for further conservation measures.
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EVIDENCE TO INFORM A BAN ON LANDING CRAB CLAWS
BACKGROUND
The practice of “harvesting” crab claws – that is removing either one or both claws then
returning the live animal to the sea – has previously been considered in some quarters
as a sustainable fishing method; this is because theoretically, survivors re-enter the
fishery after regenerating harvested claws (Carroll & Winn, 1989). The practice of
harvesting crab claws has been legal in the United Kingdom since the revocation of the
Crab Claws (Prohibition of Landing) Order (1986) in 20002.
Brown Crab (Cancer pagurus) and the Spider Crab (Maja spp.) are the primary targets
for this practice in British and Irish waters. Unlike other fisheries where crab claws are
highly valued, the Florida Stone Crab (Menippe spp.) fishery is exclusively claw-based
and is the fifth most valuable fishery in the United States (Hogan, 2013), the price per
kilo is less for claws in comparison to whole crabs in the United Kingdom.
The practice of de-clawing crabs has previously been considered justifiable due to crabs
ability to naturally autonomise (lose) and then regenerate limbs (Mariappan et al.,
2000). In some fisheries claw removal is promoted to assist in the handling of crabs and
to decrease losses through entanglement or cannibalism (Ary et al., 1987). Crab claws
are landed by mobile gear vessels that have crab bycatch and where the animal may be
damaged or where storage of whole animals is problematical.
The contribution of regenerated claws to fishery landings has been assessed by several
authors (Savage et al., 1975; Simonson & Hochberg 1992; Sullivan, 1979); however, it is
not clear how much of this regeneration is fishery related as opposed to natural
regeneration.
CRABS AS BYCATCH
Both brown crabs and spider crabs are taken as bycatch in static gear such as gill nets
with the latter being most common. As it is difficult to remove the animal’s whole from
the nets they are often de-clawed with only the claws are retained. In some areas net
fishermen employ ‘crab smashers’ to simply crush the crabs out of the nets.
Crab claws are commonly landed by mobile gear vessels where they are captured as
bycatch.
Under EU legislation (EC Technical Conservation Regulation No 850/1998) a maximum
of 75kg of detached crab claws may be retained on board a fishing vessel and landed.

2

http://www.uklaws.org/statutory/instruments_23/doc23786.htm
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Crab claws of the Brown Crab account for up to 20% of total body weight and therefore
75kg of claws equates to 375 kg of whole crabs.
DE-CLAWING AND AUTOTOMY
During de-clawing the crab is held ventral side down and a claw is twisted sharply until
it separates from the body (Patterson et al., 2007). This action separates the claw from
the body or at the joint between sections of the appendage. Manual de-clawing results
in tissue damage and haeomolymph loss.
Whilst the claw is shed at the same joint as when de-clawed manually, only in autotomy
is the limb released at a pre-formed fracture plane limiting blood loss and damage to the
tissues. The autotomy response in crabs typically leaves a clean break at a specific joint
that is proximal to the main body, which immediately seals to prevent the excess loss of
haemolymph (Patterson et al., 2007).
Autotomy mechanisms differ between species and there is debate as to whether it is a
reflex action or if it involves a degree of voluntary control (Fleming et al., 2007). Crabs
will autotomise limbs in situations that do not involve heamolymph loss, e.g. if placed on
a hot plate (Fiorito, 1986) or application of a minor electric shock to appendages
(Elwood et al., 2009). Because these treatments cause reactions in vertebrates that are
interpreted as indicating pain (Millsopp & Laming, 2008; Sneddon et al., 2003), it has
been suggested that they might elicit autotomy by a similar process (Elwood et al.,
2009). Autonomy can also be induced by cutting the joint at the top of the merus (i.e.
distal to the autotomy joint); the claw is then cast off by the crab within a few seconds
(Patterson et al., 2007).
THE EFFECTS OF DE-CLAWING CRABS
STRESS RESPONSE
Physiological parameters have been used to assess stress levels in shellfish during the
live market supply chain. Haemolymph glucose and lactate concentrations (used to
indicate haemolymph protein concentration) have proven to be efficient parameters in
measuring crustacean stress levels (Stentiford et al., 2001; Welsh et al., 2013).
De-clawing results in a physiological stress response in Brown Crabs indicated by
increases in haemolymph glucose and lactate concentrations and a decrease in glycogen
(Manush et al., 2005; Patterson et al., 2007). Removal of a single Brown Crab claw
causes a significant elevation of glucose within 10 minutes and lactate within 1 minute
compared to control animals. The increased lactate concentration is indicative of a
switch to energy production by anaerobiosis, which is required to meet the energetic
demands of the animal due to stress (Patterson et al., 2007).
These effects of claw removal are still present after 24 hours but, if the animal is
maintained with an intact conspecific, the stress response is significantly greater. This
15 | P a g e

may suggest a ‘fear’ response in the largely defenceless animal when faced with another
crab of a similar size (Patterson et al., 2007).
In contrast to the removal of a claw by twisting, autotomy (induced by a cut to an
articulating membrane at a distal joint of the appendage) has little or no effect. The
stress response to claw removal by twisting seems to be affected by tissue damage,
which is much greater than when a limb is shed via autotomy (Patterson et al., 2007).
WOUNDING AND INFECTIONS
Studies have reported significantly larger wound areas in de-clawed Brown Crabs
(mean 166.77mm2 ± 21.9 mm) compared to those induced to autotomise (58.3 mm 2 ±
3.77mm). The same study showed that Brown Crabs that died after declawing had
significantly larger wounds than those that survived (311.7 mm 2 ± 71.45mm and 135.26
mm2 ± 16.2mm respectively) (Patterson et al., 2007). Larger wounds, which correlate to
increased tissue damage and extended coagulation times, may lead to higher rates of
infection by opportunistic pathogens such as Bitter Crab Disease (BCD Haematodinium)
(Welsh et al., 2013). This disease is caused by a dinoflagellate parasite and is more
prevalent in areas where de-clawing has taken place. Initial results suggest that the
parasite is spread to healthy individuals by the consumption of infected crab meat. If
infected individuals are de-clawed and the body discarded, other crabs may become
infected by cannibalism of the weak/dead carcass3.
FEEDING
Brown Crabs have a broad diet preference but are known predators of molluscs such as
Mytilus edulis (Karlsson & Christiansen, 1996); they use both claws to initially grasp the
prey, then with one to steady the food the other claw crushes the hard shell.
Studies have reported that claw loss caused a significant decrease in the feeding of
Brown Crabs on mussels in terms of both the number of mussels and mass of mussel
tissue consumed, with loss of a single claw virtually eliminating feeding on mussels
(Smallegange & Van Der Meer, 2003).
In a comparison between de-clawed and intact individual it was shown that the former
consumed significantly more fish five days post limb loss. This indicates that their
motivation to feed was higher than in intact crabs at that stage of the experiment,
presumably reflecting the lack of feeding in previous days. This clearly indicates that
the reduced feeding on mussels was due to their inability to break open mussels with
only one claw rather than reduced motivation (Patterson et al., 2009).

3

http://www.bim.ie/media/bim/content/publications/BIM%20Brown%20Crab%20Ha
ndling%20and%20Quality%20Guide.pdf
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Similar effects have been reported in the Dungeness crab (Cancer magister) with
animals observed not feeding on hard shelled bivalves but feeding readily on clam
tissue provided in opened shells (Juanes & Hartwick, 1990).
In the short term, following claw loss, animals that usually feed on hard shelled prey
have the major challenge of energy acquisition as they are unable to feed normally.
Presuming that the animals survive this initial adaptation period, it is clear that the long
term implications could be severe.
This has been demonstrated in Cancer productus and C. maenas; animals possessing
regenerated claws are constrained to handling smaller prey (Brock & Smith, 1998;
Elner, 1980). In C. maenas, animals with smaller than normal claws had a lower than
average energy intake, as they often fed on smaller prey (Elner, 1980). Additionally,
after the first regenerative moult, regenerated claws of C. productus could not grip
forcefully, therefore, they would be of little assistance when foraging. Although the
crushing force in regenerating C. productus claws was measurable after two
regenerative moults, even at this stage the regenerating claws exerted significantly less
crunching force than intact claws (Brock & Smith 1998). Another important factor is
the effect the shift in diet will have on the growth of the animals as required dietary
elements are not met (Savage & Sullivan, 1978).
3.4 LIMB REGENERATION AND GROWTH
Claw regeneration this is linked to moulting in all crustaceans (Bliss 1960; Skinner
1985). Claw regeneration begins with the formation of a limb bud and approximately
70 – 75% of the original claw size is attained at the first regenerative moult (Savage &
Sullivan, 1978). Regeneration of a lost limb to its original size depends on the age and
time of loss in a given moult cycle. Normally the lost limb is completely regenerated
within 2 - 3 moults, however, the ability and length of time to regenerate a lost limb can
vary dramatically between life history stage and species. In general, as older crabs
moult less frequently than younger crabs, regeneration potential and success decreases
with age and stops completely once the animal has undergone its terminal moult
(Mariappan et al., 2000 and references therein); for example, it takes a juvenile King
Crab < 1 year to replace a limb, whereas it takes a young adult King Crab 4 – 7 years
(Edwards, 1972).
Regeneration can either accelerate or delay moulting. Accelerated moulting permits an
animal to replace its limb faster, but early moulting can have negative consequences for
overall growth and body size by truncating the time needed to accumulate resources for
appendage regrowth and/or reproduction. Limb regeneration in both littoral crabs
(Cratograspus angulatus) (Spivak, 1990) and the common crayfish (Cambarus
propinquus) (Zeleny 1905) has been shown to accelerate moulting.
American lobsters (Homarus americanus) and Brown Crabs delay moulting in response
to regeneration (Bennett, 1973; Maginnis, 2006). Remarkably, the loss of one claw in
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Brown Crabs appears to have little effect on the crab’s body size at the next moult. More
severe limb loss (two claws or six legs), however, has been recorded to reduce growth
at the first regenerative moult by 25.5% and 23.4% for male and female Brown Crabs
respectively (Bennett, 1973).
A likely explanation is that although a significant biomass is lost following the loss of a
limb, individuals reduce their total energetic burden by replacing limb mass
incrementally over several moults. However, it is important to note that foraging costs
for the crabs in this experiment were negligible as they took place under laboratory
conditions and they were provided with abundant, easily consumed food; therefore,
these results may not be the same in wild populations.
A mark and recapture experiment recorded significant reductions in growth in spiny
lobster (Panulirus argus) as a result of injury (usually 1 - 2 antennae and 1 - 2 legs), with
an additional 33 weeks required for injured juveniles to reach legal harvestable size
compared to uninjured individuals (Davis (1981). Skinner (1985) termed this
phenomenon “regenerative load”, where the size increase at the moult will be devalued
by the extent of regeneration required. She proposed that the maximum amount of
tissue a crab could regenerate during a single moult was equivalent to 12 - 15% of the
metabolic active weight of the premoult animal.
Spider crabs do not moult once they reach full size and therefore de-clawing in this
species will not result in regrowth of the limb.
3.5 PREDATION
Limb loss either due to autotomy or manual de-clawing is costly not only energetically
through reduced feeding or reallocation of energy for limb regeneration, but may also
lead to reduce survivorship due to an increased vulnerability to attack from conspecifics
or predators. Turtles and birds have both been recorded to actively seek crabs that
have lost limbs (Bildstein et al., 1989; Davenport et al., 1992).
3.6 MORTALITY
It is difficult to assess mortality in the field or to reliably extrapolate estimates from
experiments undertaken in the laboratory. High mortalities of autotomised crustacean
in laboratory aquaria have been recorded; for example, crayfish that have lost limbs
have significantly lower survival rates than intact individuals (Figiel & Miller, 1995). A
higher mortality rate for Dungeness Crabs that have lost limbs in comparison to intact
crabs has also been recorded from a wild tag and recapture study, with estimations of a
20 – 30% higher mortality rate for animals that had lost one claw and a 40 – 50% higher
mortality rate for animals that had lost one claw and one walking leg (Cleaver, 1949). A
similar pattern has been recorded in the field for Stone Crabs; in this fishery 47% of
animals that had both claws removed and 28% of animals that had a single claw
removed died within 24 hours of de-clawing (Davis et al., 1978).
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The degree of wounding appears to be the main factor in mortality following limb loss.
This has been recorded for Brown crab, with 17.8% of Brown Crabs that had a single
claw manually removed dying, whereas no deaths occurred in the Brown Crabs induced
to automise a claw (Patterson et al., 2007). Likewise Stone Crab mortality increased
with the severity of claw break and consequential wound exposure (Juanes & Smith,
1995) and Munida rugosa and Liocarcinus depurator were more likely to survive breaks
at the fracture plane compared to those where the wounds extended into the body
(Davis, 1981). This is particularly important in the Brown Crab fishery where two claws
are commonly removed, thus the degree of wounding and consequent mortality are
likely to be even higher than reported here. This has serious implications for the
sustainability of the fishery because few animals are not likely to survive long enough to
regenerate their claws.
In a wild population of Cancer magister the proportion of animals with regenerated
limbs is lower than that of animals with regenerated limbs (5% and 18% respectively)
(Shirley & Shirley, 1988); this may suggest an increased mortality amongst declawed/autotomised animals (McVean and Findlay 1979).
REPRODUCTION AND POPULATION EFFECTS
Lost limbs may also influence reproductive success. For example, female Stone Crabs
that were regenerating claws exhibited peak egg production later than those individuals
not regenerating claws. Additionally, they did not produce egg clutches as late into the
breeding season as their intact conspecifics. It has been suggested that those females
regenerating claws may have diverted energy from egg production to growth and claw
regeneration. Furthermore, although apparently successful mating involving Stone
Crabs regenerating claws in laboratory aquaria has been observed, the ability to
successfully guard a mate under natural conditions may be reduced for males
regenerating claws. Although declawed crabs may contribute to the fishery through
reproduction it appears that these crabs are less likely to mate while regenerating claws
and spawning is also affected, therefore reproductive output may also be limited in
populations with extensive limb loss (Wilber, 1995).
ECOSYSTEM EFFECTS
The degree to which individual performance in damaged animals will vary with the limb
type, the number and with the length of time the animal must function with missing or
regenerating limbs. In turn, the extent to which populations are affected by lost limbs
will depend on the frequency and type of limb loss in the population and the cumulative
effect these injuries have on survival and reproduction (Taylor et al., 2000).
Many decapods are important predators, grazers and bioturbators in marine
communities; therefore, if injury is common and costs are significant, de-clawing could
have profound direct and indirect effects in the community (Juanes & Smith, 1995).
However, the consequence of losing a claw may be varied in different habitat types, with
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animals living in rocky substrata and feeding on hard shelled prey being most affected
(Taylor et al., 2000). The effect of this at the population level will depend on the scale of
the de-clawing fishery, but if a substantial component of the Brown Crab or Spider Crab
was affected then a significant proportion of the population may have to switch to
smaller classes or different types of prey in order to survive (Brock & Smith 1998).
FISHERY MANAGEMENT IMPLICATIONS
MINIMUM LANDING SIZES
Due to regional variations in growth rate, size at first maturity and in marketing
practices, the Brown Crab Minimum Landing Size (MLS) varies around the UK coast.
Allowing the landing of claws undermines minimum landing size regulations as these
measurements are based on the carapace width. Furthermore, as old large male crabs
typically have the largest claws, these animals may be targeted for claws only. As
described in above these crabs will take longer to regenerate their limbs with a
resulting decrease their overall fitness and increased mortality.

SHELLFISH ASSOCIATION OF GREAT BRITAIN POSITION ON MANAGEMENT
STRATEGIES
The Shellfish Association of Great Britain supports a significant reduction in the landing
of crab claws, especially when this results from the indiscriminate capture of crabs by
netters, trawlers and scallopers. Furthermore, crab potters present at The International
Brown Crab workshop at Fishmongers’ Hall in June 2005 highlighted that they resented
the landings of crabs and crab-claws by netters and mobile gears. Additional support
for a ban on landing crab claws was highlighted at an informal meeting between Defra
and The SAGB in June 2007, where 88% (22/25) were in favour of a ban on landing crab
claws and 53% were in favour of a ban on landing crabs with lost limbs4.

4

http://www.shellfish.org.uk/files/35101SAGB_Crab_Bannister.pdf
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BERRIED LOBSTER BAN
CURRENT PRACTICE
The lobster fishery in Wales is considered by Cefas to be fully exploited i.e. there is no
scope for increased effort. In fully exploited fisheries the risk of recruitment overfishing
is high; the mature adult population being depleted to a level where it no longer has the
capacity to replenish itself.
The European lobster fishery has to date generally only been managed with the
implementation of Minimum Landing Sizes (MLS) - within the EU, this has been set at 87
mm carapace length (CL)5 , with a number of authorities increasing this to 90 mm CL and through The Lobsters and Crawfish (Prohibition of Fishing and Landing) Order
2000 and local byelaws, the protection of v-notched lobsters. The South Wales Sea
Fisheries Committee was the first managing body to introduce the statutory protection
of v-notched lobsters in 1996.
Many fishery authorities, including the majority of the English IFCAs also have byelaws
that prohibit the landing of egg-carrying females (more commonly known as “berried”)
(Table 3). The landing of berried lobsters was previously banned in the United
Kingdom (from 1951) but was repealed in 1966 due to enforcement difficulties and the
lack of any documented positive evidence (Bennett & Edwards, 1981). With the
development of a test for berried lobsters (even if their eggs have been removed) this is
no longer the case.

5

http://archive.defra.gov.uk/foodfarm/fisheries/documents/fisheries/minimumfishsizes.pdf
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Berried
Area
Ban
MinLS
MaxLS
Northern Ireland
Y
87 mm
N
Scotland
Y
87 mm
156 mm F
Wales
N
90 mm
N
Cornwall
Y
90 mm
N
Devon and Severn
Y
90 mm
N
Eastern
Y
87 mm
N
Isle of Scilly
N
90 mm
N
Kent and Essex
Y
87 mm
N
North Eastern
N
87 mm
N
North Western
Y
87 mm
N
Northumberland
*
87 mm
N
Southern
Y
87 mm
N
Sussex
Y
87 mm
N
Republic of Ireland
N
87 mm
N
Norway
Y
90 mm
N
Denmark
Y^
87 mm
N
Germany
Y
87 mm
N
Spain
Y
88 mm
N
Portugal
Y~
89 mm
N
USA
Y
83 mm
130 mm
Canada
Y
81 mm
135 mm F
* There is not a ban on landing berried lobsters in the Northumberland byelaws but soft-shelled
lobsters are protected. ^ The ban on landing berried lobsters only applies to the Limfjord area.
~ The ban on landing berried lobsters in Portugal is seasonal and is in place between January 1 st
– March 1st. F = MaxLS applies to female lobsters only.
TABLE 3 SUMMARY OF LOBSTER MANAGEMENT MEASURES INCLUDING WHETHER CURRENT BYELAWS
PROTECT BERRIED FEMALES AND THE CURRENT MINIMUM AND MAXIMUM LANDING SIZES (LS).
LOBSTER SPECIES ARE HOMARUS AMERICANUS IN USA/CANADA AND H. GAMMARUS IN ALL OTHER
AREAS.
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RATIONALE OF A BERRIED BAN
Management plans such as v-notching and a berried ban work on the premise that they
provide temporary protection to reproductive individuals from the fishery and thus
improve recruitment to that stock by increasing egg production.
FEMALE LOBSTER REPRODUCTION AND FECUNDITY
The spawning cycle of lobsters is generally biennial. Spawning occurs in autumn when
the female extrudes eggs fertilized from stored sperm which she then broods under her
abdomen for 9 – 12 months. The female releases the eggs as the larvae hatch the
following summer. Release of the eggs is generally followed by a moult when mating
again occurs at this time. Following the moult, the female lobster will store sperm for
an extended period until spawning occurs the following year (MacDiarmid and SainteMaire, 2006).
The size at which 50% of the female lobsters in a population reach maturity has been
reported from a number of locations around the UK and Ireland (Table 4). Although
smaller females may have developed reproductive physiology it is not until they are
shown to produce and carry eggs that they are truly functionally mature.
Physiological maturity is consistently reported at a significantly smaller size than
Functional maturity, the data in Table 4 suggests a difference of between 7.5 mm off
Bridlington to 45 mm in SE Ireland. Data vessels fishing around Pembrokeshire (Dale)
suggests that the 90mm MLS currently proposed as the single MLS for Wales is not
within a range where significant proportion of females targeted by the fishery would be
protected and spawn before capture (Free et al., 1994). Further studies are clearly
warranted to determine size of maturity (SOM) in Wales.
Area

50% SOM (CL mm)
Physiological Functional
Bridlington
82.5
90
Dale
95
105
Selsey
no data
85
Firth of Forth no data
95
Hebrides
no data
98
NW Ireland
96
107
W Ireland
92.5
116
SW Ireland
94
122
SE Ireland
95
140
TABLE 4. SIZE OF MATURITY (SOM) FOR 50% OF LOBSTERS IN POPULATIONS AROUND THE UK AND
IRELAND (ADAPTED FROM LAURANS ET AL., 2009). THE DEFINITION OF MATURITY VARIES BETWEEN
AUTHORS AND DISTINCTION HAS BEEN MADE BETWEEN PHYSIOLOGICAL MATURITY (THE SIZE AT
WHICH MATURITY CAN BE ASSES BY DIRECT OBSERVATION – E.G. THE PRESENCE OF EGGS).
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Although size at maturity is variable and is considered to be influenced by
environmental factors, such as water temperature (Prodöhl et al., 2006), there is a
positive correlation between the size of female lobsters and the number of eggs
produced (Agnalt, 2008; Bennet & Howard, 1987; Free, 1994; Hepper & Gough, 1978;
Lizarraga-Cubedo et al., 2003; Roberts, 1992; Tully et al., 2001). Figure 3 provides a
clear series of plots of reported fecundity/size relationships reported in studies from
north Western Europe.
SW Scotland

N Wales

Ireland

S England

E England

SW England

NW France

NW France

50000
Mean number of eggs producded
per individual

45000
40000
35000
30000
25000
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5000
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140
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Female Carapace Length (mm)
FIGURE 3. FECUNDITY ESTIMATES FOR HOMARUS GAMMARUS IN DIFFERENT AREAS. DATA SOURCED
FROM AGNALT ET AL. (2008). ALTHOUGH THE ACTUAL NUMBER OF EGGS PRODUCED BY FEMALES OF
DIFFERENT SIZES VARIES, THE TREND OF INCREASING NUMBER OF EGGS PRODUCED BY LARGER
FEMALES IS T IS THE SAME FOR ALL POPULATIONS. NOTE THE BLUE BOXES REPRESENTING WELSH
DATA FROM HEPPER AND GOUGH (1978).

In addition to the fecundity/size relationship larger females also produce larger eggs
(Jørstad et al., 2005; Moland et al., 2010; Tully et al., 2001; Agnalt, 2008); these have
been observed to produce larger larvae and it has been suggested that they have a
higher survival rate as it may prolong the planktonic period (Prodöhl et al., 2006; Sasaki
et al., 1986) and are, therefore, more likely to produce new recruits to the fishery.
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As Figure 3 demonstrates, fecundity of H. gammarus varies between geographic
locations. The work of Hepper & Gough (1978) provides good information on likely
fecundity in Welsh lobsters Table 5.
Eggs per individual female
Carapace Length

N Wales

80

4929

85

6018

90

7106

95

8195

100

9284

105

10372

110

11461

115

12550

120

13639

125

14727

130

15816

135

16905

140

17993

145

19082

150

20171

155

21259

160

22348

TABLE 5. FECUNDITY/SIZE RELATIONSHIP IN WELSH LOBSETRS (HEPPER & GOUGH, 1978)

A number of studies have presented results of the efficacy of implementing a berried
ban alongside v-notching of berried lobsters (Daniel et al., 1998; Tully, 2001; Xu &
Schneider, 2012). Whereas the berried females that are released re-enter the fishery
the following year, the v-notched females have additional protection and will not suffer
any fishing mortality for 2 – 3 moults even when they are not berried. The results of
these three studies are summarized below:


Daniel et al. (1998) estimated that on average each v-notched female American
lobsters produced 2020 eggs per year; this is nine times more eggs per year than
an un-marked female. The discrepancy between egg production in these two
groups was attributed to the size distribution of the lobsters; the mean size of vnotched lobsters was 95 mm CL, whereas the unmarked lobsters were on
average only 89 mm CL. Additionally, 42% of the v-notched lobsters were > 95
mm, 12% were > 109 mm and 3.7% were > 130 mm. Compared to the size
proportions of un-v-notched lobsters, 10% > 95 mm, 0.8% > 109 mm and 0.12%
> 120 mm.



Tully (2001) monitored the effect of the protection of v-notched females
European lobsters in Ireland since its implementation in 1994. A 2000 estimate
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showed that after 6 years protected from the fishery, the v-notched lobsters
were estimated to produce 4.13 x 107 eggs per year (41.3 million eggs) and
contributed 59% of the population’s reproductive potential.


Xu & Schneider (2012) investigated the efficacy of conservation measures for
H. americanus using reproductive value as a measure of success. Although their
results found that the designation of an MPA was the most effective way of
increasing reproductive value of the lobster population in a spatially defined
area (an increase of 64.9%), v-notching was the second best management tool
and increased reproductive value by 18.3%.
RECRUITMENT TO THE FISHERY

Despite the production of large number of eggs and larvae recruitment of lobsters to the
fishery is low due to the high mortality of larvae and juvenile stages (Cefas assume 0.1%
based on current understanding). Nevertheless even the small proportion of lobsters
reaching the MLS from each spawning provides a net increase in the population which
in turn supports the fishery. Table 6provides estimates of the benefit to the fishery
from a berried ban and voluntary v-notching based upon Welsh data.
Future lobster recruits to the fishery (0.1% survival)
Carapace Length

Eggs per individual female

80
85
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175

4929
6018
7106
8195
9284
10372
11461
12550
13639
14727
15816
16905
17993
19082
20171
21259
22348
23437
24526
25614

Returned once
5
6
7
8
9
10
11
13
14
15
16
17
18
19
20
21
22
23
25
26

V-notched (2 spawning cycles)
12
14
16
19
21
23
25
27
29
32
34
36
38
40
43
45
47
49
51
53

TABLE 6. BENEFIT TO THE FISHERY FROM THE RETURN OF LOBSTERS UNDER A BERRIED BAN AND
VOLUNTARY V-NOTCHING. EGGS PER INDIVIDUAL AFTER HEPPER & GOUGH, 1978, ASSUMING 0.1%

SURVIVAL, 10MM GROWTH ASSUMED BETWEEN CYCLES V-NOTCHED LOBESTERS.

It has been estimated that an increased recruitment to the fishery takes between 5 - 10
years the estimated time between larval settlement and reaching the MLS (Tully et al.,
2004).
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THE POTENTIAL COSTS OF PROTECTING BERRIED FEMALES
Protecting berried females in the fishery for the period that they are bearing eggs
results in protection of eggs and larvae. As demonstrated above the objective of this is
that total egg production and subsequent recruitment to the fishery will increase.
The introduction of a berried ban may drive a change in operational practice and
temporal fishing patterns as berried lobsters may account for a significant proportion of
the catch at certain times of the year. There may also be concerns that once returned a
berried hen may be lost to the individual fisherman.
As lobsters generally have a biennial reproductive cycle, each female lobster is
protected from the fishery every second year by a berried ban. Only 7 – 8 % of female
European lobsters have been recorded to be berried in consecutive years (Agnalt et al.,
2006). Therefore, although an individual lobster will be protected from the fishery in
one year, it will possible to catch that individual during the following year once they
have completed their reproductive cycle. As the egg bearing period varies between 912 months the female may re-enter the fishery in a shorter time. This cycle may also
include a moult, the individual lobsters may also be 10 – 15% larger than they were
when berried (e.g. Bennett & Lovewell, 1983; Agnalt et al, 2007).
Lobsters are known to be territorial and tend not to migrate large distances (Campbell,
1986; Øresland & Ulmestrand, 2013; Ree Wiig et al., 2013; Robichaud & Campbell,
1995), it is probable therefore, that the released berried lobsters will be recaptured
locally after they have shed their eggs. Campbell (1986) recorded that 67% of lobsters
released were recaptured within 100 days and 75% were recaptured < 15 km from the
release site. Although berried lobsters are thought to have a lower “catchabilty” than
non-berried females, due to reduced movement and feeding (Agnalt et al., 2006;
Branford 1979), in some months a relatively large percentage of the catch may be made
up of berried females.
While the protection of berried lobsters may result in a short-term (seasonal) loss in
landings, there is no net reduction of females in the fishery after the first year of
implementation.
A theoretical ecological cost of protecting berried lobsters results from the biased
protection to only females. This could result in mature males being exploited more
intensively than females. High male exploitation could have the potential to skew the
operational sex ratio (OSR) towards females. A commercial fishery survey off the
Portavogie coast found a higher frequency of females for all size classes and McBride
(2011) found that the Dundrum Bay population was skewed towards females above the
MLS. Such an alteration in the OSR could have several negative impacts such as: altering
the supply and quality of sperm (MacDairmund & Sainte-Marie 2006) and lowering the
encounter rates of potential mates (Gosselin et al., 2003).
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However, due to seasonal, size and sex specific changes in ‘catchabilty’, it is difficult to
determine whether variations in size distribution and sex ratio are due to natural cycles
or fishing mortality. Males become sexually mature at a smaller size than females and
therefore mature males already are afforded a greater chance to breed before entering
the fishery which mitigates much of this risk.

CEFAS MODEL PREDICTIONS FOR PROTECTING BERRIED LOBSTERS
Cefas has recently developed a ‘per recruit model’ (yield and spawning potential) as
part of a Defra funded R & D project (MF1204). This model aimed to investigate the
efficacy of a variety of management scenarios on a fully exploited lobster fishery.
This model accounts for the various life stages of the European lobster and the effects of
natural and fishing mortality:




moult related growth is modelled probabilistically though annual moult
frequency and moult increment,
seasonal cycles for moulting, spawning, incubation and fishing effort,
size structured exploitation and discard patterns, maturation schedules and
moult probabilities, as well as continuous and moult related (therefore size
structured) natural mortality components.

FIGURE 4 SCHEMATIC SUMMARISING THE STRUCTURE AND PROCESSES OF THE LOBSTER PER RECRUIT
MODEL, CEFAS (2012)
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Outputs from the model are in the form of yield per recruit and spawning potential
(Table 7). Yield per recruit relates to fishery biomass of adult animals only; the model
does not account for potential increases in yield related to increase egg production.
Spawning potential was determined as the numbers of eggs produced per recruit for
females.
Management option \
Relative fishing pressure (F multiplier) ->
1
Baseline
2
Ban on landing ovigerous females
3
Ban on landing ovigerous and V-notching
ovigerous
4
V-notching of undersized
5
Ban on landing ovigerous and V-notching
ovigerous and undersized
6
Increasing MLS from 87mm to 90mm
7
Increasing MLS from 87mm to 90mm
and ban on landing ovigerous
8
Increasing MLS from 87mm to 90mm,
ban on landing ovigerous and V-notching
ovigerous
9
Increasing MLS from 87mm to 90mm and
V-notching of undersized
10 Increasing MLS from 87mm to 90mm,
ban on landing ovigerous, V-notching
ovigerous and undersized
17 Slot size limit - prohibition on landing
120-129mm
22 Maximum size limit 130mm
27 Maximum size limit 120mm

0.25
14.0
14.4
8.7

Change relative to status quo (%)
YPR
EPR
0.5
1.0
1.5
0.25
0.5
1.0
6.7
0.0
-2.5 932
245
0
9.5
2.0
-1.2 1739 676 186
7.5
2.2
-0.8 2209 1037 379

1.5
-44
62
178

14.8
9.5

9.4
10.3

6.2
8.6

6.7
8.3

998
2339

342
1277

115
730

80
555

16.5
16.8

10.4
13.5

4.6
7.1

2.6
4.3

1037
1905

320
820

47
291

-6
147

10.6

11.0

7.1

4.8

2413

1239

547

316

17.3

13.6

12.5

14.7

1130

465

229

199

11.4

14.1

14.0

14.2

2586

1549

981

771

12.4
0.0
12.5

6.5
4.3

0.0
-0.1

-2.5
-2.5

1170
1572

311
361

7
6

-43
-43

-0.3

-0.7

-2.6

2305

631

38

-39

TABLE 7. RELATIVE CHANGE IN LONG TERM YIELD AND EGG PRODUCTION (PER RECRUIT) IMPLIED BY
CHANGES IN FISHING MORTALITY AND COMBINATIONS OF TECHNICAL MEASURES COMPARED WITH
THE STATUS QUO (F 1.0) SITUATION FOR FEMALE LOBSTERS. NEGATIVE VALUES IN RED AND
ITALICISED

YIELD
It has been predicted that at current fishing mortality levels a ban on landing berried
lobsters will provide a small increase of 2% to the long-term yield to the existing
fishery. The 2% is a result of the growth increment occurring at each moult which
increases the stock biomass accordingly. At higher levels of fishing pressure the yields
are slightly lower.
SPAWNING POTENTIAL
In a fully exploited stock a berried ban conferred an increase of 186% of spawning
potential. This estimates increases to a 379% increase if the berried ban was coupled
with a statutory v-notching of berried females. At higher fishing mortalities (F 1.5) the
efficacy of technical measures was reduced nevertheless a berried ban provided a
significant increase in spawning potential and stock resilience.
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POTENTIAL EFFICACY MONITORING APPROACH
Monitoring the efficacy of new management measures such as a berried ban or
voluntary v-notching is problematical. However, progress in molecular techniques has
made new approaches possible. Genetic testing of pre-recruit lobsters enables their
parentage to be traced back to v-notched or sampled returned berried individual.
Practically this involves fishermen removing and preserving a small subsample of eggs
before the lobster is returned to the sea. A genetic identity can then be created for the
eggs. Lobster caught in future years can then have their genetic profile checked against
the database. Such a scheme is currently being run by The North-East Lobster
Cooperative (NELCO) who in addition to a small subsample of eggs, they v-notch the
female and preserve the v-notch with the eggs. The lobster is returned to the site it was
caught and the eggs and v-notch are sent to Queen’s University Belfast where they
undergo DNA profiling. The profiling produces a genetic identity for the v- notched
female and her eggs. From this the genetic profile of the unknown male who fertilised
the eggs can be extrapolated. This scheme has led to the creation of a genetic database
for lobster from the County Down coast. This can be used to determine the parentage of
future lobsters which are caught. Lobsters caught in future years can then have their
genetic profile checked against the database to identify if they have come from the vnotching scheme. By identifying the percentage of lobsters which are present due to the
v-notching scheme (i.e. which are the progeny of a v-notched female), this scheme can
be used to assess the effectiveness of v-notching. The technique could be applied to
monitoring the efficacy of a future berried ban.
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MAXIMUM LANDING SIZE
CURRENT PRACTICE
Although Scotland is the only UK administration to implement a legal Maximum Landing
Size (MaxLS) (Table 3), it is often the case that large lobsters remain in the fishery as
they are less commercially valuable than smaller individuals along with ‘pot shy’
individuals have a lower risk of being captured.
The objective of a MaxLS is to offer protection to large lobsters. As natural mortality is
low and fecundity is positively correlated to lobster size (Figure 3), larger lobsters have
a larger reproductive potential and yields are likely to benefit from allowing lobsters to
grow to a larger size. Hepper & Gough (1978) studying lobsters around North Wales
provided data that showed a 120 mm CL lobster (~2 lb or 900 g) produces more than
twice the number of eggs as an 87 mm CL lobster (~1b or 453 g), and that a larger
lobster with a CL of 155 mm (~5 ½ lb or 2250 g) produces more than three times the
number of eggs.

Carapace Length

80
85
87
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160

Eggs per individual female
North Wales
(Hepper & Gough (1978))
4929
6018
6453
7106
8195
9284
10372
11461
12550
13639
14727
15816
16905
17993
19082
20171
21259
22348

TABLE 8. EGG PRODUCTION PER INDIVIDUAL FEMALE LOBSTER IN NORTH WALES FROM DATA IN
HEPPER & GOUGH, 1978

31 | P a g e

COST AND BENEFITS OF A MAXIMUM LANDING SIZE
Larger females produce more eggs (see Figure 3 above) and select the most dominant
large males as mates (Cowan and Atema 1990; Atema and Voight 1995; Gosselin et al.
2003; Leslie et al. 2006), the implementation of a MaxLS for both females and males
could provide benefits to reproductive success by protecting the most reproductively
active and fecund individuals within the fishery.
A MaxLS may be less effective where fishing mortality is high and the fishery is fully
exploited as is probably the case in Wales; few lobsters reach the protected size.
However, when coupled with v-notching, either voluntary or statutory, a MaxLS would
potentially have the benefit of permanently protecting lobsters that grow to the size
refuge offered by the MaxLS before the v-notch has grown out through successive
moults. This would provide long-term resilience to the fishery by protecting against
recruitment overfishing.
Ireland is currently consulting on changes to their lobster fishery management
measures including measures to increase the MLS to 90 mm and introducing a MaxLS of
127 mm (AFM, 2013). This document presents a series of “pros and cons” for MaxLS
that is informative (Table 9).
Pros
Would increase eggs per recruit from 4.7% to
8.4% of what it would be in an unfished stock
Would increase protection of reproductive
potential in the existing stock from 7.3% to 12%
Fish removed by the measure are not preferred
by the market
In parallel with v-notching the 127mm measure
would increase egg production to 10% of what it
would be in the unfished stock and which is
regarded as the minimum safe level to prevent
decline in recruitment
Would provide protection to v-notched lobsters
as they grew above the 127mm measure.
Currently 12% of v-notched lobsters are larger
than 127mm compared to 1% of non-v-notched
lobsters.
Would increase protection of reproductive
potential in the existing non-v-notched stock
from 7.3% to 11.3%
Would become more effective over time as more
lobsters reached the size.

Cons
The fish above the maximum size represent
permanent lost yield (unless the measure is
revoked or changed in the future)
Would reduce landings by number by 2.7%
and 6.7% by weight in the short to medium
term
Would not increase egg production
sufficiently without v-notching given current
levels of effort
Its effectiveness would be reduced if fishing
effort increased (as fewer lobsters would
reach the maximum size)

If egg production is limiting recruitment then
this measure should result in higher catch rates
in the medium and long term
TABLE 9.THE PROS AND CONS OF IMPLEMENTING A MAXLS OF 127 MM CL IN THE IRISH LOBSTER
FISHERY AS SET OUT BY THE CONSULTATION ON MANAGEMENT OF THE LOBSTER FISHERY, 2013.
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Table 9, highlights that lobsters over 1.3 kg (equal to approximately 127 mm) achieve a
lower price per kilo but produce six times more eggs than an 87 mm lobster. A similar
situation exists in Wales where prime lobsters fall between the MLS and up
to ~120 mm.
It is possible that the increase in the percentage of large lobsters in the population may
result in increased intraspecific competition with larger lobsters displacing smaller and
more vulnerable lobsters from shelters and thus potentially increasing the natural
mortality of these smaller lobsters. However, field observations of the shelter-related
behaviour of the American lobster, H. americanus, however, showed that in staged
encounters in the field smaller lobsters can hold their burrows against larger lobsters
and that female lobsters can hold their burrows against male lobsters (O’Neill & Cobb,
1979).
Steneck (2006) reported a demographic habitat segregation between smaller and larger
(> 120 mm CL) H. americanus which resulted in the larger lobsters migrating further
offshore. Anecdotal reports from around Wales suggest that larger lobsters are found in
deeper water offshore and so this may reflect a similar series of behaviours occurring in
the European lobster. Of relevance, the reproductive input of this offshore population
has been suggested to have supported the resilience of the H. americanus stock to over
150 years of fishing pressure.
CEFAS MODEL PREDICTIONS FOR MAXLS
YIELD
The Cefas lobster model predicted that at in a fully exploited fishery a MaxLS of 130 mm
would have a 0.1 reduction on current yields. This is as a result of a loss to the market
of the small proportion of lobsters over 130mm. A MaxLS of 120 mm would have a 0.7
reduction on current yields. Yield estimates in this model do not account for future
increases in recruitment as a result of MaxLS.
At current high fishing mortality levels, few lobsters survive long enough to grow into
the protected size classes offered by the MaxLS limits and the few lobsters reaching this
size will be permanently lost as potential yield to the fishery.
SPAWNING POTENTIAL
In a fully exploited fishery the model predicts that the implementation of a MaxLS of
120mm would increase spawning potential by 40%. A MaxLS of 130mm was predicted
to have a small effect (6-7%) on spawning potential due solely to the small number of
females currently reaching this size refuge. Voluntary v-notching would increase the
numbers of females reaching the size refuge and increase the efficacy of MaxLS.

33 | P a g e

REFERENCES
Acheson, J.M., & Steneck, R.S. (1997). Bust and Then Boom in the Maine Lobster
Industry: Perspectives of Fishers and Biologists, N. Am. Jour. Fish. Man., 17 (4): 826-847.
Agnalt, A-L., Kristiansen, T.S., & Jørstad, K.E. (2006). Growth, reproductive cycle, and
movement of berried European lobsters (Homarus gammarus) in a local stock off
southwestern Norway. ICES Journal of Marine Science, 64: 288–297.
Agnalt A-L. (2008). Fecundity of the European lobster (Homarus gammarus) off
southwestern Norway after stock enhancement; do cultured females produce as many
eggs as wild females? ICES Journal of Marine Science, 65: 164–170.
Aiken, D.E., Waddy, S.L., & UHAZY, L.S. (1985). Aspects of the biology of
Pseudocarcinonemerfes homari and its association with the American lobster, Homarus
americanus. Can. J. Fish. Aquat. Sci., 42: 351-356.
Aiken, D.E., & Waddy, S.L. (1980). Reproductive biology of lobsters, pp. 215 - 246. In:
“Biology and management of lobsters. Vol. I.” (ed. Cobb, J.S. & Phillips, B.F.) Academic
Press, New York, NY.
Ary, R. D., Bartell, C. K., & Poirrier, M. A. (1987). The effects of chelotomy on molting in
the blue crab, Callinectes sapidus. J. Shellfish Res., 6: 103 – 108.
Atema, J., & Voight, R. (1995). Behaviour and sensory biology. In “Biology of the lobster
Homarus americanus” (ed. Factor, J.R.). Academic Press Inc., New York, pp 313 -348.
Attard, J., & Hudon, C. (1987). Embryonic development and energetic investment in egg
production in relation to size of female lobster (Homarus americanus). Can. J. Fish Aquat.
Sci., 44:1157–1164
Bennett, D. B. (1973). The effect of limb loss and regeneration on the growth of the
edible crab, Cancer pagurus L. J. Exp. Mar. Biol. Ecol., 13: 45 – 53.
Bennett, D.B., & Edwards, E. (1981). Should we ban the berried lobsters? ICES document
CM 1981/K: 6.
Bennett, D.B., & Lovewell, S.R.J. (1983). Lobster (Homarus gammarus) tagging trials in
England. MAFF Fisheries Research Technical Report No. 71. Lowestoft.
Bildstein, K.L., McDowell, S.G., & Brisbin, I.L. (1989). Consequences of sexual
dimorphism in sand fiddler crabs, Uca pugilator: differential vulnerability to avian
predation. Anim. Beh. 37:133 – 9.
Bliss, D. (1960). Autotomy and regeneration. In: Waterman TH, editor. The physiology of
Crustacea. New York: Academic Press. p 561–89

34 | P a g e

Branford, J. R. (1979). Locomotor activity and food consumption by the lobster Homarus
gammarus. Mar. Beh. Physiol., 6: 13 - 24.
Brock, R.E., & Smith, L.D., (1998). Recovery of claw size and function following autotomy
in Cancer productus (Decapoda: Branchyura). Biol. Bull. 194: 53–62.
Campbell, A. (1986). Migratory movements of ovigerous lobsters, Homarus americanus,
tagged off Grand Manan, Eastern Canada. Can. Fish. Aquat. Sci., 43: 2197 – 2205.
Campbell, A. & Pezzack, D.S. (1986). Relative egg production and abundance of berried
lobsters, Homarus americanus, in the Bay of Fundy and off Southwestern Nova Scotia.
Can. J. Fish. Aquat. Sci., 43: 2190 – 2196.
Carroll, J.C. & Winn, R.N. (1989). Species profiles: life histories and environmental
ates (Pacific Southwest) -- brown rock crab,
red rock crab, and yellow crab. U.S. Fish Wild. Serv. Biol. Rep 82 (11.117). U.S. Army
Corps of Engineers, TR EL-82-4. 16 p.
Cleaver, F.C. (1949). Preliminary results of the coastal crab (Cancer magister)
investigation. Wash. Dep. Fish., Biol. Rep. No. 49A, pp. l-82.
Cowan, D.F., & Artema, J. (1990). Moult staggering and serial monogamy in American
lobsters Homarus americanus. An. Beh. 39: 1199 – 1206.
Daniel, P. C., Bayer, R. C., and Waltz, C. (1989). Egg production of v-notched American
lobsters (Homarus americanus) along coastal Maine. Jour. Crust. Biol., 9: 77–82.
Davenport, J., Spikes, M., Thornton, S., & Kelly, B. (1992). Crab eating in the
diamondback terrapin Malaclemys terrapin: dealing with dangerous prey. J. Mar. Biol.
72: 835 – 48.
Davis, G.E. (1981). Effects of injuries on spiny lobsters, Panulirus argus, and implications
for fishery management. US. Natl. Mar. Fish. Serv. Fish. Bull. 78: 979 – 984.
Department of Agriculture, Food and the Marine (DAFM), (2013). Consultation on
Management of the Lobster Fishery
Department of Fisheries and Oceans Canada 2007. Framework and assessment for
lobster (Homarus americanus) in the southern Gulf of St. Lawrence Lobster Fishing
Areas 23, 24, 25, 26A and 26B. Department of Fisheries and Oceans Canadian Science
Advisory Secretariat, Science Advisory Report 2007/035. 12p.
Edwards, J.S. (1972). Limb loss and regeneration in two crabs: the king crab,
Paralithodes camtschatica and the tanner crab Chionoecetes bairdi. Acta. Zool. 53: 105–
112.
35 | P a g e

Elner, R.W., (1980). Lobster gear selectivity—a Canadian overview. Can. Tech. Rep. Fish.
Aquat. Sci. 932: 78–83.
Elwood, R.W., Barr, S., & Patterson, L. (2009). Pain and stres in crustaceans? Appl. An.
Beh. Sci. 118: 128 – 136.
Figiel, C.R., & Miller, G.L. (1995). The frequency of chelae autotomy and its influence on
the growth and survival of crayfish Procamharus clarkii (Girard, 1852) (Decapoda,
Cambaridae). Crustaceana. 68: 472-383.
Fiorito, G. (1986). Is there ‘pain’ in invertebrates? Behav. Process. 12: 383– 388.
Fleming, P.A., Muller, D., & Bateman, P.W., (2007). Leave it all behind: a taxonomic
perspective of autotomy in invertebrates. Biol. Rev. 82: 481–510.
Free, E. K. 1994. Reproductive processes in the European lobster, Homarus gammarus.
PhD thesis, University of Southampton. 447 pp.
Free, E. K., Tyler, P. A., and Addison, J. T. 1992. Lobster (Homarus gammarus) fecundity
and maturity in England and Wales. ICES Document CM 1992/K: 43.
Gosselin, T., Sainte-Marie, B., & Bernatchez, L. (2003). Patterns of sexual cohabitation
and female ejaculate storage in the American lobster (Homarus americanus). Beh. Ecol.
Sociol. 55: 151 – 160.
Harper, R.E., & Talbot, P. (1984). Analysis of the epibiotic bacteria of lobster (Homarus
gammarus) eggs and their influence on the loss of eggs from the pleopods. Aquaculture,
36: 9-26.
Hepper, B. T., & Gough, C. J. (1978). Fecundity and rate of embryonic development of the
lobster, Homarus gammarus (L), off the coast of North Wales. Jour. Con. Int. l’Explor.
Mer., 38: 54 – 57.
Hogan, J. (2013). Evaluating the imapct of fishery-related claw removal on diet,
consumption rate, energetics and reproduction in the Florida Stone Crab (Menippe spp.).
Master of Science Thesis, University of South Carolina.
Jessop, R.W., Hinni, S., Skinner, J., & Woo, J.R. (2010). Eastern Sea Fisheries Committee
Research Report 2010, pp 115 – 130.
Jørstad, K.E., Prodöhl, P.A., Kristiansen, T.S., Hughes, M. et al. (2005) Communal larval
rearing of European lobster (Homarus gammarus): family identification by
microsatellite DNA profiling and offspring fitness comparisons. Aquaculture, 247:275 –
285.
Juanes, F., & Hartwick, E.B. (1990). Prey size selection in Dungeness crabs: the effect of
claw damage. Ecology. 71: 744–758.
36 | P a g e

Juanes, F., & Smith, L. D. (1995). The ecological consequences of limb damage and loss in
decapod crustaceans: a review and prospectus; J. Exp. Mar. Biol. Ecol. 193: 197–223
Kaiser, M. J., & Spencer, B.E. (1995). Survival of by-catch from a beam trawl. Mar. Ecol.
Prog. Ser. 126: 31–38.
Karlsson, K., & Christiansen, M.E., (1996). Occurrence and population com- position of
the edible crab (Cancer pagurus) on rocky shores of an islet on the south coast of
Norway. Sarsia. 81: 307–314.
Laurans, M., Fifas, S., Demaneche, S., Brerette, S., & Debec, O. (2009). Modelling seasonal
and annual variation in size at functional maturity in the European lobster (Homarus
gammarus) from self-sampling data. ICES Journal of Marine Science, 66: 1892 – 1898.
Leslie, B., Henderson, S., & Riley, D. (2006). Lobster Stock Conservation – V-notching.
NAFC Marine Centre, Fisheries Development Note, 22 pp 1 -4.
Lizarraga-Cubedo, H.A., Tuck, I., Bailey, N., Pierce, G.J., & Kinnear, J.A.M. (2003).
Comparisons of size at maturity and fecundity of two Scottish populations of the
European lobster, Homarus gammarus. Fish. Res. 65: 137 – 152.
MacDairmund, A.B., & Sainte-Marie, B. (2006). Reproduction in “Lobster: Biology,
Management, Aquaculture and Fisheries (ed. Philips, B.F.). Blackwell Publishing, Oxford,
pp 45 – 68.
MacMillan, R., Comeau, M. & Mallet, M. (2010). Protecting window-size female
American lobster, Homarus americanus, to increase egg production, New Zealand Jour.
Mar. Fresh. Res., 43:1, 525 – 536.
Maginnis, T.L. (2006). The costs of autotomy and regeneration in animals: a review and
framework for future research. Beh. Ecol. 17: 857 – 872.
Manush, S.M., Pal, A.K., Das, T., & Makherjoe, S.C., (2005). Dietary high protein and
vitamin C mitigate stress due to chelate claw ablation in Macrobrachium rosenbergii
males. Comp. Biochem. Physiol. 142A: 10 – 18.
Mariappan, P., Balasundaram, C., & Schmitz, B. (2000). Decapod crustacean chelipeds:
an overview. J. Biosci., 25 (3): 301 – 313.
McVean, A., & Findlay, I. (1979). The incidence of autotomy in an estuarine population of
the crab Carcinus maenas (L.). J. Mar. Biol. Assoc. U.K. 59: 341 – 354.
McBride, S. (2011). The importance of V-notching for fisheries management of the
European lobster, Homarus gammarus. MSc Project, School of Biological Sciences,
Queens University Belfast, pp 1 – 36.

37 | P a g e

Moland, E., Moland-Olsen, E., & Stenseth, N.C. (2010). Maternal influences on offspring
size variation and viability in wild European lobster, Homarus gammarus. Mar. Ecol.
Prog. Ser. 400: 165 – 173.
Ken Neal and Emily Wilson 2008. Cancer pagurus. Edible crab. Marine Life Information
Network: Biology and Sensitivity Key Information Sub-programme [on-line]. Plymouth:
Marine Biological Association of the United Kingdom. Available from:
http://www.marlin.ac.uk/speciesfullreview.php?speciesID=2872 Accessed:
20/08/2013
North-East Lobster Cooperative (NELCO). Pot Fishing in Northern Ireland. Prepared by
AFBI Fisheries and Aquatic Ecosystems Branch for DARD Fisheries and Environment
Division.
O'Neill, D.J., & Cobb, J.S. (1979). Some factors influencing the outcome of shelter
competition in lobsters (Homarus americanus), Mar. Beh. Physiol., 6 (1): 33 – 45.
Øresland, V., & Ulmestrand, M. (2013). European lobster subpopulations from limited
adult movements and larval retention. ICES Journal of Marine Science, 70: 532 – 539.
Patterson, L., Dick, J.T., & Elwood, R.W. (2007). Physiological stress responses in the
edible crab, Cancer pagurus, to the fishery practice of de-clawing. Mar. Biol. 152: 265 –
272.
Patterson, L., Dick, J.T., & Elwood, R.W. (2009). Claw removal and feeding ability in the
edible crab, Cancer pagurus: Implications for fishery practice. Appl. An. Beh. Sci. 116:
302 – 305.
Pawson, M.G. (1995) Fish. Res. Tech. Rep., MAFF Direct. Fish. Res., Lowestoft, (99).
http://www.cefas.co.uk/Publications/techrep/tech99.pdf Accessed: 20/08/2013
Prodöhl, P.A., Jørstad, K.E., Triantafyllidis, A., Katsares, V., & Triantaphyllidis, C. (2006).
European lobster – Homarus gammarus.
http://www.imr.no/genimpact/filarkiv/2006/01/european_lobster_leaflet.pdf/en
Ree Wiig, J., Moland, E., Haugen, T.O. & Moland Olsen, E. (2013). Spatially structured
interactions between lobsters and lobster fishers in a coastal habitat: fine-scale
behaviour and survival estimated from acoustic telemetry. Can. J. Fish. Aquat. Sci. 70: 1–
9
Roberts, E. A. (1992). Fecundity of the European lobster Homarus gammarus (L.) from
the central south coast of England. MSc thesis, University of Southampton. 53 pp.
Robicahud, D.A., Campbell, A. (1995). Movement, reproduction and growth of ovigerous
lobsters (Homarus gammarus) from Newfoundland released off Grand Mana, Bay of
Fundy. J. Shell. Res., 14 (1): 199 – 204.

38 | P a g e

Sartor, P., Francesconi, B., Rossetti, I., & De Ranieri, S. (2006). Catch composition and
damage incurred to crabs discarded from the eastern Ligurian Sea ‘‘rapido’’ trawl
fishery. Hydrobiologica. 557: 121 -133.
Sasaki, G. C., Capuzzo, J. M., & Biesiot, P. (1986). Nutritional and bioenergetic
considerations in the development of the American lobster Homarus americanus. Can.
Jour. Fish. Aqua. Sci., 43: 2311–2319.
Savage, T., & Sullivan, J.R., (1978). Growth and claw regeneration of the stone crab
Menippe mercenaria. Flo. Mar. Res. Publ. 32: 1–22.
Savage, T., Sullivan, J.R., & Kalman, C.E. (1975). An analysis of stone crab landings on
Florida’s west coast, with a brief synopsis of the fishery. St. Petersbura, FL: Flo. Mar. Res.
Publ. 13: 37.
Shirley, S. M., & Shirley T. C. (1988) Appendage injury in Dungeness crabs, Cancer
magister, in southeastern Alaska. Fish. Bull. US. 86: 156 - 160.
Sibert, V., Ouellet, P., Brethes, J.C. (2004). Changes in yolk total proteins and lipid
components and embryonic growth rates during lobster (Homarus americanus) egg
development under a simulated seasonal temperature cycle. Mar. Biol., 144: 1075 –
1086.
Simonson, J.L., & Hochberg, R.J. (1992). An analysis of stone crab (genus Menippe) claws
and their use in interpreting landings on Florida’s west coast. Pages 26 – 35 in: T.M. Bert
(ed.), Proceedings of a symposium on stone crab (genus Menippe) biology and fisheries.
Florida Marine Research Institue Publication No. 50. St. Petersberg, Florida USA. 118pp.
Skinner, D.M. (1985). Regeneration. In: Abele LG, editor. The biology of Crustacea.
Volume 9. New York: Academic Press. p 102 – 47.
Smallegange, I.M., & Van Der Meer, J. (2003). Why do shore crabs not prefer the most
profitable mussels? J. Anim. Ecol. 72: 599 – 607.
Smith, I.P, Jensen, A.C., Collins, K.J, Mattey, E.L. (2001). Movement of wild European
lobsters Homarus gammarus in natural habitat. Marine Ecology Progress Series. 222:
177-186
Sneddon, L.U., Braithwaite, V.A., & Gentle, M.J., (2003). Do fishes have nocireceptors?
Evidence for the evolution of a vertebrate sensory system. Proc. Roy. Soc. B. 270: 1115 –
1121.
Spivak, E. D. (1990) Limb regeneration a common South American littoral crab
Cyrtograpsus angulatus; J. Natl. Hist. 24: 393 – 402.

39 | P a g e

Steneck, R.S. (2006). Possible Demographic Consequences of Intraspecific Shelter
Competition among American Lobsters. J. Crust. Biol., 26 (4): 628 – 638.
Stentiford, G.D., Chang, E.S., Chang, S.A., & Neil, D.M., (2001). Carbohydrate dynamics
and the crustacean hyperglycaemic hormone (CHH): effects of parasitic infection in
Norway lobsters (Nephrops norvegicus). Gen. Comp. Endocrin. 121: 13–22.
Sullivan, J.R. (1979). The stone crab, Menippe mercenaria in the southwest Florida
fishery. Florida Marine Research Institue Publication, No. 36, 37 pp.
Taylor, G.M., Palmer, A.R., & Barton, A.C., (2000). Variation in safety factors of claws
within and among six species of Cancer crabs (Decapoda: Brachyura). Biol. J. Linn. Soc.
70: 37 – 62.
Tully, O. (2001). Impact of the v-notch technical conservation measure on reproductive
potential in a lobster (Homarus gammarus L.) fishery in Ireland. Marine and Freshwater
Research, 52: 1551 – 1557.
Tully, O. (Ed.) (2004) The Biology and Management of Clawed Lobster (Homarus
gammarus L.) in Europe. Fisheries Resource Series, Bord Iascaigh Mhara (Irish Sea
Fisheries Board), Dun Laoghaire, Ireland. Vol. 2.
Waddy, S.L., &,. L., & Aiken, D.E. (1985). lmnaunofluorescent localization of American
lobster egg yolk protein in the alimentary tract of the nemertean Pseudocsarcins
merzeshommi. Can. J . Fish. Aquat. Sci., 42: 357 - 359.
Wahle, R.A. (2003). Revealing stock–recruitment relationships in lobsters and crabs: is
experimental ecology the key? Fish. Res., 65: 3 - 32.
Welsh, J.E., King, P.A., & McCarthy, E. (2013). Pathological and physiological effects of
nicking on brown crab (Cancer pagurus) in the Irish crustacean fishery. J. Invert. Path.
112: 49 – 56.
Wilber, D.H. (1995). Claw regeration among North Florida Stone Crabs (genus Menippe)
and its implications to the southwest Florida fishery. Bull. Mar. Sci. 56(1): 296 – 302.
Xu, C., & Schneider, D. C. (2012). Efficacy of conservation measures for the American
lobster: reproductive value as a criterion. ICES Journal of Marine Science, 69: 1831 –
1839.
Zeleny, C. (1905). The relation of the degree of injury to the rate of regeneration. J. Exp.
Biol. 68: 347 – 69.

40 | P a g e

